


INTERNATIONAL ENERGY AGENCY 
Effective cooperation amongst nations and development of new technologies to reduce dependence on fossil luels are 
critically important elements of a sound energy future. Agreement by 21 countries tocwperate on energy policy is em- 
bodied in an International Energy Program, developed in the wake ol the 1973174energy crisis andadministered by the 
International Energy Agency (IEA), an autonomous body within the OECD. 

ENERGY CONSERVATION IN BUILDINGS AND COMMUNITY SYSTEMS 1 
Asonee emenloftneenergy program.lneIEAsponsorsresearchanadeveopmen1 nanumoerofareasrelaledtoenergy 
In oneoflnese areas, enerav consemallon in ou d nas tne EA s sponsonna variousexerc ses lo prea ctmoreacc~ra. 
tely the energy use 01 buil$igs, including comparis& &existing cbmputer~rograms, building monitoring, comparison 
of calculation methods, as well as air quality and studies of occupancy. 

17 countries have elected to participate in this area and have desiqnated contracting parties to the Implementing 
Agreement cover ng co aoorative researcn n in s area Tneaesignat on oy governmentsbt a nmoer of prlvateorgan 
salons as rre as dn versit es and governmenl aooralor es. as contracl ng pates nare prov aed a oroaaer range ol 
expense lo lack e lne projects n tne a Heren! lecnno ogy areas lnan rro. a nave been me case I panc palion rras re. 
strinea 10 aovernmenfs Tne mportance of assoc a1 na nauslly rr ih qovernment sponsorea energy RDBD s recogn . 
sed in the ~ E A ,  and every enort i$ made to encourage ihis trend. 
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THE EXECUTIVE COMMITTEE 
Overa I conlro of me programme s manta nea oy an E x e c ~ l  ve Comm nee run cn no1 on y monitors ex Sling prpens 
out uen l~ l  es new areas rrnere col aoorat veenon may oe oenetic~al The Exec-1 veComm neeensures tnetal prolects 
111 nlo a preaelermmea ssategy * InoJ dnecessary overlap or a ~ p  cal~on o,l rr In enenive la~son ana CommJ ca 
I on Tne Erecul ve Cornminee nas n I atea me lo orr ng pro ecls lo aale (cornp.elea pro ecls are laent I ed Oy .I 

~ o a a  Energy Determ nat on 0'0, *a ngs . VI lnhabltantBenav.odr rr In regaram Venl at on 
I E m  cs8Aavancea Comm,n l y  Energy Systems. IX M n m-m Venli at on Rates 
I Energy Consemat on n Res aenlia BJ a ngs . X B.~la ng HVACSyslemsS m. at on 

V G asao* Commerc a! Bu d na Mon lor no. XI Enerav Aud 11na 
V. ~ i r  lniiltration~entre 

- 
XI1 ~indbwsandFknestration 

VI. Energy Systems 8 Design of Communities XIII. Energy Management in Hospitals 
VII. LocalGovernment Energy Planning XIV. Condensation 

TASK XI ENERGY AUDITING 
In orderto increase the eniciency of energy savlng programmes many IEAcountriesareusingordevelopingenergy au- 
dits. An energy audit is a series of actions, aiming at breaking down into component parts and quantilying the energy 
used in a building, analyzing the applicability, cost and value of measures to reduce energy consumption, and recom- 
mendina whatmeasurestotake. Avarietvofaudits have been used, fordinerent ~ u r ~ o s e s ,  withdifferentcom~lexitvand . . . . 
dinereniaudit scope. 

The obiectives of the Task have been to devel0~ means. methods and strateaies for audlt~no. and contribute to an 
implemeitation ofthe knowledgeaccumulated during the work on theTask. ~ h e i o r k  has been iirected towards larger 
buildinas. with a certain comolexitv of enerav suoolv svstems and enerav use. exemolified bv aoartment buildinas, com- , ,  . . 
merciaibui~din~s, schools, a'dminktration t%dings,etc. The inlention i a s  beentha~resultsof i h e ~ a s k  should i e  kefu l  
for enerav auditors, hel~ina them to increase the eniciencv and the cost-effectiveness of their work. Also, the results 
should kusefu l  for buildin~owners and those incharge of energy planning or management fora building, although en- 
erav olannina or manaaement has not been dealt with in the Task. The subiect of national or reaional enerav olannina < -, , 
or&naaem'knt has bekn outside the scope of the project. 

- 
Tne r e h  are presentea as in s 'Source Boor for Energy A.a tors' 
Tne conlenl s oasea on tneco ten ve knorr eage ana eaper ence of lhe paln c pallng experts ana may oecnarane. 

rized as a common basis from which more soec'iic information mav be develooed. The need for this develooment is ~~ ~~ ~ ~ ~~~ ~ 

obvious. Building codes and normal building knstruction vary from'one count i  or region to another, and from time to 
time. These variations - in addition to local variations of climate. livina habils etc - must alwavs be considered when 
executing and analyung an energy aud~t In most cases, therefore, the ~nformatlon m this bwk has to be revlewed and 
adapted before be~ng used in thefleld 
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App. F  A u d i t  Procedures 

APPENDIX F AUDIT PROCEDURES 

INTRODUCTION TO APP. F  

The format o f  t h e  A u d i t  Procedures IAPI  con ta ined  i n  t h i s  Appendix i s  
d e s c r i b e d  by means o f  an example below. 

1. AUDIT PROCEDURE NUMBER: Each procedure i s  numbered i d e n t i f y i n g  i t s  a rea  
o f  a p p l i c a t i o n  t o  a i d  i t s  l o c a t i o n  and f i l i n g  and t o  a l l o w  easy r e f e r e n c e  
t o  s p e c i f i c  procedures th roughou t  t h e  t e x t .  The f i r s t  l e t t e r  r e f e r s  t o  
t h e  b u i l d i n g  component ca tegory  c l a s s i f i c a t i o n  (See I n t r o d u c t i o n  P .  101 
used i n  t h i s  Source Book. I n  t h e  example, t h i s  i s  L i g h t i n g .  The 
subsequent number i d e n t i f i e s  t h e  AP number w i t h i n  a  c a t e g o r y .  

2 .  APPLICATION AREA: I d e n t i f i e s  t h e  a p p l i c a t i o n  area ( f o r  example t h e  
component ca tegory  o r  a  subca tegory ) .  

3. TITLE: D e s c r i p t i v e  t i t l e  o f  t h e  procedure 

4 .  REFERENCED FROM: I n d i c a t e s  ECO. AP, M T .  A T  and RV where t h i s  A u d i t  
Procedure i s  re fe renced .  

5 .  'REFERENCES TO: I n d i c a t e s  ECO. AP, M T .  A T  o r  RV r e f e r e n c e d  i n  t h i s  A u d i t  
Procedure. 

6 .  DESCRIPTION OF PROCEDURE: P rov ides  a  b r i e f  b u t  complete  d e s c r i p t i o n  o f  
f o r  example, t h e  da ta  c o l l e c t i o n  and da ta  e v a l u a t i o n  methods. 

The ' da ta  c o l l e c t i o n '  a c t i v i t y  may demand t h e  use o f  c e r t a i n  common 
measurement techn iques  and, r a t h e r  than r e p e a t  such technique5 i n  d e t a i l  
he re  and on o t h e r  p rocedures ,  they  a r e  d e s c r i b e d  i n  Appendix 6 .  
Measurement techn iques  a re  o n l y  d e s c r i b e d  he re  where t h e  techn ique  i s  

t o  t h e  a u d i t  procedure.  

I n  t h e  example shown, t h e  measurements r e q u i r e d  i n v o l v e  t n e  use o f  a  , 
l i g h t  meter t o  measure i l l u m i n a n c e .  S ince such measurements a r e  common t o  
o t h e r  p rocedures ,  a  d e s c r i p t i o n  o f  i l l u m i n a n c e  measurement i s  i n  t h i s  
case d e s c r i b e d  as a  measurement techn ique  and o n l y  r e f e r e n c e d  he re .  

Those a u d i t o r s  f a m i l i a r  w i t h  i l l u m i n a n c e  techn iques  need n o t  r e f e r e n c e  
t h e  a d d i t i o n a l  m a t e r i a l ,  however, those u n f a m i l i a r  w i t h  such techn iques  
have a  ready source o f  i n f o r m a t i o n .  

I n  a  s i m i l a r  manner. t h e  "da ta  e v a l u a t i o n "  a c t i v i t y  may demand c e r t a i n  
common a n a l y s i s  techn iques .  These a r e  t o  be found i n  Appendix H i n s t e a d  
o f  b e i n g  d e s c r i b e d  i n  d e t a i 1 , i n  each procedure.  C a l c u l a t i o n  techn iques  
un ique t o  t h e  procedure a r e  d e s c r i b e d  d i r e c t l y  as i n  t h e  p a r t i c u l a r  
example chosen. I n  some cases a  comb ina t ion  m igh t  be a p p r o p r i a t e ,  i . e .  a  
s p e c i f l c  a n a l y s i s  method m igh t  be g i v e n  t o  t r a n s l a t e  some s i t e  measured 
da ta  t o  a  d e s i g n  v a l u e ,  f o l l o w e d  by gu idance,  w i t h  s p e c i f i c  r e f e r e n c e  t o  
an a n a l y s i s  techn ique ,  on how t h i s  m igh t  be used t o  genera te  annual  
energy i n f o r m a t i o n .  
A p p r o p r i a t e  Reference Values (App. I 1  may a l s o  be g i v e n .  
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COSTS: D e t a i l s  o f  c o s t s  t h a t  can be expected i n  u s i n g  t h e  p rocedure  a r e  
g i v e n  he re ,  i f  known. Costs a r e  broken down i n t o  l a b o r  c o s t s ,  expressed 
i n  manhours, equipment c o s t s ,  and consumables which a r e  g i v e n  i n  U.S. 
d o l l a r s  (1985) .  

EASE OF USE: Gives gu idance on t h e  c o m p l e x i t y  o f  t h e  p rocedure  which may 
be h e l p f u l  i n  s e l e c t i n g  a p p r o p r i a t e  a u d i t  pe rsonne l  o r u s i n g  o t h e r  
a l t e r n a t i v e  procedures where s u f f i c i e n t l y  q u a l i f i e d  pe rsonne l  a r e  n o t  
a v a i l a b l e .  

ACCURACY: Expected measurements and c a l c u l a t i o n  accu racy  a r e  g i v e n  where 
p o s s i b l e .  T h i s  i s  g i v e n  i n  o r d e r  t o  
i )  That any subsequent c a l c u l a t i o n  methods r e q u i r e d  may be s e l e c t e d  on 

t h e  b a s i s  o f  a  s i m i l a r  degree o f  accu racy  which, where procedures a r e  
n o t  p a r t i c u l a r l y  a c c u r a t e ,  may p e r m i t  s i m p l e  c a l c u l a t i o n  methods t o  
be u t i l i s e d  as opposed t o  c a r r y i n g  o u t  a  d e t a i l e d ,  p o s s i b l y  h o u r l y  
a n a l y s i s .  

i i )  I n d i c a t e  t h e  p o s s i b l e  range o f  paybacks t h a t  m igh t  be expec ted ,  g i v e n  
t h e  accuracy range o f  t h e  procedure.  

Fu r the rmore ,  u n c e r t a i n t y  o f  t h e  c a l c u l a t i o n s  o f  t h e  expected accuracy can 
be used t o  g i v e  an i n d i c a t i o n  o f  t h e  energy sav ings  o r  payback, the reby  
p r o v i d i n g  t h e  b u i l d i n g  owner w i t h  some idea  o f  t h e  f i n a n c i a l  r i s k  
i n v o l v e d  i n  p roceed ing  w i t h  a  p a r t i c u l a r  r e t r o f i t . .  

REFERENCES: P u b l i c a t i o n s  g i v i n g  g r e a t e r  d e t a i l s  o f  t h e  p rocedure  o r  
background i n f o r m a t i o n  a r e  i d e n t i f i e d .  The a c t u a l  r e f e r e n c e s  a r e  l i s t e d  
i n  t h e  r e f e r e n c e  l i s t .  

RECOMMENDED APPLICATION: Gives some gu idance as t o  t h e  area o f  
a p p l i c a b i l i t y  o f  t h e  procedure.  

ALTERNATIVE PROCEDURES: Gives a l t e r n a t i v e  procedures which may be e i t h e r  
o f  d i f f e r i n g  c o s t  o r  d i f f e r i n g  accuracy a l l o w i n g  t h e  energy a u d i t o r  t o  
choose whichever  method most c l o s e l y  matches h i s  budge t ,  s t a f f  and 
i n s t r u m e n t a t i o n  l i m i t a t i o n s .  

ADDITIONAL 1NFORMATION: The space i s  used f o r  a d d i t i o n a l  i n f o r m a t i o n  such 
as f i g u r e s ,  photographs o r  t a b l e s  and c h a r t s  o r  t o  accomodate l e n g t h y  
p rocedure  d e s c r i p t i o n s .  

A l l  t h e  above head ings  a r e  con ta ined  i n  t h e  A u d i t  Procedure d e s c r i p t i o n  even 
if t h e r e  i s  no c o n t e n t .  A l i s t  o f  a l l  A u d i t  Procedures i s  g i v e n  be low.  
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App. F  Aud i t  Procedures I L I  

............................................................................. 
@ ;~;tit procedure: 0 l p p I I C l t l O n  are.: 9 re fe renced  from: tCO 

LIGHTING L. lO.  1.5.  1.16 
! ! ............................................................................. 

3 t i t l a :  ESTIMATION OF DAYLIGHT 0 @ r d a r a n c e s  t o :  AP L.2. MIL.1 
POTtNllAL USING AN ILLUMINANCE 
M t l t R  ! ............................................................................. 

6 d e r c r l p t i o n :  0 The data collection c o n s i s t s  o f :  
il Choose a day w ~ t h  1 r e l a t i v e l y  unchanging sky i! luminancl on which to 

carny o u t  me.lUWm~nt6. Choose type  o f  sky overcast  o r  c l e a r  
dependlnq on t h e  preponderance o f  t h i r  t ype  o f  r k y  i n  your area.  

~ e a r u r e  t h e  outdoor and indoor i l l u m i n a n c e  r i m u l t a n e o u r l y .  a s  d a y l l g h t  
I e v e l ~  va ry  very q u l c k l y .  I f  t h i r  i s  n o t  p o s s i b l e .  naarure t h e  o u t r l d e  
111~minance immediate ly p r i o r  t o  s t a r t i n g  indoor measurements and a t  
f requen t  i n t e r v a l s  throughout  the i n t e r n a l  m e a ~ u r l n g  procedure descr ibed  
i n  3 .  below. I f  t h e  measurement o f  o u t r i d e  i l l u m i n a n c e  rho.$ s i g n i f i c a n t  
va r1a t lon9 ,  increase t h e  f requency o f  outdoor n e a r u r a m n t ,  repea t  be fo re  
and a l t e r  measurement 11 r i p n i f i c a l  v a r i a t i o n  noted. Outdoor 
mearurementr r h o u l d  be made f o r  an unobs t ruc ted  sky and no d i r e c t  
r u n l l g h t .  

i i i )  f o r  those areas thought  t o  have rom d a y l i g h t  po ten t7a l .  measure 
i l l u m i n a n c e  m t h  t h e  e l e c t r i c  l i g h t s  PLL a t  a11 those wear where 
c r i t i c a l  YIIY~I tasks  are  performed. e . 9 . .  i n  an o f f i c e ,  t h l r  would be a 
desk top .  f l l i n g  cab lne t .  Measurement l o c a t i o n s  r h o u l d  a l s o  be made 
cognizant o f  any p o t e n t i a l  l i g h t i n g  rw i t chnng  p ~ l l l b l l i t i e l .  

i V I  I f  t h e  r o o m  i s  p rov ided  r i t h  shades o r  drapes. repea t  t h e  indoor 
i l l u m i n a n c e  measurements w i t h  the re  devices c l o s e d  and a d j u r t e d  ar  they 
might  be t o  m i n i a i r e  q l a r e  from t h e  sky o r  t o  m I n i a i s e  u w d n t e d  s o l a r  
ga ins .  

v l  G u ~ d e l ~ n e s  and p recau t ions  f o r  c a r r y i n g  o u t  ~ l l u m i n a n c e  measurements are 
g iven  i n  MT 1.1'. 

. - - . . . - - . . -. . - -. . . - . . . . - - . . . - . . - - . 
S t r i c t l y  speaking t h e  measurement should be made a t  t h e  sane i n r tan t :hence  
t h e  need t o  choose days r i t h  above ment~oned  sky c o n d i t i o n r  i n 0  d i r e c t  

2  Cons t ruc t  average d a l l y  curve$ of  l n r l d e  d a y l u h t  illuminance l e v e l s  f o r  a 
m p r e s e n t a t w e  S I X  months o f  t h e  year  l a r r u m ~ n g  a p p r o x m a t c l y  rymmet r l ca l  
t h m ~ ~ h o u t  t h e  war about June1 from national or l o c a l l r  recorded o u t n d e  .~. ~-~ ~ ~ 

i l ~ u m i n a n c e  &IS i w i t h o u t  d ~ r e i t  s u n l i g h t )  and r i t r m e a r u r e d  d a y l i g h t  
f a c t o r s  - see F l g u r e  under ' A d d i t i o n a l  I n f o r e a t i o n ' .  
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1 SUP~TI~POI~ r e q u ~ r e d  ~ I I u m l n d n c e  l e v e l  and l l g h t l n q  requlrcment p r o f l l e  on 
diagram b a d  on r r t m a t e a  o r  observed ure o f  b u l l d l n q  o r  fro. I l g h t l n q  
use ~ u r v e y .  see AP L 2 

4 .  Hake a l l o w a n ~ e ~  f o r  ~ n c ~ e a s e s  i n  h e a t l n o  e n e r w  and r e a u c t l o n r  i n  c o o l l n o  
energy brought  about by a reduced l l g h t i g  10.: Lr a f t r r t  approxlmatlon: 
101u.l t h a t  a l l  t h e  I l g n t l n g  r e d u c t m n r  d u r l n g  t h e  h e a n n g  searon nus t  be 
made UP from t h e  n r r t l n g  p l a n t  - remember t o  add r b o l l o r  e f f l c ? e n L y  nf 
f u e l - f r r c d  p l a n t  and t h a t  r a v l n q r  d v r l n g  t h e  cooling reason a l v l d e d  by a 
r e f n q e r a t l o n  p l a n t  L.0.P can be sub t rac ted  from t h e  AIC load  

5 .  Where b l i n d s  o r  draper a r e  p rov ided .  r a w  al lowance f o r  use o f  b l l n d r  
should be made b a l e d  on measured d a v l i o h t  factor .  and es t imates  o f  u s e .  . . ............................................................................. 

cost:Equip.ent - r loo+ g ease or US.: Data C o I l e c t ? o n  I~PII. c a l c ~ l a t ~ ~ n s  @ im il lumnnance a e t e r  8 more i nvo lved :  
Data C o l l e c t ~ o n  - 10 t o  ! 
15 minute$ per workplace ! 
............................................................................. 

.................................................................... 

where d l ' l l i o h t  m t e n t i a l  has been m r l t w e l r  i d e n t i f i e d .  ~- ~ . ~~ ~ ~~~ ......................................................................... @ .;;;r.ati"e PT0cd"r.s: 
I I  nore accura te  and e w e n r i w  b u t  t i m e - r a r i n g  -use d a y l i g h t  f a c t o r  meter .  
lil C a l c u l a t e  d a y l i g h t  f a c t o r .  
liil Other calculation techniques a r e  g w e n  i n  t h e  re fe rences .  a l t e m a t i r e r .  

f o r  more ~ C C Y T ~ C Y  d e t a i l e d  h o u r l y  a n l l y ~ ~ s  methods such ar DOE 2 cou ld  
be u r e d ~  
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L I S T  OF AUDIT PROCEDURES (API 

UU 

ENVELOPE ( E l  

E . l  G loba l  heat  l o s s  c o e f f i c i e n t  determined by t h e  cohea t ing  method. 
E.2 G loba l  heat  l o s s  c o e f f i c i e n t  determined by t h e  n e t  energy i n p u t  

method. 
E.3 Air i n f i l t r a t i o n  r a t e  u s i n g  t r a c e r  gas. 
E.4 B u i l d i n g  envelope a i r  i n f i l t r a t i a n  and i n t e r z o n e  a i r  f l o w  u s i n g  t h e  

m u l t i p l e  t r a c e r  gas techn ique .  
E.5 O v e r a l l  b u i l d i n g  t i g h t n e s s  u s i n g  p r e s s u r i z a t i o n l d e p r e s s u r i z a t i o n  

techn iques .  
E.6 B u i l d i n g  envelope , a i r  leakage u s i n g  b u i l d i n g  mechanica l  systems f o r  

p r e s s u r i z a t i o n .  
E.7 B u i l d i n g  envelope a i r  leakage us'ing a  s p e c i a l  l a r g e  fan  b rough t  t o  t h e  

s i t e .  ~ ~~~ 

I E.8 Air leakage i n  i n d i v i d u a l  zones o r  apar tments  u s i n g  fan  
~ r e s s u r i z a t i o n .  

1 E.9 b e t e c t i o n  o f  leakage s i t e s  u s i n g  i n f r a r e d  the rmography lp ressur i za t ion .  
E.10 D e t e c t i o n  o f  leakage s i t e s  u s i n g  smoke p e n c i l s ,  o r  v e l o c i t y  

measurement. 
E . l l  D e t e c t i o n  o f  leakage s i t e s  u s i n g  sound sources and r e c e i v e r s .  
E.12 Component leakage u s i n g  l o c a l  p r e s s u r i z a t i o n  methods. 
E.13 B u i l d i n g  component leakage u s i n g  complete  b u i l d i n g  p r e s s u r i z a t i o n .  
E.14 D e t e c t i o n  o f  t he rma l  b r i d g e s  and a i r  leakage u s i n g  in- thermography.  
E . 1 5  Component U-va lue u s i n g  heat  f l o w  mete r .  
E.16 Thermal r e s i s t a n c e  measurements u s i n g  p o r t a b l e  c a l o r i m e t e r  and heat  

f l o w  meters .  
E.17 Yood m o i s t u r e  and mould g rowth  a u d i t  f o r  s t r u c t u r a l  i n t e g r i t y .  
E.18 I n v e s t i g a t i o n  o f  h idden p a r t s  o f  b u i l d i n g s  u s i n g  f i b r e  o p t i c s .  
E.19 D e t e c t i o n  o f  m o i s t u r e  and mould growth.  

REGULATION I R I  

R . l  I n  s i t u  the rmos ta t  check ing.  
R.2 Temperature setback and se tup  e f f e c t s .  
R.3 P o l l u t a n t  c o n c e n t r a t i o n  i n  exhaust  a i r .  
R.4 E v a l u a t i o n  o f  damper leakage.  
R.5 A n a l y s i s  o f  v e r t i c a l  temperature g r a d i e n t s  

HEATING ( H I  

H . l  Combustion e f f i c i e n c y .  
H.2 Thermal l osses  and e f f i c i e n c i e s  f o r  a b o i l e r  
H.3 E l e c t r i c  b o i l e r  seasonal  e f f i c i e n c y  ( t o t a l l .  
H.4 E v a l u a t i o n  o f  b o i l e r  o v e r s i z i n g .  

H lC.1 Performance o f  hea t  pumps and c h i l l e r s .  
HIC.2 Heat exchanger e f f i c i e n c y  and o u t p u t  ( u i t h o u t  change o f  phase) .  
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HlC.3 A i r  leakage o f  hea t  pumps and hea t  r e c o v e r y  u n i t s .  
HlC.4 Heat pump expansion d e v i c e .  
HlC.5 E v a l u a t i o n  o f  d e f r o s t  System. 

DUCTYORK ( 0 )  

D.1 E v a l u a t i o n  o f  a i r  leakage i n  d i s t r i b u t i o n  systems 
0.2 E v a l u a t i o n  o f  d u c t  hea t  l o s s .  
0.3 E v a l u a t i o n  o f  a i r  f l o w  b a l a n c i n g .  

P . l  Checking o f  ba lance o f  p ipework system. 
P.2 Pipework d i s t r i b u t i o n  e f f i c i e n c y .  
p.3 Energy f l o w  i n  h e a t  d i s t r i b u t i o n  systems. 
P.4 Steam t r a p  i n s p e c t i o n .  
P.5 Heat emiss ion  f rom r a d i a t o r s .  

SERVICE HOT WATER I S 1  

5 . 1  SHY reau i rements .  - - 

5.2 SHY s to rage  c a p a c i t y .  
5.3 E v a l u a t i o n  o f  s t o r a g e  losses  f rom SHY tank .  
5.4 Performance check o f  a  s o l a r  SHY system. 
5.5 Use o f  hea t  Pumps. 

LIGHTING ( L )  

L . l  O v e r a l l  l i g h t i n g  e f f i c i e n c y .  
L.2 L i g h t i n g  energy m o n i t o r i n g .  
L.3 E s t i m a t i o n  o f  d a y l i g h t  p o t e n t i a l  u s i n g  an i l l u m i n a n c e  meter .  

ELECTRICAL SYSTEMS (EL) 

E L . l  E v a l u a t i o n  o f  power f a c t o r  c o r r e c t i o n  f o r  charges based on measured 
power f a c t o r .  

EL.2 E v a l u a t i o n  o f  power f a c t o r  c o r r e c t i o n  when r e a c t i v e  power i s  charged 
th rough  kVa demand. 

E1.3 E v a l u a t i o n  o f  motor e f f i c i e n c y  improvement. 
EL.4 E v a l u a t i o n  o f  t h e  p o t e n t i a l  f o r  l oad  shedding c o n t r o l s .  
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I a u d i t  procedure: ! a p p l i c a t i o n  area: ! referenced from: 
E . 1  I ! ECO E.20. E.26. AP E.1.  

! ! 

t i t l e :  ! references to :  
GLOBAL HEAT LOSS COEFFICIENT ! AP E.2.. R Y  E.3 
DETERMINED BY THE COHEATING METHOD ! 
-----------------------------------.-.--------------------------------------- 

desc r i p t i on :  
Determine the w a l l  g l oba l  heat loss  c o e f f i c i e n t  cha rac te r i z i ng  the  b u i l d i n g  
thermal losses due t o  t ransmission through the wa l l s  and v e n t i l a t i o n  losses. 
i )  Subs t i t u t e  e l e c t r i c  r a d i a t o r s  equipped w i t h  thermostats f o r  the  r e a l  

heat ing system o f  the b u i l d i n g ,  i n  a l l  the heated rooms: 

i i )  Measure and record  cont inuously a l l  the r a d i a t o r  heat outputs a t  the 
same t ime as the o ther  e l e c t r i c i t y  consumptions i n  the house (if the 
house i s  occupied) ,  and the corresponding i ns i de  and ou ts ide  c l i m a t i c  
data ( indoor  temperatures i n  a l l  rooms, outdoor a i r  temperature and 
so la r  r a d i a t i o n ) :  

i i i )  Measure the data every minute and compute the hour ly  average values of 
the v a r i a b l e s . .  The measurement pe r i od  l a s t s  5 days. p re fe rab ly  i n  
w in te r .  The leng th  o f  the pe r i od  may be shortened i f  the  temperature se t  
p o i n t  p r e v a i l i n g  before the t e s t  i s  measured and mainta ined dur ing  the 
t e s t  pe r i od  

i v )  The g l oba l  heat loss  c o e f f i c i e n t .  K w .  i s  g iven by 

K w  = (Qh+ Pel+ Qm+ Qsol- Lir)/AT 

where 

AT : average indoor-outdoor a i r  temperature d i f f e rences  

Oh = t o t a l  heat output  from e l e c t r i c  r a d i a t o r s .  

Qe l  
= casual heat gains from l i g h t i n g  and e l e c t r i c  equipment5 

Q m  = metabol ic  heat gains from occupants. 

! Qsol = so la r  heat gains ca l cu la ted  from recorded so la r  intensities 

If the g l oba l  h e a t  loss  c o e f f i c i e n t  i s  much h igher  than design values,  e i t h e r  
the i n s u l a t i o n  l e v e l  i s  too  low o r  the  v e n t i l a t i o n  r a t e  too h igh:  t o  make a  
choice between those two a l t e r n a t i v e s ,  a  measurement o f  the  i n f i l t r a t i o n  

1 losses i s  necessary i n  order  t o  quan t i f y  the  r e l a t i v e  importance o f  
t ransmission versus v e n t i l a t i o n  losses. 
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------------------.-.------.-.-------------------------------------------..-- 

cost: E l e c t r i c  r a d i a t o r s :  1 3 5 l u n i t .  Thermostats :  ! ease of use: 
I l O I u n i t .  E l e c t r i c i t y  me te rs :  I l O l u n i t .  Thermal ! Complex. 
probes:  1 Z O I u n i t .  Data a c q u i s i t i o n  dev ice :  W O O  ! 
min.  S o l a r i m e t e r :  $650. Outdoor probe + fan:  190. ! 
Time t o  s e t  up t h e  equipment:  one day. 2 persons ! 
per  house. ! 
-----..---------------------------------------------------------------------- 

accuracy: !.references: 
I nc reases  w i t h  t h e  l e n g t h  o f  t h e  measurements. ! Sonderegger .  1980 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
recommended applications: 
The t e s t  i s  u s e f u l  t o  c o n t r o l  t h e  q u a l i t y  o f  e x e c u t i o n  o f  a  whole b u i l d i n g .  
-----..---------------------------------------------------------------------- 

alternative procedures: AP 1 . 2 .  
Lower c o s t ,  lower  accuracy:  c a l c u l a t e  t h e  b u i l d i n g  t r a n s m i s s i o n  losses '  from 
s tandard  da ta  on m a t e r i a l  c o n d u c t i v i t i e s .  
-- ~---.~----------------------------------------..--.---...------------------ 

additional information: 
The r e s u l t s  a r e  more a c c u r a t e  i f  t h e  b u i l d i n g  i s  n o t  occup ied  d u r i n g  t h e  
exper imen t ,  because t h e  casua l  hea t  g a i n s  f rom occupants  and equipments a r e  
d i f f i c u l t  t o  e s t i m a t e  w i t h  accu racy .  

Thermostat A 
Anemometer 

Windvane 

I 
Special circuit Microcomputer 
for coheatino 

SCANNER 
Electrical distribution 

F i g .  1 S k e t c h  o f  i n s t r u m e n t a t i o n  a r rangemen t  
f o r  t h e  c o - h e a t i n g  measurement method.  
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a u d i t  procedure: I,, E z  

! a p p l i c a t i o n  area:% ! r e f e r e n c e d  from: 
! ENVELOPE - HEAT LOSSES ! ECO E.20. E.26, AP E.1. 
! ! 

t i t l e :  GLOBAL AND ENVELOPE HEAT LOSS ! re fe rences  t o :  
COEFFICIENT DETERMINED BY THE NET ! AP E.1. 
ENERGY INPUT METHOD I 
............................................................................. 

i d e s c r i p t i o n :  
I Determine t h e  g l o b a l  heat  l o s s  c o e f f i c i e n t  c h a r a c t e r i z i n g  t h e  the rma l  l osses  

due t o  conduc t ion ,  convec t ion .  r a d i a t i o n  and v e n t i l a t i o n  ( n o t e  t r a n s m i s s i o n  
losses th rough  windows inc luded .  

i i 1 

iiil 

i i v )  

V I  

I 

Measure and r e c o r d  d a i l y  t h e  accumulated n e t  energy i n p u t  t o  t h e  
b u i l d i n g .  Enet. 

Dur ing  t h e  h e a t i n g  season, t h e  n e t  energy i n p u t  t o  t h e  b u i l d i n g  can be 
es t ima ted  f rom t h e  sum o f  
- t h e  energy ou tpu t  from t h e  heat  d i s t r i b u t i o n  system. Oh.  
- s o l a r  heat  g a i n s .  Oso l .  
- casual  heat  ga ins  from l i g h t i n g  and app l iances .  Qel.  

- metabo l i c  hea t  ga ins  from occupants, Qm. 

Enet  ' qh + 'sol + + Om. 

Measure and r e c o r d  d a i l y  t h e  accumulated indoor-outdoor  temperature 
d i f f e r e n c e ,  A T .  

P l o t  the  accumulated n e t  energy i n p u t ,  Enet, versus t h e  accumulated 
temperature d i f f e r e n c e ,  AT (see F i g .  11. 

The s lope  of  the  b e s t  l i n e a r  f i t  through the  measurement p o i n t s  and t h e  
o r i g i n  i s  an e s t i m a t e  o f  t h e  envelope g l o b a l  heat  l o s s  c o e f f i c i e n t .  

Compare t h i s  valu'e t o  the  corresponding des ign  va lue  c a l c u l a t e d  from the  
areas and U-values o f  t h e  envelope components and From t h e  des ign  
v e n t i l a t i o n  ra,te. 

The measurement p e r i o d  should be 5 t o  10 days 

............................................................................. 
I 

accuracy: ! . r e f e r e n c e s :  
Depending on accuracy o f  measurements, temperature ! 
d i f f e r e n c e  and l e n g t h  o f  measurement p e r i o d .  An ! 
accuracy o f  10% i s  ach ievab le .  ! 

! 
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reconended app l  icht ions: 

Check o f  envelope performance 

.---------------------------.......--------....--..-.------------------------ 

a d d i t i o n a l  in fo rmat ion :  

The g rea tes t  accuracy i s  obta ined i f  t he  measurements a re  performed under 
cond i t i ons  such t h a t  the  major c o n t r i b u t i o n  t o  the ne t  energy i npu t  comes 
from the  heat ing  system and e l e c t r i c i t y  from l i g h t i n g  and appl iances,  i . e .  i n  
general when the temperature d i f f e rence  i s  r a t h e r  la rge  and s o l a r  and 
occupancy gains are smal l .  

I n  b u i l d i n g s  w i t h  mechanical v e n t i l a t i o n  t h i s  method can be used t o  c a l c u l a t e  
the c o e f f i c i e n t  cha rac te r i z i ng  t ransmiss ion  heat losses by sub t rac t i ng  the  
est imated v e n t i l a t i o n  losses.  Q v e n t ,  from the  ne t  energy i npu t ,  i . e .  Enet - 
Qven t  . 
The s lope i s  then an est imate of the  heat  losses through t he  envelope. the  
envelope heat  loss c o e f f i c i e n t .  

- 
3 
a 
C .- 
% : 
C 
m 
+- m 
C 
u 
m .- m - 
3 

5 
0 

2 
Accumulated temperature difference 

Fig. 1 Example o f  results using 
the n e t  energy method. 
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audit procedure: ! application area: ! referenced from: 
E.3 ! BUILDING ENVELOPE - AIR ! ECO E .2 .  E.4.  E .18 .  

! EXCHANGE ! AP E.5 .  E.6.  E . lO.  E .12 .  

title: ! references to: 
AIR INFILTRATION RATE USING TRACER ! AT E.2 .  
GAS ! 
............................................................................. 

description: 

Q u a n t i f y  t h e  a i r  i n f i l t r a t i o n  r a t e  i n  t h e  b u i l d i n g  u n d e r  a u d i t  f o r  t h e  
wea the r  c o n d i t i o n s  a t  t h e  t i m e  o f  t h e  t e s t .  Use t h e s e  d a t a  t o . e s t i m a t e  a i r  
i n f i l t r a t i o n  component o f  ene rgy  use  and i n d o o r  a i r  q u a l i t y .  

il D e t e r m i n e  i f  b u i l d i n g  can  be  t r e a t e d  a s  a  s i n g l e  c e l l ,  i . e . .  zones 
i n t e r c o m m u n i c a t e  and t h e  b u i l d i n g  behaves  t h e  same i n  a l l  l o c a t i o n s  f r o m  
and i n f i l t r a t i o n  s t a n d p o i n t .  

iil I n t r o d u c e  ( s e e d )  t r a c e r  gas i n t o  t h e  b u i l d i n g  i n  such  a  way a s  t o  e n s u r e  
u n i f o r m  c o n c e n t r a t i o n  o f  t h e  t r a c e r  gas .  Good m i x i n g  i s  n e c e s s a r y  f o r  
t h i s  t o  t a k e  p l a c e  and may r e q u i r e  f ans  t o  c i r c u l a t e  t h e  a i r .  

i i i l a l D e c a y  Method)  Measure t h e  c o n c e n t r a t i o n  o f  t h e  t r a c e r  gas  o v e r  t i m e  and 
d e t e r m i n e  t h e  a i r  exchange r a t e  f rom t h e  decay r a t e  by p l o t t i n g  t h e  
t r a c e r  gas  c o n c e n t r a t i o n  v e r s u s  t i m e  ( s e e  AT E.21.  

i i i l b ( C o n s t a n t  C o n c e n t r a t i o n  Method)  Measure t h e  amount o f  t r a c e r  gas  t o  
m a i n t a i n  t h e  same c o n c e n t r a t i o n .  T h i s  a l l o w s  i n d i v i d u a l  zones t o  be 
m o n i t o r e d  f o r  i n d i v i d u a l  a i r  change r a t e .  F o r  d e t e r m i n a t i o n  o f  a i r  
change r a t e  see AT E.2.  

i i i l c l C o n s t a n t  I n j e c t i o n  Method1 Measure c o n c e n t r a t i o n  w h i l e  m a i n t a i n i n g  
c o n s t a n t  i n j e c t i o n  o f  t r a c e r  gas .  

i v l  C a l c u l a t e  P low r a t e s  o f  a i r  i n t o  b u i l d i n g .  Use g u i d e l i n e s  IASHRAE 
S t a n d a r d  62  o r  t h e  N o r d i c  S t a n d a r d )  f o r  a p p r o p r i a t e  f l o w  r a t e s  needed 
f o r  t h a t  b u i l d i n g  s i t u a t i o n .  

v l  A i r  i n f i l t r a t i o n  v a l u e s  can  be  compared t o  s i m p l e  c r i t e r i o n  such as 
a c h i e v i n g  a i r  exchange r a t e s  o f  0 . 5  ACH. 

v i l  Da ta  f r o m  t e s t i n g  p e r i o d s  r e p r e s e n t i n g  w e a t h e r  p e r i o d s  o f  i n t e r e s t  can  
be  u s e d  t o  c a l c u l a t e  a  r e p r e s e n t a t i v e  a i r  i n f i l t r a t i o n  p a t t e r n .  
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cost: ! ease of  use: 

H i g h l y  dependent upon measurement ! Again  depending upon t h e  measurement 
cho ice .  A p o r t a b l e  gas chromato- ! c h o i c e  one can take  c o n t a i n e r  samples 
g r a p h i c  system f o r  SF measurement i s  ! w i t h  l i t t l e  t r a i n i n g  ( r e s i d e n t s  o f t e n  
1 6600. Automated cone. systems s t a r t  ! t a k e  samples) .  Automated equipment 
a t  120000. Con ta ine r  o r  p a s s i v e  PFT ! can a lmost  r u n  i t s e l f .  Because o f  t h e  
sampl ing i s  1100-1200 per  t e s t .  ! v a r i a b i l i t y  no t i m e  v a l u e  i s  s t a t e d .  
Consumables: Tracer  and C a r r i e r  gas. ! Proper  i n s t a l l a t i o n  i s  i m p o r t a n t .  

! 

accuracy: ! references: 
! ASHRAE Standard 62.  1981 

Us ing  approved techn iques  accuracy i n  ! 
t h e  10-152 range i s  normal .  ! 

! 
................................................................. 
recommended appl icat ions: 

Best  method f o r . o b t a i n i n g  q u a n t i t a i i v e  a i r  exchange da ta  p r o v i d e d  measurement 
c r i t e r i a  a r e  met.  T h i s  means a u n i f o r m  c o n c e n t r a t i o n  o f  t r a c e r  gas b rough t  
about by p roper  m i x i n g  i n  t h e  b u i l d i n g .  

a l t e r n a t i v e  procedures: 

Use o f  t h e  p r e s s u r i z a t i o n l d e p r e s s u r i z a t i o n  method a l s o  a l l o w s  one t o  g a t h e r  
q u a n t i t a t i v e  i n f o r m a t i o n  on b u i l d i n g  t i g h t n e s s  and r e l a t e d  a i r  exchange 
r a t e s .  U n l i k e  t h e  t r a c e r  gas method a i r  exchange r a t e s  a r e  c a l c u l a t e d  r a t h e r  
than measured. The p r e s s u r i z a t i o n  method i s  l e s s  c o s t l y  and l e s s  a c c u r a t e .  I 



addi t ional  

App. F A u d i t  P r o c e d u r e s  ( E l  

information: sF6 lniection 

AUTOMATED AIR INFILTRATION UNIT 

F i g .  1 Automated air infiltration unit 

Fig. 2 
Comparison o f  SF 

6 concentration r e a d ~ n e r  
U s i n g  d e c a y  method. " 

20 40 60 80 100 
Time [minl 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
audit procedure: ! application area: ! referenced from: 
E.4 ! BUILDING ENVELOPE - ! A T  E.5. 

! INFILTRATION' ! 

t i t l e :  ! references to: 
BUILDING ENVELOPE AIR INFILTRATION AND INTERZONE ! AT E.2. AP E.3. E.B. 
AIR FLOW USING THE MULTIPLE TRACER GAS TECHNIQUE ! 

description: 

Eva lua te  a i r  i n f i l t r a t i o n  th rough  t h e  b u i l d i n g  envelope as w e l l  as i n t e r z o n e  
a i r  f l o w s  u s i n g  m u l t i p l e  t r a c e r  gases. The e v a l u a t i o n  w i l l  p r o v i d e  key 
i n f o r m a t i o n  on energy use and p o s s i b l e  i n d o o r  a i r  q u a l i t y  problems. The d a t a  
c o l l e c t i o n  c o n s i s t s  o f :  

i )  Determine major  zones t o  be measured. 

iil P lace  t r a c e r  gas source ( e i t h e r  a c t i v e  o r  pass ive1  i n  each zone, one 
t r a c e r  pe r  zone. I f  u s i n g  c e n t r a l  system, tubes  must be r u n  t o  ana lyze  
r e c o r d i n g  u n i t .  

iiil P lace  a i r  sampl ing apparatus ( e i t h e r  a c t i v e  o r  pass ive ,  see F i g .  2  and 
Re f . )  i n  t h e  zones. 

i v )  Con t inue  t o  c o l l e c t  d a t a  ove r  t h e  d e s i r e d  t e s t  p e r i o d .  

V )  Depending on cons tan t  o u t p u t  sou rce ,  i n j e c t - d e c a y ,  o r  c o n s t a n t  
c o n c e n t r a t i o n  t h e  d a t a  e v a l u a t i o n  takes  on a  d i f f e r e n t  c h a r a c t e r .  The 
s i m p l e s t  arrangement i s  w i t h  cons tan t  c o n c e n t r a t i o n ,  where t h e  makeup 
t r a c e r  gas t o  m a i n t a i n  each chosen zone a t  p roper  c o n c e n t r a t i o n  i s  
d i r e c t l y  p r o p o r t i o n a l  t o  t h e  o u t s i d e  a i r  r e a c h i n g  t h a t  zone. (See AT 
E.2. )  E v a l u a t i o n  u s i n g  decay methods i s  l i m i t e d  by number o f  unknown and 
zone movement. 

---------------------...---..---------------------.--------.----------------- 

cost: M u l t i - t r a c e r  a n a l y s i s  equipment i s  expens ive  ! ease of use: 
w i t h  p r i c e s  o f  120000 o r  more t h e  norm. Setup t i m e  ! Depending on whether 
f o r  f i e l d  equipment t i m e  can v a r y  f rom a  few hours  ! pass ive  system o r  t u b i n g  
o f  r u n n i n g  t u b i n g  t o  l e s s  than  one hour  d e p l o y i n g  ! a r r a y s  d i f f i c u l t y  o f  
p a s s i v e  sensors  and sources.  ! procedure v a i e s .  
--------------.-----...--.-.-------------------.---.-------------...-----..-- 

accuracy: ! references: 
1 0 1  accuracy i s  ach iev -  ! D i e t z .  1985 
a b l e .  ! 

I 

................................................................. ------------ 
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recommended applications: 
T h i s  p rocedu re  s h o u l d  be r e s e r v e d  f o r  t h o s e  i n s t a n c e s  where i n t e r z o n e  
prob lems a r e  suspected o f  r a i s i n g  energy  use o r  c a u s i n g  comfo r t  p rob lems .  
............................................................................. 

alternative procedures: 
The d e t a i l  p r o v i d e d  by  t h i s  p rocedu re  canno t  be d u p l i c a t e d  by  o t h e r  
p rocedu res .  However, t h e  d e t a i l  on a i r  i n f i l t r a t i o n  t o  i n d i v i d u a l  zones can  
be o b t a i n e d  f rom AP E.3 t r a c e r  gas u s i n g  t h e  c o n s t a n t  c o n c e n t r a t i o n  approach. 
............................................................................. 

additional information: WHOLE BLDG: 0.69 ACH 

F i g .  1 
Example o f  r e s u l t s  
u s i n g  m u l t i p l e  t r a c e r  4-15 flrs 
g a s  t echn iques .  

62371 

39587 

46726 

51111 

23553 

PORTLAND BUILDING 
(all flow rates in m31h) 

samp l i ng  appa ra tus .  
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audi t  procedure: ! appl icat ion area: ! referenced from: 
E.5 ! BUlLDlNG ENVELOPE - A I R  ! ECO E.10. AP E.6. 1 . 7 .  

! TIGHTNESS ! E.10. E.12. E.13. 
-----------...-.-----------.----..------------------------------------------- 

t i t l e :  ! references to:  ~ ~ - - - -  

OVERALL BUILDING TIGHTNESS USING PRESSURIZATIONI ! AP E.3.  E.4. E.B. E.9 
DEPRESSURIZATION TECHNIOUES I 

descript ion:  
Measure o v e r a l l  b u i l d i n g  t i g h t n e s s  so t h a t  comparison w i t h  o t h e r  b u i l d i n g s  

, w i l l  se rve  as a  g u i d e  f o r  ECO imp lementa t ion .  The procedure i s  as f o l l o w s :  

i )  E v a l u a t i o n  b u i l d i n g  as t o  p o s s i b i l i t i e s  f o r  a p p l i c a t i o n  o f  
p r e s s u r i z a t i o n  techn ique :  
a1 b u i l d i n g s  w i t h  supp ly  and exhaust  v e n t i l a t i o n  systems which can be 
used t o  p r e s s u r i z e  t h e  b u i l d i n g .  
b )  b u i l d i n g s  where o n l y  p o r t i o n s  o f  t h e  b u i l d i n g  can be p r e s s u r i z e d  even 
t o  t h e  p o i n t  o f  i n d i v i d u a l  apartment p r e s s u r i z a t i o n  ( r e c o g n i z i n g  t h e r e  
may be s i z e a b l e  a i r  leakage c o n t r i b u t i o n s  from ad jacen t  apar tmen ts ) .  
Represen ta t i ve  apar tments  may be chosen f o r  such t e s t s .  

iil Use b u i l d i n g  fans o r  b lowers (known f l o w  r a t e s  o r  t r a c e r  gas c a l i b r a t e d ]  
o r  d e d i c a t e d  equipment (whole b u i l d i n g  o r  s m a l l e r  f a n  systems such as 
b lower  doors )  t o  p r e s s u r i z e  o r  depressur i ze  the  i n t e r i o r  i n  s t e p s ,  such 
as 10 Pa. t o  50 Pa o r  h i g h e r .  Th is  w i l l  e s t a b l i s h  a  p ressure  p r o f i l e  f o r  
t h e  b u i l d i n g .  Th is  procedure o f  p r e s s u r i z a t i o n  i s  u s e f u l  i n  AP E.3. 

i i i )  I n  l a r g e  b u i l d i n g s  measure p ressure  d i f f e r e n c e  ( i n s i d e - t o - o u t s i d e )  i n  
s e v e r a l  l o c a t i o n s  t o  take  i n t o  account p ressure  v a r i a t i o n s  a t  d i f f e r e n t  
f l o o r s  o r  wings o f  t h e  b u i l d i n g .  

i v )  Use of  Leakage per  u n i t  Envelope Area a t  a  Reference Pressure i s  one 
method t o  r a t e  b u i l d i n g  t i g h t n e s s .  E x t r a p o l a t i o n  t o a i r  i n f i l t r a t i o n  
r a t e s  i s  i n  g e n e r a l  n o t  p o s s i b l e .  Examples a r e  g i v e n  i n  Table 1 (Shaw. 
1981) .  

cost: Equipment d e d i c a t e d  t o  b u i l d i n g  p r e s s u r i z a -  
t i o n  such as a  c a l i b r a t e d  b lower  door ( see  F i g .  1) 
i s  approx imate ly  14000. Large b u i l d i n g  p r e s s u r i z a -  
t i o n  equipment may e a s i l y  r e a c h  120000. Use o f  
b u i l d i n g  supply  and exhaust c o s t s  n o t h i n g .  
Time: One hour up t o  a  day depending on b u i l d i n g  
s i z e .  

ease of use: 
Th is  depends on whether 
b lower  door o r  b u i l d i n g  
equipment i s  used. 
S i n g l e  house t e s t  take  
l e s s  than  one hour i n -  
s t a l l a t i o n  t ime .  T r a i n -  
i n g  i s  needed f o r  proper  
d a t a  i n t e r p r e t a t i o n .  
.----------.------------- 

references: 



/ 
! App. F A u d i t  Procedures ( E l  

............................................................................. 

recommended. applications: Fundamental t e s t  t o  p l a c e  a i r  i n f i l t r a t i o n  i n  

J proper  p e r s p e c t i v e  w i t h  o t h e r  b u i l d i n g  energy - losses .  Procedure may be used 
on a v a r i e t y  o f  hous ing.  

alternative procedures: Use o f  t h e  Tracer  Gas Technique: AP E.3 and E.4.  The 
t r a c e r  gas method w i l l  t end  t o  be more expens ive ,  more a c c u r a t e  and weather 
s e n s i t i v e  ( c o n t r a s t e d  t o  p r e s s u r i z a t i o n  t e s t s  which except  f o r  w ind 
v e l o c i t i e s  > 5  mls can be accompl ished vear r o u n d ) .  

B u i l d i n u  ca teaorv  LOW Averaae Hiah 

Supermarket and Shopping M a l l  3 13 20 
Schools 5 7 10 
High R ise  O f f i c e  B u i l d i n g  1 3 5 

Fig. 1 Sketch o f  instrumentation . 
arrangement f o r  pressurisation test 
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audit procedure: ! application area: ! referenced from: 
E.6 ! BUILDING ENVELOPE - ! ECO E.18. AP E . lO .  

! A I R  LEAKAGE ! 
--~~~~--~........~.~~~~~..~-~~---------~~~~-----~-~-------------------------- 

tit,le: ! references to: 
B U ~ ~ D I N G  ENVELOPE AIR LEAKAGE USING BUILDING ! AP E.5. E.3. E.7. 
MECHANICAL SYSTEMS FOR PRESSURIZATION ! RV E.5. I T  D.5. 
............................................................................. 

description: 

E v a l u a t e  a i r  leakage th rough  t h e  b u i l d i n g  envelope u s i n g  t h e  c e n t r a l  
v e n t i l a t i o n  system o f  t h e  b u i l d i n g  t o  supp ly  t h e  r e q u i r e d  p r e s s u r i z a t i o n  so 
t h a t  comparisons w i t h  d e s i r e d  per formance can be made and energy use 
eva lua ted .  The.procedure i s  as f o l l o w s :  

i l  A l t e r  t h e  c e n t r a l  v e n t i l a t i o n  system so t h a t  t h e  b u i l d i n g  may be 
pressurizedldepressurized. T h i s  means c l o s i n g  exhaust  v e n t s  o r  supp ly  
v e n t s  and o p e r a t i n g  t h e  system t o  p r o v i d e  p r e s s u r e  imbalance.  

iil Open i n t e r i o r  doors  t o  a l l o w  f o r  p r e s s u r e  e q u a l i z a t i o n  t o  t h e  b e s t  
degree p o s s i b l e .  

iiil Measure t h e  v o l u m e t r i c  f l o w  r a t e s .  I f  t h e  a i r .  f l o w  r a t e  i s  s m a l l ,  use 
t r a c e r  gas procedure IMT 0 .51 .  

i v l  F o l l o w i n g  AP E.5,  t h e  b u i l d i n g  would be p r e s s u r i z e d / d e p r e s s u r i z e d  i n  
s t e p s ,  f a n  c o n t r o l  p e r m i t t i n g .  

v l  R e s u l t s  can be compared a g a i n s t  s tandards  f o r  a i r t i g h t n e s s  where 
a p p l i c a b l e  (RV E.51.  

v i l  Depending on e v a l u a t i o n  from ( 5 1  r i l l  de te rm ine  t h a t  ( a 1  l i t t l e  o r  no 
b e n e f i t  would  be a v a i l a b l e  from p u r s u i n g  b u i l d i n g  t i g h t n e s s  ECOs o r  ( b l  
t h a t  such ECOs h o l d  promise f o r  energy r e d u c t i o n  and p o s s i b l e  comfo r t  
improvement.  

~~-~~~~~~-----~~~~-~-----~--------------~-~~-~~... .-------~~-------~~--~~---- 

cost: 1nst ruments :Accurate  d i f f e r e n t i a l  p r e s s u r e  ! ease of use: 
gauges < $ I 0 0  each. Must a l s o  account  f o r  t r a c e r  ! A v a i l a b i l i t y  o f  t r a c e r  
gas i n s t r u m e n t a t i o n  and consumption.Time: P repar -  ! gas t e s t  appara tus .  
a t i o n  2-4 hours .  t e s t  t i m e .  3  hours .  ! 
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alternative procedures: 

( i l  H igher  c o s t ,  s i m l l a r  accu racy ,  complete  b u i l d i n g  t e s t  performed by 
separa te  mechanica l  fan system, see AP E.7 t h a t  c o u l d  i n c o r p o r a t e  f l o w  
measurement and thus  n o t  r e q u i r e  t r a c e r  gasmethod .  
( i i l  Same c o s t ,  determines a i r  i n f i l t r a t i o n  r a t e s  under normal b u i l d i n g  
o p e r a t i o n  u s i n g  t r a c e r  gas methods, see AP E.3. 

additional information: 

Larger  b u i l d i n g s  o f t e n  r e l y  upon c e n t r a l  v e n t i l a t i n g  systems t o  move a i r  
t h rough  t h e  b u i l d i n g s .  These same fan systems can be used t o  p r e s s u r i z e  t h e  
b u i l d i n g  t o  de te rm ine  b u i l d i n g  envelope t i g h t n e s s .  The techn ique  r e l i e s  upon 
knowledge o f  how t o  e f f e c t i v e l y  c o n t r o l  supply  and exhaust v e n t s .  The 
techn ique  can use supp ly  fans  t o  p r e s s u r i z e  t h e  b u i l d i n g  by c l o s i n g  a l l  b u t  
t h e  a i r  supp ly  ven ts  l o u v e r s .  Exhaust systems may be used d e p r e s s u r i z e  t h e  
b u i l d i n g  by a l l o w i n g  o n l y  exhaust v e n t s  t o  be open. 

D e t a i l s  o f  t h e  method i n c l u d e  knowing where supp ly  v e n t s  a r e  l o c a t e d  i n  t h e  
b u i l d i n g  and making c e r t a i n  they a r e  f u n c t i o n i n g  i n  a  way t o  a l l o w  t h e  
p r e s s u r i z a t i o n ,  d e p r e s s u r i z a t i o n  t e s t .  T h i s  may mean d i s a b l i n g  l i n k a g e s  which 
a u t o m a t i c a l l y  open o r  c l o s e  t h e  ven ts .  C e n t r a l  fan systems a re  then  opera ted  
t o  p r o v i d e  one o r  more ( d e l p r e s s u r i z a t i o n  s teps  w i t h  f l ows  measured u s i n g  
t r a c e r  gas techn iques  (see AP E.31. The t r a c e r  gas techn iques  r e q u i r e  
equipment d e s c r i b e d  i n  AP +.3. 
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a u d i t  procedure: ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
E.7 ! BUILDING ENVELOPE - ! ECO E.18. AP E.6.  E.lO. 

! A I R  LEAKAGE ! 

t i t l e :  ! r e f e r e n c e s  t o :  
BUILDING ENVELOPE AIR LEAKAGE USING A  SPECIAL ! AP E.5.  RV E.5 
LARGE FAN BROUGHT T O  THE SITE ! 

Eva lua te  a i r  leakage th rough  the  b u i l d i n g  envelppe u s i n g  a  s p e c i a l  l a r g e  f a n  
brough t o  t h e  s i t e  t o  supp ly  p r e s s u r i z a t i o n / d e p r e s s u r i z a t i o n .  

il Transpor t  s p e c i a l  l a r g e  fan t o  b u i l d i n g  s i t e  - depending upon s i z e  o f  
fan t h i s  may r e q u i r e  a  f l a t b e d  t r u c k .  

iil P r o v i d e  power access from b u i l d i n g  o r  'dedicated power supp ly  and a t t a c h  
f a n  t o  b u i i l d i n g  i n t e r i o r  th rough  an a p p r o p r i a t e  s i z e  opening,  e .g .  
l a r g e  double doors t o  c e n t r a l  h a l l w a y .  

iiil Open i n t e r i o r  doors t o  a l l o w  f o r  p ressure  e q u a l i z a t i o n  t o  the  b e s t  
degree p o s s i b l e .  

i v l  Measure t h e  v o l u m e t r i c  f l ow  r a t e  from the  p r e c a l i b r a t e d  f a n  system rpm 
o r  use t r a c e r  gas procedures t o  make measurements. 

v l  F o l l o u i n g  AP E . 5  t h e  b u i l d i n g  'would be pressurizedldepressurized i n  
s teps  by a d j u s t i n g  a i r  f l o w  w i t h i n  the  l i m i t s  o f  the  f a n  c a p a c i t y .  

v i l  R e s u l t s  can be compared a g a i n s t  s tandards  f o r  a i r t i g h t n e s s :  where 
a p p l i c a b l e  ( R V  E.5) .  

v i i l  Depending on e v a l u a t i o n  f rom ( v i l  w i l l  de termine t h a t  ( a )  l i t t l e  o r  no 
b e n e f i t  would be a v a i l a b l e  f rom pursu ing  b u i l d i n g  t i g h t n e s s  ECOs o r  l b l  
t h a t  such ECOs h o l d  promise f o r  energy r e d u c t i o n  and p o s s i b l e  comfor t  
improvement. 

.-----------.---------...---.----------.-----------.-----.----------.-------- 

c o s t :  S p e c i a l  l a r g e  fans have c o s t  up t o  120000. ! ease of u s e : D i f f i c u l t  
Consumables: (T racer -gas  i f  t h a t  f l ow  measurement ! - t h i s  i s  a  t a s k  f o r  a  
i s  r e a u i r e d ) .  Time: UP t o  a  one dav o r e o a r a t i o n .  ! d e d i c a t e d  crew t o  
T r a n s p o r t a t i o n  c o s t  can be cons iderable:  ! a t t a c h  the  system 

! t o  t h e  b u i l d i n g  and 
! opera te  t h e  f a n  p r o p e r l y  

---------------------------------------.-----.---------------------..--.-...- 

accuracy:  ! references:  
P rev ious  measurements have shown 10% accuracy.  ! 
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Designed for buildings where no central ventilation exists and tota'l building 
air leakage values using pressurization/depressurization are desired. Fan 
size is clearly dependent on size of the building as well as the leakiness of 
the building.' It is desired that several pressure steps can b e  achieved t o  
better define the envelope air leakage. 

a l te rna t i ve  procedures: 

Lower cost, determines air leakage under normal building operation using 
tracer gas methods. 
-------------------~-~~~~~..~.~~~~.....---~-~~~~~~~-~~~-~~........~--~~---~-~ 

addit ional  information: 
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a u d i t  procedure:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
E.8 ! BUILDING ENVELOPE - ! ECO E.18. AP E.lO. 

! A I R  LEAKAGE ! 
--------.---...-.-..---------------------..-..----.-------------------------- 

t i t l e :  ! r e f e r e n c e s  t o :  
AIR LEAKAGE IN INDIVIDUAL ZONES O R  APARTMENTS ! AP E .4 .  E.5. 
USING FAN PRESSURIZATION ! 
............................................................................. 

d e s c r i p t i o n :  

The purpose can be t o  11 q u a n t i f y  a i r  leakage t h r o u g h  a l l  components w i t h  a  
g i v e n  zone o r  apar tmen t ,  o r  t o  2)  e v a l u a t e  a i r  leakage i n t e r a c t i o n  w i t h  
a d j a c e n t  zones o r  apar tments .  

i l  P r o v i d e  a d d i t i o n a l  f an  p r e s s u r i z a t i o n  t o  a d j a c e n t  zones o r  apar tments  so 
t h a t  those volumes can be a d j u s t e d  t o  t h e  same p ressu res  t o  a v o i d  
i n t e r z o n e  leakage.  For  t h e  second Purpos.e a d j a c e n t  zone o r  apar tment  fan  
p r e s s u r i z a t i o n  systems would  be t u r n e d  o f f  s e q u e n t i a l l y  t o  e v a l u a t e  
s e v e r i t y  o f  i n t e r z o n e  leakage.  T e s t  d a t a  would  be c o l l e c t e d  as i n  AP E.5 
w i t h  t h e  added requ i remen t  t h a t  each p ressu re  s t e p  would  be 
s i m u l t a n e o u s l y  ach ieved  i n  a d j a c e n t  zones lapar tmen ts .  Communicat ion must 
be m a i n t a i n e d  v i a  ' w a l k i e - t a l k i e ' ,  t e lephone ,  e t c .  t o  ach ieve  t h i s  g o a l .  

ii) procedures  i d e n t i c a l  t o  AP E.5 would  be employed f o r  t h e  f i r s t  purpose.  

i i i )  Y i t h  non-zero p r e s s u r e  d i f f e r e n t i a l s  between a d j a c e n t  zones ( o t h e r  
p r e s s u r i z a t i o n  equipment t u r n e d  o f f  o r  opera ted  a t  a  d i f f e r e n t  p ressu re  
l e v e l )  q u a l i t a t i v e  e v a l u a t i o n  o f  i n t e r z o n e  leakage can be made (see 
second pu rpose) .  Q u a n t i t a t i v e  e v a l u a t i o n  under n a t u r a l  c o n d i t i o n s  shou ld  
use m u l t i p l e  t r a c e r  gases, see AP E.4. 

c o s t :  Depending on b u i l d i n g  c o m p l e x i t y  3 t o  6 ! ease o f  use: 
b lower  doors  would  be r e q u i r e d  a t  14000 each. ! 
Personnel  a r e  needed f o r  each. Time: 1-2 hours  ! 
pe r  zone i s  es t ima ted .  ! 

! 

accuracy:  ! r e f e r e n c e s :  
Measurements would be i n  t h e  15% range  because o f  ! 
summing b lower  door  a c c u r a c i e s .  ! 

! 
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recouended applications: 

Car ry  o u t  t e s t  o n l y  when s i m p l e r  procedures prove inadequate.  

t i )  P o s s i b l y  lower  c o s t ,  improved accuracy i n  t h a t  i t  measures a c t u a l  
apartment and i n t e r z o n e  leakage use AP E . 4 ,  m u l t i - t r a c e r .  

. I,,..? .n,,rnm.nt fewer o o e r a t o r s  on s ~ t e ,  lower  accuracy:  e v a l u a t e  

zonelapar tment  and a d j a c e n t  zones wh i l6  

addi t ional  information: 

Fig. 1 Schematics o f  multiple blower door 
techniques in multi-family building. 
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a u d i t  procedure:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
E.9 ! BUILDING ENVELOPE - ! ECO E.18. AP E . lO .  

! AIR LEAKAGE SITES ! 

t i t l e :  ! r e f e r e n c e s  t o :  
DETECTION OF LEAKAGE SITES USING INFRARED ! AP E.5. E . lO .  E . l l .  
THERMOGRAPHYIPRESSURIZATION ! 

, . - - - - - - - - - - - - - - - - - - - - - - ~ ~ - - ~ ~ ~ - - ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ . . . ~ . . . . . . ~ ~ ~ . ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

d e s c r i p t i o n :  

Loca te  leakage s i t e s  t o  e v a l u a t e  requ i remen ts  f o r  ECO imp lemen ta t i on .  

i )  Determine areas o f  b u i l d i n g  t o  be surveyed f o r  leakage s i t e s  and ensure 
v i s u a l  access t o  s u r f a c e s  o f  i n t e r e s t .  

iil P r e f e r r e d  method i s  t o  use t h e  o v e r a l l  b u i l d i n g  p r e s s u r i z a t i o n  methods 
employed i n  AP E.5 t o  d e p r e s s u r i z e  t h e  b u i l d i n g  s o ' t h a t  o u t s i d e  a i r  w i l l  
f l o w  i n  th rough  leakage s i t e  the reby  c o o l i n g  o r  h e a t i n g  a d j a c e n t  
su r faces  a l l o w i n g  i n f r a r e d  equipment t o  e v a l u a t e  such tempera tu re  
d i f f e r e n c e s .  

i i i )  For  t h e  i n f r a r e d  method t o  work e f f e c t i v e l y  t h e  tempera tu re  d i f f e r e n c e  
i n s i d e  t o  o u t s i d e  shou ld  be 5  K  o r  g r e a t e r .  

i v )  Data on leakage s i t e s  i s  o b t a i n e d  from t h e  s u r f a c e  tempera tu re  p a t t e r n s  
observed w i t h  i n f r a r e d  scanning equipment when o u t s i d e  a i r  o f  d i f f e r e n t  
tempera tu re  reaches t h e  i n t e r i o r  o f  t h e  b u i l d i n g .  r e c o r d s  may be i n  t h e  
form o f  no tes  as t o  l o c a t i o n  o r  the rma l  p i c t u r e s ,  thermograms, o f  t h e  
w a l l  s u r f a c e s  and leakage s i t e s .  

v l  R e s u l t s  may be compared t o  s tandard  thermograms which r e p r e s e n t  a i r  ( 
leakage ve rsus  the rma l  p a t t e r n s  due t o  hea t  c o n d u c t i o n  v a r i a t i o n s  i n  t h e  
w a l l  m a t e r i a l s .  

............................................................................. 

cost :  I n s t r u m e n t :  110000-150000. Comsumables: De- ! ease o f  use: Method r e -  
pend ing  on I R  Scanner,  u n i t  may work on e l e c t r i c i -  ! q u i r e s  w e l l - t r a i n e d  
t y ,  h i g h  p r e s s u r e  gas o r  l i q u i d  n i t r o g e n .  ! pe rsonne l  and a p p r o p r i -  
Time: Two m inu tes  pe r  room. ! a t e  c h o i c e  o f  equipment 

! and techn iques .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

accuracy:  ! r e f e r e n c e s :  

1 

Sur face tempera tu re  measurements a r e  0 . 2 O ~  f o r  ! 
good equipment ,  however,  used as a  leakage s i t e  ! 
l o c a t o r  accuracy i s  good b u t  q u a l i t a t i v e .  ! 

I 
1 
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I 
\ 

............................................................................. 

r e c o n e n d e d  a p p l i c a t i o n s :  
I 

AP E.5 (Measurement o f  o v e r a l l  b u i l d i n g  t i g h t n e s s )  shou ld  be used as t h e  
c r i t e r i o n  f o r  u s i n g  E . 9 .  A lso t o  be cons ide red  i s  comfo r t  o f  occupants  who 
may be e x p e r i e n c i n g  d r a f t s  which suggests  leakage s i t e  documentat ions.  

Th is  method i s  v e r y  e f f e c t i v e  i n  sea rch ing  o u t  leakage s i t e s  o v e r % i l d i n g  
s u r f a c e s  w i t h o u t  p r i o r  knowledge o f  where these s i t e s  a r e  l i k e l y  t o  be 
l o c a t e d .  Quickness of  t h e  method a l l o w s  immediate movement t o  r e g i o n s  o f  
i n t e r e s t .  Documentat ion v i a  thermograms p e r m i t s  a f t e r  v i s i t  a n a l y s i s .  

1. Lower equipment c o s t ,  s i m i l a r  accu racy .  AP E . lO ,  smoke t r a c e r s  o r  
v e l o c i t y  probes.  

I 2 .  Low c o s t ,  l e s s  a c c u r a t e :  use sound source and sound d e t e c t i o n  system t o  
e v a l u a t e  leakage s i t e s  (see AP E.11).  

3 .  Lowest c o s t ,  l e s s  a c c u r a t e ,  use wool t u f t  o f  paper s t reamer  on w i r e  wand 
t o  t e s t  f o r  leakage s i t e s  (same genera l  method as u s i n g  cand le  f l ame) .  

i 
a d d i t i o n a l  i n f o r m a t i o n :  
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a u d i t  procedure:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
E.10 ! BUILDING ENVELOPE - ! ECO E.4. E .6 .  E.7. E.18. 

! A I R  LEAKAGE SITES ! AP E .9 .  E.11. E.12. 
..-.-----------.---.--...--.--------.-...---------------------..------------- 

t i t l e :  DETECTION OF LEAKAGE ! r e f e r e n c e s  t o :  
SITES USING SMOKE PENCILS. O R  ! AP E.3, E.5. E.6 .  E.7. E.0. E.9. E . l l  
VELOCITY MEASUREMENT ! 
---------.....-----------------.------------------.---..-.------------......- 

d e s c r i p t i o n :  

Loca te  leakage s i t e s  t o  e v a l u a t e  requ i remen ts  f o r  ECO imp lemen ta t i on .  

il Determine areas o f  b u i l d i n g  t o  be surveyed f o r  leakage s i t e s  and ensure 
access t o  s u r f a c e s  o f  i n t e r e s t .  

iil S e l e c t  method o f  l eak  d e t e c t i o n ,  e.g. smoke p e n c i l s ,  smoke gun, o r  
v e l o c i t y  measurement, e .g .  a  heated w i r e  o r  t h e r m i s t o r .  

iiil Move d e t e c t i o n  d e v i c e  ove r  those s u r f a c e  areas o f  i n t e r e s t  l o o k i n g  f o r  
incoming a i r  ( i n f i l t r a t i o n )  o r  o u t g o i n g  a i r  ( e x f i l t r a t i o n ) .  1 

i v )  P r e f e r r e d  method i s  t o  use t h e  o v e r , a l l  b u i l d i n g  p r e s s u r i z a t i o n  methods 
employed i n  AP E.5 th rough  E.8 t o  a i d  i n  l e a k  s i . t e  d e t e c t i o n  o u t l i n e d  i n  
t h i s  p rocedure .  T h i s  i s  ach ieved by  p r e s s u r i z i n g  t h e  b u i l d i n g  so t h a t  
a l l  a i r  leakage i s  f rom i n s i d e - t o - o u t s i d e ,  caus ing  t h e  smoke t o  be drawn 
t o  t h e  leakage s i t e .  For  b e s t  r e s u l t s  t h e  smoke source shou ld  be c l o s e  
t o  t h e  leakage s i t e  ( o r d e r  15 cm o r  l e s s ) .  I f  t h e  b u i l d i n g  i s  
depressur i zed ,  a i r  j e t s  w i l l  be p r e s e n t  a t  t h e  leakage s i t e s  a l l o w i n g  

I 
f o r  easy d e t e c t i o n  by  t h e  v e l o c i t y  probe.  Smoke w i l l  be  b lown away by 
t h e  j e t s .  

v l  Where t h e  b u i l d i n g  i s  n o t  p r e s s u r i z e d / d e p r e s s u r i z e d  o r  where t h e  
p r e s s u r i z a t i o n  i s  n o t  l a r g e ,  c o n d i s e r a t i o n s  o f  t h e  n a t u r a l l y  induced 
p ressu re  across t h e  envelope shou ld  be made, e.g. c o n s i d e r  wind and 
s t a c h  e f f e c t s  when choos ing t e s t  l o c a t i o n s .  

T h i s  p rocedure  y i e l d s  q u a l i t a t i v e  d a t a  i n  t h e  case o f  t h e  smoke t r a c e r .  and 
somewhat q u a n t i t a t i v e  f o r  t h e  v e l o c i t y  probes.  Judgement on t h e  p a r t  o f  t h e  
a u d i t o r  i s  necessary  t o  de te rm ine  what c o n s t i t u t e s  an a i r  leakage s i t e  t h a t  
i s  excess ive  and r e q u i r e s  r e t r o f i t  a c t i o n :  what i s  m a r g i n a l  and may r e q u i r e  
a c t i o n :  and w h a t  i s  accep tab le  and r e q u i r e s  no a c t i o n .  P r o x i m i t y  o f  t h e  a i r  
leakage s i t e s  t o  t h e  l o c a t i o n  o f  b u i l d l n g  occupants  may a l s o  i n f l u e n c e  t h e  
a u d i t o r ' s  judgement.  
............................................................................. 

c o s t :  I n s t r u m e n t s :  Smoke s t i c k s  $10; ! ease o f  use: 
smoke gun $50; v e l o c i t y  probe $50-500 ! Simple t o  use b u t  can be t ime  con- 
Consumables: smoke g e n e r a t i o n  ! suming based upon p r e v i o u s  knowledge 
m a t e r i a l s .  Time: depends on b u i l d i n g  ! o f  what b u i l d i n g  su r faces  and com- 
s i z e ,  approx.  10 m inu tes  o r  l e s s  pe r  !Pponents be surveyed.  
room c o u l d  be used as a  gu ide .  ! 
............................................................................. 

accuracy:  ! r e f e r e n c e s :  
...----------------....---------------------.--.....-------.....-.----------- 
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I Conduct t e s t s  i f  t h e r e  a r e  comp la in ts  o f  d r a f t s ,  o r  if t h e r e  a r e  ques t ions  as 
t o  where ECO a c t i o n s  shou ld  be focused t o  c o n t r o l  envelope leakage. Suggest 

I 
u s i n g  AP E.3 t o  j u s t i f y  t h i s  procedure.  

I ............................................................................. 

alternative procedures: 

I .  Lowest c o s t .  l e s s  accura te :  use wool t u f t  o f  paper streamer on  a  w i r e  
wand t o  t e s t  f o r  leakage s i t e s  (same genera l  method as u s i n g  candle 
f lame) .  

2.  Lower a u d i t o r  c o s t  ( p e r s o n n e l ) ,  comparable accuracy:  use AP E.9 f o r  
d e t e c t i o n  o f  leakage s i t e s  u s i n g  i n f r a r e d  thermography. Th is  method 
i n v o l v e s  o n l y  one o r  two minutes pe r  room b u t  equipment c o s t s  a r e  h i g h .  
Requires p roper  i n s i d e - o u t s i d e  temperature d i f f e r e n c e  ( o r d e r  5 K o r  more) 
f o r  method t o  work. 

3 .  Low c o s t ,  l e s s  accura te :  use sound source and sound d e t e c t i o n  system t o  
e v a l u a t e  leakage s i t e s .  AP E.ll. 

~-~-~----~~.............~~..-------~~---~~~.~~.~----------~~-~~--~~~~~.~~~~.~ 

additional information: 

Pressurized Interior Depressurized lnterior 

Velocity probe measures 
leakage air jet velocity 

F i g .  1 S k e t c h  o f  u s e  o f  rmoYe pencils 
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audi t  procedure: ! appl icat ion area: ! referenced from: 
E . l l  ! BUILDING ENVELOPE - ! ECO E.7. E.28. AP E.9.  

! LEAK SITES !, E. lO. 

t i t l e :  ! references to :  
DETECTION OF LEAKAGE SITES USING ! AP E.lO. 
SOUND SOURCES AND RECEIVERS ! 

description: 

Loca te  leakage s i t e s  t o  e v a l u a t e  requ i remen ts  f o r  ECO imp lemen ta t i on .  

i) Method r e q u i r e s  use o f  sound source on one s i d e  o f  b u i l d i n g  envelope and 
sound d e t e c t i o n  system on t h e  o t h e r .  Sound source can be a  tape  c a s s e t t e  
o f  w h i t e  n o i s e  o r  a  r i s i n g  and f a l l i n g  tone.  Sound d e t e c t i o n  can be as 
s i m p l e  as a  s te thoscope  o r  earphones a t t a c h e d  t o  a  microphone and i n l i n e  
a m p l i f i e r .  

i i )  Low- r i se  b u i l d i n g s  can employ sound sources i n s i d e  o r  o u t s i d e .  H i g h - r i s e  
b u i l d i n g s  would  r e q u i r e  e x t e r i o r  sound u n l e s s  access t o  t h e  o u t s i d e  
s u r f a c e  o f  t h e  b u i l d i n g  c o u l d  be ach ieved  economica l l y .  

iiil Sound i s  genera ted  and i n t e n s i t y  d e t e c t e d  on t h e  o p p o s i t e  s i d e  o f  t h e  
envelope and i s  d i r e c t l y  r e l a t e d  t o  t h e  a i r  leakage p o t e n t i a l .  D e t e c t i o n  
i s  ach ieved  by moving t h e  s te thoscope  o r  microphone ac ross  t h e  w a l l  
su r face .  

i v )  Complex a i r  pa ths  t h r o u g h  t h e  s t r u c t u r e  may r e s u l t  i n  sound decay making 
d e t e c t i o n  l e s s  c e r t a i n .  

T h i s  p r d t e d u r e  y i e l d s  q u a l i t a t i v e  d a t a  which i s  u s e f u l  f o r  l eak  s i t e  
d e t e c t i o n .  Exper ience on t h e  p a r t  o f  t h e  a u d i t o r  i s  necessary t o  e v a l u a t e  
what c o n s t i t u t e s  e x c e s s i v e  leakage.  Used t o  e v a l u a t e  a  door s e a l  i t  i s  
immed ia te l y  e v i d e n t  a p p l y i n g  t h i s  techn ique  which p o r t i o n s  o f  t h e  s e a l  have 
n o t  been p r o p e r l y  f i t t e d .  

............................................................................. 

cost: The c o s t  o f  t h e  sound source ! ease of  use: 
can e a s i l y  be l e s s  t h a n  $50 us' ing a  ! Method i s  ex t reme ly  easy t o  use b u t  
p o r t a b l e  tape  p l a y e r  and sound tape .  ! can be t i m e  consuming un less  s i t e s  
Stethescope i s  $10 whereas t h e  ! t o  be i n v e s t i g a t e d  and l i m i t e d .  
b e t t e r  e l e c t r o n i c  sens ing c o u l d  be ! 
assembled f o r  $75. ! 

accuracy: ! references: 
! 
! 
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T h i s  method i s  u s e f u l  t o  e v a l u a t e  s e a l s  around doors  and windows. As w i t h  AP 
E.10 leak s i t e  l o c a t i o n  o f  a  more genera l  n a t u r e  i s  a l s o  ach ieved u s i n g  t h i s  
p rocess .  

alternative procedures: 

1. Low c o s t .  more accu ra te :  use smoke p e n c i l s  o r  v e l o c i t y  probes t o  e v a l u a t e  
leak s i t e s  (see AP E.101. 

2. Lower a u d i t o r  c o s t  [ p e r s o n n e l ) ,  more accu ra te :  use AP E.9 ( D e t e c t i o n  o f  
leakage s i t e s  u s i n g  i n f r a r e d  thermography) .  T h i s  method i n v o l v e s  o n l y  one 
o r  two minutes Per room b u t  equipment c o s t s  a r e  h i g h .  Requi res p roper  
i n s i d e - o u t s i d e  temperature d i f f e r e n c e  ( o r d e r  5 K o r  more) f o r  method t o  
work. 

3. Lowest c o s t ,  l e s s  accu ra te :  use wool t u f t  o f  paper s t reamer  on a  w i r e  
wand t o  t e s t  f o r  leakage s i t e s  [same g e n e r a l  method as u s i n g  candle  
f l ame) .  

Cable 

Fig. 1 Listening system used f o r  
most field investigations. 
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a u d i t  procedure: ! a p p l i c a t i o n  area: ! referenced from: 
E.12 ! BUILDING ENVELOPE - ! E C O  E . 7 .  E.28. E.29. 

! A I R  LEAKAGE ! AP E.13. 
--------...-----------------...------------...-----------------.------------- 

t i t l e :  ! re fe rences  to :  
COMPONENT LEAKAGE USING LOCAL ! RV E.6. AP E.3. E.5. E . l O .  
PRESSURIZATION METHODS ! 

desc r i p t i on :  
Quant i f y  a i r  leakage through components such as 'windows, doors,  ven ts .  
moldings, e t c .  

il I s o l a t e  area t o  be t es ted  us ing  p l a s t i c  sheet ing 

iil Connect t e s t  equipment and develop a i r  f low versus pressure r e l a t i o n s h i p  
(see standard measurement and ins t rumenta t ion  techniques App. G ,  see 
a l so  next  page). 

iiil Measurements are best  c a r r i e d  out  when there  i s  l i t t l e  n a t u r a l  pressure 
d i f f e rence  across component. To minimize t h i s  e f f e c t ,  t e s t i n g  should be 
done over a  range o f  pressure d i f f e rences  s i g n i f i c a n t l y  h igher  than the  
n a t u r a l  one. 

i v l  Flow 1s g iven by: 0 = ~ ( b p l \ h e r e  C i s  the a i r  f low c o e f f i c i e n t ,  bp i s  
the pressure d i f f e rence  and n  i s  the  f low exponent 1e.g. n=0.651. 
Equivalent  Leakage Area. A ,  i s  g iven by: 

A = C ' (Apl 1  1( 2 Ap lp l  
where Q i s  t he  a i r  dens i t y  and AP i s  the  reference pressure,  e.g. .  4 Pa 

v l  Resu l ts  can be compared aga ins t  standards f o r  a i r  t i gh tness  I R V  E.61. I f  
component meets des i red  standard, r e t r o f i t  i s  probably & j u s t i f i e d  and 
no f u r t h e r  a c t i o n  recommended. 

v i l  I f  components are much l e a k i e r  than standards, a  cos t  b e n e f i t  ana lys is  
i s  r equ i red .  

v i i l  I f  E C O  i s  r e l a t i v e l y  low cos t ,  do simple ana lys is .  

v i i i l l f  ECO i s  r e l a t i v e l y  h igh  cos t ,  c a r e f u l  cos t  b e n e f i t  i s  r equ i red  

-----------------------...~~~-.~~~~----~~~-~~-~~--~~~~-....~.~~~--~-~-~...... 

cost:  Inst rument :  approx. $500. Con- ! ease of use: Average. 
sumables: n e g l i g i b l e  ( t a p e ) .  Time: ! Seal ing component i f  not  a  f l a t  sur -  
l ess  than one hour per component ! face can be t r i c k y ,  p e r f e c t  a i r  sea l  
(e .g . .  windowl. ! i s  necessary. 

! 

accuracy:Measurement 5%. Measurement i nhe ren t l y  ! references: 
more accurate than c a l c u l a t i o n  o f  cos t  b e n e f i t  ! 
owing t o  d i f f i c u l t y  o f  p r e d i c t i n g  annual i n f i l t r a -  ! 
t i o n  e f f e c t .  ! 

! 
............................................................................. 
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recommended applications: 

F i r s t  P r i o r i t y :  Car ry  o u t  t e s t  o n l y  i f  n o t i c e a b l e  leakage (see AP E.10) 
comp la in ts  o f  d raugh ts  o r  i f  o v e r a l l  leakage t e s t i n g  AP E.5, and A t  E.2 
r e v e a l  need f o r  r e t r o f i t t i n g .  
Second P r i o r i t y :  Conduct t e s t  t o  supp ly  background i n f o r m a t i o n  t o  determine 
what a r e  t h e  bes t  component cho ices  t h e r e b y a i d i n g  f u t u r e  p r o j e c t s .  

a l te rna t i ve  procedures: 

( i )  Lower c o s t ,  lower  accuracy:  I f  a  complete  b u i l d i n g  p r e s s u r i z a t i o n  t e s t  
i s  b e i n g  c a r r i e d  ou t  use AP E.13. 

( i i )  Lower c o s t ,  l o u  accuracy:  Es t ima te  o r  measure c rack  s i z e .  T h i s  approach 
has l i m i t e d  a p p l i c a b i l i t y .  

addi t ional  information: 

Inside n Outside 

Plastic 
hoses \. 

Fig. 1 Sketch o f  instrumentation arrangement 
far component leakage t e s t s .  
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audi t  procedure: ! appl icat ion area: ! referenced from: 
E.13 ! ENVELOPE - ! ECO E.28. E.29. AP E.12. 

!' AIR LEAKAGE ! 

t i t l e :  ! references to:  
BUILDING COMPONENT LEAKAGE USING COMPLETE ! 
BUILDING PRESSURIZATION ! 
............................................................................. 
descript ion:  

Q u a n t i f y  a i r  leakage t h r o u g h  components such as windows, d o o r s ,  v e n t s .  
mou ld ings ,  e t c .  

i) Us ing  t h e  method o u t l i n e d  i n  AP E.5,  conduct  i n d i v i d u a l  component t e s t s  
as i n  AP E.12. 

i i )  I s o l a t e  area o r  component t o  be t e s t e d  w i t h  p l a s t i c  s h e e t i n g  o r  
comparable arrangement.  

iiil Record whole b u i l d i n g  ( o r  apar tmen t )  p r e s s u r i z a t i o n  d a t a  w i t h  and 
w i t h o u t  s h e e t i n g  i n  p l a c e .  The a i r  leakage a s s o c i a t e d  w i t h  t h e  component 
o r  area i s  t h e  d i f f e r e n c e  o f  t h e  two r e a d i n g s .  

i v l  Observe t h e  same c a u t i o n s  and make use o f  t h e  same f l o w  r e l a t i o n s h i p s  as 
i n  AP E.12.  

v )  As s t a t e d ,  leakage i s  t h e  d i f f e r e n c e  between two f l o w  r e a d i n g s .  
t h e r e f o r e ,  c a l i b r a t i o n  i s  c r i t i c a l  and t h e  d i f f e r e n c e  i n  two l a r g e  
numbers always p r e s e n t s  prob lems.  

v i l  - F o l l o w  i t ems  v l - v i i i )  i n  AP E.12. 

............................................................................. 
cost: Since  whole b u i l d i n g  p r e s s u r i r -  ! ease of  use: 
a t i o n  i s  i n v o l v e d ,  c o s t s  may i n c l u d e  ! D i f f i c u l t y  may be encountered i n  
b lower  doors  (140001 e t c . .  o r  may use ! s e a l i n g  o f f  c e r t a i n  components and 
b u i l d i n g  v e n t i l a t i o n  systems a t  no ! i n  remote r e a d o u t  o f  r e s u l t i n g  
c o s t  ( see  AP E . 5 ) .  Hay be v e r y  t ime-  ! p r e s s u r e  changes. 
consuming f o r  i n s t a n c e  i f  i t  i s  r e -  ! 
q u i r e d  t o  s e a l  o f f  a l l  windows. ! 

accuracy: ! references: 
I t  i s  d o u b t f u l  t h a t  accuracy b e t t e r  ! 
than  10% can be ach ieved f o r  even ! 
l a r g e r  a i r  leakage va lues .  I 
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............................................................................. 

recommended applications: 

When whole b u i l d i n g  P r e s s u r i z a t i o n  i s  a l r e a d y  p a r t  o f  t h e  a u d i t  p rocedure .  
add ing i n f o r m a t i o n  on major  component leakage r a t e s  i s  e a s i l y  j u s t i f i e d .  The 
leakage breakdown may be s t a r t e d  by mere ly  c l o s i n g  o f f  p a r t s  o f  t h e  b u i l d i n g .  
c l o s i n g  d o o r s ,  e t c .  

alternative procedures: 

lil Higher  c o s t ,  h i g h e r  accuracy:  Use AP E.12. 
l i i )  Low c o s t ,  low accuracy:  Es t ima te  o r  measure c r a c k  s i z e .  T h i s  approach 

has l i m i t e d  a p p l i c a b i l i t y .  

additional information: 



App. F A u d i t  Procedures ( E l  

a u d i t  procedure:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from:ECO E.8. 
E.14 ! ENVELOPE - CONDUCTION. ! E. lO.  E.11. E.13. E.14. 

! AIR LEAKAGE, MOISTURE ! E.17. E.23. E.24. 
! ! AP E.17. E.18. E.19. 

t i t l e :  ! r e f e r e n c e s  t o :  
DETECTION OF THERMAL BRIDGES AND AIR LEAKAGE USING ! 
IR-THERMOGRAPHY ! 

An i n f r a r e d  camera t h a t  i s  s e n s i t i v e  t o  r a d i a t i o n  f rom b u i l d i n g  s u r f a c e s  
g i v e s  t h e  i n f o r m a t i o n  i n  two t ypes  o f  p i c t u r e s  - so c a l l e d  thermograms. 

i) Grey s c a l e  thermograms where t h e  p i c t u r e  shading i s  due t o  t h e  r e l a t i v e  
d i f f e r e n c e  i n  i n f r a r e d  r a d i a t i o n  d e n s i t y  which i s  r e l a t e d  t o  t h e  s u r f a c e  
tempera tu re .  Norma l l y  da rk  areas a r e  c o l d e r  than  l i g h t  a reas .  

iil Thermograms w i t h  i so the rms  i n d i c a t i n g  p o i n t s .  l i n e s  o r  a reas  l e a v i n g  t h e  
same i n f r a r e d  r a d i a t i o n  d e n s i t y  ( i . e .  t h e  same.temperature f o r  t h e  same 
m a t e r i a l ) .  

The e m i s s i v i t y  o f  t h e  s u r f a c e  m a t e r i a l  c o v e r i n g  t h e  o b j e c t  i n f l u e n c i e s  t h e  
r a d i a t i o n  d e n s i t y  as w e l l  as t h e  su r face - tempera tu re  i t s e l f  and t h e r e f o r e .  
f o r  p roper  ' i n t e r p r e t a t i o n ,  e m i s s i v i t y  v a l u e s  a r e  needed. Many b u i l d i n g  
s u r f a c e  m a t e r i a l s  f a l l  i n  a  narrow e m i s s i v i t y  range.  

By u s i n g  an i n f r a r e d  camera Grey s c a l e  thermograms and thermograms w i t h  
i so the rms  a r e  produced. The f o l l o w i n g  measurements a r e  made: 

1 .  ou tdoor  c l i m a t i c  c o n d i t i o n s  ( d e f i n e d  l i m i t s  f o r  IR -sens ing ) .  
2.  ambient  and r e f e r e n c e  s u r f a c e  tempera tu res .  
3. p r e s s u r e  d rop  ac ross  t h e  enve lope .  
4 .  a i r  v e l o c i t y  ( i n  case a i r  leakage i s  suspec ted ) .  
5. e s t i m a t i o n  o f  e m i s s i v i t y .  

The e v a l u a t i o n s  shou ld  be c a r r i e d  o u t  a c c o r d i n g  t o  s tandards  o r  manuals ( see  
IS0 6781 and Pe t te rsson-Axen ,  1982) .  
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recommended a p p l i c a t i o n s :  

D e t e c t i o n  o f  i n s u l a t i o n  v o i d s  i n  t h e  envelope.  
D e t e c t i o n  o f  t he rma l  b r i d g e s .  where heat  f l ows  a r e  abnorma l l y  h i g h  . . 
D e t e c t i o n  o f  a i r  leakage i n  j o i n t s  and j u n c t i o n s .  
I d e n t i f i c a t i o n  o f  p a r t s  i n f l u e n c e d  by m o i s t u r e .  

a l t e r n a t i v e  procedures:  

I n f r a r e d  thermography covers  l a r g e  a reas  b u t  i s  q u a l i t a t i v e .  A  second 
techn ique ,  g i v i n g  a  q u a n t i t a t i v e  i n f o r m a t i o n  b u t  f o r  v e r y  sma l l  a reas ,  i s  t h e  
measurement o f  w a l l  U-values and r e s i s t a n c e s  u s i n g  temperatures and heat  f l u x  
sensors  (AP E . 1 5 1 .  Measure su r face  temperature v a r i a t i o n s ,  many measurements 
a r e  r e q u i r e d  t o  i n s u r e  t h a t  e.g. sma l l  t he rma l  b r i d g e s  a r e  n o t  l o s t .  

T h i s  method i s  complementary t o  t h e  thermography techn ique .  

a d d i t i o n a l  i n f o r m a t i o n :  

The da ta  c o l l e c t i o n  can be done e i t h e r  f rom t h e  i n s i d e  o r  f rom t h e  o u t s i d e  o f  
t h e  b u i l d i n g .  For  complex v iew h i g h  q u a l i t y  envelopes i t  i s  recommended t h a t  
t h e  IR-sens ing i s  done from t h e  i n s i d e .  

The method i s  q u a l i t a t i v e  and i n c l u d e s  i n t e r p r e t a t i o n  based on p e r s o n a l  
knowledge and exper ience .  

Construction as shown on plans Actual construction 

Fig. 1 Example o f  envelope performance 
d e t e c t a b l e  by IR-thermography. 
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a u d i t  procedure: ! a p p l i c a t i o n  area: ! re fe renced from:ECO E.8. 
E.15 ! ENVELOPE - CONDUCTION ! E . l O .  E.11. E.12. E.15. 

! ! E.16. E . 1 7 .  E.23. 

t i t l e :  
COMPONENT U-VALUE USING HEAT FLOU METER 

! re fe rences  t o :  
! AP E.16. E.18 

A heat f low meter cons i s t s  o f  a  t he rmo-e lec t r i ca l  c i r c u i t  embedded i n  an 
i n s u l a t i n g  layer  ( t y p i c a l l y  3  mm t h i c k .  100 mm i n  d iameter ) .  The p r i n c i p l e  i s  
based on de tec t i ng  and amp l i f y i ng  the  temperature d i f f e rence  across the  heat  
f low meter. 

il Locate a  p lace  where the  heat f low i s  one dimensional ( f o r  example, the 
middle o f  the  w a l l  sur face and away from thermal b r i dges ) ;  

iil To measure the w a l l  U-value, i n s t a l l  two thermal probes on bo th  s ides o f  
the  w a l l  and a  heat - f low meter on the w a l l  outdoor sur face and connect 
those equipments t o  a  data logger:  

iiil Measure the  temperatures and the heat f low through the w a l l  every 1. 2  
o r  5  minutes, and compute the  hou r l y  average values o f  the  t h ree  
va r i ab les .  The measurement pe r i od  i s  3  t o  20 days depending on the  w a l l  
thermal i n e r t i a :  

i v l  The U-value i s  g iven  by :  

u = q/AT 
where 
q  = average heat f l ow .  
U  = U-value. 
AT = average indoor-outdoor temperature d i f f e rence :  

v l  Resul ts  can be. compared aga ins t  standard f o r  U-values. I f  the  w a l l  meets 
des i red  standard, r e t r o f i t  i s  probably not  j u s t i f i e d :  

v i l  I f  the w a l l  i s  much less  i nsu la ted  than standards, an improvement o f  the  
w a l l  i n s u l a t i o n  must be evaluated ( c o s t l b e n e f i t  a n a l y s i s ) .  Use a  c a r e f u l  
cos t  b e n e f i t  ana l ys i s ,  as the  envelope i n s u l a t i o n  i s  gene ra l l y  a  h igh  
investment E C O .  w h i c h  may lead t o  a  s i g n i f i c a n t  ove rs i z i ng  o f  the  
e x i s t i n g  heat ing  equipment. 

cos t :  Datalogger: 11700-$9200, ! ease o f  use: 
Thermal probes: 120 per u n i t .  Heat ! I n  general easy, bu t  dynamic e f f e c t s  
f low meter: 1170-$360. Time t o  set  up ! can m a k e t h i s  k i n d  o f  measurement 
the  equipment i s  1-3 hours f o r  ! q u i t e  d i f f i c u l t .  
severa l  wa l l s  i n  a  house. ! 
............................................................................. 

accuracy: The accuracy i s  improved ! references:  
f o r  long measurement per iods ,  l a rge  ! 
temperature d i f f e rences  and s tab le  ! 
cond i t i ons .  ! 
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r e c o w n d e d  applications: 

a l t e rna t i ve  procedures: AP E.16. 
Lower cost, lower accuracy: Calculate U-values Prom t h e  knowledge o f  t h e  wall 
composition CAP E.18) (thicknesses and materials of the layers) and with 
standard values of material conductivities. 

addit ional  information: 

The use of heat flow sensors involves some specific problems, such as: 
- additional thermal resistance of the sensor itself: 
- alteration of the wall thermal field: 
- unsteady-state conditions occurring during the measurements, while the 

sensor has been calibrated in steady-state conditions; 
- difference between radiative properties o f  t h e  sensor and the wall; 
- response depends on the properties of the wall. 

In Out 

Datalogger u 
Fig. 1 Measurement of component 

U-  value using h e a t  flow 
m e t e r .  
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............................................................................. 
audit orocedure: ! aoolication area: ! referenced from:ECO E.B. -. . - - 

! BUILDING ENVELOPE - ! E.10. E.11. E.12. E.15. 
! CONOUCTION ! E.16. E.17. E.23. 

title: ! references to: 
THERMAL RESISTANCE MEASUREMENT USING ! AP E.15. 
A PORTABLE CALORIMETER AND HEAT FLOY METERS ! 

description: 

The purpose i s  t o  quan t i f y  thermal res is tance  o f  the  b u i l d i n g  envelope. 

il Representat ive l o c a t i o n  on the  i n t e r i o r  s ide  o f  the  b u i l d i n g  envelope 
are  chosen. 

ii) A metal  s t ud  f i nde r  i s  used t o  ensure t h a t  measurements are over 
i n s u l a t i o n - f i l l e d  c a v i t i e s .  A measurement system i s  used t o  moni tor  the  
s i gna l s  from the  po r t ab le  ca lo r ime te r ,  the  e l e c t r i c  use meter and the 
t he rm is to r s .  

iiil The po r t ab le  ca lo r ime te r  i s  s u i t a b l y  i n s t a l l e d .  

i v l  The ca lo r ime te r  i s  operated so t h a t  a l l  the  heat generated w i t h i n  the  
ca lo r ime te r  i s  forced t o  f l ow  through the  w a l l  t o b e  measured, i . e . .  
i n t e r n a l  ca lo r imeter  temperatures are matched t o  room temperature. 
Temperatures o f  i n t e r i o r  and e x t e r i o r  a i r  are measured by t he rm is to r s .  

v)  Microcomputer-based da ta  acqu i s t i on  i s  used t o  average da ta  over a  24- 
hour pe r i od  t o  l i m i t  thermal e f f e c t s .  Cumulative averages o f  d a i l y  
thermal r es i s t ance  values are ca l cu la ted  f o r  r ep resen ta t i ve  w a l l  
sec t ion .  Measurements up t o  15 days have been found use fu l .  

v i l  The thermal res is tance .  R,  i s  de f ined  as the r a t i o  o f  the  average a i r -  
t o - a i r  temperature d i f f e rence  across a  sec t i on  o f  e x t e r i o r  w a l l  t o  the  
average heat  f low r a t e  and i s  ca l cu la ted  from R = ATlq where A T  i s  the  
average i n t e r i o r - e x t e r i o r  temperature d i f f e r e n c e ,  and q  i s  the  average 
heat f low r a t e .  

............................................................................. 
cost: Por tab le  ca lo r imeter :  $1000-$1500. ! ease of use: 
Micro-computer: $3000-$4000. ! Dynamic e f f e c t s  may make 
Setup-t ime: 2-4 hours. Consumables: N e g l i g i b l e .  ! t h i s  k i n d  o f  measurement 

! q u i t e  d i f f i c u l t .  
! 

............................................................................. 
accuracy: 10%. ! references: 
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recolended applications: 

D e s i r a b l e  t e s t  f o r  d e t e r m i n i n g  t h e  the rma l  r e s i s t a n c e  o f  b u i l d i n g  envelopes 
where t h e r e  i s  q u e s t i o n  as t o  w a l l  component the rma l  c o n t r i b u t i o n s .  
V e r i f i c a t i o n  o f  new b u i l d i n g  s p e c i f i c a t i o n s .  

............................................................................. 

al ternat ive procedures: AP E . 1 5  

Spot rad iomete r  survey method, however, has low accuracy 140%). Thermography 
w i t h  s y s t e m a t i c  measurements over  24-hours ,  l e s s  a c c u r a t e  b u t  covers  more 
s u r f a c e  a rea ,  i n  development s tage  a t  p r e s e n t  t ime .  

.----.------...--.------..-----------.-------..-..--------.-..--------------- 

additional information: 

Temperature 
probe 
(thermistor) \ 

Heater s Safety 
thermostat 

To electronic 
counterlmicro- 

1 Portable calorimeter computer I Thermopile signals 

, , I 
Electric 
power 

F i g .  1 S k e t c h  o f  mearurementlcontrol 
s y s t e m  for portable calorimeter 
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a u d i t  procedure: ! a p p l i c a t i o n  area: ! referenced from: 
E .  17 ! ENVELOPE - MOISTURE ! ECO E.2. 

! ! 
.--.-----------.--..-....--..-----------------..--...--..--.----------------- 

t i t l e :  ! re fe rences  t o :  
MOOD MOISTURE ANO MOULO GROYTH AUDIT FOR ! AP E.14. E.19. 
STRUCTURAL INTEGRITY ! 

desc r i p t i on :  

The f o l l ow ing  steps are made t o  i d e n t i f y  the cause o f  moisture damage: 

i )  The t h e o r e t i c a l  moisture cond i t i on  must be determined. Th is  can be done 
by t h e o r e t i c a l  c a l c u l a t i o n s  o r  by us ing  experience from s i m i l a r  b u i l d i n g  
cons t ruc t i ons .  

iil The r e l a t i v e  humid i ty  and JemPeratur? should be measured i n  the i n -  and 
outdoor a i r  and i n  severa l  po in t s  on d i f f e r e n t  l eve l s  i n  the  b u i l d i n g  
element. 

i i i )  I f  the b u i l d i n g  has severe mould growth o r  smel ls  o f  mould, samples f o r  
mycologic ana lys is  should be taken from organic ma te r i a l s  i n  damp 
surroundings. 

i v )  Ca lcu la te  the absolute humidi ty  from the r e l a t i v e  humid i ty  and 
temperature f o r  each measuring p o i n t  and determine i n  which d i r e c t i o n  
the moisture i s  moving. 

v1 Compare the  measured moisture cond i t i on  w i t h  the  t h e o r e t i c a l  moisture 
cond i t i on .  By t h i s  comparison and by knowing the  d i r e c t i o n  o f  the 
moisture t r a n s f e r ,  one can assess the  cause o f  damage and recommend 

. measures. 

cos t :  ! ease o f  use: 
Equipment,: 15000. ! Spec ia l  t r a i n i n g  i s  needed f o r  opera to r .  
I n v e s t i g a t i o n s :  1500. ! 

! 
! 

............................................................................. 

accuracy: ! references:  
2% RH (Re la t i ve  Humid i ty ) .  ! 
0.2 K (Temperature). ! 

! 
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recommended applications: 

A11 k i n d s  o f  m o i s t u r e  damage i n  b u i l d i n g s  and b u i l d i n g  p a r t s  

alternative procedures: 

- Lou c o s t ,  l e s s  a c c u r a t e  use walk th rough  a u d i t  AP E . l l .  
- I R  sens ing procedures IAP E.141 a r e  an a l t e r n a t e  uay t o  observe m o i s t u r e  

damage and water  l eaks  on f l a t  r o o f  b u i l d i n g s .  

additional information: 

The impor tance o f  m o i s t u r e  problems can be d i r e c t l y  r e l a t e d  t o  ECO a c t i o n s .  
Upgraded c e i l i n g  i n s u l a t i o n  can r e s u l t  i n  reduced r o o f  deck tempera tu res  w i t h  
m o i s t u r e  condensa t ion .  M o i s t u r e  sources i n c l u d e  i n s i d e  a i r  c a r r y i n g  m o i s t u r e  
upwards. Depending upon t h e  m a t e r i a l  i n v o l v e d  s e r i o u s  damage can t a k e  p l a c e .  
such as t h e  c o r r o s i o n  o f  me ta l  suppor t s  o r  wood r o t  o r  plywood d e l a m i n a t i o n  
(because o f  repea ted  m o i s t u r e  c y c l i n g ) .  I n  t h e  upper p a r t s  o f  t h e  b u i l d i n g  
m o i s t u r e  l e v e l s  peak i n  w i n t e r  w i t h  r a p i d  d r y i n g  o c c u r r i n g  d u r i n g  warm, sunny 
weather.  Lower p a r t s  o f  t h e  b u i l d i n g  tend  t o  have m o i s t u r e  peaks acco rd ing  t o  
l o c a l  c l i m a t e  and ground m o i s t u r e  c o n d i t i o n .  F l o o r  j o i s t s .  f l o o r  m a t e r i a l s  
and s i l l  p l a t e s  a r e  s i b j e c t  t o  m o i s t u r e  damage. 

Fig. 1 E x a m p l e  o f  measurement 
o f  wood moisture. 
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audit  procedure: ! appl icat ion area: ! referenced from: 
E.10 ! ENVELOPE ! ECO E.10. E.16. AP E.15 

! ! 
............................................................................. 

t i t l e :  ! references to:  AP E.14. 
INVESTIGATION OF HIDDEN PARTS OF BUILDINGS USING ! 
FIBRE OPTICS ! 

descript ion:  

To g e t  i n f o r m a t i o n  about the  e x i s t e n c e ,  q u a l i t y ,  amount, l o c a t i o n  o f  
m a t e r i a l s  and t h e i r  c o n d i t i o n s  i n s i d e  a  b u i l d i n g  component o r  a  p a r t  o f  t h e  
c o n s t r u c t i o n  a  boroscope can be used. I t  c o n s i s t s  o f  f i b r e  o p t i c s  w i t h  c o l d  
l i g h t  supp ly  t o  which can be connected a  camera o r  a  TV-camera. 

i )  D r i l l  a  h o l e ,  d iameter  12 mm ( i f  t h e  boroscope has the  s i z e  10 m m I  a t  
the  spot  o f  i n t e r e s t .  Use the  t ype  o f  d r i l l  t h a t  g i v e s  you a  sample from 
the  h o l e  and which i s  no rma l l y  used i n  o r d e r  t o  f i n d  o u t  about m a t e r i a l  
q u a l i t y .  

i i )  Examine t h e  sample. 

iiil Choose f i b r e  o p t i c  m i r r o r  top  depending on d e s i r e d  v iew ing-ang le .  

i v l  I n s e r t  t h e  boroscope and s w i t c h  on the  c o l d  l i g h t  supply  

v! Connect camera i f  documentat ion i s  r e q u i r e d .  

............................................................................. 

cost: ! ease of use: 
Equipment: $2000 o r  more ! Very easy t o  use. 

! 
! 

accuracy: ! references: 
! 
! 

recommended appl icat ions: 

A l l  t ypes  o f  b u i l d i n g s  except  those which a r e  o f  a  s o l i d  c o n s t r u c t i o n .  
~--~~~~-~..~~~.....~...........~-~~~-~~~-~~~~~-~-~~--~-~---~~---------------- 

a l te rna t i ve  procedures: 

I R  sens ing procedures (AP E.111 can g i v e  some i n f o r m a t i o n  about d i f f e r e n c i e s  
i n  m a t e r i a l .  q u a l i t y  o r  t h i c k n e s s  i f  t h e r e  i s  a  temperature drop over t h e  
c o n s t r u c t i o n .  

addi t ional  information: 
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audi t  procedure: 
E.19 

! appl icat ion area: ! referenced from: 
! ENVELOPE - MOISTURE ! AP E.17. 
! ! 

............................................................................. 

t i t l e :  ! references to: 
DETECTION OF MOISTURE AND MOULD ! AP E.14. E.17. 
GROWTH ! 

description: 

A wa l k  t h r o u g h  a u d i t  t o  obse rve  mould g r o w t h ,  o d o r ,  m o i s t u r e  damaged wood. 
s t a i n i n g  o f  facades,  e f f l o r e n c e  e t c .  

il Concen t ra te  on a t t i c  and basemen t l c raw l  space areas w i t h  secondary  
i n t e r e s t  i n  w a l l  sys tems.  

i i )  Take i n t o  accoun t  seasona l  aspec t  o f  m o i s t u r e  damage: m i d - w i n t e r  p rob lem 
i n  a t t i c s  and mid-summer prob lems i n  basemen t l c raw l  spaces.  

iii) I n s t r u m e n t a t i o n  f o r  d i r e c t  m o i s t u r e  measurement i n  wood uses t h e  
p r i n c i p l e  o f  e l e c t r i c a l  r e s i s t a n c e  changes between two m e t a l  p rongs  
d r i v e n  i n t o  t h e  wood (De lmhors t  p r o b e ) .  Readout i s  immedia te  and 
expressed i n  % m o i s t u r e .  

i v l  A t  40% m o i s t u r e  c o n t e n t  t h e  wa te r  i s  r u n n i n g  on t h e  wood s u r f a c e .  A t  20% 
m o i s t u r e  c o n t e n t  one i s  a t  t h e  m a r g i n a l  m o i s t u r e  l e v e l  f o r  wood damage 
and mould g row th .  Yood m o i s t u r e  ,202 and tempera tu res  above f r e e z i n g .  
mould w i l l  g row.  A t  m o i s t u r e  l e v e l s  above 3 0 1  r o t  f u n g i  w i l l  grow 
a t t a c k i n g  t h e  i n s i d e  o f  wood s t r u c t u r e .  M o i s t u r e  c y c l i n g  can damagp 
olvwnnd a t  t h e  201  m o i s t u r e  l e v e l .  

............................................................................. 

cost: ! ease of  use: 
Probe i s  o f  t h e  o r d e r  o f  ! Very easy.  
1500 and i s  c o m p l e t e l y  ! 
p o r t a b l e  and rugged.  ! 

accuracy: ! references: 
Yood m o i s t u r e  ~ 2 % .  ! 
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recommended a p p l i c a t i o n s :  

Recommended as p a r t  o f  t h e  energy a u d i t  t o  make s u r e  r o o f m e m b e r s  o r  
S u p p o r t i n g  wood members a r e  n o t  e x p e r i e n c i n g  m o i s t u r e  problems and p o s s i b l e  
ma jo r  b u i l d i n g  damage. 

............................................................................. 

a l t e r n a t i v e  procedures:  

For  a  b e t t e r  accu racy  AP E.17. 
IR  sens ing  procedures (AP E.141 a r e  an a l t e r n a t e  way t o  observe m o i s t u r e  
damage, and water  l eaks  on f l a t  r o o f  b u i l d i n g s .  

a d d i t i o n a l  i n f o r m a t i o n :  

The impor tance o f  m o i s t u r e  problems can be d i r e c t l y  r e l a t e d  t o  ECO a c t i o n s .  
Upgraded c e i l i n g  i n s u l a t i o n  can r e s u l t  i n  reduced r o o f  deck tempera tu res  w i t h  
m o i s t u r e  condensa t ion .  M o i s t u r e  sources i n c l u d e  i n s i d e  a i r  c a r r y i n g  m o i s t u r e  
upwards. Depending upon t h e  m a t e r i a l  i n v o l v e d  s e r i o u s  damage can t a k e  p l a c e .  
such as t h e  c o r r o s i o n  o f  m e t a l  suppor t s  o r  wood r o t  o r  plywood d e l a m i n a t i o n  
(because o f  repea ted  m o i s t u r e  c y c l i n g ) .  I n  t h e  upper p a r t s  o f  t h e  b u i l d i n g  
m o i s t u r e  l e v e l s  peak i n  w i n t e r  w i t h  r a p i d  d r y i n g  o c c u r r i n g  d u r i n g  warm, sunny 
wea the r .  Lower p a r t s  o f  t h e  b u i l d i n g  tend  t o  have m o i s t u r e  peaks a c c o r d i n g  t o  
l o c a l  c l i m a t e .  and ground m o i s t u r e  c o n d i t i o n .  F l o o r  j o i s t s ,  f l o o r  m a t e r i a l s  
and s i l l  p l a t e s  a r e  s u b j e c t  t o  m o i s t u r e  damage. 
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audi t  procedure: ! appl icat ion area: ! referenced from: ECO R . l  
R.1 ! HVAC-CONTROL ! 

Record i n d o o r  a i r  temperature i n  t h e  room under c o n s i d e r a t i o n  f o r  s e v e r a l  
days lone  f u l l  week) e .g . .  w i t h  a  thermograph (see MT R.2).  

Ensure t h a t :  

i )  The ou tdoor  c l i m a t e  i s  c o l d  enough, t h a t  t h e r e  i s  a  s i g n i f i c a n t  amount 
o f  hea t  d e l i v e r e d  by t h e  h e a t i n g  system. 

i i )  There i s  no i n f l u e n c e  f rom occupancy behav io r  1e.g. window o p e n i n g ) .  

Eva lua te  from t h e  t ime- tempera tu re  d iagram t h e  average i n d o o r  temperature i n  
s t e a d y - s t a t e  c o n d i t i o n s  ( n o  o v e r - h e a t i n g  by t h e  s u n ) .  T h i s  tempera tu re  shou ld  
be c l o s e  t o  t h e  the rmos ta t  s e t - p o i n t .  The range of  o s c i l l a t i o n s  should  be 
rev iewed  t o  see if t h e  ma in ta ined  temperatures a r e  w i t h i n  t h e  accep tab le  
c o m f o r t  range.  

If a s imul taneous r e c o r d i n g  o f  bu rne r  on -o f f  t i m e  i s  a v a i l a b l e  l s e e  MT H . l )  
check f u r t h e r  t h a t  t h e  bu rne r  i s  stopped and s t a r t e d  a t  t h e  a p p r o p r i a t e  t i m e .  
e .g .  s t a r t e d  b e f o r e  t h e  the rma l  i n e r t i a  o f  t h e  space and h e a t i n g  system 
a l l o w s  t h e  space tempera tu re  t o  d rop  below t h e  minimum accep tab le  comfo r t  
t empera tu re .  

cost: ! ease of  use: 

............................................................................. 

recommended applications: 

I n  a l l  b u i l d i n g s  w i t h  feedback c o n t r o l  on i n d o o r  a i r  whenever t h e r e  i s  some 
doubt about t h e  the rmos ta t  c a p a b i l i t y  t o  i n f o r m  t h e  h e a t i n g  system about t h e  
dynamic behav io r  o f  t h e  b u i l d i n g .  

I ............................................................................. 

a l te rna t i ve  procedures: 
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audit procedure: ! application area: ! referenced from: 
R.2 ! REGULATION ! ECO R.2 

! ! 
---------------.--------------------------....---------.-..------------------ 

title: ! references to: 
TEMPERATURE SETBACK SETUP EFFECTS ! MT R . 1 .  R.2. E.1. AT M.1. R.1. 

I 

----.---------.-------------------------------------------------------------- 

description: 

Energy sav ings  and c o s t  sav ings  a r e  d e r i v e d  from: 

i )  Temperature setback f o r  one o r  more p e r i o d s  each day ( h e a t i n g ) .  
i i )  Temperature se tup  f o r  one o r  more p e r i o d s  each day ( c o o l i n g 1 , a n d  
i i i )  P r e c o o l i n g  b u i l d i n g  ( c o o l i n g ) .  

Energy f l o w  across t h e  b u i l d i n g  envelope i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  
i n s i d e - o u t s i d e  tempera tu re  d i f f e r e n c e  under s t e a d y - s t a t e  c o n d i t i o n s  (see 
s e c t i o n  C.3.21. I f  t h e  c o n d i t i o n e d  p e r i o d s  a r e  b r i e f  compared t o  t h e  thermal,  
i n e r t i a  o f  t h e  s t r u c t u r e  (see MT R.1) .  t h e  b u i l d i n g  envelope r i l l  be i n  a  
dynamic s t a t e ,  i . e . .  t h e  t y p i c a l  l i n e a r  change i n  tempera tu re  from i n s i d e  t o  
o u t s i d e  w i l l  be a l t e r e d .  T h i s  can be advantageous f rom an energy sav ings  
s t a n d p o i n t  and i s  t h e  reason t o  setback t h e  tempera tu re  o f  t h e  c o n d i t i o n e d  
spaces f o r  one o r  more p e r i o d s  d u r i n g  t h e  24 hour  c y c l e ,  a n d l o r  se tup  t h e  
tempera tu re  f o r  c o o l i n g  s i t u a t i o n s .  

D e t e r m i n a t i o n  o f  t h e  energy sav ing  e f f e c t  f rom tempera tu re  s e t b a c k l s e t u p ,  can 
be made by  making a  comparison o f  t h e  energy consumpt ion d u r i n g  p e r i o d s  when 
t h e  tempera tu re  s e t b a c k l s e t u p  i s  o p e r a t i n g  ( o n - p e r i o d s )  and when i t  i s  n o t  
( o f f - p e r i o d s ) .  One has t o  measure energy consumpt ion,  average i n d o o r  
tempera tu re  (MT R.2) and average o u t d o o r  tempera tu re  (MT E.1) .  

The energy consumpt ion f o r  t h e  on -pe r iods  and t h e  o f f - p e r i o d s ,  r e s p e c t i v e l y .  
a r e  p l o t t e d  ve rsus  t h e  indoor -ou tdoor  tempera tu re  d i f f e r e n c e  o r  t h e  ou tdoor  
tempera tu re ,  and t h e  energy s i g n a t u r e s  (see AT M.11 f o r  the two p e r i o d s  a r e  
determined.  

I n  t h e  case o f  c o o l i n g .  t h i s  r e l a t i o n  may n o t  be v a l i d  i f  s i g n i f i c a n t  amounts 
o f  m o i s t u r e  a r e  t r a n s f e r r e d  t o  t h e  i n t e r i o r  d u r i n g  t h e  o f f  c o o l i n g  c y c l e .  

accuracy: ! relerences: 
! 
! 
! .  

------------------------------...------------------.------------------------- 
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reconended applications: 

Post  r e t r o f i t  e v a l u a t i o n  o f  t h e  i n s t a l l a t i o n  o f  s e t b a c k l s e t u p  c o n t r o l s .  

additional information: 

The accuracy o f  t h i s  procedure depends on what v a r i a t i o n  i n  tempera tu re  
d i f f e r e n c e  i s  o b t a i n e d  i n  t h e  measurements. 

One can use weekly averages and l e t  on- and o f f - p e r i o d s  a l t e r n a t e .  To 
determine t h e  energy s i g n a t u r e  one r i l l  i n  g e n e r a l  need 5-10 o n - o f f  p e r i o d s .  
which means t h a t  t h e  measurements have t o  go on f o r  10-20 r e e k s .  

An a l t e r n a t i v e  i s  t o  use d a i l y  averages. Th is  r i l l  inc rease  t h e  s c a t t e r  i n  
da ta  due t o  dynamic e f f e c t s ,  b u t  i n s t e a d  one may o b t a i n  a  l a r g e r  span o f  
temperature d i f f e r e n c e s .  One can s t i l l  use a l t e r n a t i n g  o n - o f f  p e r i o d s  o f  one 
r e e k ,  b u t  exc lude  from t h e  da ta  s e t  t h e  f i r s t  one o r  two days o f  each p e r i o d  
t o  reduce dynamic e f f e c t s  r e s u l t i n g  f rom t h e  b u i l d i n g  t ime  c o n s t a n t .  

An example o f  t h e  r e s u l t s  one may o b t a i n  i n  t h e  case of  n i g h t  se tback  i s  
shown b e l o r  

0.4 I I I I I I 
-6 -4 -2 -0  t 2  $4  $6  

Outdoor temperature ["GI 

1.0 

- 
?? 
? 
3 , 0.8 
0 .- + a 
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C 
0 
0 0.6 - m 
m 
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Fig. 1 Example  o f  energy signatures vith 
and without night set-back. 

Energy signatures o without night set back 
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with night set back 

--- 

- 
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audit  procedure: ! application area: ! referenced from: 
R.3 ! REGULATION. SPECIFI- ! ECO R.16. 

! CALLY. VENTILATION ! 
! SYSTEMS ! 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t i t l e :  ! references to: 
POLLUlANT CONCENTRATION I N  EXHAUST ! AT R.4. RV E.4. 
A I R  ! 
-----------------------------------------------.----------------------------- 

description: 

i l Measurement o f  v o l a t i l e  g r a a n i c  comoou&. 
A i r  f rom t h e  duc t  i s  sucked by a  l o r - f l o w  pump th rough  an impinger  
c o n t a i n i n g  a  chemical s o l u t i o n  o r  through a  pass ive  sampler c o n t a i n i n g  a  
chemical c o l l e c t o r  (e .g .  c h a r c o a l ) .  The d e t a i l s  and t h e  exposure t ime.  
up t o  one week, w i l l  v a r y  w i t h  the.compound be ing  evaluated.  
The c o n t e n t  of the  sampler t h e n  has t o  be analyzed a t  a  l a b o r a t o r y  
u s i n g ,  e.g. chromatographic methods. These measurements cannot be 
performed w i t h o u t  s p e c i f i c  e x p e r t i s e  and equipment. 

i i )  Measurement o f  r e s p i r a b l e  s o e n d i d  oart i -  

For t h i s  measurement t h e r e  a re  a v a i l a b l e  p o r t a b l e  ins t ruments .  The 
exposure t i m e  i s  o f  t h e  o r d e r  o f  minutes.  

iii) u, n o t  radon progeny. a r e  norma l l y  measured e i t h e r  i n  the  occupied 
b u i l d i n g  zones o r  i n  t h e  exhaust a i r .  Con t ro l  o f  radon c o n t r o l s  t h e  
progeny which a r e  t h e  a c t u a l  cause o f  t h e  h e a l t h  hazard. Pass ive 
measurement methods i n c l u d e  charcoa l  c a n i s t e r s  (4-5 day p e r i o d s ) ,  a lpha 
t r a c k  average measurements ( s e v e r a l  reeks  d u r a t i o n )  o r  cont inuous radon 
mon i to rs  f o r  seven-day averages. Averages h i g h e r  than n a t i o n a l  
g u i d e l i n e s  mean a c t i o n  shou ld  be taken immediate ly  - o r  d u r i n g  a  
p r e s c r i b e d  p e r i o d  depending on t h e  radon l e v e l s  measured. 

i v l  Measurement o f  j a r b o n  m m  (COI con ten t  can be made w i t h  ded ica ted  
ins t ruments  which d i r e c t l y  read  p a r t s  per  m i l l i o n .  These a re  low c o s t  
ins t ruments .  . . 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
recorended applications: 

B u i l d i n g s  where contaminant  l e v e l  can be expected t o  be h i g h  

-------------------------------------.--------------------------------------- 

a l te rna t i ve  procedures: 

--------------------------------------.---------------------------------..--- 

addi t ional  information: 

The measurement o f  r e s p i r a b l e  suspended p a r t i c l e s  i s  r e l a t i v e l y  easy t o  
per form,  even though t h e  ins t rumen ts  a r e  expens ive.  

The measurement o f  v o l a t i v e  o r g a n i c  compounds i s  no t  t o o  complex o r  expens ive 
i n  i t s e l f ,  b u t  c o s t l y  a l l  t h e  same as t h e r e  may be s e v e r a l  hundreds o f  
compounds t o  search f o r ,  if one does n o t  know what t o  l ook  f o r ,  and t h e  f i n a l  
a n a l y s i s  has t o  be c a r r i e d  o u t  a t  a  l a b o r a t o r y .  

T y p i c a l  recommended minimum v e n t i l a t i o n  r a t e s  and maximum t o l e r a b l e  l e v e l s  
f o r  v a r i o u s  p o l l u t a n t s  a re  g i v e n  i n  R V  E . 4 .  

Methods o f  c a l c u l a t i n g  t i m e  weighted average va lues  a r e  d e s c r i b e d  i n  AT R . 4 .  
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a u d i t  procedure: ! a p p l i c a t i o n  area: ! referenced from: 
R.4 ! VENTlLATlON SYSTEMS ! E C O  R . l l .  

! ! ............................................................................. 
t i t l e :  ! re fe rences  t o :  
EVALUATION OF DAMPER LEAKAGE ! 

! 

desc r i p t i on :  

The purpose i s  t o  evaluate a i r  leakage through dampers i n  v e n t i l a t i o n  systems 
w i t h  connect ion t o  ou ts ide  a i r  i n  order  t o  determine the  amount o f  unwanted 
v e n t i l a t i o n  i n  shut o f f  per iods .  

Check the  v e n t i l a t i o n  system f o r  dampers. There should be a  shu t -o f f  damper 
f o r  each fan,  a l so  i n  systems w i t h  common in take-  o r  exhaust-chamber. Check 
t h a t  the dampers r e a l l y  c lose  when the fans are turned o f f .  

Note i f  any fan  r o t a t e s  when i t  i s  turned o f f  due t o  draught through the  
system. Check a lso  the  normal runn ing  t ime per day and week, p re fe rab l y  
checking the  t ime c o n t r o l l e r .  

I f  the  v e n t i l a t i o n  system i s  OK.  f u r t h e r  i n v e s t i g a t i o n  i s  normal ly  not-needed 
i f  the  b u i l d i n g  he igh t  i s  lower than 8-10 s to reys  and the  b u i l d i n g  i s  not  
h i g h l y  exposed t o  wind. 

I f  pressure measurements have t o  be c a r r i e d  o u t ,  s t op  the fan and check t h a t  
the  s h u t - o f f  damper c loses.  Measure the pressure d i f f e r e n c e  across the  c losed 
damper (see A T  0 . 6 . ) .  Y a i t  112 hour t o  e s t a b l i s h  s tab le  temperatures be fore  
measuring. This should p re fe rab l y  be done on a  day w i t h  ou ts ide  temperature 
near t he  average f o r  the heat ing  season. Measure the  indoor and outdoor 
temperature and the  damper gross area. 

F ind  a  s u i t a b l e  p a r t  o f  the  main duct  and measure the  a i r  f low w i t h  a  ho t -  
w i re  anemometer (see MT 0.31. Expected v e l o c i t y  i s  less than 1  mls w i t h  
c losed damper. 

I t  i s  not  recommended t o  measure on in take-  o r  exhaust g r i l l e s .  

A f i r s t  es t imate  o f  the  leakage dur ing  the  heat ing  season can be ca l cu la ted  
from 

where 3 
qs = average seasonal leakage [ m  l s l .  

A 2 = damper area [ m  I. 

Ap = measured pressure d i f f e rence  across damper [ P a l .  
0  

'e,s I average seasonal outdoor temperature [ C l .  
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0 
e = measured outdoor  temperature 1 C1. 

h : h e i g h t  d i f f e r e n c e  between i n t a k e  and exhaust opening t m l .  - 
3 

0 = d e n s i t y  of,  a i r  I= 1 . 2  kg lm I. 

. ~ ~ ~ ~ - - ~ ~ ~ ~ ~ - ~ ~ . ~ . ~ ~ ~ ~ ~ - ~ - ~ ~ ~ - ~ ~ - - - - - ~ ~ - ~ ~ ~ ~ ~ ~ - - ~ - .  

cost: 
L i q u i d  f i l l e d  i n c l i n e d  manometer: From 150. 
Hot -w i re  anemometer: From 1500. Data c o l l e c t i o n :  
112-1 hldamper. 

! ease of use: Data c o l -  
! l e c t i o n  s imp le ,  f o r  mea- 
! surement o f  a i r  f l ow 
! more t r a i n i n g  i s  necess- 
! a r y .  
! 

accuracy: ! references: 
About 50%. a i r  f l o w  measurement ! 
about 25%. ! 

! 

recorended applications: 

Yhere damper leakage may be p a r t  of the  overa1.l b u i l d i n g  leakage 

-----.--.---------------.--...-------..------.-------------..-...------------ 

a l te rna t i ve  procedures: 

More accura te  and more expensive: use AP D.1. The procedure has t o  be 
ad jus ted  f o r  t h e  a c t u a l  use. The duct  on one s i d e  o f  the  damper must be 
sealed o f f  near t h e  damper. The main problem i s  t o  make a complete a i r t i g h t  
s e a l i n g  b a r r i e r .  

addit ional  information: 
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a u d i t  procedure: ! a p p l i c a t i o n  area: ! re fe renced fro.: 
R.5 ! REGULATION ! ECO R.17 

! ! 
--------------------------------------------------------.-------------------- 

t i t l e :  ! re fe rences  t o :  
ANALYSIS OF VERTICAL TEMPERATURE ! A T  n .2 .  
GRADIENTS I 
-----------------------------------------..--------.-------------.--..------- 

desc r i p t i on :  
Use, e.g.. a  po r t ab le  pyrometer w i t h  a i r  measuring probe t o  measure a i r  
temperatures (see MT R.21 200 mm below the  c e i l i n g  and 1 metre above t he  
f l o o r  and midway between c e i l i n g  and f l o o r .  Record temperature d i f f e rences .  
AT, on a  f l o o r  p l an  sketch a t  var ious  l oca t i ons .  I n  l a r g e  open u n p a r t i t i o n e d  
spaces a  smal l  number o f  measurements w i l l  normal ly  be s u f f i c i e n t .  More 
measurements should be made where t he re  are h igh  p a r t i t i o n s  formed by wa l l s .  
s torage o r  equipment, i n  o rder  t o  check u n i f o r m i t y .  

Take measurements on o r  near design day cond i t i ons  and i f  poss ib l e  i n  
a d d i t i o n  over a  range o f  ou t s i de  cond i t ions .  Avoid measurements near open 
doors and near a i r  supply o r  exhaust l oca t i ons .  

I f  AT i s  g rea te r  than 6 K ,  r e t r o f i t  w i l l  almost always be j u s t i f i e d ,  between 
2  and 6 K an ana l ys i s  should be requ i red  as l a i d  ou t  below: below 2  K t he re  
i s  l i t t l e  oppo r tun i t y  f o r  savings. 

I f  AT measurements a re  a v a i l a b l e  f o r  one ou t s i de  temperature on l y ,  use degree 
ddy method t o  es t imate  p o t e n t i a l  hea t ing  savings.  Est imate heat ing  energy use 
be fore  r e t r o f i t  by d i v i d i n g  b u i l d i n g  h o r i z o n t a l l y  i n  2  o r  3 zones and 
c a l c u l a t i n g  energy consumption through these zones on the  bas is  o f  the  
d i f f e r e n t  i ns i de  a i r  temperatures measured. V e n t i l a t i o n  losses should be 
accommodated i n  a  s i m i l a r  way, i . e .  a i r  exhausted o r  leav ing  a t  the  roo f  w i l l  
be a t  a h igher  temperature than a i r  leav ing  a t  the  f low l e v e l .  The a f t e r  
r e t r o f i t  s i t u a t i o n  can be est imated i n  a  s i m i l a r  manner us ing  reduced 
temperature g rad ien ts .  

I f  temperature g rad ien ts  were measured a t  var ious  ou ts ide  cond i t i ons ,  a  b i n  
method (see AT M.21 can be used ( i n  a  s i m i l a r  way t o  explaned above1 f o r  a  
b e t t e r  est imate.  (Th is  i s  because the  temberature g rad ien t  w i l l  be a f f ec ted  
by ou ts ide  c o n d i t i o n s ) .  ......................... 
cost :  Low cos t  ! ease.o f  use: Simple 

accuracy: Good ! references:  F i z z e l .  1977: Beyeay. 1978 

reconended  app l i ca t i ons :  
---.---.--------------------------------------------.-----------------.------ 

a l t e r n a t i v e  procedures: 

a d d i t i o n a l  in fo rmat ion :  
When es t imat ing  average r o m  temperatures, i t  should be noted t h a t  the  room 
temperature g rad ien t  i s  h i g h l y  dependent on t he  heat ing  system lsee App. C.21 
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audit procedure: ! a~plication area: ! referenced from: 
! H ~ A T I N G  PLANT 
! 

! ECO H.4. H.8. H.11. H.21 
! H.24. AP H.2. AT H.1 

---------.......--------------.----.---------------------------.------------- 

title: ! references to: 
COMBUSTION EFFICIENCY ! AP P.1. 

! 

description: 

The da ta  c o l l e c t i o n  i s  c a r r i e d  o u t  i n  t h r e e  s teps:  

i Measure t h e  f l u e  gas temperature T f  IMT H.21. 

ii) Measure t h e  C02 l o r  02 )  con ten t  1x1 o f  t h e  f l u e  gases I M T  H.31. 

iii) Measure t h e  temperature o f  t h e  combust ion a i r  T a  

Repeat t h e  s teps  i ) - i i i )  f o r  every  b u r n i n g  mode l h i / l o r  f i r e )  

The combust ion e f f i c i e n c y  ( o r  d r y  combust ion e f f i c i e n c y ,  see App. C.4) o f  t h e  
bu rner  qC 1x1 i s  g i v e n  by 

where c S  = S i e g e r t  cons tan t  = 0.58 f o r  o i l  
= 0 .48 f o r  n a t u r a l  gas 
= 0.67-0.75 f o r  c o a l  
= 0 .53 f o r  coke. 

............................................................................. 

cost: 11000-11500 auto- .! ease of use: 
m a t i c  e f f i c i e n c y  meter.  ! Easy. 
Labor: 15 minutes ( 5  ! 
min. a u t o m a t i c ) .  ! 
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recolended applications: 

Repeat measurement 1 o r  2 t imes  p e r  y e a r  

al ternat ive procedures: 

Severa l  au tomat i c  i n s t r u m e n t s  a r e  a v a i l a b l e  which a l l o w  t o  c a r r y  o u t  s teps  1- 
3 above by i n s e r t i n g  a  probe i n t o  t h e  exhaust  gas p i p e .  A d i s p l a y  a n d l o r  a  
p r i n t - o f f  o f  t h e  e f f i c i e n c y  parameters  i s  p r o v i d e d .  T h i s  makes an o n - l i n e  
read jus tmen t  o f  t h e  bu rne r  i n  o r d e r  t o  improve t h e  e f f i c i e n c y  e a s i e r .  The 
t i m e  f o r  c a r r y i n g  o u t  t h i s  AP i s  c o n s i d e r a b l y  reduced. 

The d u r a t i o n  o f  t h e  p r e p u r g i n g  (gas  b u r n e r s )  must be s h o r t  f o r  m i n i m i z i n g  t h e  
o f f - c y c l e  s t a c k  l o s s e s ,  b u t  i t  cannot  be reduced beyond a c e r t a i n  minimum 
v a l u e  f o r  s a f e t y  reasons.  P r e p u r g i n g  t i m e  shou ld  n o t  exceed 10Z o f  t h e  
average r u n n i n g  t i m e  o f  t h e  b u r n e r .  
The number o f  s t a r t - u p s  shou ld  be k e p t  as low as p o s s i b l e .  Each s t a r t  o f  an 
o i l  b o i l e r  produces s o o t ,  which decreases t h e  hea t  t r a n s f e r  t o  t h e  h e a t i n g  
f l u i d .  The Bacharach s o o t  number has t o . b e  0 o r  1 . '  
I t  may be a d v i s a b l e  t o  measure a l s o  t h e  C O  c o n t e n t  i n  t h e  exhaust  gases t o  
check n o t  o n l y  t h e  completeness o f  t h e  combust ion b u t  a l s o  t h e  a i r  p o l l u t i o n .  
Compare t h e  combust ion e f f i c i e n c y  v a l u e  w i t h  s tandards  and w i t h  t a r g e t  
e f f i c i e n c y  va lues  o f  advanced bu rne rs .  
Compare t h e  s t a c k  d r a f t  w i t h  r e f e r e n c e  d e p r e s s u r i s a t i o n  v a l u e  o f  t h e  s p e c i f i c  
b o i l e r  and b u r n e r  t y p e .  
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a u d i t  procedure:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  f rom:  ECO H . l  
H.2 ! ! H.3. H.16. H.20. H.4. 

! ! H.18. AT H . l ,  RV H.2 

t i t l e :  ! r e f e r e n c e s  to :  
THERMAL LOSSES AND EFFICIENCIES FOR ! AP H.1. RV H . l  
A  BOILER ! 
------.---.----------------..------------------------------------------------ 

d e s c r i p t i o n :  

B o i l e r  ~ t a n d - b v  l o s s e s  i n c l u d e  j a c k e t  and o f f - c y c l e  s t a c k  l osses .  
lPrXT a r e  hea t  l o s s e s  from a  s t o r a g e  between t h e  b o i l e r  and t h e  d i s t r i b u t i o n  
network  (see F i g .  11. Jhe b o i l e r  t h e r m a l  e f f i c i w  i s  d e f i n e d  as t h e  
f r a c t i o n  o f  t h e  hea t  c o n t e n t  o f  t h e  f u e l  r e c e i v e d  by t h e  heated f l u i d  when 
t h e  bu rne r  i s  on. J3e hea t  ~ l a n t  W a l  e f f i c i e n c v  i s  t h e  f r a c t i o n  o f  t h e  
hea t  c o n t e n t  o f  t h e  f u e l  d e l i v e r e d  t o  t h e  heat  d i s t r i b u t i o n  ne twork .  

For  o i l  and g a s - f i r e d  b o i l e r s ,  f o u r  measurements a r e  r e q u i r e d :  

il The b o i l e r  o p e r a t i n g  tempera tu re .  T  . 
iil The f r a c t i o n a l  bu rne r  on -cyc le  t i h e ,  wl, when t h e  d i s t r i b u t i o n  network  

v a l v e s  a r e  c losed .  
iiil The f r a c t i o n a l  bu rne r  on -cyc le  t i m e ,  w o .  when t h e  v a l v e  a t  t h e  b o i l e r  

o u t l e t  i s  c losed ,  and 
i v l  The combust ion e f f i c i e n c y .  q c  [ Z I  (see AP H.11. 

The l o s s e s ,  g i v e n  i n  pe r  c e n t  o f  t h e  heat  c o n t e n t  o f  t h e  f u e l ,  a r e  t h e n  g i v e n  
by: 

- t h e  f r a c t i o n a l  s tand-by losses  L s b ( T b l  = qc two(Tb l ,  

- t h e  f r a c t i o n a l  s to rage . losses  L  I T  I = n c *  (wl- w I s  b  o 

- t h e  f r a c t i o n a l  j a c k e t  l osses .  L . .  and f r a c t i o n a l  o f f  c y c l e  l osses .  Lot. 
by  L .  + Loc = LSb.  J 

J 

The b o i l e r  f u l l  l o a d  the rma l  e f f i c i e n c y .  nb [ Z I ,  i s  g i v e n  by  

AS a  r u l e  o f  thumb, t h e  j a c k e t  l osses  a r e  213 of  t h e  t o t a l  s tand-by  losses .  
Ye then  have 

n b  = nc*  (1-2wo131. 

The hea t  p l a n t  ( b o i l e r  and s t o r a g e )  the rma l  e f f i c i e n c y .  q  [ Z l ,  i s  g i v e n  by 
P  

A l l  l o s s e s  [%I can be conver ted  t o  power [ k Y l  by  m u l t i p l y i n g  by t h e  f u e l  mass 
f l o w  r a t e  [ k g l s l  ( see  MT H.41 and by  t h e  heat  c o n t e n t  o f  t h e  f u e l  [ k J I k g l  
(see R V  H.11. 
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For  s o l i d  f u e l s  one has t o  measure t h e  energy f l o w  f rom t h e  b o i l e r  o r  f rom 
t h e  t a n k  (see  AP P.31 and t h e n  d i v i d e  by  t h e  hea t  c o n t e n t  o f  t h e  f u e l  t o  
o b t a i n  q and n r e s p e c t i v e l y .  b  P  

cost:See AP H . l  f o r  c o s t  ! ease of use: 
o f  combust ion e f f i c i e n c y  ! S imp le .  
measurement. Smal l  c o s t  ! 
f o r  r e c o r d e r .  ! 

accuracy: ! references: 

recorended applications: 

------------------------------------------------------------.----.---.--...-- 

al ternat ive procedures: 
If no r e c o r d e r  i s  a v a i l a b l e ,  use a  s i m p l e  c l o c k  i n  w e l l  d e f i n e d  t e s t  p e r i o d s .  
A l t e r n a t i v e  p rocedures  f o r  measur ing s tand-by losses  can be t o  measure t h e  
tempera tu re ,  t h e  a rea  o f  wet and d r y  b o i l e r  s u r f a c e s  and t h e  room tempera tu re  
t o  c a l c u l a t e  t h e  h e a t  l osses  (see  AT P.11. 
............................................................................. 
addlt ional information: 
- Compare w i t h  s tand-by l o s s e s  s tandards  f o r  new b o i l e r s  ( see  RV H.11. 
- Analyze t h e  o v e r s i z i n g  o f  t h e  b o i l e r .  
- A l s o  t a k e  i n t o  account  d i s t r i b u t i o n  l o s s e s  (AT P.11 and r e g u l a t i o n  l osses .  

Boiler 0 
Fig. 1 S c h e m a t i c s  o f  heating plant and hsat distribution. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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audit procedure: ! application area: ! referenced from: 
H.3 ! HEATING PLANT ! ECO H.24. 

! ! 

title: ! references to: 
ELECTRIC BOILER SEASONAL EFFICIENCY ! AP P.3. UT P.5. P.6 .  AT P.1. 

I 

description: T h i s  AP can be a p p l i e d  t o  systems u t i l i s i n g  o f f  peak e l e c t r i c i t y  
and the rma l  s to rage .  
The measurements a r e  c a r r i e d  o u t  i n  t h r e e  s teps :  

il Measure t h e  tempera tu re  o f  t h e  b o i l e r ,  s to rage  and p ipes  i n  t h e  h e a t i n g  
p l a n t .  (see HT P.5 and P.61. 

iil Measure t h e  energy consumption d u r i n g  a  few hours .  w i t h o u t  d e l i v e r i n g  
any heat  t o  t h e  b u i l d i n g  (stand- 'by l o s s e s l .  Th is  measurement shou ld  be 
repea ted  once w i t h  s t o r a g e ,  once w i t h o u t  s t o r a g e .  

iiil Measure t h e  energy con iumpt ion  f o r  each p e r i o d  d u r i n g  which t h e  t a r i f f  
f o r  t h e  p r i c e  o f  t h e  kwh i s  d i f f e r e n t .  

The measurement i s  c a r r i e d  ou t  by r e a d i n g  t h e  e l e c t r i c i t y  coun te r  o r  by 
measuring t h e  o n - o f f  t i m e .  

The seasonal e f f i c i e n c y  can be o b t a i n e d  i n  t h e  f o l l o w i n g  manner: 

1. C a l c u l a t e  t h e  s tand-by losses w i t h  and w i t h o u t  s to rage  and compare w i t h  
t h e  f u l l  Power o f  t h e  b o i l e r  l s e e  AT P . l  and AP 5.31. 

2. Determine t h e  s tand-by losses  o f  t h e  s to rage  a lone  and compare w i t h  t h e  
Storage c a p a c i t y  l s e e  AT P . l  and AP P.31. 

3 .  The seasonal e f f i c i e n c y ,  Q i s  g i v e n  by 

Q = (Pel -QsbllPel 
where 

Pel [ k Y I  = average e l e c t r i c  energy consumption i n  one h e a t i n g  season. 

O S b  [ kw l  = s tand-by losses  ( a t  t h e  average h e a t i n g  p l a n t  tempera tu re )  

4 .  Compare t h e  o b t a i n e d  va lues  w i t h  t a r g e t  va lues  and e v a l u a t e  t h e  energy 
sav ing  p o t e n t i a l .  

............................................................................. 
cost: ! ease of use: Easy 

! 

accuracy: Good ! references: 
! 

recornended applications: 

alternative procedures: 
............................................................................. 
additional information: . . . . . .  
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a u d i t  procedure:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
H.4 ! HEATING PLANT ! ECO H.15. H.1. R.2. 

! ! AP S.5 
............................................................................. 

t i t l e :  ! r e f e r e n c e s  t o :  
EVALUATION OF BOlLER OVERSIZING ! AT 11.1 

! 
.---.---.------------------.------------------------------------------------- 

d e s c r i p t i o n :  

i l  Determine t h e  energy s i g n a t u r e  o f  t h e  b u i l d i n g ,  see AT 11.1 and p l o t  t h e  
r e s u l t s  - average b o i l e r  l o a d  ve rsus  ou tdoor  tempera tu re .  The average 
b o i l e r  l o a d  i s  g i v e n  by  t h e  energy consumpt ion d i v i d e d  by  t h e  t i m e  
p e r i o d  f o r  which t h e  energy consumpt ion was reco rded  I f o r  a  b u r n e r  i t  i s  
s u i t a b l e  t o  r e c o r d  t h e  f r a c t i o n a l  power on t ime1  f o r  a  range o f  ou tdoor  
temperatures.  

ii) E x t r a p o l a t e  t h e  r e l a t i o n s h i p  back t o  t h e  v a l u e  o f  t h e  d e s i g n  tempera tu re  
a p p r o p r i a t e  t o  t h e  l o c a t i o n  t o  f i n d  t h e  a c t u a l  s teady  s t a t e  d e s i g n  
h e a t i n g  demand. 

iii) Compare t h e  v a l u e  o b t a i n e d  i n  iil w i t h  t h e  i n s t a l l e d  b o i l e r  c a p a c i t y  t o  
de te rm ine  t h e  degree o f  o v e r s i z i n g .  

i v )  For  i n t e r m i t t a n t  h e a t i n g  o r  setback t h e  r e q u i r e d  b o i l e r  s i z e  r i l l  be 
h i g h e r  than  t h a t  r e q u i r e d  t o  meet t h e  s teady  s t a t e  l o a d  and t h e r e  i s  a  

.- . . . . . ... t r a d e  o f f  between shor tness  o f  p r e - h e a t i n g  t i m e  and b o i l e r  o v e r s i z i n g .  

v l  TO de te rm ine  t h e  s u i t a b i l i t y  o f  t h e  p r e s e n t  p r e - h e a t i n g  p e r i o d  w i t h  
r e s p e c t  t o  i n s t a l l e d  b o i l e r  power, i t  i s  necessary  t o  t r a c k  t h e  i n t e r i o r  
tempera tu re  o r  h e a t i n g  demand d u r i n g  t h e  p r e - h e a t i n g  p e r i o d  under 
c o n d i t i o n s  as c l o s e  as p o s s i b l e ' t o  t h e  d e s i g n  p o i n t .  I f ' t h e  i n s i d e  a i r  
t empera tu re  reaches comfo r t  l e v e l  b e f o r e  t h e  end o f  t h e  p r e - h e a t i n g  
p e r i o d  o r  i f  t h e  b o i l e r  does n o t  o p e r a t e  a t  100 pe r  c e n t  o u t p u t  ove r  t h e  
p r e - h e a t i n g  p e r i o d ,  then  t h e  p r e - h e a t i n g  p e r i o d  has been s e t  t o o  l ong .  

v i )  Note i d e a l  setback s t r a t e g i e s  i n c l u d e  an optimum s t a r t  sequence i n  which 
t h e  p r e - h e a t  t i m e  i s  sho r tened  as o u t s i d e  c o n d i t i o n s  become m i l d e r .  
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recowended applications: 

......................... 
alternative procedures: 

......................... 
additional information: 

Peak load from 5 a.m. till 6 a.m 

F i g .  1 E x a m p l e  o f  v a r i a t i o n s  i n  load 
f o r  a house  d u r i n g  t w o  d a y s .  
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a u d i t  procedure: ! a p p l i c a t i o n  area: ! referenced from: 
HIC. 1 ! HEATING AND COOLING ! ECO HIC.16. 

t i t l e :  ! re fe rences  to :  
PERFORMANCE OF HEAT PUMPS ANO CHILLERS ! MT EL.4 

! 
- - ~ ~ - ~ ~ ~ - - ~ ~ ~ ~ ~ - - - ~ ~ ~ . ~ - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ - - ~ - ~ - ~ ~ ~ ~ ~ ~ . ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ - - - - ~ ~ ~  

desc r i p t i on :  
Carry out  the f o l l o w i n g  measurements: 

i )  Operate the u n i t  w i t h  a  s tab le  load f o r  h a l f  an hour. 

i i )  Measure the  e l e c t r i c  power f o r  the compressor. P k ,  and i f  poss ib l e  f o r  
the whole u n i t .  P t .  See MT EL.4 

iiil Measure condensing and evaporat ing pressures w i t h  b u i l t - i n  manometer o r  
w i t h  t e s t  manometers if pressure tappings are f i t t e d .  Read the 
corresponding sa tu ra ted  condensing and evaporat ing temperatures. T  and 
Tey, o f  the  r e f r i g e r a n t  from tab les ,  o r  measure these temperatures!' 

i v l  Measure the  vo lumet r i c  f low r a t e s  and temperatures o f  the  heated and the  
cooled f l u i d  a t  the  i n l e t s  and the o u t l e t s  ( f o r  no ta t i on ,  see F ig .  11. 
Use MT from ca tegor ies  D and P .  For l i q u i d s  the  f low r a t e  can a l s o  be 
obta ined by measuring the  pressure drop across the  pump and the  rpm and 
reading the  volume f low from the  pump c h a r a c t e r i s t i c .  For gases the 
volume f low can a l so  be obta ined from the  rpm and the fan 
c h a r a c t e r i s t i c s .  

v l  Ca lcu la te  the d i f f e rence  i n  energy f low between the  i n l e t  and the  o u t l e t  
f o r  the heated. Ph,,and the  cooled. PC,  f l u i d  from 

P h  = qv,?* (Thno-  Th,i)* oh* C p .h  

P C  = qv,c*  (Tc,o-  TceiI* oC* C p .c  

where 0  i s  t he  dens i t y  and c  the  s p e c i f i c  heat a t  constant  pressure 
o f  the f l u i d s .  The indices o  and i r e f e r  t o  o u t l e t  and i n l e t .  

r espec t i ve l y .  

v i )  Ca lcu la te  the  two e n t i t . i e s  COP which i s  equal t o  the  
compressor c o e f f i c i e n t  o f  per fo rdan ie  P f i ' ! ~ .  case o f  hea t ing ,  and COP 
=P I P  , which i s  equal t o  the  compressor c o e f f i c i e n t  of performance i K  
th& csse o f  coo l ing .  

v i i l  For consistency,  compare COPh t o  COP +l. These should be i d e n t i c a l .  I f  
they dev ia te  by more than 20%. use mar6 accurate measuring equipment. 

v i i i )Compare  the  re l evan t  COP t o  t a r g e t  values f o r  the measured working 
pressure range. 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
cost: 1100-1500 depending on p r e -  ! ease of  use: 
sence o f  p repared  measurement ! Equipment i s  s imp le  t o  hand le ,  b u t  
f a c i l i t i e s .  2 t o  4  hours  f o r  da ta  ! r e q u i r e s  exper ienced  s t a f f  i f  

! a c c u r a t e  r e s u l t s  a r e  r e q u i r e d .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
accuracy: ! references: 
15%. ! ASHRAE. 1984; SP MET. 1985 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
recolended applications: 
Performance check o f  hea t  pumps and c h i l l e r s .  
----.----------------------------------------------------....--.-.-...---.--- 

a l te rna t i ve  procedures: 
I m p l i c i t  deduc t ions  o f  performance f rom measurement o f  s u r f a c e  tempera tu res  
and r e f r i g e r a n t  p ressu res .  T h i s  i s  n o t  recommended p r a c t i c e .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
addi t ional  information: 
As a  f u r t h e r  check, c a l c u l a t e  t h e  Carnot  COP g i v e n  by 
T c o l ( T c o - T e v l .  

The r a t i o  o f  COP t o  t h e  Carnot  COP shou ld  l i e  between 0 .4  and 0.7 ,  depending 
on compressor kype and o p e r a t i n g  c o n d i t i o n s .  As a  check o f  t h e  o p e r a t i n g  
c o n d i t i o n s :  

Compare t h e  f l o w  r a t e s  o f  t h e  heated and coo led  f l u i d s  t o  des ign  v a l u e s .  
T y p i c a l  temperature d i f f e r e n c e s  a r e :  
Tco - Th,o 0-5 K :  Th,o- Th.i 5-15 K:  T .- T c , o  5  K :  T c n 0 -  TeV 5-10 K .  

c.1  

These va lues  w i l l  g r e a t l y  depend on t y p e  o f  u n i t  and a p p l i c a t i o n ,  and 
shou ld  a lways be checked a g a i n s t  d e s i g n  da ta .  I f  t h e r e  a r e  d e v i a t i o n s  f o r  
a  c i r c u i t ,  check f o r  f o u l i n g .  
Compare r e f r i g e r a n t  temperatures w i t h  des ign  va lues .  

F i g .  1 

Nota t ion  used 
f o r  heat  pumps 
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..-.---------------......---------------------------...---------------------- 

a u d i t  orocedure: ! a o o l i c a t i o n  area: ! referenced from: 
! HEATING PLANT: DISTRI- ! ECO HlC.17 
! BUTION SYSTEM ! --------------.-------------------..-...---------------.--..--..---..-------- 

t i t l e :  ! re fe rences  t o :  
HEAT EXCHANGER EFFICIENCY AND OUTPUT ! AP HlC.3. 
IYITHOUT CHANGE OF PHASE) I 

desc r i p t i on :  The procedure cons is ts  o f :  
i )  Operate heat exchanger u n t i l  s t ab le  cond i t i ons  have been mainta ined f o r  

0.5 hours. 
i i )  Measure a t  l eas t  2  parameters on each s ide  o f  the  heat exchanger (see 

diagram under a d d i t i o n a l  i n f o rma t i on ) ,  f o r  example. 
Thl Th2 o r  T h 2  qh and Tcl, Tc2 o r  Tcl sc.  

P re fe rab l y  a l l  3  parameters are determined on bo th  s ides .  
iiil Measure pressure drop and working pressure on bo th  s ides.  
i v )  For a i r l a i r  heat exchangers determine ex te rna l  leakage and cross over 

leakage IAP HlC.31. 
v )  Ca lcu la te  the  heat inpu t  (PC) and the  heat ou tpu t  l P h l  

where Q i s  the dens i t y  and c  the s p e c i f i c  heat a t  constant  pressure. 
v i )  Depending on heat exchanger l s e  c a l c u l a t e  the  e f f i c i e n c y  n=P I P  . 

I f  the  vo lumet r i c  f low r a t e  i s  the  same and the  f l u i d s  a re  the  game, the  
e f f i c i e n c y  i s  g iven by 
ITh2-Thl)/(T -T 

C l  c2 ' 

This i s  o f t e n  used as a  d e f i n i t i o n  o f  e f f i c i e n c y ,  temperature 
e f f i c i e n c y ,  even if the  f low ra tes  are not  the  same. 

v i i )  Compare pressure drop w i t h  design values and c a l c u l a t e  r equ i red  pump o r  
fan power. 

v i i i ) F o r  a i r l a i r  heat  exchangers check t h a t  ex te rna l  leakage i s  less  than 4 %  
and cross over leakage less  than 8%. 

i x )  Est imate the  heat loss  AP = P,- P. 
r l  L ~ ~ . ~ ~ . ~ ~ ~ ~ - ~ ~ ~ ~ - ~ ~ ~ . . . ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ - ~ - - ~ ~ ~ - ~ ~ - - ~ . ~ ~ - - - ~ ~ ~ - ~ ~ - - ~ - - - - - - - -  

cost :  ! ease o f  use: 
$100-$2000 depending on ! Expert  r equ i red .  
s ize  o f  exchanger and ! 
l e v e l  o f  t e s t i n g .  ! 

accuracy: Oepends g rea t -  ! references:  
l y  on opera t ing  condi-  ! Nord tes t .  1983: Eurovent. 1977. 
t i o n s ,  bu t  t y p i c a l l y  ! 
0.05 f o r  temperature ! 
e f f i c i e n c y .  ! 
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recomended applications: 

Guarantee t e s t s  o f  l a r g e  hea t  exchangers o r  whenever d e g r a d a t i o n  o f  
performance i s  suspected.  

- - -~-------~-------~-~--~~~~--~~-~~-----~~-~~~--~~------~~.~---~--------~-~~- 

a l te rna t i ve  procedures: 

addi t ional  information: 

Higher  than  des ign  p ressu re  d rops  suggests  c l o g g i n g  o r  f o u l i n g .  C o r r e c t  t h i s  
by c l e a n i n g .  
Leakage t e s t s  shou ld  always be per formed on a i r  t o  a i r  hea t  exchangers b e f o r e  
performance t e s t s  a r e  c a r r i e d  o u t .  Excess ive leakage w i l l  r ender  per formance 
measurements meaning less.  

Cooled fluid 

Heated fluid 

F i g .  1 
Notation used f o r  
heat e x c h a n g e r .  
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a u d i t  procedure: ! a p p l i c a t i o n  area: HEAT- ! re fe renced from: 
HIC.3 ! ING 'AND COOLING PLANTS. ! ECO HIC.4. AP HIC.2. 

! HEAT RECOVERY U N I T S  ! 

-------------------..---------..-.~~~~~~-----.--....-------....~-.----------- 

desc r i p t i on :  

The r a b i n e t  e x t e r i o r  a i r  leakaqe o f  a heat pump o r  heat recovery u n i t  t o  the  
atmosphere i s  determined by c r e a t i n g  a d i f f e rence  i n  pressure.  U n i t s  w i t h  two 
a i r  systems i n  the  same cab ine t  (e.g.  outdoor a i r  and c i r c u l a t e d  indoor a i r  
o r  exhaust a i r  and f resh  a i r )  are tes ted  w i t h  two fans. The heat recovery 
u n i t  and t he  measuring equipment are set  up as shown i n  F ig .  1. The s t a t i c  
Pressures are se t  w i t h  the ad jus tab le  f an (s )  i n  the normal pressure range o f  
the  t es ted  u n i t .  I f  two fans a re  used, the  two pressures should be the same. 
The pressures a re  measured w i t h  a d i f f e r e n t i a l  pressure gauge. 

The t o t a l  leakage a t  each t e s t  Po in t  i s  ca l cu la ted  as the  sum o f  t he  measured 
f lows.  The leakage should no t  e iceed 4% o f  the  nominal opera t ing  f low r a t e  o f  
t he  u n i t .  

The cross-over a i r  l e a k a w  between two a i r  systems o f  a heat  pump o r  heat  
recovery u n i t  i s  determined by p u t t i n g  one a i r  system o f  the u n i t  under 
pressure.  The pressure i n  the o the r  systeem of the u n i t  i s  brought t o  zero. 
Two fans have t o  be used (see F ig .  2 ) .  For each pressure i n  the  f i r s t  system. 
the  f l ow  which passes the  second system w i t h  zero pressure i s  measured w i t h  
an a i r  f low measuring tube. This a i r  f low i s  o f  the  same magnitude as the  a i r  
leakage between the two systems. I t  i s  compared w i t h  the  nominal f l ow  ra tes  
o f  the a i r  systems. The leakage should not  exceed 8% o f  the nominal f low 
r a t e .  

cost: 150-1200 depending ! ease of use: 
on s i ze  and number o f  ! Easy t o  use. 
duct connections. I 

! 
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- - - - - - - - - - - - - - - - - - - - - - - ~ ~ - ~ ~ - ~ ~ ~ - - ~ ~ ~ - ~ - ~ ~ ~ - - ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ . ~ . . . ~ . . ~ . . ~ ~ ~ ~ ~ ~ . ~ ~ ~  

recolended applications: 

Heat pumps, a i r  cond i t i on ing  u n i t s  o r  heat recovery u n i t s  w i t h , d u c t  
connections where ex te rna l  a i r  leakage o r  cross-over leakage i s  suspected. 

alternative procedures: 

Tracer gas techniques lmore complex and expensive equipment) 

For a i r l a i r  heat recovery u n i t s  one fan i s  s u f f i c i e n t  i n  the  case o f  e x t e r i o r  
leakage i f  the  heat exchanger element can be removed. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
additional information: 

The duct between the fans and the u n i t  should have a hyd rau l i c  diameter D 
corresponding t o  t h a t  o f  the coupl ing o f  the u n i t  and t h i s  duct  should have a 

l e n g t h  o f  a t  l eas t  10 0 .  S t a t i c  pressures should be measured a t  a d is tance  
from the u n i t  exceeding 5 0.  Not used coupl ings are c losed w i t h  covers. 
Passages f o r  drainage are sealed w i t h  a i r t i g h t  tape. 

Cross-over leakage T Exlerior leakage T 
Heatpump or Heatpump or 

F1, F2 adjustable fans 
ql, q2 air flow measuring tubes 
pi, p2 static pressure relative to the atmosphere 

F i g .  1 Arrangement f o r  t e s t  o f  cabinet  e x t e r i o r  a i r  
leakage ( r i g h t 1  a n a  cross-over leakage ( l e f t )  
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audit procedure: ! application area: ! referenced from: 
HlC.4 ! HEATING AND COOLING ! ECO HlC.9. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t i t l e : '  ! references to: 
HEAT PUMP EXPANSION DEVICE ! MT P .5 .  P.6. 
-------------------------------------------.--.--.--------------------------- 

description: 
Operate t h e  hea t  pump a t  d i f f e r e n t  c o n d i t i o n s  and c a p a c i t i e s :  

i l .  Determine t h e  amount o f  r e f r i g e r a n t  superhea t ,  a f t e r  t h e  e v a p o r a t o r  by 
measur ing t h e  r e f r i g e r a n t  tempera tu re  (see MT P.5 and P.61, a t  t h e  
l o c a t i o n  o f  t h e  TEV ( t h e r m o s t a t i c  expans ion v a l v e 1  b u l b .  

iil Determine t h e  l e n g t h  o f  t h e  c y c l e  p e r i o d  i f  t h e  r e f r i g e r a n t  tempera tu re  
i s  o s c i l l a t i n g .  

iiil Compare measured va lues  w i t h  d e s i g n  va lues .  Normal v a l u e s  o f  superheat  
a r e  between 4  and 8  K. 

i v l  I f  t h e  r e f r i g e r a n t  tempera tu re  i s  o s c i l l a t i n g  w i t h  a  p e r i o d  o f  a  few 
m inu tes ,  t h i s  i s  p robab ly  due t o  t o o  l i t t l e  superheat  f o r  s t a b l e  c o n t r o l  
o f  t h e  TEV. 

Use t h e  MSS (Minimum S t a b l e  S i g n a l 1  p rocedure  t o  check s i z i n g  and o p e r a t i o n  
Of TEVs. 

- .  If t h e r e  a r e  no o s c i l l a t i o n s ,  decrease t h e  s t a t i c  superhea t  IS51 u n t i l  
O s c i l l a t i o n s  appear.  If t h i s  i s  n o t  p o s s i b l e  i nc rease  t h e  s i z e  o f  t h e  TEV 
nozz le .  If o s c i l l a t i o n s  cannot  be p reven ted  w i t h  minimum SS t h e n  decrease 
t h e  s i z e  o f  t h e  TEV nozz le .  

- I f  TEV does n o t  seem t o  o p e r a t e  a t  a l l  t h i s  may be caused by l o s t  b u l b  
charge,  poor  c o n t a c t  between b u l b  and r e f r i g e r a n t  p i p e ,  damaged membrane 
o r  f r o z e n  wa te r  d r o p l e t s  i n  t h e  r e f r i g e r a n t .  

- Check t h a t  t h e  amount o f  r e f r i g e r a n t  superheat  does n o t  v a r y  f o r  d i f f e r e n t  
o p e r a t i n g  c o n d i t i o n s .  I f  i t  does, t h i s  may be due t o  an u n s u i t a b l e  t y p e  o f  
b u l b  cha rge ,  improper s i z i n g  o r  i n c o r r e c t  ad jus tmen t  o f  t h e  TEV. 

-------.-----.-..-.--.----------------------------..---..-.-.-..-----*------- 

cost: 120-1100. ! ease of use: 
! Measurements a r e  e a s i l y  per formed b u t  c a r e  and 
! s k i l l  i s  needed i n  t h e  a p p l i c a t i o n  o f  t r a n s d u c e r s  
! and i n  a n a l y z i n g  r e s u l t s .  

accuracy: I f  c a r e  i s  e x e r c i s e d  and ! references: 
a c c u r a t e  measuring equipment i s  used. ! ASHRAE.1979 (Ch. 431; ASHRAE. 17-75: 
superheat  can be de te rm ined  w i t h i n  1K ! ASHRAE. 1983 (Ch. 201. ---------. 
-------.-..-.---------------------..-.--..---------------.~~------- 

recolended applications: 
Heat pumps, a i r  c o n d i t i o n i n g  u n i t s ,  c h i l l e r s  w i t h  r e f r i g e r a n t  f l ow  c o n t r o l  by 
means o f  t h e r m o s t a t i c  expans ion v a l v e s  o r  c a p i l l a r y  tubes.  
............................................................................. 

al ternat ive procedures: 
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audit  procedure: ! appl icat ion area: ! referenced from: 
HIC. 5 ! .Hea t ing  and c o o l i n g  ! ECO HIC.7 

! p l a n t  ! 

t i t l e :  ! references to:  
EVALUATION OF DEFROST SYSTEM ! MT EL.6. EL.7 

description: 
For  optimum performance o f  a i r  source heat  pumps o r  a i r  ~0ndi t i0ne;S.  
e f f i c i e n t  d e f r o s t  systems a r e  needed f o r  evapora t ing  temperatures below 0 C .  
The procedure c o n s i s t s  o f :  
i )  Measure t h e  nuflber o f  d e f r o s t s  pe r  hour a t  ambient temperatures of  about 

t 7 ,  r 2  and -7 C (MT EL.71. Compare w i t h  manufacturers  recommendations. 

iil Measure d u r a t i o n  o f  d e f r o s t  p e r i o d  ( M T  EL.71. 
i i i )  Measure energy consumption d u r i n g  d e f r o s t  LMT EL.6) .  Es t ima te  sav ings if 

more e f f i c i e n t  d e f r o s t  system i s  used. 
i v )  V i s u a l l y  i n s p e c t  evapora to r  su r face  f o r  f r o s t  accumu la t ion  and l o c a t i o n  

j u s t  b e f o r e  and j u s t  a f t e r  d e f r o s t i n g .  I t  shou ld  be f r e e  from f r o s t .  
v l  Note s e t  p o i n t s  f o r  c o n t r o l l e r s  o r  so f tware  programs i f  d e f r o s t  

i n i t i a t i o n  and d u r a t i o n  a r e  opera to r  a d j u s t a b l e .  Compare w i t h  
manufacturers  recommendations. 

v i l  Check t h a t  s u f f i c i e n t  f r o s t  has accumulated t o  war ran t  i n i t i a t i o n  o f  a  
d e f r o s t  ( v i s u a l l y  and 'by  r e c o r d i n g  a s i g n i f i c a n t  decrease i n  evapora t ing  
tempera tu re ) .  

v i i )  Check t h a t  water  from thawed i c e  i s  d isposed of  th rough  t h e  proper  
d r a i n s  i n o  i c e  should accumulate i n  t h e  d r a i n  p a n l .  

v i i i l F o r  r e v e r s i n g  u n i t s  e s t i m a t e  t h e  power l o s t  f o r  d e f r o s t i n g  by 
c a l c u l a t i n g  power taken  from the  h e a t i n g  system, e l e c t r i c  power absorbed 
d u r i n g  d e f r o s t  and heat  t h a t  c o u l d  have been produced i f  a d e f r o s t  was 
n o t  needed. For o t h e r  types o f  systems o n l y  the  l a s t  two i tems app ly .  
For  temperatures below t h e  ba lance p o i n t  c o s t  o f  the  supplementary hea t  
used d u r i n g  t h e  d e f r o s t i n g  p e r i o d  must be cons idered.  

----~---------~~~.~..~....~..~~~~.~-~---~~~--~-~-~~-~-~~-~--~~--------------- 

cost: 1100-1000 dependending on ! ease o f  use: 
comp lex i t y  o f  t h e  eva lua ted  d e f r o s t  ! Easy t o  use b u t  exper ience  i s  needed 
system ! f o r  t h e  e v a l u a t i o n  

accuracy: As s t a t e d  f o r  the  r e s p e c t i v e  MTs used. ! references: 
Accuracy f o r  c a l c u l a t e d  sav ings depends g r e a t l y  ! e r r 1 1  1981 
on assumed u t i l i z a t i o n  o f  the  h e a t i n g l c o o l i n g  ! 
equipment. ! 

recommended applications: To e v a l u a t e  t h e  performance o f  a i r  source hea t  
pumps o r  a i r  c o n d i t i o n i n g  u n i t s  when t h e  d e f r o s t i n g  system i s  m a l f u n c t i o n i n g  
o r  i s  suspected t o  opera te  i n e f f i c i e n t l y .  
............................................................................. 

a l te rna t i ve  procedures: 

addi t ional  information: 
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audit procedure: ! application area: ! referenced from: 
0 .1  ! OUCTYORK !.ECO 0 .4 .  HlC.4 

There a r e  s e v e r a l  s imp le  methods t o  use when .a i r  leakages a r e  suspected: 

i )  Eva lua te  t h e  a i r  f l o w  i n  t h e  most d i s t a n t  a i r  t e r m i n a l s .  L i t t l e  o r  no 
a i r  f l o w  can be a  s i g n a l  f o r  e i t h e r  leakage o r  unbalance. 

i i )  Stop a l l  o t h e r  n o i s y  a c t i v i t i e s  i n  t h e  b u i l d i n g  ( i f  necessary)  and 
l i s t e n  as you go a long  t h e  d u c t .  Some leaks  g i v e  d e t e c t a b l e  n o i s e .  

iii) I n s p e c t  t h e  d u c t  and i t s  su r round ings .  Leakage o f t e n  causes d u s t  ( d i r t )  
t o  s e t t l e  down around openings and on su r round ing  w a l l s .  

Some leaks  ( e s p e c i a l l y  i n  s t r u c t u r a l  d u c t s )  can be d i f f i c u l t  t o  l o c a t e .  I f  
t hese  s imp le  methods conc lude w i t h  s u s p i c i o n  o f  c o n s i d e r a b l e  a i r  leakage.  
measurements shou ld  be done. 

Survey t h e  v e n t i l a t i o n  system o f  t h e  b u i l d i n g  and choose a  r e p r e s e n t a t i v e  
t e s t  samp le is ) .  A t e s t  sample i s  a  s e c t i o n  o f  the  system which can be sea led  
o f f  f rom t h e  r e s t  o f  t h e  system and from t h e  su r round ings .  The area o f  t h e  
chosen s a m p l e ' s h a l l  be s u f f i s i e n t l y  l a r g e  f o r  measurement w i t h  t h e  a v a i l a b l e  
t e s t  equipment,  a t  l e a s t  10 m o f  d u c t  su r face  area.  As a  means o f  t i g h t e n i n g .  
v a r i o u s  s i z e s  o f  rubber  b a l l o o n s  can be used. The area o f  the  sample and t h e  
t o t a l  l e n g t h  o f  t h e  j o i n t s  o f  t h e  sample a r e  measured. A f a n  w i t h  a  f l o w  
measuring tube i s  used t o  p r e s s u r i z e  t h e  system i n  s teps  from 100 Pa t o  1000 
Pa (see F i g .  I ) .  

The leakage f a c t o r  i s  c a l c u l a t e d  as t h e  q u o t i e n t  between a i r  leakage r a t e  and 
the  s u r f a c e  area o f  the  sample. The leakage f a c t o r  i s  compared w i t h  t h e  
p e r m i t t e d  leakage r a t e  f o r  t h e  system. 

------------------------------------.-.--....--.---..-------.--------------.. 

cost: Equipment i n c l . f a n  ! ease of use: 
p r e s s u r e  c o n t r o l  and ! Depends on t h e  a c c e s s i b i l i t y  o f  t h e  system. I f  i t  
means o f  f l o w  measure- ! i s  i n s u l a t e d ,  t h e  duc t  area i s  d i f f i c u l t  t o  
ment appr .  $2000. Time: ! measure. 
1 -3  h r l t e s t  dep. on the  ! 
a c c e s s i b i l i t y  o f  t h e  ! 
system. ! 
............................................................................. 

accuracy: ! references: Eurovent  212 
5 1  can be ach ieved .  ! 



App. F Audit Procedures I D )  

recommended applications: 

In some situations, air leakage can reduce the performance of other ECOs: 
- Heat recovery: The air takes shortcuts and can bypass the regaining 

installation. 
- Air flow continues during 'off' periods. 

alternative procedures: 

In some cases the air leakage sites can be detected with a smoke bottle o r  
similar, but this can not give a quantitative measure. 

-------------------~----~--~----~--~-~~~----~~--~-------~..~~..~~..~....~-.~- 

additional information: 

Test equipment 

Ductwork 

7'--z Flexible tube 

Fan U Flow measuring tube 

F i g .  1 Equ ipment  f o r  measuring 
a i r  l e a k a g e  i n  ducts. 



App. F  A u d i t  Procedures ( D l  

audit procedure: ! application area: ! referenced from: 
0.2 ! DUCTYORK ! ECO D.8. 

title: ! references to: 
EVALUATION OF DUCT HEAT LOSS ! AT D.1. MT D.2 th rough  0.5. 0.7. P.5. 

description: 

I n  systems where the  v e n t i l a t i o n  a i r  i s  used t o  p r o v i d e  h e a t i n g  o r  c o o l i n g .  
the  d u c t  hea t  l o s s  w i l l  reduce the  performance of  t h e  system i n  extreme 
s i t u a t i o n s .  The d u c t  hea t  l o s s  i s  p r o p o r t i o n a l  t o  t h e  temperature d i f f e r e n c e  
between.  the  c o n d i t i o n e d  a i r  i n  t h e  d u c t  and the  su r round ings .  The procedure 
i s  c a r r i e d  o u t  i n  t h r e e  s teps :  

i )  Study the  system ( o r  the  drawings of  t h e  system) i n  o r d e r  t o  l o c a t e  
p a r t s  o f  the  d u c t ' s  su r round ings  where t h e  hea t  l o s s  can be 
c o n s i d e r a b l e ,  e .g .  u n i n s u l a t e d  d u c t s  pass ing  th rough  u n c o n d i t i o n e d  
a reas .  

i i )  Measure t h e  a i r  temperature i n  b o t h  ends o f t h e  d u c t  system (see MT 
D.71. Be s u r e  t o  a v o i d  t h e  e f f e c t  o f  p o s s i b l e  temperature c y c l i n g .  

i i i )  The temperature d i f f e r e n c e ,  AT, and t h e  v o l u m e t r i c  a i r  f l o w ,  q . g i v e  
t h e  approx imate hea t  l oss .  QIOSS, w i t h  the  f o l l o w i n g  fo rmu la  i f  h x m i d i t y  
can be neglected: '  

- 3  where t h e  c o n s t a n t  takes t h e  v a l u e  1.26 x 10 . i f  Q i s  measured i n  
kY and qV i n  11s. ( F o r  measurements o f  a i r  f l h s f a t e ,  see MT 0 .2  
th rough  D.5.1. See a l s o  AT 0 .1  

cost: ! ease of use: 
Thermometer: $100-$200. ! Easy. 
Time: 30-60 minutes.  ! 

! 

accuracy: ! references: 
Depends on temperature ! 
d i f f e r e n c e .  I 

recorended applications: 
............................................................................. 

alternative procedures: 

Measurement o f  d u c t  s u r f a c e  tempera tu re ,  and c a l c u l a t i n g  hea t  l o s s  (see  MT 
P.5 and AT 0.1, r e s p e c t i v e l y ) .  See a l s o  R V  0.1. 

additional information: 
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audit procedure: ! application area: ! referenced from: 
0.3 ! DUCTYORK ! ECO D.1. 

title: ! references to: 
EVALUATION OF AIR FLOW BALANCING ! MT D.8 th rough  D.11 

I 

description: 

An unbalanced v e n t i l a t i o n  system can cause an u n s a t i s f a c t o r y  i n d o o r  c l i m a t e .  
because i t  w i l l  n o t  respond t o  r e g u l a t i o n  as in tended.  Good r e s u l t s  o f  ECOs 
on v e n t i l a t i o n  systems depend on a w e l l  ba lanced system. 

The procedure i s  c a r r i e d  o u t  i n  t h r e e  s teps :  

i) Ask t h e  occupants t o  p o i n t  o u t  rooms/p laces w i t h :  
- S t rong  v e n t i l a t i o n l d r a u g h t s ,  
- no a i r  movements/poor a i r  q u a l i t y .  

i i )  Check t h e  system drawings t o  p o i n t  o u t  t h e  most d i s t a n t  and t h e  
t e r m i n a l s  c l o s e  t o  t h e  p l a n t .  

i i i )  Eva lua te  t h e  a i r  f l o w  i n  t h e  d i f f e r e n t  t e r m i n a l s .  A s imp le  r e l a t i v e  
measurement may be necessary (see MT D.8 th rough  D.11). 

The e v a l u a t i o n  o f  t h e  measurements taken  shou ld  l ead  t o  a  d e c i s i o n w h e t h e r :  

- t h e  system needs b a l a n c i n g .  
- b e t t e r  a i r  f l o w  measurements must be taken .  
- t h e  a i r  f l o w  ba lance i s  accep tab le .  

cost: A i r  f l ow  measure- ! ease of use: 
ment: See MT 0 .2  th rough  ! Easy, a l t h o u g h  some exper ience  i s  needed. 
0 .5 .  Time: 1-2 h r s .  ! 

accuracy: ! references: 
! 

............................................................................. 
recomended applications: 

............................................................................. 
alternative procedures: 

............................................................................. 
additional information: 

YARNING! Some t e r m i n a l s  may be ( d e l i b e r a t e l y  o r  n o t 1  b l i n d e d  by  t h e  
occupants .  T h i s  can cause d i s t u r b a n c e s  i n  t h e  e v a l u a t i o n .  
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aud i t  procedure: ! appl icat ion area: ! referenced from: 
P . l  ! PIPEYORK ! ECO P . l  

! HVAC-CONTROL ! 

t i t l e :  ! references to:  
CHECKING OF BALANCE OF PIPEYORK ! MT R.2 
SYSTEMS ! 

I f  a  h y d r o n i c  hea t  d i s t r i b u t i o n  system i s  t o  f u n c t i o n  p r o p e r l y ,  f rom an 
energy p o i n t  o f  v i e w ,  i t  must be ba lanced,  i . e .  e v e r y  r a d i a t o r  must r e c e i v e  
e x a c t l y  t h e  wa te r  f l o w  r e q u i r e d  t o  keep t h e  wanted i n d o o r  tempera tu re .  
R a d i a t o r s  r e c e i v i n g  t o o  much wa te r  w i l l  g i v e  o f f  t o o  much hea t  which w i l l  
r a i s e  t h e  room tempera tu re .  I f  a  r a d i a t o r  r e c e i v e s  t o o  s m a l l  a  f l o w .  t h i s  
w i l l  r e s u l t  i n  t o o  low a  room tempera tu re .  which can be compensated f o r  by 
r a i s i n g  t h e  feed wa te r  tempera tu re ,  r e s u l t i n g  i n  even h i g h e r  room 
tempera tu res  where t h e  tempera tu re  l e v e l  was a l r e a d y  t o o  h i g h .  

il The f i r s t  check o f  t h e  b a l a n c i n g  can be made by measur ing t h e  i n d o o r  
tempera tu re  i n  a  number o f  rooms. The most common i n d i c a t i o n  o f  an unbalanced 
system, assuming one wants t o  keep t h e  same tempera tu re  everywhere,  i s  t h a t  
rooms w i t h  l a r g e  hea t  l osses ,  e.g. rooms on t h e  t o p  f l o o r  o r  a t  t h e  g a b l e s .  
a r e  c o l d e r  t h a n  rooms c l o s e  t o  t h e  heat  p l a n t .  Th is  measurement i s  b e s t  
per formed on an o v e r c a s t ,  c o l d  day,  t h e  c o l d e r  t h e  b e t t e r .  The tempera tu re  
v a r i a t i o n  shou ld  be a t  most 1 o r  2 K  f o r  a  p r o p e r l y  ba lanced system. - 
i i )  If t h e  v a r i a t i o n  i s  l a r g e r ,  i t  does n o t  n e c e s s a r i l y  mean t h a t  t h e  hea t  
d i s t r i b u t i o n  system i s  unbalanced. I t  can be due t o ,  e.g. w rong ly  s i z e d  
r a d i a t o r s ,  u n c e r t a i n t i e s  i n  t h e  c a l c u l a t e d  hea t  l o s s e s ,  n e g l e c t i o n  o f  
i n f i l t r a t i o n  l o s s e s .  . i n t e r n a l  (e .g .  e l e c t r i c  l o a d s )  o r  e x t e r n a l  ( e . g .  
i n s o l a t i o n )  hea t  sources o f  v a r y i n g  s i z e ,  e t c .  I f  l a r g e  v a r i a t i o n s  a r e  
d e t e c t e d .  t h e  reason  f o r  t h i s  shou ld  be checked by a  measurement o f  t h e  
tempera tu re  d i f f e r e n c e  between feed  and r e t u r n  wa te r  f o r  v a r i o u s  c i r c u l a t i o n  

iiil I f  t h e r e  i s  a  l a rgc  
i s  an i n d i c a t i o n  t h a t  
ba lanced system. 

--------------...--..---. 
cost: 

d a r i a t i o n  a l s o  i n  t h i s  tempera tu re  d i f f e r e n c e ,  t h i s  
t h e  water  f l ows  a r e  n o t  what they shou ld  be i n  a  

ease of use: 
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---------------------------------~----~~------~~---~~~~~.~.....~~~~-~----~~~. 

alternative procedures: 

additional information: 

T h i s  procedure r e q u i r e s  a c c u r a t e  and f a s t  response temperature sensors .  Be 
su re  t h a t  temperatures a r e  measured i n  t h e  same r a y  i n  a l l  rooms, i . e . .  a t  
t h e  c e n t e r  o f  room. 1 . 5  m above t h e  f l o o r .  and t h a t  t h e  sensor  i s  s h i e l d e d  
from r a d i a t i o n  sources ( c o m p l a i n t s  about temperature i n  rooms ve ry  o f t e n  a r e  
i n f l u e n c e d  by su r face  tempera tu res ) .  [See  MT R . 2 . )  
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a u d i t  procedure: ! a p p l j c a t i o n  area: ! re fe renced from: 
P.2 ! P I P E Y O R K  SYSTEMS ! ECO P.6 

! ! 

t i t l e :  ! re fe rences  to :  
PIPEYORK DISTRIBUTION EFFICIENCY ! MT P.5. P.6 

! 

D i s t r i b u t i o n  e f f i c i e n c y  n,, i s  de f ined  as: 

As an es t ima t i on  o f  the d i s t r i b u t i o n . e f f i c i e n c y  us ing  t h i s  d e f i n i t i o n  would 
i nvo l ve  measurements on a l l  r a d i a t o r s  i n  the  system, i t  i s  common t o  s e l e c t  
one r a d i a t o r  t o  represent  the  r a d i a t o r s  o f  the system. This r a d i a t o r  should 
be chosen so t h a t  the  corresponding c i r c u l a t i o n  loop has a  l eng th  1  g iven  by 

where the  summation i s  over the  r a d i a t o r s  o f  the  system, q .  and li are the  
f low r a t e  and the  leng th  o f  the  c i r c u l a t i o n  loop f o r  one r a d i a t o r ,  and q i s  
the t o t a l  f low r a t e  from the  heat generator .  

The d i s t r i b u t i o n  e f f i c i e n c y  can then be est imated from 

where AT = temperature d i f f e rence  between the  b o i l e r  o u t l e t  and the  
r a d i a t o r  i n l e t  (supply water. 

ATr = temperature d i f f e r e n c e  between r a t i a t o r  o u t l e t  and b o i l e r  i n l e t  
( r e t u r n  water ) .  

AT = temperature d i f f e r e n c e  between supply and r e t u r n  water a t  the  
b o i l e r .  

The temperature d i f f e rences  should be measured s imul taneously (see WT P.5. 
P.61. 

--------.-----.......-.-.-.------------...-.------------------.-------------. 

cost:  ! ease of use: 
Depends on cos t  o f  ! Requires t r a i n e d  personnel f o r  s e l e c t i n g  the  most 
thermometer. ! s u i t a b l e  r a d i a t o r  c i r c u i t .  

accuracy: Depends on ! references:  
bo th  the  thermometer and ! 
the  choice o f  the  r a d i -  ! 
a t o r  c i r c u i t .  ! 
................................... --...-...-.------------------------------- 
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recolended applications: 

When excess ive  f u e l  consumption cannot be a t t r i b u t e d  t o  b u i l d i n g  envelope 
hea t  l osses  o r  poor  b o i l e r  performance. Should n o t  be a p p l i e d  when p i p e s  a r e  
w e l l  i n s u l a t e d .  

------...-...----------------------...---....-------------------.-...----.--- 

additional information: 
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a u d i t  procedure:  ! a p p l i c a t i o n  area:  ! r e f e r e n c e d  from: 
P.3 ! PIPEYORK ! ECO P.3.  P.lO. AP 5.2. 

! ! 

t i t l e :  ! r e f e r e n c e s  t o :  
ENERGY FLOW I N  HEAT DISTRIBUTION ! MT P.2 th rough  P.6. 
SYSTEMS ! 
--------------..---------------------...----.-----------------------------.-- 

d e s c r i p t i o n :  

The t o t a l  heat  supp ly  t o  t h e  p i p e s  can be d e r i v e d  by  measur ing t h e  water  
volume f l o w  and t h e  tempera tu re  i nc rease  ac ross  t h e  b o i l e r . .  Measuring 
equipment may a l r e a d y  be i n c l u d e d  i n  some i n s t a l l a t i o n s .  Techniques f o r  
measur ing volume f l ow  and tempera tu re  s e p a r a t e l y  a r e  d e s c r i b e d  i n  MT P.2 
t h r o u g h  P.4,  and i n  MT P.5 and P.6,  r e s p e c t i v e l y .  

For  volume f l o w  measurements, volume f l o w  meters  i n s e r t e d  i n  t h e  water  
d i s t r i b u t i o n  i m p l y  an e x t r a  f l ow  r e s i s t a n c e  which reduces t h e  water  f l o w  
r a t e .  To l i m i t  t h i s  e f f e c t  a  t y p e  o f  f l ow  meter w i t h  low r e s i s t a n c e  shou ld  
chosen. I t  i s  p o s s i b l e ,  however., t o  compensate t h e  p ressu re  l o s s  due t o  t h e  
volume f l ow  meter by i n c r e a s i n g  t h e  pump speed. One may then  proceed as 
f o l l o w s :  

i )  Measure t h e  water  tempera tu re  d i f f e r e n c e  [AT)  ac ross  t h e  b o i l e r  and t h e  
s u p p l y  wa te r  tempera tu re  I T S )  1e.g . .  by  a  thermometer p l a c e d  i n  t h e  
b o i l e r )  when t h e  b o i l e r  i s  on.  

iil F i t  t h e  volume f l o w  meter  i n  t h e  r e t u r n  p i p e  upst ream o f  t h e  pump, and 

iiil Keep t h e  b o i l e r  on u n t i l  t h e  water  t e m p e r a t u r e h a s  reached t h e  v a l u e  T  
aga in .  Measure AT once more and r e g u l a t e  t h e  pump o u t p u t  by  v a r y i n g  i t ?  
speed o r  by bypass r e g u l a t i o n ,  u n t i l  t h e  p ressu re  reaches t h e  same v a l u e  
as b e f o r e .  , 
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addi t iona l  information: 

BY us ing  t h i s  procedure the pressure loss  over the f low meter i s  compensated 
on ly  f o r  one g iven volume f low.  D i f f e r e n t  water f low ra tes  cause d i f f e r e n t  
pressure losses and, consequently, r e q u i r e  a  d i f f e r e n t  pump speed. By s e t t i n g  
the  r a d i a t o r  valves i n  the  normal p o s i t i o n s ,  the measuring e r r o r  due t o  
pressure loss  across the f low meter i s  minimized. I n  o rder  t o  compensate such 
pressure loss c o r r e c t l y  i n  a l l  circumstances, a  second pump connected i n  
se r i es  w i t h  the  volume f low meter may be used (see F i g .  11. The number o f  
r evo lu t i ons  o f  the pump should be c o n t r o l l e d  i n  such a  way t h a t  the pressure 
d i f f e rence  across f low meter and pump remains zero. 

Since the water d i s t r i b u t i o n  system i s  o f t en  very d i r t y ,  i t  should be 
poss ib l e  t o  c lean  the  volume f low meter dur ing  opera t ion  of t he  heat ing  p l a n t  
o r  t o  i n s t a l l  a  f i l t e r  upstream the measuring device.  

The f low r a t e  o f  the  heat ing medium can be considered as a  constant  i f  the 
hyd rau l i c  c i r c u i t  conta ins a  pump and i f  the pressure drop remains constant .  

F i g .  1 V o l u m e  f l o w  m e t e r  w i t h  
p r e s s u r e  c o m p e n s a t i o n  
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title: 
STEAM TRAP INSPECTION 

! references to: 
! RV P.2 

description: 

An i n i t i a l  i n d i c a t i o n  o f  steam t r a p  m a l f u n c t i o n  i s  g i v e n  by t h e  f l o w  o f  steam 
from system v e n t s  1e.g. condensate r e c e i v e r  v e n t s ) .  

Data c o l l e c t i o n  can t a k e  a  number o f  forms depending on t h e  l e v e l  o f  
i n f o r m a t i o n  one would  l i k e  t o  know about  t h e  per formance o f  a  p a r t i c u l a r  
steam t r a p .  The v a r i o u s  t ypes  o f  t e s t s  ( d a t a  c o l l e c t i o n  a c t i v i t i e s )  and t h e  
k i n d  o f  i n f o r m a t i o n  t h e y  can y i e l d  a r e  shown i n  Table  1. 

As a  minimum f o r  a u d i t i n g  and maintenance i t  i s  d e s i r a b l e  t o  t e s t  f o r  t r a p  
f a i l u r e  (open o r  c l o s e d l ,  leakage,  and b a c k i n g  up o f  condensate. T e s t i n g  f o r  
steam l o s s  a t  t h e  end o f  t h e  open c y c l e  and t h e  q u a n t i f i c a t i o n  o f  t o t a l  steam 
l o s s  (and t r a p  e f f i c i e n c y )  can be e c o n o m i c a l l y  j u s t i f i e d  i n  some i n s t a n c e s  
(see  RV P.2) .  

A d e s c r i p t i o n  o f  t empera tu re ,  a u r a l  and v i s u a l  t e s t i n g  methodo log ies  i s  g i v e n  
be low.  

i )  Jemoerature. Su r face  tempera tu res  can be measured a t  o r  c l o s e  t o  t h e  
steam t r a p  by a  v a r i e t y  o f  t echn iques  l s e e  MT P.51. The method has 
l i m i t a t i o n s  s i n c e  tempera tu res  immed ia te l y  b e f o r e  and a f t e r  t h e  t r a p  
tend  t o  be s i m i l a r ,  excep t  f o r  t h e r m o s t a t i c  t y p e  t r a p s  which shou ld .  
when c o r r e c t l y  o p e r a t i n g ,  d i s c h a r g e  steam somewhat below t h e  steam 
s a t u r a t i o n  temperatures.  Even i n  t h i s  case accuracy i s  l i m i t e d  by t h e  
accuracy o f  t h e  s u r f a c e  tempera tu re  measurements and i t s  a b i l i t y  t o  
t r u l y  r e p r e s e n t  what i s  happening i n s i d e  t h e  p i p e .  

i i )  L i s t e n i n g .  The sound made by a  steam t r a p  i s  o f t e n  a  more r e l i a b l e  
i n d i c a t i o n  o f  i t s  o p e r a t i o n  and t h e  sound can be observed t o o  by  u s i n g  a  
s te thoscope  o r  an u l t r a s o n i c  d e v i c e .  The d i f f i c u l t y  o f  such a  method i s  
t h a t  t h e r e  a r e  many t r a p s  w i t h o u t  a  d i s t i n c t i v e  s i g n a l .  Table  2  
c h a r a c t e r i s e s  sounds o f  some common t ypes  o f  t r a p s .  

111) m. 
1. SIGHT GLASS METHOD - a p p l i c a b l e  where a  s i g h t  g l a s s  has been f i t t e d  

i n  t h e  downstream s i d e  o f  t h e  t r a p .  I t  s h o u l d  be p o s s i b l e  t o  see i f  
t h e  t r a p  i s  d i s c h a r g i n g  condensate a n d l o r  pass ing  steam a l t h o u g h  i t  
i s  n o t  a lways c l e a r  what one i s  see ing .  

2 .  SIGHT CHECK - c o r r e c t  o p e r a t i o n  i s  i n d i c a t e d  by t h e  r e g u l a r  l i f t i n g  
and c l o s i n g  o f  a  v i s i b l e  b a l l  check.  

3 .  PET COCK METHOD - i f  t h e  t r a p  i s  p r o v i d e d  w i t h  a  t e s t  v a l v e  ( a  p e t  
cock o r  sma l l  g lobe  v a l v e 1  and s h u t - o f f  v a l v e  downstream (see F i g .  
11: 
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a .  Shut o f f  downstream v a l v e ,  and open t e s t  v a l v e .  The t r a p  i s  
f a u l t y  i f  t h e r e  i s  a  con t inuous  s t ream o f  steam. Do n o t  m i s t a k e  
f l a s h  steam (condensate t h a t  evaporates on exposure t o  normal 
a tmospher ic  c o n d i t i o n s )  f o r  a  steam l e a k .  Leak ing  steam w i l l  b low 
o u t  c o n t i n u o u s l y  and have a b l u i s h  c a s t ;  f l a s h  steam appears 
w h i t i s h  and w i l l  d r i f t  o u t .  

b. Condensate shou ld  be observed t o  f l o w  i n t e r m i t t a n t l y  o r  
c o n t i n u o u s l y  acco rd ing  t o  t h e  t y p e  o f  t r a p s  p a r t i c u l a r  
c h a r a c t e r i s t i c s  - see Table  2. 

A r e c e n t  d e v i c e  which i s  permanent ly  i n s t a l l e d  upstream of  t h e  t r a p  makes use 
o f  t h e  d i f f e r e n c e  i n  e l e c t r i c a l  c o n d u c t i v i t y  between condensate and steam t o  
d e t e c t  t h e  presence, o r  absence o f  condensate. A p o r t a b l e  p l u g - i n  t e s t e r  i s  
r e q u i r e d .  

I n  a l l  cases steam t r a p  m a l f u n c t i o n  r e q u i r e s  c o r r e c t i v e  a c t i o n .  The f a u l t y  
steam t r a p  shou ld  be s t r i p p e d ,  c leaned and s e r v i c e d ,  o r  r e p l a c e d .  

Where t h e r e  i s  reason t o  suspect  t h a t  a  p a r t i c u l a r  t r a p  i s  n o t  a  good c h o i c e  ' 
and i s  n o t  o p e r a t i n g  e f f i c i e n t l y ,  i t  may be d e s i r a b l e  t o  q u a n t i f y  i t s  a c t u a l  
per formance.  

See a l s o  App. C.6 and R V  P.2 f o r  e s t i m a t i n g  steam and hea t  l osses  f rom steam 
systems f o r  those occas ions where i t  i s  f e l t  necessary t o  have an idea  o f  t h e  
c o s t  o f  steam leakage.  

Test valve 
Shutoff I 

Fig. 1 
T e s t  v a l v e  method o f  
testing s t e a m  t r a p s .  

c o s t :  
L o r  

! ease o f  use: 
! Ranges f rom easy t o  r e q u i r i n g  some e x p e r t i s e  and 
! f a m i l i a r i t y  w i t h  d i f f e r e n t  steam t r a p  c h a r a c t e r -  
! i s t i c s .  

accuracy:  ! r e f e r e n c e s :  
V a r i e s  w i t h  method used ! Batherman. 1982: Sp i rax -Sarco .  1985. 
and exper ience  o f  ! 
a u d i t o r .  ! 

- - - - - -  
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Rou t ine  maintenance on a l l  steam systems c o n t a i n i n g  t r a p s .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
al ternat ive procedures: 

additional information: 

TABLE 1. Trap t e s t i n g  methods. 

TenPerature Ljstenina Uul Bench tesrrrel t e s t  

Trap f a i l e d  open c o n d i t i o n a l *  c o n d i t i o n a l  yes yes yes 
Trap f a i l e d  c losed  yes yes yes yes yes 
Leaking d u r i n g  c l o s e d  c o n d i t i o n a l *  yes yes yes yes 
c y c l e  
Loss a t  end o f  open no no no no yes 
c y c l e  
Backing up condensate c o n d i t i o n a l *  no yes c o n d i t i o n a l :  yes 
T o t a l  steam l o s s  no no no no yes 
Trap e f f i c i e n c y  no no no no yes 
Convenient yes yes yes no no 

* C o n d i t i o n a l  depending on type  o f  t r a p  and s i z e  of load. 

TABLE 2. C h a r a c t e r i s t i c  d ischarge  p a t t e r n  of a  number o f  gener i c  t r a p  t ypes .  

H A P  USUAL DISCHARGE PATTERN 

Thermodynamic D isc .  B l a s t  a c t i o n .  T i g h t  c l o s u r e  between 
d ischarges.  

Thermodynamic P i s t o n  B l a s t  a c t i o n .  Continuous leakage through 
'b leed '  o r i f i c e  when main v a l v e  i s  c losed.  

Balanced Pressure Thermostat ic  B l a s t  a c t i o n .  T i g h t  c l o s u r e  between 
d ischarges .  

L i q u i d  Expansion Continuous d r i b b l e  . d i scharge  on s teady.  
normal o r  heavy loads.  

B imeta l  Continuous d r i b b l e  d ischarge  v a r y i n g  w i t h  t h e  
amount of condensate. 

F l o a t  Traps Continuous d ischarge  v a r y i n g  w i t h  t h e  amount 
o f  condensate. 

I n v e r t e d  Bucket , B l a s t  a c t i o n  w i t h  t i g h t  c l o s u r e  between 
d ischarges ,  except  on l i g h t  loads when t h e r e  
i s  a  tendency t o  d r i b b l e .  
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a u d i t  procedure: ! a p p l i c a t i o n  area: ! referenced from: 
P.5 ! HEAT DlSTRlBUTlON ! ECO P . l  

! ! 
-----...-----------.------------.--...----------...----------...------------- 

t i t l e :  ! re fe rences  to :  
HEAT EMISSION FROM HEAT TERMINALS ! MT P.2 through P.6. R.2. 

! 
..-.----------...----------....--------------.-----------..----.------------- 

desc r i p t i on :  

Yhen measuring the heat emission from heat te rmina ls ,  the fol loWinU general 
r e l a t i o n  holds:  

o = oO* eQ = qm* AT * cp ( 1 )  

where 

e = d i f f e rence  between the mean te rmina l  temperature and the room 

temperature (see MT P.5. P.6 and R.2). 

qm = mass f low through te rmina l  (see MT P.2 through P.6) 

AT = temperature d i f f e rence  between supply and r e t u r n  water (see MT 4.5 and 

P.6) .  

c, = s p e c i f i c  heat capac i ty  o f  water 

O = heat emission 

0, = nominal heat emission f o r  te rmina l  (YIK') 

B = exponent. usua l l y  t ak i ng  a  value around 1.3. f o r  r a d i a t o r s .  1.5 f o r  

thermal convectors and 1 .1  f o r  f l o o r  heat ing and c e i l i n g  heat ing .  

For e we may use 

e = ( I  t T 1 1 2 - T  
s  r a  

i f  ( I r  - T a ) l ( T s  -1,) ) 0.7 

and 

e : (Ts - T r l l l n ( l T S  - T r ) l (T r  - l a ) )  i f  I T r -  T a ) l ( T S -  l a )  < 0.7 

where 

T = temperature o f  supply water 
S 

T = temperature o f  r e t u r n  water r 
T = temperature o f  room a i r .  a  

From eq. ( 1 )  i t  f o l l ows  t h a t  the  mass f low and the  heat emission o f  the 
te rmina l  can be der ived  from the room temperature and the temperature o f  the 
supply and r e t u r n  water i f  O i s  known. 

0 ............................................................................. 
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-------------------------------.---.----------------------.-..---..---.------ 

cost: ! ease of  use: 
! 
! 
! 

accuracy: ! references: 
! 

recommended applications: 

Hydronic  hea t  d i s t r i b u t i o n  systems. 

For  t h e  d e t e r m i n a t i o n  o f  the  hea t  d i s t r i b u t i o n  i n  a  d w e l l i n g  over  a  long  
p e r i o d ,  hea t  emiss ion  meters a r e  a l s o  used. The amount o f  evaporated l i q u i d  
i n  a  capsu le  p laced  on the  r a d i a t o r  i s  a  measure o f  t h e  t o t a l  amount o f  hea t  
e m i t t e d  i n  a  g i v e n  p e r i o d .  The accuracy i s  10 t o  15%. Depending on t h e  
measuring p e r i o d  d e s i r e d ,  a  more r a p i d l y  e v a p o r a t i n g  f l u i d  may be used, which 
a t  t h e  same t ime  inc reases  t h e  accuracy.  Even i f  no hea t  i s  e m i t t e d  by the  
r a d i a t o r  t h e r e  w i l l  be e v a p o r a t i o n ,  the  e x t e n t  o f  which i s  determined by t h e  
room tempera tu re .  T h i s  "background' evapora t ion  must be deduced from t h e  
f i g u r e  g i v e n  by t h e  e v a p o r a t i o n  meter .  

---------------------------------------------------------..--..---.----.--.-- 

addi t ional  information: 

T h i s  measurement o n l y  g i v e s  an approx imate r e s u l t ,  because, due t o  d i f f e r e n t  
t e r m i n a l  hea t  emiss ion ,  t h e  va lue  o f  0  may i n ' p r a c t i c e  be d i f f e r e n t  from the 
g i v e n  v a l u e ,  if t h i s  one has been det8rmined i n  the  l a b o r a t o r y .  If the  t o t a l  
hea t  emiss ion  i s  determined s e p a r a t e l y ,  however, t h e  hea t  d i s t r i b u t i o n  over  
t h e  d i f f e r e n t  t e r m i n a l s  can a l s o  be found from t h e  t o t a l  heat  s u p p l i e d  by the  
b o i l e r .  (see AP P.31 which i s  equal  t o  the  t o t a l  heat  emiss ion  of  a l l  
t e r m i n a l s .  O t o t ,  determined from t h e  r e l a t i o n :  

0 .  = ( 0  .*  e;l/(o0* eQ1 * O t o t  
,1 01 

where index i r e f e r s  t o  a  s i n g l e  t e r m i n a l .  

As i n  t h i s  approx imat ion  i t  i s  assumed t h a t  a l l  r a d i a t o r s  have the  same hea t  
o u t - p u t ,  i t  i s  i m p l i c i t l y  assumed t h a t  the  hea t  emiss ion  o f  the  p ipes  i s  a l s o  
even ly  d i s t r i b u t e d .  I n  some s p e c i a l  cases, the  hea t  p u t p u t  w i l l  change, f o r  
lower  water  temperatures,  t o  
0  = 0;* e l ,  where 0,'is a  new va lue  o f  0, and y may take  a  v a l u e  up t o  1.5. 

. . 
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a u d i t  procedure:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
S . l  ! SHY SYSTEMS ! ECO S.18. 5.19. 5 .20 

t i t l e :  
SYH REQUIREMENTS 

! r e f e r e n c e s  t o :  AP 5.3. MT P.2 , 
! th rough  P6. AT P.1.  R V  5 . 1  
! 

The h o t  water  demand v a r i e s  much between b u i l d i n g s  b e l o n g i n g  t o  t h e  same 
b u i l d i n g  c a t e g o r y .  Th is  demand i s  dependent on c o u n t r y  o r  r e g i o n ,  s i z e  of 
b u i l d i n g ,  number o f  occupants ,  t ype  o f  SHY p r o d u c t i o n ,  s t o r a g e  c a p a c i t y .  
s t o r a g e  losses and d i s t r i b u t i o n  l osses .  

The SHY consumption can be expressed e i t h e r  i n  terms o f  t h e  volume o f  h o t  
r a t e r  r e q u i r e d  o r  i n  terms o f  t h e  r e q u i r e d  energy f o r  h o t  water  g e n e r a t i o n .  
The n e t  energy f o r  h o t  wa te r  demand i s  o b t a i n e d  Qy m u l t i p l y i n g  t h e  r e q u i r e d  
volume i n  c u b i c  meters by 4 .2  AT, where 4.2 [ kJ /m , K 1  i s  t h e  v o l u m e t r i c  hea t  
c a p a c i t y  o f  water and AT i s  t h e  temperature d i f f e r e n c e  between t h e  c o l d  feed 
water  and t h e  SHY supp ly  r a t e r .  I f  t o  t h e  n e t  energy i s  added s t o r a g e  and 
d i s t r i b u t i o n  l o s s e s ,  one o b t a i n s  t h e  t o t a l  energy demand f o r  h o t  water  
g e n e r a t i o n .  

Examples o f  v o l u m e t r i c  consumptions a r e  found i n  RV S . l ,  t y p i c a l  
d i s t r i b u t i o n ,  s to rage  and g e n e r a t i o n  e f f i c i e n c i e s  i n  R V  5 .2 ,  s t o r a g e  losses  
and p i p e  losses  a re  t r e a t e d  i n  AP 5.3. AT P . l  and MT P.2 th rough  P.6. 
............................................................................. 

c o s t :  ! ease o f  use: 
! 

............................................................................. 

a l t e r n a t i v e  procedures: 
I n  many cases d a t a  on domest ic  SHY demand have been comp i led  a t  a  n a t i o n a l .  
r e g i o n a l  o r  m u n i c i p a l  l e v e l .  The SHY demand i s  o f t e n  expressed as dependent 
on a  v a r i a b l e  x  as 
a  + bx 
where a  and b  a r e  c o n s t a n t s  and t h e  v a r i a b l e  x  can be,  f o r  example, t h e  
number o f  occupants on a  d w e l l i n g ,  t h e  heated f l o o r  area o r  t h e  number o f  
rooms. 

a d d i t i o n a l  i n f o r m a t i o n :  
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a u d i t  procedure: ! a p p l i c a t i o n  area: SHY ! referenced from: 
5.2 ! SYSTEMS IN  MULTI-FAMILY ! ECO 5.16 

! AND COMMUNAL DWELLINGS ! 

t i t l e :  
SHY STORAGE CAPACITY 

! references t o :  
! AP P.3. MT P.2 through P.6. AT P . l  
! 

A simple g raph i ca l  technique can be used t o  determine the optimum SHY storage 
capac i ty  when system b o i l e r  ou tpu t  i s  f i x e d  ( i . e .  b o i l e r  replacement i s  n o t  
being considered) .  The procedure i s  c a r r i e d  ou t  i n  s i x  s teps:  

i) Moni tor  SHY consumption t o  o b t a i n  d a i l y  demand pa t t e rns .  (See A P  P.3 and 
MT P.2 through P6.) 

i i )  Draw up cumulat ive consumption graphs (as F ig .  1)  from t h e d a t a  
obta ined.  

i i i )  Draw on the  graph a  l i n e  AB represent ing  the  cumulat ive volume f low 
(conver t  b o i l e r  r a t i n g  from energy t o  volume f low a t  s torage 
temperature] .  

i v )  The consumption below l i n e  AB w i l l  be met by the  b o i l e r .  

v l  The volume between AB and the  demand curve must be met from storage 

v i )  The value S  ( t h e  maximum d is tance  between the  demand curve and AB). 
represents  the  maximum storage volume requ i red  a t  any one t ime i n  the  
day. 

v i i )  Compare the values w i t h  ac tua l  s torage capac i ty  

.As SHY demand can vary markedly from day t o  day, a  more accurate value o f  S  
would be obta ined from a  cumulat ive consumption graph generated from d a i l y  
data averaged over a  week o r  month. Ex t ra  storage (20-251) i s  necessary t o  
account f o r  mix ing o f  c o l d  feed water w i t h  ho t  s to red  water. 

cost :  ! ease o f  use: 
$100-$200 dependent on ! The method i s  r e l a t i v e l y  s t r a i gh t f o rwa rd  but  
the cos t  o f  mon i to r ing  ! accurate consumption data a re  necessary. 
SHY usage. ! 

'accuracy: 
101 

! references: 
! B r i t i s h  Gas. 1983. 
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.--..-------------....-.-------------------...--------------------..--------- 

reconended applications: 

SHY g e n e r a t e d  by b o i l e r  i n  commerc ia l  p r e m i s e s ,  s c h o o l s ,  a p a r t m e n t  b l o c k s .  
e t c .  

a l t e rna t i ve  procedures: 
AT P . l  
Compare a c t u a l  s t o r a g e  c a p a c i t i e s  w i t h  t h o s e  f r o m  s t a n d a r d  d e s i g n  ( e . g  ClBS 
Guide  8 4 - 7 .  T a b l e  8 4 . 9 1 .  

addi t ional  information: 

6 12 18 
Hours 

F i g .  1 C u m u l a t i v e  c o n s u m p t i o n  g r a p h  
F o r  n o t a t i o n .  see t e u t .  
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a u d i t  procedure: ! a p p l i c a t i o n  area: '! re fe renced from: 
5.3 ! ELECTRIC RESISTIVE ! ECO 5.7, 5.10. 5.22 

! STORAGE SHY SYSTEMS ! AP P . l  

t i t l e :  ! re fe rences  t o :  
EVALUATION OF STORAGE LOSSES FROM ! MT R.2. P.5. AT P . l  
SHY TANK ! 

Storage losses are l a r g e l y  the  r e s u l t  o f  conduct ion o f  heat  through t he  wa l l s  
o f  the  storage tank.  

The r a t e  o f  heat loss  w i l l  be dependent on tank shape, s i ze  and m a t e r i a l .  
s torage temperature, ambient temperature, and l e v e l  o f  i n s u l a t i o n .  

Th is  procedure uses t he  measured power inpu t  t o  the  tank necessary t o  
ma in ta in  a  p a r t i c u l a r  a i r l w a t e r  temperature d i f f e r e n c e  t o  c a l c u l a t e  the  
standing loss .  

il Measure the  ambient a i r  temperature (see HT R.21 

iil Measure t he  sur face temperature o f  t he  tank (underneath t he  i n s u l a t i o n )  
a t  a  p o s i t i o n  corresponding t o  hal fway down the  heat ing  e l e m e n t l c o i l  
(see MT P.51. 

iiil Connect the  sensor t o  a  b o n t r o l l e r  capable o f  ma in ta in ing  a  constant  
d i f f e rence  (e.g. 50 t- 1 C l  between t he  storage temperature and t he  
ambient a i r .  

i v l  P rov i s i on  should be made t o  measure t he  power i npu t  t o  t he  storage tank:  
a  kYh meter should be s u f f i c i e n t .  

v l  A l low the  tank t o  come up t o  the  design storage temperature (e.g. 6 0 ~ ~ 1 .  

v i l  Moni tor  the  energy consumed i n  ma in ta in ing  a  f i x e d  a i r l w a t e r  temperature 
d i f f e rence .  

v i i l  A f t e r  a  24 hour s t a b i l i s a t i o n  pe r i od ,  no te ' t he  energy consumed. 0, f o r  a  
c e r t a i n  t ime.  t .  Standing loss  = Ql t .  

--.....------------------------.---.----......------------------------....--- 

cost :  ! ease o f  use: 
I100 ! Q u a l i f i e d  t echn i ca l  s t a f f  requ i red .  

! 

accuracy: ! references:  
5% using kYh meters. ! 

! 
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reconended applications: 

alternative procedures: 

AT P.1. See a l s o  ClBS Guide 84-7. 1986. 

additional information: 

A t  l e a s t  2 days shou ld  be a l l o w e d  t o  c a r r y  o u t  t h i s  p rocedure  
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audit procedure: ! application area: ! referenced from: 
5.4 ! SOLAR SHY-SYSTEMS FOR ! ECO 5.22 

! APARTMENT BUILDINGS ! 

t i t l e :  ! references to: 
PERFORMANCE CHECK OF A SOLAR SHY 
SYSTEM 
............................................................................. 

description: 

C o l l e c t  the  f o l l o w i n a  data:  
il To ta l  s o l a r  i r r a d i a t i o n  i n  the  p lane o f  the  s o l a r  c o l l e c t o r s .  
i i )  To ta l  a u x i l i a r y  energy used. 
i i i )  Average SHY consumption. 

The minimum d u r a t i o n  should be one f o r t n i g h t  c o l l e c t i n g  values d a i l y .  The 
measurement pe r i od  cou ld  be shor te r  o r  longer depending on whqther o r  no t  
d i f f e r e n t  c l i m a t i c  cond i t i ons  occur .  

Having determined the  SHY load, t h i s  must be compared w i t h  the e x i s t i n g  SHY 
storage capac i ty :  if the storage volume i s  l a rge r  than the SHYda i l y  
consumption, the  procedure descr ibed below should make use o f  data averaged 
over per iods  longer than one day. 

Make a  p l o t  o f  the d a i l y  a u x i l i a r y  energy. QaU , as a  f unc t i on  o f  the d a i l y  
s o l a r  r a d i a t i o n  i n  the  p lane o f  the  c o l l e c t o r s ,  asol. 
I t  i s  assumed t h a t  the SHY load (Oloadl i s  constant  over the measurement 
per iod .  

('aux'max = ' load + L~ 

's = ' load Ls  - 'aux 

L s  
= the losses from SHY sys tem-d i s t r i bu t i on  

Qso1 = so la r  c o n t r i b u t i o n  t o  the SHY system 

Two types o f  e f f i c i e n c y  a re  commonly de f ined :  

System e f f i c i e n c y  us = Oload/lQ.au,)max 

So la r  e f f i c i e n c y  uSo1 = O s l O s O 1  

Both these e f f i c i e n c i e s  can be compared t o  re fe rence l o c a l  va lues o r  t o  
t h e o r e t i c a l  va lues .  RY.S.5 



App. F Audi t  Procedures ( 5 1  

c0st : lnst rumentat ion:  ! ease of use: 
$5000. Time: 8 h rs  tech- ! Rather easy. 
n i c i a n  f o r  i n s t a l l a t i o n  ! 
and recovery o f  i n s t r u -  ! 
ments, 2 h rs  engineer ! 
f o r  data eva lua t ion  ! 

accuracy: ! references:  
Increases w i t h  t ime. ! Roulet .  1987 

r e c o l e n d e d  app l i ca t ions :  

Test should be done on ly  on those systems which do not  show any v i s i b l e  
defects i .e .  as check o f  co r rec t  func t ion ing  a f t e r  i n s t a l l a t i o n  o r  dur ing  
guarantee per iod .  

a l t e r n a t i v e  procedures: 

a d d i t i o n a l  i n f o r u t i o n :  

No ECOs can be recommended s o l e l y  on the r e s u l t s  o f  t h i s  performance check. 
I f  performance unsa t i s f ac to r y ,  f u r t he r  aud i t  steps r i l l  be needed, e.g. check 
i n s u l a t i o n  o f  c o l l e c t o r ,  check i n s u l a t i o n  o f  HY pipes,  e t c .  - . 
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a u d i t  procedure:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
5 .5 ! SHY SYSTEMS ! ECO 5.4. S.8: 

! ! 

............................................................................. 

d e s c r i p t i o n :  

The v i a b i l i t y  o f  i n v e s t i n g  i n  a  hea t  pump IHP) f o r  SHY p r o d u c t i o n  i s  
dependent on a  number o f  f a c t o r s :  

i )  P a t t e r n  and volume o f  SHY usage. Heat pumps p e r f o r m  b e s t  under 
con t inuous  o p e r a t i o n ,  t h e r e f o r e ,  b u i l d i n g s  w i t h  f l a t  demand p r o f i l e s  a r e  
most s u i t a b l e .  

i i )  P r i c e  o f  competing f u e l s .  The economics o f  hea t  pumps a r e  s t r o n g l y  
i n f l u e n c e d  by the  p r i c e  o f  t h e  f u e l  a g a i n s t  which t h e  hea t  pump i s  
competing, e .g .  o n l o f f  peak e l e c t r i c i t y  v s .  g a s l o i l .  

iii) Simultaneous requ i rement  f o r  space heatinglcooling/chilling and SHY. The 
case f o r  a  hea t  pump . i s  improved i f  t h e  evapora to r  can be u t i l i s e d  f o r  
space c o o l i n g .  Th is  p o s s i b i l i t y  w i l l  be dependent on c l i m a t i c  p a t t e r n  
and b u i l d i n g  t y p e .  I f  combined w i t h  h e a t i n g ,  a h o t  gas c o o l e r  w i l l  keep 
condensing temperatures low and p r o v i d e  h i g h  temperature h o t  r a t e r  a t  
low c o s t .  

i v )  C o e f f i c i e n t  o f  performance COP = (energy d e l i v e r e d l l ( t o t a 1  energy 
i n p u t ) . ,  T y p i c a l  COP va lues  a r e  1.5-3.0. Performance i s  dependent on 
source temperature and r e t u r n  water  temperature (AP H.61. 

v )  The need f o r  an a u x i l i a r y  h e a t e r  t o  meet peaks. 

v i l  Storage c a p a c i t y .  The use o f  a  hea t  pump may r e q u i r e  a d d i t i o n a l  s to rage  
t o  o p t i m i s e  hea t  pump o p e r a t i o n  i . e .  s i z e  s to rage  such t h a t  hea t  pump 
can opera te  a l l  n i g h t  on o f f -peak  e l e c t r i c i t y  h e a t i n g  a  volume o f  water  
s u f f i c i e n t  t o  meet dayt ime demand. Overs ized l a r g e  tanks  inc rease  hea t  
l osses .  

v i i )  Heat l osses .  A  l a r g e  p a r t  o f  t h e  energy s u p p l i e d  t o  domest ic  h o t  r a t e r  
tanks  i s  needed t o  cover hea t  losses.  Reducing losses w i l l  d i r e c t l y  
improve the  COP o f  hea t  pump systems. Problems f r e q u e n t l y  occur  i n  
double w a l l  t anks  used f o r  combined h e a t i n g  and SHY p r o d u c t i o n  because 
o f  i n s u f f i c i e n t  hea t  t r a n s f e r  between o u t e r  tank  and t h e  h o t  r a t e r  
s to rage .  Th is  leads t o  excess ive  condensing t e m p e r a t i r e s .  

The procedure can be c a r r i e d  o u t  i n  f i v e  s teps :  

I. M o n i t o r  SHY usage t o  determine load  and demand p r o f i l e  
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2.  Assess hea t ing  o r  c o o l i n g  load  i f  s u i t a b l e  ( b u i l d i n g  f a b r i c ,  heat  l o s s  
c o e f f i c i e n t ,  a i r  i n f i l t r a t i o n ,  i n t e r n a l  heat  ga ins e t c . 1 .  

3. S ize heat pump and a u x i l i a r y  hea te r ,  i f  necessary. Take account o f  annual 
average a i r  temperatures,  r e q u i r e d  SHY storage temperatures. 

4. Check e x i s t i n g  s torage c a p a c i t y .  Opt imise f o r  maximum heat pump o p e r a t i o n .  
Check i n s u l a t i o n  o f  hot  water s to rage  tanks.  I f  ho t  water  i s  heated 
i n d i r e c t l y  i n  a  double w a l l  v e s s e l ,  c a r e f u l l y  consider  the  volume o f  the  
o u t e r  space. Consider p o s i t i o n i n g  o f  temperature sensors f o r  s t a r t i n g  and 
s topp ing  the  heat  pump and any supplementary heat source. 

5 .  Determine cos ts  o f  heat  pump and a d d i t i o n a l  s torage i f  r e q u i r e d ,  c a l c u l a t e  
p r o s p e c t i v e  b e n e f i t s :  these w i l l  be a  f u n c t i o n  o f  COP, c u r r e n t  SHY 
p r o d u c t i o n  cos ts ,  c o s t s  o f  energy. Assess v i a b i l i t y  us ing  s imple payback 
p e r i o d  o r  o ther  investment c r i t e r i o n .  

Proper system o p e r a t i n g  c o n d i t i o n s  a re  determined by measuring water 
temperatures I M T  P.5, P.6) and f lowra tes  I M T  P.2. P.3. P.41, number o f  s t a r t s  
and runn ing  t ime IMT E L . 7 ) .  Heat pump performance i s  determined by means o f  
AP HlC.1 and system performance can be eva lua ted  by comparing annual energy 
requi rement  IAP S.11 w i t h  s to rage  losses (AT P . l  and AP 5 .3 ) .  

~ ~ ~ ~ ~ ~ - ~ - ~ ~ ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . ~ ~ ~ ~ ~ ~ - ~ ~ ~ - ~ ~ - - ~ ~ - - ~ - - . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

cost: ! ease of  use: 
I 

! 
............................................................................. 

recomwnded applications: 

a l t e rna t i ve  Procedures: 

addit ional  information: 
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a u d i t  procedure: ! a p p l i c a t i o n  area: ! referenced from: 
L . l  ! LIGHTING ! ECO L.9. L.14 

! ! 
-------------------------------------------...--..--.------------------------ 

t i t l e :  ! references t o :  R V  L.2 
OVERALL LIGHTING EFFICIENCY ! 

--------------------.-----..---..---..---------------------..-....~~.~~-~~~~~ 

desc r i p t i on :  
Assessment o f  energy e f f i c i e n c y  of the  l i g h t i n g  system and t o  eva lua te  t he  
in f luence o f  i n d i v i d u a l  f a c t o r s  1e.g.: lamp luminous e f f i c a c y ,  lumina i re  
e f f i c a c y ,  room shape and s i ze .  w a l l  r e f l ec tance ,  e t c . )  on the  e f fec t i veness  
of l i g h t  emission and d i s t r i b u t i o n  t o  the  working p lane the  f o l l ow ing  
procedure i s  used. 

where: 

iil 

where: 

i i i )  

where: 

B a s i c :  
i I m u s e f u ~  = "'. 

m u s e f u ~  = u s e f u l  l i g h t  f l u x  [ I m l .  

P.: e l e c t r i c  power inpu t  [ M I .  

n = i n s t a l l a t i o n  e f f i c a c y  t lumen/wat t l  

m u s e f u ~  = A w * E w *  2  A "  = workplane area tm I. 

E w  = average workplane i l l uminance t l u x l .  

n = nlamp*nlum*LLF*RCU = yamp * LLF * CU 

yamp = lamp e f f i c a c y  I l umen /wa t t l .  

nlum = l um ina i r e  e f f i c i e n c y  ( r a t i o  o f  emi t ted  f l u x  t o  f l u x  

produced by lamp), a l so  re fe r red  t o  as ~ i g h t  Output Ra t i o  

LLF = l i g h t  loss f a c t o r  ( r educ t i on  f a c t o r  t o  take i n t o  account 

ag ing) .  

RCU = Room C o e f f i c i e n t  o f  U t i l i z a t i o n  ( r a t i o  o f  use fu l  f l u x  t o  

lumina i re  emi t ted  f l u x ] .  

CU = C o e f f i c i e n t  of u t i l i s a t i o n  ( r a t i o  o f  u s e f u l  f l u x  t o  lamp 

emi t ted  f l u x )  

The data c o l l e c t i o n  i s  as fo l lows:  

1. Determine E, by measuring the  i l l uminance a t  se lec ted  p o i n t s  on the  

workplane. For eq. liil t o  be c o r r e c t  area weighted average i l l uminance 

must be ca l cu la ted .  

2. Measure the  e l e c t r i c  power i npu t  P  o r  es t imate  by adding the  wattage of . 
i n d i v i d u a l  lumina i res .  
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The d a t a  e v a l u a t i o n  c o n s i s t s  o f :  

1. C a l c u l a t e  q f rom ( i l  and ( i i l .  

2 .  Knowing 0 ,  eq. ( i i i l  can be used t o  o b t a i n  v a l u e  o f  RCU f o r  i n s t a l l a t i o n .  

Es t ima te  and dlum f rom manu fac tu re rs  d a t a  (see a l s o  R V  L . l  and 

L.21, e s t i m a t e  LLF f rom R V  L . 2 .  

~ ~ ~ - ~ ~ ~ ~ - ~ ~ - - ~ ~ - - ~ ~ - - ~ ~ - -  
cost: 
One i l l u m i n a n c e  meter  
P o s s i b l y ,  one 
Ua t t -me te r  needed. 
......................... 
Accuracy:lf r e s u l t  based 
on c o r r e c t  and r e l e v a n t  
measurements o n l y ,  h i g h .  
o t h e r w i s e ,  depends on 
accuracy o f  e s t i m a t i o n .  
. . . ...................... 
recommended applications: 

ease of use: 
Some e x t r a  c a l c u l a t i o n  r e q u i r e d  f o r  
d i s a g g r e g a t i o n  o f  s i n g l e  e f f i c i e n c y  
components. 
...................................... 
references: 

Yhen r e n o v a t i o n  o f  l i g h t i n g  system necessary ,  i n  o r d e r  t o  e s t a b l i s h  
i n t e r v e n t i o n  p r i o r i t i e s .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
alternative procedures: 

............................................................................. 
additional information: 
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a u d i t  procedure: ! a p p l i c a t i o n  area: ! referenced from:ECO L.17 
L.2 ! LIGHTING ! 

t i t l e :  ! re fe rences  t o :  
LIGHTING ENERGY MONITORING ! 

! 
! 

desc r i p t i on :  

To measure l i g h t i n g  energy consumption i n  any g iven  space the  f o l l o w i n g  
procedure i s  used: 
il Determine how many L i g h t i n g  Energy Moni tors and associated b racke ts  are . . -- 

requ i red .  One i s  requ i red  f o r  each swi tch ing  circuit. . . 
iil Mount brackets on a  v e r t i c a l  sur face c lose  t o  a  se lec ted  lumina i re  i n  

each swi tch ing  c i r c u i t .  
iiil Try t o  avo id  mounting i n  d i r e c t  sunshine o r  near s e c u r i t y  lamps o r  any 

l i g h t  source no t  i n  t h a t  c i r c u i t .  
i V )  Mount accumulator on bracket  and r o t a t e  the  sensor so t h a t  i t  po in t s  

towards the  w a l l  and back p l a t e  o f  b racke t .  
v l  Switch on lumina i res  and check t h a t  accumulator i s  count ing  by observ ing 

the  p e r i d i c  f l ash ing  o f  the  t e s t  mon i to r .  
v i l  To read out  accumulated hours. unscrew accumulator from bracket  p lug  i n  . - 

reader.  

Ex t ra  care w i t h  the al ignment of the  sensor i s  r equ i red  when: 
l a1  d i s c r i m i n a t i o n  between adjacent  lumina i res  on d i f f e r e n t  sw i tch  c i r c u i t s  

i s  necessary. 
( b l  lamps i n  d i f f e r e n t  f i x t u r e s  o r  w i t h i n  a  s i n g l e  f i x t u r e  are on d i f f e r e n t  

phases o f  the  A - C  supply.  

I n  order  t o  moni tor  a  s i ng le  lumina i re  o r  lamp i n  the  presence o f  o thers  
c lose  by,  i t  i s  necessary i n  some instances t o  r o t a t e  the accumulator on i t s  
mount u n t i l  i t  responds on ly  t o  the  lumina i re  o r  lamp o f  i n t e r e s t .  If t h i s  
procedure f a i l s ,  then a  b lack  o r  low re f l ec tance  m a t e r i a l  can be adhered t o  
the r e f l e c t i n g  sur face of the mon i to r ing  bracket  t o  reduce the  s i g n a l  t o  the 
photosensor. This u s u a l l y  i s  s u f f i c i e n t  t o  achieve the  d i s c r i m i n a t i o n  
des i red .  

For each l i g h t i n g  switched c i r c u i t  the  power consumption can be ca l cu la ted  by 
m u l t i p l y i n g  the read ing  on the  l i g h t i n g  accumulator by the i n s t a l l e d  load 
which can be obta ined by count ing the  number and wattage o f  each f i x t u r e .  
Depending on the  frequency a t  which accumulator readings are taken, coarse 
l i g h t i n g  p r o f i l e s  can be developed: e.g..  work days, evening use. weekend and 
ho l i day  use from which p red i c t i ons  o f  annual e l e c t r i c a l  energy consumption 
can be made. 
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! 
-------------------------------.----....--.......---...---------------------- 

accuracy: ! references: 
! 
! 
! 

-~~-~--~~~~--~~.~-~---..~~-~.......~~.....~~~~.~~----~~~--~~~---~------------ 

recommended applications: 
- use t o  j u s t i f y  o r  c o n f i r m  l i g h t i n g  s w i t c h i n g  o p t i o n s .  
- use t o  c o n f i r m  v e r b a l  d e s c r i p t i o n s  o f  l i g h t i n g  s w i t c h i n g  p a t t e r n s .  

a l te rna t i ve  procedures: 
- kYh meters  - g e n e r a l l y  more expens ive,  u s u a l l y  r e q u i r e d  t o  be i n s t a l l e d  on 

a l l  s u b - c i r c u i t s  because o f  mixed use ( l i g h t i n g  and power1 panel  boards.  
- t i m e  lapse  photography - expens ive,  slow i n f o r m a t i o n  r e t r i e v a l ) .  
- e s t i m a t e s  - inexpens ive  b u t  most o f t e n  i n a c c u r a t e .  

addit ional  information: 
r i n c i D l e  of O p e r a t '  : 

-tor. A photo t r a n s i s t o r  whose c u r r e n t  v a r i e s  d i r e c t l y  
w i t h  t h e  amount o f  l i g h t  f a l l i n g  on i t  i s  used as an o p t i c a l  sensor .  The 
d e t e c t e d  s i g n a l  i s  a m p l i f i e d ,  shaped and f e d  t o  a  p r e - s c a l e r  c i r c u i t  which 
d i v i d e s  t h e  h i g h  f requency s i g n a l  t o  p u l s e s .  A low f requency s i g n a l  i s  a l s o  
d e r i v e d  from t h e  p r e - s c a l e r  c i r c u i t  and i s  used t o  f l a s h  a  l i g h t  e m i t t i n g  
d iode  on and o f f  p r o v i d i n g  a  c l e a r  i n d i c a t i o n  o f  c o r r e c t  o p e r a t i o n .  The 
pu lses  a r e  accumulated i n  a  coun te r  c i r c u i t .  The s t o r e d  i n f o r m a t i o n  can be 
read  ou t  by a  hand-he ld  reader  w i t h o u t  u p s e t t i n g  t h e  c o n t e n t s  o f  t h e  m o n i t o r .  
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--------------------.---..-...------------------...---.....-----.------------ 

aud i t  procedure: ! appl icat ion area: ! referenced from: ECO 
L.3 ! LIGHTING ! L.10.  L .5.  L.16 

! ! 
.------------------------..-..-----.-------------------.-..---....----.------ 

t i t l e :  ESTIMATION OF DAYLIGHT ! references to:  AP L.2. MTL.l 
POTENTIAL USING AN ILLUMINANCE ! 
METER ! 
------------------------------------------.---------------------------------. 

descript ion:  
The data c o l l e c t i o n  c o n s i s t s  o f :  
il Choose a  day w i t h  a  r e l a t i v e l y  unchanging sky i l l u m i n a n c e  on which t o  

c a r r y  ou t  measurements. Choose t y p e  o f  sky 'overcast '  o r  ' c l e a r '  
depending on t h e  preponderance o f  t h i s  t ype  o f  sky i n  your  area. 

i i )  Measure t h e  outdoor  and indoor  i l l u m i n a n c e  s imu l taneous ly ,  as d a y l i g h t  
l e v e l s  va ry  very q u i c k l y .  I f  t h i s  i s  n o t  p o s s i b l e ,  measure t h e  o u t s i d e  
i l l u m i n a n c e  immediate ly  p r i o r  t o  s t a r t i n g  indoor  measurements and a t  
f requen t  i n t e r v a l s  th roughou t  the  i n t e r n a l  measuring procedure descr ibed  
i n  3. below. I f  t h e  measurement o f  o u t s i d e  i l l u m i n a n c e  shows s i g n i f i c a n t  
v a r i a t i o n s ,  increase the  frequency o f  outdoor  measurement, repea t  be fo re  
and a f t e r  each room measurement i f  s i g n i f i c a n t  v a r i a t i o n  noted. Outdoor 
measurements should be made f o r  an unobs t ruc ted  sky and no d i r e c t  
s u n l i g h t .  

iiil For those areas thought  t o  have some d a y l i g h t  p o t e n t i a l ,  measure 
i l l u m i n a n c e  w i t h  t h e  e l e c t r i c  l i g h t s  PEL a t  a l l  those areas where 
c r i t i c a l  v i s u a l  tasks  a re  performed, e .g . .  i n  an o f f i c e ,  t h i s  would be a  
desk top ,  f i l i n g  c a b i n e t .  Measurement l o c a t i o n s  should a l s o  be made 
cogn izan t  o f  any p o t e n t i a l  l i g h t i n g  s w i t c h i n g  p o s s i b i l i t i e s .  

i v l  If t h e  room i s  p rov ided  w i t h  shades o r  drapes,  repea t  t h e  indoor  
i l l u m i n a n c e  measurements w i t h  these devices c l o s e d  and a d j u s t e d  as they 
m igh t  be t o  m in im ise  g l a r e  from t h e  sky o r  t o  min imise unwanted s o l a r  
g a i n s .  

v )  Gu ide l ines  and p r e c a u t i o n s  f o r  c a r r y i n g  ou t  i l l u m i n a n c e  measurements a re  
g i v e n  i n  MT L.1. 

The da ta  e v a l u a t i o n  c o n s i s t s  o f  
1. The d a v l i a h t  f a c t o r  can be c a l c u l a t e d  u s i n o  t h e  formula:  

S t r i c t l y  speaking the  measurement should be made a t  t h e  same ins tan t :hence  
t h e  need t o  choose days w i t h  above mentioned sky c o n d i t i o n s . ( n o  d i r e c t  
s u n l i g h t l .  

2 .  Cons t ruc t  average d a i l y  curves o f  i n s i d e  d a y l i g h t  i l l u m i n a n c e  l e v e l s  f o r  a  
r e p r e s e n t a t i v e  s i x  months o f  t h e  year  (assuming approx imate ly  symmetr ica l  
throughout  t h e  year  about June) f rom n a t i o n a l  o r  l o c a l l y  recorded o u t s i d e  
i l l u m i n a n c e  l e v e l s  ( w i t h o u t  d i r e c t  s u n l i g h t )  and s i t e  measured d a y l i g h t  
f a c t o r s  - see F i g u r e  under ' A d d i t i o n a l  In fo rmat ion ' .  
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3 .  Superimpose r e q u i r e d  i l l u m i n a n c e  l e v e l  a n d l l i g h t i n g  requ i remen t  p r o f i l e - o n  
d iagram (based on e s t i m a t e d  o r  observed use o f  b u i l d i n g  o r  f rom l i g h t i n g  
use su rvey ,  see AP L.2 .  

4 .  Make a l lowances f o r  i nc reases  i n  h e a t i n g  energy and r e d u c t i o n s  i n  c o o l i n g  
energy b rough t  about by a  reduced l i g h t i n g  load.  As a  f i r s t  app rox ima t ion ,  
assume t h a t  a l l  t h e  l i g h t i n g  r e d u c t i o n s  d u r i n g  t h e  h e a t i n g  season must be 
made up f rom t h e  h e a t i n g  p l a n t  - remember t o  add a  b o i l e r  e f f i c i e n c y  i f  
f u e l - f i r e d  p l a n t  and t h a t  sav ings  d u r i n g  t h e  c o o l i n g  season d i v i d e d  by a  
r e f r i g e r a t i o n  p l a n t  C.O.P. can be s u b t r a c t e d  f rom t h e  A I C  l oad .  

5. Yhere b l i n d s  o r  drapes a r e  p r o v i d e d ,  some a l l owance  f o r  use o f  b l i n d s  
shou ld  be made based on measured d a y l i g h t  f a c t o r s  and e s t i m a t e s  o f  use. ............................................................................. 

cost:Equipment - 1100+ ! ease o f  use: Data C o l l e c t i o n  s imp le ,  c a l c u l a t i o n s  
f o r  i l l u m i n a n c e  meter ! more i n v o l v e d .  
Data C o l l e c t i o n  - 10 t o  ! 
15 minutes pe r  workp lace ! 

accuracy: Measurement ! re ferences:  
accuracy 15%. ! 

r e c o n e n d e d  a p p l i c a t i o n s :  
- where d a y l i g h t  p o t e n t i a l  has been p o s i t i v e l y  i d e n t i f i e d .  
............................................................................. 

' a l t e r n a t i v e  Procedures: 
il More a c c u r a t e  and expens ive b u t  t ime-sav ing  -use d a y l i g h t  f a c t o r  me te r .  
iil C a l c u l a t e  d a y l i g h t  f a c t o r .  
iiil Other  c a l c u l a t i o n  techn iques  a r e  g i v e n  i n  t h e  r e f e r e n c e s ,  a l t e r n a t i v e s .  

f o r  more accuracy d e t a i l e d  h o u r l y  a n a l y s i s  methods such as DOE 2 c o u l d  
be used. 

a d d i t i o n a l  i n f o r m a t i o n :  
1600 

1400 - 
0 

1200 E 
0 .- - 
$ 1000 
u 

800 
0, e 600 z .- 
5 400 - - .- 
a z 200 
c - 

3 6 9 12 15 18 21 
-Time of day j 

Average 
January day 

saving 
M I 

Required 
lighting 

Daylight 

profile 
......... 

3 6  9 12 15 18 21 
-Timeof day + 

F I G .  1 Examples o f  d a y l i g h t  p o t e n t i a l .  
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audi t  procedure: ! appl icat ion area: ! referenced from: 
EL.1 ! ELECTRICAL ! ECO EL.5. AP EL.2 

! ! 

t i t l e :  EVALUATION OF POYER FACTOR ! references to:  AP EL.2 and EL.3. 
CORRECTION FOR CHARGES BASED ON ! MT EL.5. AT EL.5. R V  EL.6. 
MEASURED PDYER FACTOR ! 

descript ion:  

Determine t h e  p resen t  o v e r a l l  system power f a c t o r  IPF) u s i n g  one o f  t h e  
methods d e s c r i b e d  on MT EL.5. The d a t a  e v a l u a t i o n  i s  as f o l l o w s :  

il I f  the  (PF) i s  lower  than  t h a t  a t  which c o r r e c t i o n  charges a p p l y .  
proceed t o  s t e p  2 :  o t h e r w i s e  d i s c o u n t  the  ECO as i n a p p r o p r i a t e .  

i i )  C a l c u l a t e  the  t o t a l  r e a c t i v e  power r e q u i r e d  u s i n g  A T  EL.2 t o  b r i n g  t h e  
i n s t a l l a t i o n  up t o  the  p o i n t  a t  which PF charges would no longer  app ly .  

i i i )  Make a  l i s t  o f  a l l  t he  equipment f o r  which PF c o r r e c t i o n  m igh t  be 
a p p r o p r i a t e  n o t i n g  i t s  power. v o l t a g e  and p e r i o d  o f  o p e r a t i o n .  For  t h i s  
and subsequent .s tages the  format  shown i n  Table 1  m igh t  be adopted. 

i v l  For  each equipment i d e n t i f y  the  maximum p e r m i s s i b l e  c a p a c i t o r  r e a c t i v e  
power t h a t  c o u l d  be connected t o  t h e  equipment lco lumn 5 ) .  c o n s u l t  l o c a l  
w i r i n g  codes and motor manufacturer  - sample d a t a  a r e  g i v e n  on RV EL.6. 

v l  I n  column 6  no te  t h e  approx imate cos t  o f  p r o v i d i n g  i n d i v i d u a l  power 
f a c t o r  c o r r e c t i o n  c a p a c i t c r s  f o r  each p i e c e  o f  equipment down t o  t h e  
frame power s i z e  below which c e n t r a l  group power f a c t o r  c o r r e c t i o n  
g e n e r a l l y  becomes more economical ( t y p i c a l l y  10 kY. o r  10 hp. c o n s u l t  
l o c a l  power f a c t o r  c o r r e c t i o n  equipment manufacturers  f o r  b e t t e r  
gu idance) .  

v i )  Organise the  i n d i v i d u a l  PF c a p a c i t o r s  i n  ascending o r d e r  per u n i t  l k v a r l  
c o s t  - use column 7 .  Normal ly  r e a c t i v e  power pe r  u n i t  c o s t  decrease w i t h  
i n c r e a s i n g  u n i t  s i z e  and v o l t a g e .  

v i i )  I n  the  o r d e r  d e f i n e d  by Step 7 ,  c a l c u l a t e  t h e  c u m u l a t i v e  e f f e c t  on the  
gvstem Dower f a c t o r  o f  p r o g r e s s i v e l y  adding i n d i v i d u a l  PF c o r r e c t i o n  
c a p a c i t o r s  - use column 8. Stop a t  the  p o i n t  when the  power f a c t o r  i s  no 
l o n g e r  below t h a t  one f o r  which power f a c t o r  p e n a l t i e s  a r e  i n c u r r e d  - t o  
c o n t i n u e  p a s t  t h i s  p o i n t  would r e s u l t  i n  f u r t h e r  sav ings.  I t  w i l l  be 
necessary t o  r e f e r  t o  the  t a r i f f  agreement t o  determine the  p o i n t  beyond 
which PF c o r r e c t i o n  i s  n o t  r e q u i r e d .  
I f  t h i s  p o i n t  has n o t  been reached by the  t ime  a l l  i n d i v i d u a l  power 
f a c t o r  equipment has been cons idered.  i t  w i l l  be necessar ry  t o  cons ide r  
group power f a c t o r  c o r r e c t i o n  equipment t o  make up t h e  d e f i c i t .  

v i i i l T h e  method desc r ibed  above w i l l  n o t  n e c e s s a r i l y  p r o v i d e  an accep tab le  
payback and t h e  usua l  form o f  c o s t  b e n e f i t  a n a l y s i s  must t h e n  be c a r r i e d  
o u t  based on p r o j e c t e d  power f a c t o r  c o s t  sav ings  and t h e  c a p i t a l  c o s t  o f  
the  equipment.  A c t u a l  power f a c t o r  sav ings w i l l  need t o  be worked o u t  on 
the  b a s i s  o f  t h e  t a r i f f  agreement i n  p l a c e .  

i x l  For  s i m p l i c i t y ,  the  s teps  d e s c r i b e d  above do n o t  address i n  d e t a i l  t h e  
n e c e s s i t y  t o  cons ide r  i n d i v i d u a l  equipment o p e r a t i o n  and t h e i r  e f f e c t  on 
t h e  v a r i a t i o n  o f  system power f a c t o r  w i t h  t ime.  A d d i t i o n a l  c o n s i d e r a t i o n  
i s  needed where motor o p e r a t i o n  i s  i n t e r m i t t e n t  i n  n a t u r e .  

--------------------------.----..--.-..-------------------------------------- 
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cost:Low cos t  of labour.  ! ease o f  use: Ove ra l l  PF measurement f a i r l y  simple 
see RT EL.5 f o r  equip- ! w i t h  d i g i t a l  power f ac to r  r a t e  and clamp on 
ment cos t .  Ca l cu la t i on  ! cu r ren t  probes. Analys is  can become complex i f  
can be t ime consuming. ! motor usage i s  i n t e r m i t t e n t .  

accuracy: ! references:Freeborn. 1980. B e l l  and Hester .  1980. 
See RT EL.5 f o r  i n s t r u -  ! 
ment accuracy. ! 

recommended app l i ca t i ons :  

1. I n s t a l l a t i o n s  where power f ac to r  penal ty  charges are being incur red  
because o f  low power f ac to r  and power f ac to r  improvement a re  being 
pursued through the  use o f  capac i to rs .  

2. Power f ac to r  improvements are poss ib le  through the co r rec t  matching o f  
motor s i ze  and d r i ven  load o r  us ing h i gh  e f f i c i e n c y  motors. See AP EL.3. 
For an op t ima l  s o l u t i o n  both procedures should be considered toge ther .  
The lowest cos t  o f  i n d i v i d u a l  equipment power f a c t o r  c o r r e c t i o n  be i t  
through a  replacement motor o r  the i n s t a l l a t i o n  o f  a  capac i t o r ,  should be 
used i n  the  procedure described here. 

a l t e r n a t i v e  procedures: 
See AP EL.2 where charges based on kU demand 

a d d i t i o n a l  in format ion:  

TABLE 1. Power f a c t o r  c o r r e c t i o n  eva lua t ion  form. 

. . . . ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ - - ~ ~ ~ ~ ~ ~ ~ - - - - ~ ~ ~ ~ ~ ~ ~ - - - - ~ ~ ~ - ~ - - - - - - - ~ ~ - - - - - - - - ~ - - - - -  

1 2 3 4 5 6 7 8  
EQUIP FRAME VOLTS EQUIPMENT MAX APPROX ORDER OF CUMULATIVE 
REF POWER OPERATIDN ALLOWABLE COST OF ASCENDING EFFECT ON 

C A P A C I T O R  PF PER UNIT SYSTEM 
R E A C T I V E  CAPACITOR COST PF 
POWER 
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t i t l e :  EVALUTATION OF POWER FACTOR ! r e f e r e n c e s  to:AP EL.1. EL.3, M T  EL.4. 
CORRECTION WHEN REACTIVE POWER I S  ! EL.5. AT EL.4. R V  EL.6. 
CHARGED THROUGH kVA DEMAND ! 
............................................................................. 

d e s c r i p t i o n :  

Check c o i n c i d e n c e  between p o s s i b l e  poor  power f a c t o r  and peak demand t o  
ensure t h a t  power f a c t o r  c o r r e c t i o n  c o u l d  i n  f a c t  lower  t h e  reco rded  demand. 
T h i s  can be done by:  
il m o n i t o r i n g  demand and power f a c t o r  s i m u l t a n e o u s l y  (see MT EL.4 and 

EL.5) .  o r  
iil measur ing t h e  power f a c t o r  o f  i n d i v i d u a l  mo to rs  known t o  be o p e r a t i n g  a t  

t h e  t i m e  a t  which t h e  peak l o a d  i s  known o r  assumed t o  occu r .  (See MT 
EL.5.) 

The da ta  e v a l u a t i o n  i s  as f o l l o w s :  
1. Make a l i s t  o f  a l l  t h e  equipment t h a t  r u n s  a t  t h e  t i m e  o f  peak demand and 

f o r  wh ich  power f a c t o r  c o r r e c t i o n  m igh t  be a p p r o p r i a t e  n o t i n g  i t s  power 
and v o l t a g e .  For  t h i s  and subsequent s tages t h e  fo rmat  shown i n  Table  1 
m i g h t  be adopted.  

2.  For  each equipment i d e n t i f y  t h e  maximum p e r m i s s i b l e  c a p a c i t o r  k v a r  t h a t  
c o u l d  be connected t o  t h e  equipment IcOlumn 4 )  c o n s u l t  l o c a l  w i r i n g  codes 
a n d l o r  motor  manu fac tu re r  - sample d a t a  a r e  g i v e n  on RV EL.6. 

3. I n  column 5 n o t e  t h e  c o s t  o f  p r o v i d i n g  i n d i v i d u a l  power f a c t o r  c o r r e c t i o n  
c a p a c i t o r s  f o r  each p i e c e  o f  equipment down t o  t h e  frame power s i z e  be low 
which c e n t r a l  group power f a c t o r  c o r r e c t i o n  g e n e r a l l y  becomes more 
economica l  ' ( t y p i c a l l y  around lOkW ( 1 0  h p ) ,  c o n s u l t  l o c a l  power f a c t o r  
c o r r e c t i o n  equipment manu fac tu re rs  f o r  b e t t e r  gu idance) .  

4. C a l c u l a t e  f o r  each motor  i n  t u r n  i n  t h e  o r d e r  o f  descending motor  s i z e :  
a )  t h e  kVA sav ings  f o r  each p i e c e  of  equipment u s i n g  A T  EL.2 (column 6 ) .  
b )  t h e  annual  c o s t  sav ing  based on t h e  kVA s a v i n g  t i m e s  t h e  kVA demand 

charge (column 7 ) .  and 
C )  t h e  payback lco lumn 7 )  o r  o t h e r  economic c r i t e r i a .  

Where t h e r e  a r e  motors  p f  d i f f e r i n g  v o l t a g e s  i t  w i l l  be necessary  t o  
check a t  which p o i n t  c a p a c i t o r s  f o r  s m a l l e r  mo to rs  a t  h i g h e r  v o l t a g e s  
become cheaper pe r  u n i t  o f  k v d r  t h a n  l a r g e r  motors  a t  lower  v o l t a g e s .  

Stop t h e  c a l c u l a t i o n s  a t  t h e  p o i n t  a t  which t h e  payback does n o t  meet t h e  
d e s i r e d  economic b e n e f i t .  

5. I f  Power f a c t o r  c o r r e c t i o n  f o r  a l l  t h e  l a r g e r  s i z e  mo to rs  c a l c u l a t e d  
above meet t h e  d e s i r e d  economic b e n e f i t .  E o n t i n u e  t h e  a n a l y s i s  f o r  
i n c r e m e n t a l  amounts o f  group power f a c t o r  c o r r e c t i o n  equipment u n t i l  t h e  
p o i n t  a t  which adding a d d i t i o n a l  equipment i s  judged t o  be no longer  c o s t  
e f f e c t i v e .  
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cos t :Ana lys i s  o f  demand 
and power f a c t o r  v a r i -  
a t i o n  can be c o s t l y  due 
t o  equipment c o s t  and 
da ta  a n a l y s i s  
----...-.....-------..... 

! ease o f  use: O v e r a l l  power f a c t o r  and demand r e -  
! c o r d i n g  i s  f a i r l y  s imp le  w i t h  d i g i t a l  r e c o r d e r s  
! and clamp on c u r r e n t  probes.  A n a l y s i s  can become 
! complex i f  motor usage i s  i n t e r m i t t a n t  o r  unpre- 
! d i c t a b l e .  

accuracy:  ! r e f e r e n c e s :  
See MT EL.5 f o r  i n s t r u -  ! Freeborn.  1980. B e l l  and H e s t e r .  1980. 
ment accuracy.  ! 
--------------.-..--------.-...--------------.--------------...--.----------- 

r e c o u e n d e d  a p p l i c a t i o n s :  

1. I n s t a l l a t i o n s  where charges a r e  made f o r  kVA demand and r e d u c t i o n  i n  
r e a c t i v e  power component i s  b e i n g  cons ide red  th rough  t h e  use o f  
c a p a c i t o r s .  

2 .  Power f a c t o r  improvements a r e  p o s s i b l e  th rough  t h e  c o r r e c t  match ing o f  
motor s i z e  and d r i v e n  load  o r  u s i n g  h i g h  e f f i c i e n c y  motors .  See AP EL.3. 
For  an o p t i m a l  s o l u t i o n  b o t h  procedures shou ld  be cons ide red  t o g e t h e r .  
The lowes t  c o s t  o f  i n d i v i d u a l  equipment power f a c t o r  c o r r e c t i o n  be i t  
th rough  a rep lacement  motor o r  t h e  i n s t a l l a t i o n  o f  a  c a p a c i t o r ,  be used 
i n  t h e  procedure desc r ibed  here.  

a l t e r n a t i v e  procedures:  

See AP EL . l  where charges a r e  made on t h e  b a s i s  o f  measured power f a c t o r  

-------------.--..--------.-.....-.-.------------.-.......------------------- 

a d d i t i o n a l  i n f o r m a t i o n :  

TABLE 1. Kvar c o r r e c t i o n  e v a l u a t i o n  form.  

1 2 3  4 5 6 7 8  
EQUIP FRAME VOLTS MAX COST OF kVA I PAYBACK 
REF POUER ALLOUABLE POUER SAVING SAVING (OR OTHER 

CAPACITOR FACTOR ECONOMIC 
REACTIVE CAPACITOR 
POUER 
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a u d i t  procedure: ! a p p l i c a t i o n  area: ! re fe renced from: 
EL.3 ! ELECTRICAL ! ECO EL.7. EL.9. EL.10. 

! ! AP EL. l .  EL.2. A T  EL.3 

t i t l e :  ! references t o :  ECO EL.7. EL.9 
EVALUATION OF MOTOR EFFICIENCY ! M T  EL.5. A T  E L . l .  EL.3. 0.1. 
IMPROVEMENT ! R V  EL.2, EL.3. EL.4 

! 

desc r i p t i on :  

B t a  c o l l e c t i o n :  
Determine the  e x i s t i n g  motor opera t ing  p o i n t  (percent  of f u l l  l oad)  by: 
i )  Measurina t h e  Dower f a c t o r  PF (MT EL.51 and usina the  r e l a t i o n s h i 0  -~ ~ 

between -power f e c t o r  and percent f u l l  load. ~ s e ~ m i r i u f a c t u r e r ' s  data f o r  
the  motor i n  ques t ion  o r  use the  gener ic  data Provided on R V  EL.3, o r  

i i )  f o r  fan and pump motors, determine the  opera t ing  p o i n t  o f  the  fan  and 
pump [see App. C.5) and hence from the fanlpump manufacturer 's  data 
determining the load on the motor. 

Data Eva lua t ion :  
1. Determine the  r e a l  and r e a c t i v e  power ( o r  power f a c t o r )  draw a t  t h i s  

opera t ing  p o i n t  again us ing manufacturer 's  data [ p re fe r red ]  o r  da ta  
provided on R V  EL.4. 

2. Determine the  r e a l  and r e a c t i v e  power improvements poss ib le  f o r :  
a) E C O  EL.7 Power Factor  C o n t r o l l e r :  Use manufacturer 's  data f o r  motor 

c h a r a c t e r i s t i c  changes f o r  PF c o n t r o l l e r  se lected.  
b)  ECO .EL.9 High E f f i c i e n c y  Motor: Use manufacturer 's  data f o r  h i gh  

e f f i c i e n c y  motor o r  use data on R V  EL.2. 
c l  ECO EL.10 Correct  Matching o f  Dr iven  Load and Motor: Use 

manufacturer 's  data f o r  new motor s i ze  o r  use da ta  on R V  EL.3. 
3. Ca lcu la te  ' d i r e c t  e f f e c t '  savings: i .e .  savings d i r e c t l y  r e l a t e d  t o  the  

ques t ion  o f  the  motor being r e t r o f i t t e d .  See A T  EL . l .  
4. Ca lcu la te  i n d i r e c t  e f f e c t  o f  the  ECO on heat ing and coo l i ng  loads: 

a )  I f  the motor i s  not  d i r e c t l y  i n  a  cond i t ioned space o r  cond i t ioned a i r  
stream: e.g. exhaust fan motors. pump motors i n  p l a n t  rooms, there  
w i l l  be no  ' i n d i r e c t  e f f e c t ' .  

b l  I f  the  motor i s  i n  a  heated space and might u s e f u l l y  c o n t r i b u t e  t o  the  . . 
hea t ing  o f  t h a t  space: e.g. a  supply a i r  fan i n  which the  m t o r  i s  i n  
Lhe a i rs t ream or. equipment a c t u a l l y  i n  the  space, then there  w i l l  be a  
p ropo r t i ona te  inc rease i n  the  energy requ i red  f o r  hea t ing .  

c )  I f  the motor i s  i n  a  cooled space o r  a i r s t r e a m . ' t h e r e  w i l l  be 
p ropo r t i ona te  reduc t i on  i n  the  energy requ i red  f o r  coo l i ng .  

Some guidance on how these i n d i r e c t  e f f e c t s  might be accounted f o r  us ing hand 
c a l c u l a t i o n s  are g iven  i n  A T  EL. l .  A l t e r n a t i v e l y ,  hou r l y  computer ana lys is  
models might be considered which can normal ly  handle i n t e r a c t i o n s ,  e s p e c i a l l y  
where HVAC systems are concerned. more e f f e c t i v e l y .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
cost: ! ease of use: 
Refer  t o  measurement ! Measurements f a i r l y  easy.  
techniques f o r  Data ! C a l c u l a t i o n s  can be d e t a i l e d i f  i n d i r e c t  e f f e c t s  
C o l l e c t i o n  cos ts .  ! need t o  be considered.  

accuracy:Refer t o  ! references: 
measurement techniques ! 
f o r  Data C o l l e c t i o n  ! 
accuracy.  Power f a c t o r  ! 
methods a r e  probably ! 
more r e l i a b l e . D i r e c t  ! 
energy e f f e c t  can be ! 
r e l i a b l y  c a l c u l a t e d :  ! 
i n d i r e c t  w i l l  be ! 
approximate .  ! 

recommended applications: 

alternative procedures: 

additional information: 
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-------------------------------------------------------------.-----------.--- 

audi t  procedure: ! appl icat ion area: ! referenced from: 
EL.4 ! ELECTRICAL ! ECO EL.4 

! ! 

t i t l e :  ! references to: MT EL.4 and M.1 
EVALUATION OF THE POTENTIAL FOR LOAD ! 
SHEDDING CONTROLS ! 

Some p r e l i m i n a r y  a c t i v i t i e s  a r e :  

i )  O b t a i n  c o p i e s  o f  u t i l i t y  b i l l s  showing h i s t o r i c a l  r e c o r d  o f  demand. Check 
f o r  demand f i g u r e s  t h a t  a r e  e s t i m a t e s ,  n o t  a c t u a l  meter  r e a d i n g s .  
Determine annual  c o s t  o f  demand charges.  

i i )  Based on amount o f  annual  demand charges and p o s s i b l e  p r o j e c t e d  sav ings  
th rough  demand c o n t r o l  ( say  a  minimum o f  5 t o  10%) make a  d e c i s i o n  on t h e  
need f o r  f u r t h e r  e v a l u a t i o n .  

? 

The da ta  c o l l e c t i o n  i s  c a r r i e d  o u t  as f o l l o w s :  

Determine t h e  p a t t e r n  o f  l o a d  demand th rough  a  c o m b i n a t i o n  o f  t h e  
f o l l o w i n g  a c t i v i t i e s  and a v a i l a b l e  da ta .  
a )  U t i l i t y  demand b i l l i n g  r e c o r d s .  
b )  E x i s t i n g  demand r e c o r d s  taken  by b u i l d i n g  o p e r a t i o n s  s t a f f .  
c )  M o n i t o r i n g  b u i l d i n g  demand ove r  a  number o f  days (see  MT EL.4 and 

M.1 ) .  Some though t  shou ld  be g i v e n  t o  t h e  s e l e c t i o n  o f  t h e  demand 
m o n i t o r i n g  p e r i o d s  t o  o b t a i n  t h e  most u s e f u l  r e s u l t s .  The f o l l o w i n g  
gu idance i s  g i v e n :  
- Where t h e r e  i s  l i t t l e  o r  no seasonal  v a r i a t i o n s  i n  demand o r  where 

t h e  same equipment r u n s  th roughou t  t h e  year  - t i m e  o f  demand 
m o n i t o r i n g  i s  n o t  c r i t i c a l .  

- Where t h e r e  i s  l i t t l e  o r  no seasonal  v a r i a t i o n  i n  d e m a n d m  
d i f f e r e n t  equipment r u n s  i n  d i f f e r e n t  t imes  o f  t h e  year  ( e . g .  
e l e c t r i c  h e a t i n g  r e p l a c i n g  e l e c t r i c a l l y  d r i v e n  c o o l i n g  equipment)  - 
i d e a l l y ,  demand m o n i t o r i n g  shou ld  be made ove r  d i f f e r e n t  p e r i o d s  o f  
t h e  year  

- Where t h e r e  a r e  l a r g e  seasonal  v a r i a t i o n s  - m o n i t o r i n g  i s  d e s i r a b l e  
as i n  b .  above except, where demand charges a r e  based on t h e  maximum 
demand i n  t h e  y e a r  ( a s  opposed t o  i n d i v i d u a l  month ly  cha rges ) .  I n  
t h i s  case i t  i s  o b v i o u s l y  d e s i r a b l e  t o  do t h e  demand m o n i t o r i n g  
d u r i n g  t h e  p e r i o d  o f  peak demand. 

d l  Rev iewing o p e r a t i n g  schedules o f  equipment o b t a i n e d  by s i t e  
i n s p e c t i o n .  r e v i e w  o f  s p e c i f i c a t i o n s ,  c o n t r o l  s e t p o i n t s ,  d i s c u s s i o n s  
w i t h  b u i l d i n g  o p e r a t o r s ,  e t c .  

Make a  l i s t  o f  t h e  major  e l e c t r i c a l  equipment i n  t h e  f a c i l i t y  t h a t  c o u l d  
be s h u t '  o f f  f o r  s h o r t  p e r i o d s  if necessary ( o n l y  motors  g r e a t e r  than  
approx ima te l y  I kW o r  1 hp, o r  l e s s  if they  c rea te .secondary  e l e c t r i c a l .  
energy demands, e.g. exhaust  fans  i n  e l e c t r i c a l l y  heated b u i l d i n g s .  
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e l e c t r i c  h e a t i n g  equ ipmen t  g r e a t e r  t h a n  1 kY,  d e c o r a t i v e  l i g h t i n g  t h a t  
c o u l d  be t u r n e d  o f f ,  e t c . ) .  
F o r  each  p i e c e  o f  equ ipmen t  n o t e :  
a1 l o a d  (kY o r  kVA. wh i cheve r  i s  used  f o r  demand b i l l i n g  p u r p o s e s ) .  
b l  how l o n g  i t . c o u l d  be  t u r n e d  o f f  w i t h o u t  u n a c c e p t a b l e  a d v e r s e  e f f e c t s .  
c l  p o s s i b l e  a d v e r s e  e f f e c t s  on  a )  e n v i r o n m e n t  and b )  equ ipmen t  i t s e l f .  
d l  maximum recommended.number o f  STOPISTARTS p e r  hou r  ( B e r u t t i .  1 9 8 4 ) .  
e l  whe the r  l o a d  when s w i t c h e d  o f f  r e s u l t s  i n  kYh s a v i n g s  i n  a d d i t i o n  t o  

p o s s i b l e  demand s a v i n g  1e.g. v e n t i l a t i o n  f a n s ) ,  o r  whe the r  l o a d  i s  
m e r e l y  d e f e r r e d  u n t i l  s w i t c h e d  back  on  a g a i n  ( e . g .  e l e c t r i c  w a t e r  
h e a t e r s ) .  

3 .  Based on  t h e  i n f o r m a t i o n  c o l l e c t e d  i n  2.  above,  make p r e l i m i n a r y  l i s t i n g  
o f  equ ipmen t  w h i c h  c o u l d  be  a c c e p t a b l y  s h u t  o f f .  T a k i n g  t h e  l a r g e s t  p i e c e  
o f  equ ipmen t  f i r s t ,  and p r o g r e s s i v e l y  t a k i n g  s m a l l e r  equ ipmen t ,  c a l c u l a t e  
t h e  e f f e c t  o f  s h u t .  o f f  on  t h e  a n n u a l  demand c o s t  ( e i t h e r  kY o r  kVA 
a c c o r d i n g  t o  t h e  b i l l i n g  m e t h o d ) ,  and where a p p r o p r i a t e  kYh s a v i n g .  

4 .  T a k i n g  t h e  equ ipmen t  w i t h  t h e  l a r g e s t  a n n u a l  demand c o s t  s a v i n g ,  and 
p r o g r e s s i v e l y  t a k i n g  s m a l l e r  equ ipmen t ,  e s t i m a t e  t h e  c o s t  o f  p r o v i d i n g  a  
demand c o n t r o l  sys tem.  No te :  
a 1  F o r  a  s m a l l  number o f  i n d i v i d u a l  c o n t r o l l e d  l o a d s  a  s i m p l e  sys tem 

m i a h t  be most  c o s t  e f f e c t i v e ,  such  as a  s i m ~ l e  t i m e  c l o c k  o r  
i n g t a n t a n e o u s  l o a d  r e c o r d i n g  sys tem.  F o r  a  l a r g e r  n h b e r  o f  l o a d s  more 
s o p h i s t i c a t e d  l o a d  f o r e c a s t i n g  t y p e  sys tems wou ld  be a p p r o p r i a t e .  I n  
an  i n s t a l l a t i o n  w i t h  a  l a r g e  number o f  l o a d s  two  o r  more s c e n a r i o s .  
w i t h  d i f f e r e n t  l e v e l s  o f  s o p h i s t i c a t i o n ,  m i g h t  be t r i e d .  

b )  The l a r g e s t  s a v i n g s  m i g h t  n o t  n e c e s s a r i l y  be  i n  t h e  o r d e r  o f  l a r g e s t  
equ ipmen t ,  s i n c e  some equ ipmen t  may n o t  o p e r a t e  a l l  y e a r  - some 
equ ipmen t  m i g h t  have kYh r e d u c t i o n s  i n  a d d i t i o n  t o  demand r e d u c t i o n s .  

CI Yhere  an e n e r g y  management sys tem (EMS) i s  b e i n g  c o n s i d e r e d  one s h o u l d  
e i t h e r  t a k e  t h e  i n c r e m e n t a l  c a p i t a l  c o s t  o f  p r o v i d i n g  t h e  demand 
c o n t r o l  f u n c t i o n  . o r  somehow a p p o r t i o n  t h e  t o t a l  c o s t  be tween  demand 
l i m i t i n g  and o t h e r  EMS c o s t  s a v i n g  o p p o r t u n i t i e s .  

5 .  F o r  each  o f  t h e  above s t e p s  ( i n c r e m e n t a l  r e d u c t i o n s  i n  demand1 c a l c u l a t e  
t h e  payback  ( o r  o t h e r  economic c r i t e r i a )  u n t i l  t h e  economic  b e n e f i t  does 
n o t  meet w i t h  t h a t  d e s i r e d .  I t  i s  u s e f u l  t o  p l o t  t h e  r e s u l t s  o n  a  g r a p h  
( a s  p e r  F i g .  11  t o  d e t e r m i n e  t h e  op t imum i n v e s t m e n t :  i . e .  b e s t  r e t u r n  o n  
c a p i t a l .  (The demand c o n t r o l l e r  c o s t  p e r  p i e c e  o f  equ ipmen t  c o n t r o l l e d  
w i l l  dec rease  w i t h  i n c r e a s i n g  number o f  p i e c e s  o f  equ ipmen t ,  however ,  t h e  
i n c r e m e n t a l  ene rgy l demand  s a v i n g  w i l l  a l s o  d e c r e a s e . )  
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cost: Can be r e l a t i v e l y  ! ease of use: 
h i g h  c o s t  depending on ! Demand m o n i t o r i n g  f a i r l y  easy b u t  c a l c u l a t i o n s  
e x t e n t  o f  demand moni- ! r e q u i r e  exper ienced personne l  f o r  b e s t  r e s u l t s  
t o r i n g  and comp lex i t y  o f  ! 
i n s t a l l a t i o n .  ! 

accuracy: Accurate ! references: 
enough f o r  investment  ! Neca. 1975. Spethmann. 1981 and B e r u t t i .  1984. 
d e c i s i o n  - a c t u a l  opera-  ! 
t i o n  o f  demand c o n t r o l  ! 
system may need t o  be ! 
f i n e  tuned t o  a c t u a l  ! 
b u i l d i n g  o p e r a t i o n .  ! 
--------------~------~-~-~-~~--~--~~-------~--------~~~~--~.....~~~.~...~~~~~ 

recommended applications: 
Wherever t h e r e  i s  p o t e n t i a l  f o r  demand r e l a t e d  sav ings .  

--------------------------...-----.....--.....---------------..-------....--- 

alternative procedures: 

- Minimal acceptable 
payback 

Optimal investment 
/range 
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LPPElDlX 6. MEASUREMENT TECHlIQUES 

INTRODUCTION T O  APP. G 

I h i s  appendix g i v e s  an overv iew o f  Measurement Techniques (MT) a p p l i c a b l e  f o r  
t h e  e v a l u a t i o n  o f  Energy Conserva t ion  O p p o r t u n i t i e s .  

The measurement techn iques  a r e  a r ranged  acco rd ing  t o  t h e  b u i l d i n g  component 
ca tegory  system (see I n t r o d u c t i o n ,  p .  10) used i n  t h i s  Source book. 
I h e  d e s c r i p t i o n  o f  t h e  format  used f o r  p r e s e n t i n g  measurement techn iques  i s  
i d e n t i c a l  t o  t h e  one d e s c r i b e d  f o r  A u d i t  Procedures (App. F l .  

The purpose of  c a r r y i n g  ou t  a  measurement i s  t o  know i f  b u i l d i n g  f u n c t i o n s  
a r e  acco rd ing  t o  des ign  and t o  i d e n t i f y  and q u a n t i f y  a b n o r m a l i t i e s  i n  
b u i l d i n g  f u n c t i o n s .  

Measurements may se rve  more than  one purpose and may be c l a s s i f i e d  acco rd ing  
t o  t h e  o b j e c t i v e  o f  t h e  measurement o r  t h e  o b j e c t s  measured, f o r  example: 
O b j e c t i v e s :  

- B u i l d i n g  r a t i n g  
- P r e l i m i n a r y  a u d i t  
- D i s a g g r e g a t i o n  a u d i t  
- ECO i d e n t i f i c a t i o n  
- Post Imp lemen ta t i on  Performance A n a l y s i s  

O b j e c t s :  
- Environment 
- Envelope 
- HVAC i n s t a l l a t i o n s  o r  energy systems 
- Comfort  l e v e l  o f  t h e  use rs .  

The f i r s t  q u e s t i o n  t o  be answered i s  what i n f o r m a t i o n  i s  t o  be p r o v i d e d  by 
t h e  measurement, w i t h  what accuracy,  d e t a i l s  o r  c i r cums tances .  

One shou ld  c l e a r l y  d e f i n e  o r  i d e n t i f y :  

i) t h e  method t o  measure; ii) t h e  k i n d  o f  i n s t r u m e n t s ;  i i i )  t h e  cho ice  o f  t h e  
p l a c e  t o  measure; i v )  t h e  d u r a t i o n  o f  measurement: v l  t h e  way t o  c a r r y  o u t  
t h e  measurement and v i )  t h e  c o s t  o f  measurements. 

W i thou t  t h i s  one r i s k s  g e t t i n g  use less  measurements and w o r t h l e s s  r e s u l t s  

It i s  impor tan t  t h a t  measurements a re  made by a  q u a l i f i e d  person.  The bes t  
i ns t rumen t  may p r o v i d e  i r r e l e v a n t  r e s u l t s  when b a d l y  used o r  even o u t  o f  
o r d e r .  A  competent t e c h n i c i a n  knows how t o  manage t h e  ins t rumen t  and how t o  
make an i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  a v o i d i n g  common m is takes .  

It i s  impor tan t  t h a t  when b o t h  p a r t n e r s  o f  a  c o n t r a c t  a r e  c a r r y i n g  o u t  
measurements, they do i t  w i t h  t h e  same ins t rumen ts  and a t  t h e  same p l a c e .  

A  l i s t  o f  a l l  Measurement Techniques i s  g i v e n  below. 

439 
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ENVELOPE ( E l  

E . l  Measurement o f  o u t d o o r  a i r  t empera tu re .  
E.2 Sur face  tempera tu re  measurements on b u i l d i n g s .  
E.3 Measurement o f  w ind speed and d i r e c t i o n .  
E.4 Measurement o f  t h e  i n t e g r a t e d  s o l a r  r a d i a t i o n .  
E.5 Measurement o f  h u m i d i t y .  

REGULATION ( R I  

R . l  Measurement o f  b u i l d i n g  t i m e  cons tan ts .  
,,  . R.2 Measurement o f  i n d o o r  a i r  t empera tu re .  

R.3 Measurement o f  t he rma l  c o m f o r t .  
R.4 Measurement o f  i n d o o r  a i r  v e l o c i t y .  
R.5 Measurement o f  h u m i d i t y .  

HEATING ( H I  

H . l  Measurement o f  t h e  r u n n i n g  t i m e  o f  t h e  b o i l e r .  
H.2 Measurement o f  f l u e  gas tempera tu re .  

DUCTYORK ( 0 )  

0 . 1  Choice o f  c r o s s - s e c t i o n a l  measurement p o i n t  i n  an a i r  d u c t .  
0 . 2  Us ing  P r a n d t l - t u b e  ( P i t o t - t u b e )  f o r  measurement o f  a i r  v e l o c i t y  i n  

d u c t s .  
0 .3  A i r  f l o w  measurement i n  d u c t s  u s i n g  h o t - w i r e  anemometer. 
0 .4  Air f l o w  measurement i n  d u c t s  u s i n g  r o t a t i n g  vane anemometer. 
0 . 5  A i r  f l o w  measurement u s i n g  t r a c e  gas techn iques .  
0.6 Measurement o f  p ressu re  d rops  i n  a i r . d u c t s .  
0.7 Measurement o f  t empera tu re  and h u m i d i t y  i n  a i r  duc ts .  
D.8 Air f l o w  measurement on exhaust  t e r m i n a l  w i t h  anemometer- 

hood. 
0 . 9  A i r  f l o w  measurement on supp ly  t e r m i n a l  w i t h  bag. 
0.10 A i r  f l o w  measurement on supp ly  t e r m i n a l  w i t h  anemometer- 

hood. 
0 . 1 1  Air f l o w  measurement on supp ly  t e r m i n a l  by a ze ro  p r e s s u r e  

method ( f l o w  f i n d e r ) .  

PIPEYORK ( P I  

P . l  Measurement o f  s t a t i c  p r e s s u r e  i n  p i p e s .  
P.2 Flow r a t e  i n  p i p e s  ( o r i f i c e  p l a t e ) .  
P.3 Flow r a t e  i n  p i p e s  ( f l o w  mete rs ) .  
P.4 Flow r a t e  i n  p i p e s  ~ p o r t a b l e ~ u l t r a s o n i c  f l o w  m e t e r ) .  
P.5 Measurement o f  p i p e  s u r f a c e  tempera tu re .  
P.6 F l u i d  tempera tu re  i n  p i p e s .  
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LIGHTING ( L )  

L . l  Measurement o f  i l l u m i n a n c e  w i t h  l ux -me te r  

ELECTRICAL SYSTEMS (EL)  

EL.1 E l e c t r i c a l  measur ing  i n s t r u m e n t s .  
EL.? Measurement o f  c u r r e n t .  
EL.3 Measurement o f  e l e c t r i c a l  p o t e n t i a l .  
EL.4 Measurement o f  e l e c t r i c  power [demand).  
EL.5 Measurement o f  power f a c t o r .  
EL.6 Measurement o f  e l e c t r i c a l  energy  consumpt ion.  
EL.7 M o n i t o r i n g  e l e c t r i c  equ ipment  usage. 

MISCELLANEOUS (MI  

M.1 P h o t o g r a p h i c  d a t a  l o g g e r .  
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............................................................................. 
measurement techn ique :  ! a p p l i c a t i o n  area: ! re fe renced  from: A T  E.1. 
E.1  ! ENVELOPE AND REGULATION !. 

! ! 

t i t l e :  
MEASUREMENT OF OUTDOOR AIR TEMPERATURE 

! r e f e r e n c e s  t o :  
! 

d e s c r i p t i o n :  

I n  measurements o f  ou tdoor  a i r  t empera tu re  a  c o r r e c t  s i t i n g  o f  t empera tu re  
i n s t r u m e n t s  i s  v e r y  i m p o r t a n t  due t o  l a r g e  tempera tu re  g r a d i e n t s  o c c u r r i n g  
c l o s e  t o  s u r f a c e s  exposed t o  r a d i a t i o n .  These g r a d i e n t s  a r e  i n f l u e n c e d  by t h e  
amount o f  s o l a r  r a d i a t i o n ,  by r e - e m i t t e d  i n f r a r e d  r a d i a t i o n  i n  t h e  n i g h t -  
t i m e ,  by t h e  r a d i a t i v e  p r o p e r t i e s  o f  t h e  s u r r o u n d i n g  s u r f a c e s ,  and by l o c a l  
a i r  movements. WHO 11971) recommends t h a t  t h e  i n s t r u m e n t  i s  p l a c e d  1 .25  m 
above a  s u r f a c e  covered by g rass  w i t h  f r e e  exposure t o  t h e  w ind .  

Th is  i s  seldom p o s s i b l e  i n  dense ly  b u i l t  a r e a s ,  and t h e r e  i s  a l s o  t h e  danger 
o f  i n t e r f e r e n c e  by  peop le .  I t  i s ,  t h e r e f o r e ,  common t o  p l a c e  t h e  sensor  on a  
b u i l d i n g  facade o r  on t h e  r o o f .  The sensor  shou ld  then  be s h i e l d e d  from 
d i r e c t  s o l a r  r a d i a t i o n  and f rom t h e  i n f l u e n c e  o f  t h e  b u i l d i n g  s u r f a c e  
tempera tu re .  Th is  can be ach ieved  by p l a c i n g  t h e  sensor  on a  b u i l d i n g  facade 
f a c i n g  n o r t h ,  a t  a  d i s t a n c e  o f  about 0 . 5  m f rom t h e  w a l l .  The d i sadvan tage  o f  
o l a c i n u  t h e  sensor a t  t h e  b u i l d i n g  s i t e  i s  t h a t  comparisons w i t h  
. e t e o r o l o g i c a l  s t a t i o n  d a t a  becomes d i f f i c u l t .  The l o c a l  t empera tu re  i s  i n  
g e n e r a l  n o t  t h e  same. 

The use o f  a  v e n t i l a t e d  sensor  i s  recommended i f  g r e a t  accuracy i s  d e s i r e d .  A 
sensor  o f  t h i s  t y p e  r e q u i r e s  f r e q u e n t  maintenance i f  used f o r  a  l o n g  p e r i o d .  
due t o  t h e  c o l l e c t i o n  o f  d u s t  and d i r t  and i n t e r f e r e n c e  by b i r d s .  

C a l i b r a t i o n  o f  thermometers shou ld  always be per formed b e f o r e  t h e  ins t rumen t  
i s  used f o r  t h e  f i r s t  t i m e  and t h e n  a t  r e g u l a r  i n t e r v a l s .  The i n s t r u m e n t s  
shou ld  be c a l i b r a t e d  a g a i n s t  some more a c c u r a t e  (secondary  s t a n d a r d )  
c a l i b r a t e d  temperature sensor .  

For  a lmos t  a l l  purposes h o u r l y  sampl ing o f  ou tdoor  a i r  t empera tu re  shou ld  be 
s u f f i c i e n t ,  s i n c e  a i r  temperature does n o t  n o r m a l l y  v a r y  more r a p i d l y  than 
t h i s .  For  more a c c u r a t e  measurements t h e  sampl ing c o u l d  be done eve ry  5  
m inu tes  and an average v a l u e  be reco rded  h o u r l y .  I n  o t h e r  cases even d a i l y  o r  
weekly averages c o u l d  be used, b u t  samp l ing  shou ld  a lways be per formed a t  
l e a s t  eve ry  t h i r d  hour .  The p r o p e r t i e s  o f  some tempera tu re  sensors  a re  
summarised i n  Table  1 .  
............................................................................. 
c o s t :  ! ease of  use: 
Cost f o r  sensor .  ! 
............................................................................. 
accuracy:  ! re fe rences :  

! F racas to ro -Lyberg ,  1983. 
! 
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............................................................................. 
recommended applications: 
............................................................................. 
a l te rna t i ve  techniques: 

addit ional  information: 
TABLE 1 P r o p e r t i e s  o f  t e m p e r a t u r e  s e n s o r s  

I THERMOCOUPLE 

Self-powered 

of  p h y s i c a l  
forms 

Wide tempera- 
t u r e  range 

Non l i n e a r  . L O N  ou tpu t  

: A m p l i f i c a t i o n  
! r e q u i r e d  

! 
I 

RTD 

. Mort r t a b l e  

Most accu ra te  

More L inear  
t h a n  thermo- 
couple 

Expensive . SLOW . Current  source 
r e q u i r e d  

Small  r e r i -  
s tance -change . Low abso lu te  
r e s i s t a n c e  

Se l f -hea t ing  

THERMISTOR 

0 High ou tpu t  . Fast 

Two-wire dims 
measuwment . Large res i s tance  
change a t  Lor  
temperatures 

Inexpens ive  . Accurate 

. Non L inear  

L i m i t e d  tempera. 
t u r e  range 

Fpag i l e  

Current  Source 
r e q u i r e d  . Sel f -hea t ing  

LC. SENSOR 

v o r l  

. Mort  L inea r  . Highest  ou tpu t  

I nexpens ive  

. T < 2OOoc 

P a r e r  supply  
r e q u i r e d  

* slow 

I S e l f - h e a t i n g  

L i m i t e d  con+;- 
g u r a t i o n r  

I Paor s t a b i l i t y  
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t i t l e :  ! references to :  
SURFACE TEMPERATURE MEASUREMENTS ON BUILD[NGS ! 

description: 

When measuring sur face temperatures, there  should be good contac t  between the  
sensor and the  sur face.  

Inst ruments having a d i r e c t  read-out (analog o r  d i g i t a l )  may be used f o r  more 
q u a l i t a t i v e  measurements l s u r v e y s l .  Then, a measuring t ime o f  some minutes i s  
requ i red .  

For a q u a n t i t a t i v e  ana l ys i s  o f  sur face temperatures a record ing  inst rument  i s  
needed. Then. measuring t imes o f  several  days are requ i red .  

If Only one, o r  a few, sensors a r e  used and one wants t o  g e t . a  r ep resen ta t i ve  
temperature o f  an indoor sur face,  the sensor' must be pos i t i oned  c a r e f u l l v  t o  
avo id  p o s i t i o n s  w i t h  temperatures dev ia t i ng  s t r o n g i y  from the  average-one 
l f o r  example, see F i g .  1 ) .  . 
The sensor should not  be p laced c lose  t o  

i 1  Radiators o r  o ther  heat sources i n  indoor measurements. 
iil Windows, e x t e r i o r  wa l l s  o r  thermal b r idges .  
iiil Close t o  i n t e r i o r  p a r t i t i o n s .  f l o o r  o r  c e i l i n g  i n  indoor measurements. 
i v l  Close t o  a i r  i n l e t s  o r  o u t l e t s  o r  p laces w i t h  draught. 

The sensor should be sh ie lded  from contac t  w i t h  the a i r  by p l ac i ng  a cover o f  
i n s u l a t i n g  ma te r i a l  over i t .  The sensor should no t  be fac ing  r a d i a t i o n  
sources l i k e  the sun, r a d i a t o r s  o r  windows. Pre fe rab ly  the  sensor cover 
should be pa in ted  i n  the  same c o l o r  as the  sur face.  
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recommended app l i ca t i ons :  

Eva lba t ion  o f  condensation r l s k .  
Ouant l t a t  lve eva lua t ion  o f  thermal b r ldqes .  
Eva lua t ion  o l  comfort problems. 
Eva lua t ion  o f  thermal performance o f  wa l l s .  
.-.........-..--------------------------------------..-.....----------------- 

a l t e r n a t i v e  techniques: 

I n f r a r e d  sensor and cameras 

a d d i t i o n a l  in fo rmat ion :  

In general sur face temperature measurements are p a r t  o f  a  more d e t a i l e d  
measuring program i n  which other  q u a n t i t i e s  have t o  be measured too .  
For example, the eva lua t ion  o f  thermal br idges requ i res  a t  l eas t  an i n t e r i o r  
surface temoerature, an outdoor a i r  temperature and an indoor a i r  
temperature. 

W P a r t i t j o n  w a l l  
E x t e r i o r  w a l l  

P a r t i t i o n  w a l l  E x t e r i o r  w a l l  w i t h  w i n d o w  

Fig. Examples o f  isotherms ( 1  K )  on partition 
walls and exterior walls in a room. 
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measurement technique:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  f rom:  
E.3 ! ENVELOPE AND REGULATION ! 

t i t l e :  ! r e f e r e n c e s  t o :  
MEASUREMENT OF MIND SPEED AND DIRECTION ! 

! 
....---.------...-----------......-..---------------------------------------- 

d e s c r i p t i o n :  

Most i ns t rumen ts  f o r  w ind measurements n o r m a l l y  o n l y  measure t h e  h o r i z o n t a l  
component by measurement o f  t h e  wind speed and i t s  d i r e c t i o n .  I n  me teo ro logy .  
w ind speed i s  measured a t  a  h e i g h t  o f  10 meters  above open t e r r a i n ,  and i s  
r e p o r t e d  i n  mls .  For  wind measurements wea the r -p roo f  and r i g i d  b u i l t  
i n s t r u m e n t s  a r e  necessary .  

The. requ i remen ts  f o r  t h e  measurement o f  t h e  ' m e t e o r o l o g i c a l '  w ind  speed can 
i n  g e n e r a l  n o t  be f u l f i l l e d  i n  b u i l t  a reas .  I t  i s  common t o  measure t h e  w ind  
speed above t h e  r o o f .  An anemometer i s  p l a c e d  on a  mast on t h e  r o o f .  The 
anemometer shou ld  be p o s i t i o n e d  a t  an a l t i t u d e  a t  l e a s t  a  few mete rs  above 
t h e  h i g h e s t  p o i n t  o f  t h e  r o o f .  O the rw ise  t h e r e  i s  a r i s k  t h a t  t h e  anemometer 
may be i n  t h e  leeward wake o f  t h e  b u i l d i n g  a t  l e a s t  f o r  some wind d i r e c t i o n s  
and r e c o r d  c o m p l e t e l y  f a l s e  va lues  o f  t h e  w ind  speed. 

The cup anemometer i s  t h e  most common i n s t r u m e n t  f o r  measuring wind speed. It 
c o n s i s t s  o f  t h r e e  o r  f o u r  h e m i s p h e r i c a l  cups mounted on a  v e r t i c a l  s h a f t .  
T h i s  t r a n s m i t t e r  can be used i! t h e  range f rom 0  t o  60 mls  and w i t h i n  a  
tempera tu re  range from -35 t o  180 C ,  b u t  t h e  e f f e c t i v e  range depends on t h e  
mechanica l  f e a t u r e s  o f  t h e  sensor .  

Mind d i r e c t i o n  i s  d e f i n e d  as t h e  d i r e c t i o n  from which t h e  w ind  i s  b low ing .  
The w ind  d i r e c t i o n  sensor i s  u s u a l l y  a  wind vane o r  a  "w ind  f l a g ' .  The 
c o n v e r s i o n  o f  w ind  d i r e c t i o n .  i n t o  a  l oggab le  v a l u e  p r e s e n t s  some 
d i f f i c u l t i e s .  Sometimes an end less  c o i l e d  and 3  t imes  tapped r i n g  
p o t e n t i o m e t e r  i s  s u p p l i e d  f o r  t h e  t r a n s m i s s i o n  a c c o r d i n g  t o  t h e  p r i n c i p l e  o f  
t h e  e l e c t r i c a l  a x l e .  The i n d i c a t i o n  o f  d i r e c t i o n  i s  o f t e n  non-cont inuous.  

c o s t :  ! ease of use: 
! 
! 
! 

............................................................................. 

accuracy:  ! r e f e r e n c e s :  
5-20% (see t e x t ) .  ! F racas to ro -Lyberg .  1983. 
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I recommended applications: 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I a l t e rna t i ve  techniques: 

1 A l t e r n a t i v e  i n s t r u m e n t s  f o r  t h e  measurement o f  w ind  speed a r e :  

1. The d e f l e c t i n g  vane anemometer c o n s i s t s  o f  a  p i v o t e d  vane e n c l o s e d  i n  a  
case. A i r  e x e r t s  a  p r e s s u r e  on t h e  vane pass ing  t h r o u g h  t h e  i n s t r u m e n t  
ups t ream t o  downstream. The i n s t r u m e n t  g i v e s  i n s t a n t a n e o u s  r e a d i n g s  on an 
i n d i c a t i n g  s c a l e .  Three vanes can  b e  combined t o  measure a l l  components 
o f  t h e  w ind v e l o c i t y .  I t s  range  i s  f rom 1 t o  120 m ls  and i t s  accu racy  i s  
5%. Needs p e r i o d i c  check o f  c a l i b r a t i o n .  

2 .  The r e v o l v i n g  wheel anemometer c o n s i s t s  o f  a  l i g h t  r e v o l v i n g  wheel 
connected t o  a  s e t  o f  r e c o r d i n g  d i a l s  wh i ch  r e a d  l i n e a r  me te rs  o f  a i r  
p a s s i n g  i n  a  measured t i m e .  T h i s  i n s t r u m e n t  has a  v e r y  low s e n s i t i v i t y .  
and i s  u s u a l l y  employed i n  t h e  range  1-120 m ls .  I t s  accu racy  v a r i e s  
between 5  and 20%. 

3 .  The p r o p e l l e r  anemometer c o n s i s t s  o f  a  l i g h t  p l a s t i c  p r o p e l l e r  mounted on 
an a x l e .  The number o f  r e v o l u t i o n s  pe r  u n i t  o f  t i m e  i s  p r o p o r t i o n a l  t o  
t h e  w ind  v e l o c i t y  component p a r a l l e l  t o  t h e  a x l e .  Three p r o p e l l e r s  can be 
mounted on a x l e s  p e r p e n d i c u l a r  t o  one a n o t h e r  t o  measure a l l  t h r e e  
components o f  t h e  w ind  v e l o c i t y .  The advantages o f  t h i s  i n s t r u m e n t  a r e :  
t h e  s h o r t  response t i n e  making i t  p o s s i b l e  t o  measure v e l o c i t y  and l a r g e -  
s c a l e  t u r b u l e n c e  i n  t h r e e  d imens ions ,  e . g . .  c l o s e  t o  e x t e r n a l  w a l l s ,  and 
t h e  r e l a t i v e l y  s m a l l  e r r o r .  T h i s  i n s t r u m e n t  has t h e r e f o r e  become p o p u l a r  
i n  m o n i t o r i n g  o f  b u i l d i n g s .  The d i sadvan tages  a r e  t h e  need f o r  
c a l i b r a t i o n  and f r e q u e n t  main tenance.  T h i s  i n s t r u m e n t  s h o u l d  n o t  be used 
i n  s t r o n g  winds (above 20 m l s l .  

addit ional  information: 

I t  i s  g e n e r a l l y  p r e f e r a b l e  t h a t  a l l  m e t e o r o l o g i c a l  d a t a  a r e  c o l l e c t e d  on t h e  
same t i m e  b a s i s .  None the less ,  a  s h o r t e r  samp l i ng  i n t e r v a l  ( r a n g i n g  from a  few 
seconds t o  a  few m inu tes1  s h o u l d  be used f o r  r a p i d l y  v a r y i n g  q u a n t i t i e s  such 
as w ind  v e l o c i t y  and d i r e c t i o n .  For  most models d e s c r i b i n g  t h e  energy  b a l a n c e  
o f  t h e  b u i l d i n g ,  t h e  average v a l u e s  ove r  a  p e r i o d  r a n g i n g  f rom a  q u a r t e r  o f  
an hou r  t o  f o u r  hou rs  s h o u l d  be s u f f i c i e n t .  
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measurement technique: ! a p p l i c a t i o n  area: ! referenced from: 
E.4 ! ENVELOPE SOLAR ! E C O  E.3. E.22. 

t i t l e :  ! references t o :  
MEASUREMENT O f  SOLAR INTENSITY ! 

! 
------....--------------.-...------------------------.-....------------------ 

desc r i p t i on :  

Measurements o f  s o l a r  r a d i a t i o n  a re ,  i n g e n e r a l .  more compl icated than the  
measurement o f  o the r  c l i m a t i c  va r i ab les  a f f e c t i n g  the  energy balance o f  a 
b u i l d i n g .  This i s  due t o  the  wave l eng th  and angle dependence o f  s o l a r  
i n t e n s i t y .  

I t  i s  common t o  r e s t r i c t  the  measurement o f  s o l a r  r a d i a t i o n  on b u i l d i n g s  t o  
the measurement o f  the  r a d i a t i o n  impinging upon b u i l d i n g  facades w i t h  a 
sou thern ly  o r i e n t a t i o n  and t o  t he  r a d i a t i o n  impinging upon t he  h o r i z o n t a l  
p lane.  Procedures are a v a i l a b l e  by which the  r a d i a t i o n  on facades can be 
p red i c ted  from measurements o f  the r a d i a t i o n  on a h o r i z o n t a l  p lane LDuf f ie-  
Beckman. 19801: 

The inst rument  most commonly used f o r  the measurement o f  so l a r  r a d i a t i o n  i s  
the  pyranometer. The accuracy o f  pyranometers i s  determined by t h e i r  degree 
o f  independance on wave l eng th  and o r i e n t a t i o n  r e l a t i v e  t o  the  sun. Oevices 
used f o r  measuring s o l a r  i n t e n s i t y  are a lso  a f fec ted  by the environmental a i r  
temperature and, t he re fo re ,  measured data have t o  be co r rec ted  f o r  t h i s  
e f f e c t .  

The absorbing sur face  of a pyranometer i s  covered by a semispher ical  g lass 
dome, which should be kept  clean. I n  humid areas i t  may be advisable t o  use a 
fan  t o  prevent  condensation o f  moisture on the  g lass  dome. 

f o r  measurements o f  the  d i f f u s e  'component o f  atmospheric r a d i a t i o n  the  
pyranometer i s  sh ie lded  from the  d i r e c t  s o l a r  r a d i a t i o n  by movable r i n g  
t r a c k i n g  the  so la r  pa th .  For more i n fo rma t i on  on t he  use of pyranometers, see 
e.g. Coulsson. 1975. 

cost :  1500. ! ease o f  use: Easy. 
--------------.--..-------------------.....----------------.-......---------- 

accuracy: ! references:  
2%. ! D u f f i e .  1980: Coulsson. 1975. 
- ~~~ . .~~ . . .~ . - - - - - -~~~~~. .~~~. .~ - - - - - -~~~~~~~~~~~~~- - - - - - - - - - - - - -~~~~- - - - - - - -  

recouended app l i ca t i ons :  
Use w i t h  degree day moni tor  t o  c a l c u l a t e  equ i va len t  n e t  c o l l e c t o r  area of a 
passive so la r  house. 
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measurement t echn ique :  ! a p p l i c a t i o n  area:  ! r e f e r e n c e d  from: 
R . l  ! REGULATION ! AP R.Z. 

t i t l e :  
MEASUREMENT OF BUILDING TIME CONSTANTS 

! r e f e r e n c e s  t o :  
! MT R . l ,  MT R.Z. 
! 

............................................................................. 

d e s c r i p t i o n :  

The t i m e  c o n s t a n t  o f  t h e  h e a t i n g  sys tem i s  n e g l e c t e d  i n  t h i s  p r o c e d u r e .  The 
h e a t i n g  sys tem i s  s h u t  o f f  i n  t h e  even ing  and t h e  i n d o o r  and o u t d o o r  
t e m p e r a t u r e s  a r e  r e c o r d e d  a t  l e a s t  e v e r y  hou r  u n t i l  morn ing.  Assuming a  
n o m i n a l l y  c o n s t a n t  o u t d o o r  t e m p e r a t u r e ,  t h e  t i m e  c o n s t a n t  r i s  d e t e r m i n e d  
f rom:  

where 

Ti i s  t h e  i n d o o r  t e m p e r a t u r e  ( s e e  MT R.21. 

Te i s  t h e  o u t d o o r  t e m p e r a t u r e  ( see  MT E . l )  and 

t i s  t h e  t i m e  f rom s h u t t i n g - o f f  t h e  h e a t i n g  system. 

The v a l u e  o f  r i s  de te rm ined  by p l o t t i n g  l n ( T . - T  I v e r s u s  t h e  t i m e  t and 
f i t t i n g  d a t a  by a  s t r a i g h t  l i n e .  The s l o p e  o f  t h e e s t r a i g h t  l i n e  g i v e s  t h e  
v a l u e  o f  l l r .  

To i n c r e a s e  t h e  accu racy  o f  t h e  p rocedu re ,  d a t a  f rom t h e  f i r s t  few h o u r s  
s h o u l d  n o t  be used i n  t h e  f i t .  P r e f e r a b l y  t h e  measurements s h o u l d  be 
pe r fo rmed  a f t e r  an o v e r c a s t  day t o  a v o i d  i n f l u e n c e  f rom hea t  s t o r a g e  o f  s o l a r  
r a d i a t i o n .  I f  p o s s i b l e ,  one can a l s o  i n c r e a s e  t h e  i n d o o r  t e m p e r a t u r e  by a few 
degrees above t h e  normal  one f o r  a  f e w ' d a y s  b e f o r e  t h e  measurement. T h i s  w i l l  
r a i s e  t h e  l owes t  i n d o o r  t e m p e r a t u r e  and reduce  c o m p l a i n t s  f rom occupan ts .  

c o s t :  ! ease o f  use: 
! 
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......-..----------------.-...-....-.------------------------.--------------- 

recommended a p p l i c a t i o n s :  

F o r  e v a l u a t i o n  o l  sav ings  w i t h  se tbacks  and e s t i m a t i o n  o f  b u i l d i n g  p r e -  
c o n d i t i o n i n g  p e r i o d .  

a d d i t i o n a l  i n f o r m a t i o n :  

When p l o t t i n g  da ta  one can expect  a  c u r v e  l i k e  i n  F i g .  1 

i 

2 4 6 8 10 12 
Time t [h] 

Fig. 1 Example o f  r e s u l t  from building 
time constant measurements. 

The reason  f o r  e x c l u d i n g  da ta  f rom t h e  f i r s t  few hours  i s  t h a t  these  d a t a  
w i l l  d e s c r i b e  t h e  t i m e  c o n s t a n t s  o f  t h e  h e a t i n g  system and t h e  i n d o o r  a i r .  

Warning: T h i s  procedure shou ld  n o t  be used f o r  t h e  d e t e r m i n a t i o n  o f  t i m e  
c o n s t a n t s  used f o r  purposes o t h e r  than  c a l c u l a t i o n  o f  t empera tu re  se tback  
e f f e c t s  o r  o t h e r  e f f e c t s  w i t h  a  d u r a t i o n  o f  6 t o  12 hours .  

I t  i s  assumed t h a t  t h e  ou tdoor  tempera tu re  i s  c o n s t a n t .  One must t h e r e f o r e  
check t h a t  t h e  change i n  ou tdoor  tempera tu re  d u r i n g  t h e  measurements i s  Smal l  
compared t o  t h e  change i n  i ndoor  tempera tu re .  
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measurement techn ique :  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
R.2 ! REGULATION ! AP R . Z .  R.5. MT R.1. 

! ! 
............................................................................. 

t i t l e :  ! r e f e r e n c e s  to :  
MEASUREMENT OF INDOOR AIR TEMPERATURE ! MT E . l  

! 

d e s c r i p t i o n :  
The most impor tan t  f a c t o r  t o  cons ide r  i n  i n d o o r  a i r  temperature measurements 
i s  t h e  p o s i t i o n i n g  o f  t h e  sensor .  The e r r o r  r e s u l t i n g  f rom a  wrong 
p o s i t i o n i n g  w i l l  i n  g e n e r a l  be much l a r g e r  than  any e r r o r s  stemming from t h e  
accuracy o f  t h e  sensor o r  e r r o r s  f rom t h e  da ta  c o l l e c t i o n  system. 

T O  a v o i d  i n f l u e n c e  o f  v e r t i c a l  temperature g r a d i e n t s  t h e  sensor shou ld  be 
p l a c e d  a t  l e a s t  0.2 m f rom t h e  c e i l i n g  and t h e  f l o o r .  The sensor shou ld  n o t  
be p l a c e d  i n  t h e  v i c i n i t y  o f  r a d i a t o r s  o r  o t h e r  heat  sources o r  c l o s e  t o  
windows o r  o t h e r  c o l d  s p o t s .  The sensor shou ld  no t  be p laced  c l o s e  t o  a i r  
i n l e t s  o r  o u t l e t s ,  below o r  above windows o r  a t  o t h e r  p o s i t i o n s  where t h e r e  
i s  a  d raugh t .  The sensor shou ld  n o t  be f a c i n g  r a d i a t o r s ,  windows, o r  o t h e r  
sources o f  r a d i a t i o n .  I f  t h e  sensor i s  p l a c e d  on a  w a l l ,  i t  shou ld  be 
p r o t e c t e d  from c o n t a c t  by p l a c i n g  i n s u l a t i n g  m a t e r i a l  between t h e  sensor and 
t h e  w a l l .  I f  t h e  measurement i s  an ins tan taneous  one, one shou ld  n o t e  t h a t  
t h e  t i m e  v a r i a t i o n  o f  t h e  i ndoor  temperature d u r i n g  a  day may amount t o  
s e v e r a l  degrees.  

The use o f  a  v e n t i l a t e d  sensor i s  recommended i f  a  h i g h  degree o f  accuracy i s  
r e q u i r e d .  For a  d i s c u s s i o n  on t h e  advantages and d isadvantages o f  v a r i o u s  
sensors  t h a t  can be used i n  i ndoor  a i r  temperature measurements, see MT E.1.  

When m o n i t o r i n g  t h e  indoor  a i r  t empera tu re ,  t h e  sampl ing shou ld  be f r e q u e n t .  
e .g .  eve ry  m inu te ,  b u t  i n  g e n e r a l  i t  w i l l  be s u f f i c i e n t  t o  s t o r e  h o u r l y  o r  
d a i l y  averages. 

c o s t :  ! ease o f  use: 
Low c o s t  ! S imple.  
- - - - ---------~~~~--~~~~--~-~-~~.~-~~~.~.. .~. . .~~~.~~.. . .~.~---~~-~.~-~----~~~ 

accuracy:  ! r e f e r e n c e s :  
At measurement p o s i t i o n  0 .1-0.5  K .  As an e s t i m a t e  ! Fracas to ro -Lyberg .  1983. 
o f  average room temperature 0.5-1.0 K.  ! 
. . . .......................................................................... 

recommended a p p l i c a t i o n s :  
I n  i n v e s t i g a t i o n s  o f  t he rma l  d i s c o m f o r t ,  i n  PlPA a n a l y s i s  t o  check indoor  
temperature b e f o r e  and a f t e r  imp lemen ta t i on  o f  ECOs and i n  e v a l u a t i o n s  o f  
b u i l d i n g  energy ba lance f o r  c o n d u c t i v e ,  r a d i a t i v e  and v e n t i l a t i v e  hea t  
l osses .  
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measurement technique:  ! a p p l i c a t i o n  area:  ! r e f e r e n c e d  f rom:  
R.3 ! REGULATION ! AT R.8. RV R . 1  

! ! 
-----------------------------.-.-------.........-----.----------------------- 

t i t l e :  ! r e f e r e n c e s  t o :  
MEASUREMENT OF THERMAL COMFORT ! 

! 

d e s c r i p t i o n :  

Thermal c o m f o r t  i s  a  measure o f  how t h e  human body exper iences  t h e  the rma l  
env i ronment .  T h i s  w i l l  v a r y  f rom one i n d i v i d u a l  t o  ano the r .  The the rma l  
c o m f o r t  w i l l  depend on c l o t h i n g ,  a c t i v i t y ,  a i r  t empera tu re ,  t empera tu re  o f  
s u r r o u n d i n g  s u r f a c e s ,  a i r  h u m i d i t y ,  a i r  speed, e t c .  ( see  s e c t i o n  C.21. No 
s i n g l e  measurement can be c o n s t r u c t e d  where a l l  these f a c t o r s  a r e  combined. 
The s i m p l e s t  measure used i s  t h e  o p e r a t i v e  tempera tu re .  Th is  i s  a  weighted 
average - o f  t h e  a i r  t empera tu re  and t h e  tempera tu re  o f  s u r r o u n d i n g  su r faces .  
Depending on l e v e l  o f  d e s c r i p t i o n ,  d i f f e r e n t  we igh ts  can be a p p l i e d  t o  t h e  
r a d i a t i v e  tempera tu re  f rom d i f f e r e n t  d i r e c t i o n s  which a r e  n o t  t h e  same. 
r e f e r r e d  t o  as t h e  r a d i a t i v e  tempera tu re  asymmetry. 

When t h e  we igh t  i s  t h e  same f o r  a l l  d i r e c t i o n s .  t h e  o p e r a t i v e  tempera tu re  i s  
u s u a l l y  measured by u s i n g  a  g lobe  thermometer.  T h i s  i s  a  t h i n - w a l l e d  g lobe  
w i t h  a  d iamete r  o f  0 .15 m ,  p a i n t e d  b l a c k .  The sensor  i s  p l a c e d  i n s i d e  t h e  
g l o b e .  One has t o  w a i t  f o r  t he rma l  e q u i l i b r i u m .  The main d i sadvan tage  i s  t h e  
a p p r o x i m a t i o n  o f  t h e  human body by a  sphere ,  and t h e  d i f f i c u l t y  o f  
c a l l b r a t  i o n .  

The g l o b e  thermometer i s  suspended a t  t h e  t e s t  p o i n t  and one has t o  w a i t  f o r  
t h e r m a l  e q u i l i b r i u m .  The r e a d i n g  o f  t h e  thermometer i s  i n t e r p r e t e d  as t h e  
mean o p e r a t i v e  tempera tu re .  I n  case o f  a i r  v e l o c i t i e s  p a s t  t h e g l o b e  
exceeding 0.5 m ls ,  c a l c u l a t i o n  procedures can be used which c o r r e c t  f o r  t h e  
a i r  speed. I n  t h i s  case a l s o  t h e  a i r  t empera tu re  has t o  be measured ( ISOIDIS 
7726).  

c o s t :  
Low c o s t  

! ease o f  use: 
! S imp le ,  b u t  c a l i b r a t i o n  d i f f i c u l t  
! 
! 

-~~-~~----~-~~~----......~-~~~~-~---~-~-~~~----~~.........~..~~-~~~--~~~----- 

accuracy: ! r e f e r e n c e s :  
I n s t r u m e n t  e r r o r s  sma l l  ! ISOIDIS 7726. 1985: 8 r u e l  and K j a e r ;  E x e r t  Sa les .  
compared t o  s y s t e m a t i c  ! 
e r r o r s .  ! 
............................................................................. 
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a l te rna t i ve  techniques: 

1. I n s t e a d  o f  a  g l o b e  thermometer ,  more e l o n g a t e d  b o d i e s  can be used.  One 
i n s t r u m e n t  uses as a  sensor  body a  l o n g  e l l i p s o i d  I B r u e l  and K j a e r l .  The 
i n s t r u m e n t  i n c l u d e s  a  t h e r m a l  comfo r t  me te r  w i t h  a  d i s p l a y  showing o p e r a t i v e  
t empera tu re  o r  p r e d i c t e d  mean v o t e  (PMV). The i n s t r u m e n t  can  be connec ted  t o  
a  r e c o r d e r .  I t  can be s e t  f o r  s p e c i f i c  v a l u e s  o f  c l o t h i n g ,  a c t i v i t y  and vapor  
p r e s s u r e  when used t o  p r e d i c t  c o m f o r t  t empera tu re  o r  PMV. I n  t h i s  case t h e  
sensor  body i s  hea ted ,  w h i c h  reduces  t h e  t i m e  f o r  a c h i e v i n g  t h e r m a l  
e q u i l i b r i u m .  

2. The t h i r d  i n s t r u m e n t  c o n s i s t s  o f  a  s m a l l  w h i t e  p l a s t i c  cube w i t h  p l a n e  
b l a c k  senso rs  f i t t e d  i n t o  f a c e t s  o f  t h e  cube ( E x e t t  S a l e s ) .  The sensors  
r e c o r d  t h e  h e m i s p h e r i c a l  o p e r a t i v e  t empera tu re  f o r  each o f  t h e  s i x  s i d e s  o f  
t h e  cube. BY c a l c u l a t i n g  a  w e i g h t e d  average o f  t h e s e  s i x  o p e r a t i v e  
t empera tu res ,  i t  i s  p o s s i b l e  t o  s i m u l a t e  t h e  t h e r m a l  comfo r t  o f  a  pe rson  
s t a n d i n g  up o r  sea ted .  The o p e r a t i v e  t empera tu re  and t h e  h e m i - s p h e r i c a l  
r a d i a t i v e  t empera tu re  asymmetry,  as s p e c i f i e d  above, can be r e a d  o f f  d i r e c t l y  
f rom a  v i s u a l  d i s p l a y .  The i n s t r u m e n t  can be connected t o  a  r e c o r d e r .  

For  t h e  two i n s t r u m e n t s  d e s c r i b e d  above, no c o r r e c t i o n  f o r  a i r  f l o w  p a s t  t h e  
senso rs  i s  a v a i l a b l e .  These i n s t r u m e n t s  a r e  n o t  recommended f o r  use i n  
env i ronmen ts  w i t h  s t r o n g  a i r  f l o w s .  

addit ional  information: 
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measurement techn ique :  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
R.4 ! REGULATION ! 

! ! 

The measurement o f  i n d o o r  a i r  f l ow  i s  i n  g e n e r a l  d i f f i c u l t  because t h e  f l ow  
p a t t e r n  i s  seldom s t a b l e  and t h e  a i r  v e l o c i t y  i s  r e l a t i v e l y  s m a l l .  The 
v e l o c i t y  f l u c t u a t i o n s  a r e  o f t e n  o f  t h e  same magni tude as t h e  speed o f  t h e  
a i r .  Th is  makes i t  v e r y  d i f f i c u l t  t o  p e r f o r m  measurements w i t h  v i s u a l  r e a d i n g  
o f  t h e  i n s t r u m e n t .  

B e f o r e  measurements o f  t h e  a i r  v e l o c i t y  i n  a  space a r e  per formed,  i t  i s  
i m p o r t a n t  t o  g e t  a  p i c t u r e  o f  where t h e  space a i r  v e l o c i t i e s  a r e  s t r o n g e s t .  
T h i s  can be done r a t h e r  q u i c k l y  u s i n g  a  smokepuf fer  o r  a  smoke-s t i ck .  The 
s i m p l e s t  way o f .  measuring t h e  average a i r  speed i s  by u s i n g  a  smoke-s t i ck .  
o r  a  smokepuf fer ,  and a  s t o p  watch. T h i s  method can i n  g e n e r a l  o n l y  be used 
f o r  c o n c e n t r a t e d  a i r  s t reams w i t h  s m a l l  d i f f u s i o n  (see AP E.101. 

I f  sensors  have t o  be used i t  may seem advantageous t o  use a  n o n - d i r e c t i o n a l  
anemometer ( a n  anemometer t h a t  can measure o n l y  t h e  speed o f  a i r  s t ream,  n o t  
t h e  d i r e c t i o n ) ,  s i n c e  t h e  a i r  f l ow  i n  a  room i s  u s u a l l y  n e i t h e r  v i s i b l e  no r  
c o n s t a n t .  The i n s t r u m e n t s  t h a t  can be used i n  p r a c t i c e  a r e ,  however,  e i t h e r  
c o m p l e t e l y  d i r e c t i o n a l  ( t h e  response o f  t h e  sensor depends on t h e  d i r e c t i o n  
o f  t h e  a i r  f l o w 1  o r  d i f f i c u l t  t o  make n o n - d i r e c t i o n a l .  

Some anemometers use t h e  r a t e  o f  c o o l i n g  o f  a  hea ted  body as t h e  sens ing  
head. I f  t h e  heated body i s  s p h e r i c a l  i n  shape such an anemometer would  i n  
p r i n c i p l e  be n o n - d i r e c t i o n a l .  However. i n  p r a c t i c e  most i n s t r u m e n t s  o f  t h i s  
t ype  a r e  more o r  l ess  d i r e c t i o n a l .  O f ten  t h e  heated body i s  o f  a  shape o t h e r  
than  s p h e r i c a l .  The response t o  a  change o f  a i r  speed i s  o f t e n  s low.  

When i n s t r u m e n t s  a r e  c a l i b r a t e d ,  one must t a k e  i n t o  account  t h e  tempera tu re ,  
h u m i d i t y ,  and a tmospher i c  p ressu re .  They r e q u i r e  a c c u r a t e  c a l i b r . a t i o n s  a t  
r e g u l a r  i n t e r v a l s .  These c a l i b r a t i o n s  shou ld  always be c a r r i e d  o u t  i n  a  
m i n i a t u r e  wind t u n n e l ,  o r  some o t h e r  s u i t a b l e  d e v i c e ,  a t  t h e  r e l e v a n t  
tempera tu re .  

c o s t :  ! ease o f  use: 
! 
! 
! 

accuracy:  ! r e f e r e n c e s :  
! 
! 
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~~~~~~~~~~~ -~~~~~~~~ -~~~ - - -~~~~~~~~ . .~ .  

reconended applications: 

-------------------------------------------------.--..----------------------- 

a l te rna t i ve  techniques: 

The the rma l  comfor t  o f  an occupant exposed t o  'd raught '  r i l l  depend n o t  o n l y  
on t h e  average speed o f  t h e  a i r ,  b u t  a l s o  on t h e  magnitude and f requency o f  
t h e  f l u c t u a t i o n s  i n  a i r  v e l o c i t y .  I t  i s  t h e r e f o r e  i n  g e n e r a l  n o t  s u f f i c i e n t  
t o  measure o n l y  t h e  average a i r  speed. To o b t a i n  a  s t a b l e  average va lue  o f  
t h e  a i r  speed, i t  i s  i n  genera l  necessary t o  ex tend  t h e  measurement over  a  
t i m e  o f  a t  l e a s t  s e v e r a l  minutes and then  pe r fo rm t h e  ave rag ing  ove r  t h i s  
t i m e  i n t e r v a l .  

Some sensors  t h a t  can be used a r e  t h e  heated thermocouple  anemometer and t h e  
t h e r m i s t o r  anemometer. The heated thermocouple anemometer has a  r a t h e r  slow 
response t o  r a p i d  v e l o c i t y  f l u c t u a t i o n s ,  and i s  r a t h e r  i n s e n s i t i v e  f o r  s m a l l  
a i r  v e l o c i t i e s .  There fo re ,  t h i s  t y p e  o f  i ns t rumen t  shou ld  o n l y  be used f o r  
s t e a d y - s t a t e  measurements and f o r  a i r  v e l o c i t i e s  g r e a t e r  than  5 cmls. The 
heated thermocouple  anemometer i s  a  c o m p a r a t i v e l y  cheap ins t rumen t . .  

A s imul taneous d e t e r m i n a t i o n  o f  a i r  speed and d i r e c t i o n  can be per formed i f  
d i r e c t i o n a l  sensors ,  e .g .  h o t  w i r e  anemometers a r e  used. But t h i s  w i l l  
r e q u i r e  t h e  use o f  s i x  sensors  and t h e  da ta  must be n u m e r i c a l l y  processed.  
D e t e r m i n a t i o n  o f  t h e  a i r  f l o w  i n  t h i s  way i s  t h e r e f o r e  seldom per formed i n  
p r a c t i c e .  

----------------------------.----------------------.-..-....----------.-..... 

addit ional  information: 
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measurement techniaue:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
! REGULATION AND 
! ENVELOPE 

The P s v c h r o m .  o r  Yet  and Dry  b u l b  thermometer,  c o n s i s t s  o f  two 
tempera tu re  sensors ,  one w i t h  a  c o t t o n  sock w e t t e d  w i t h  d i s t i l l e d  wa te r .  The 
sensor  w i t h  t h e  sock w i l l  r e g i s t e r  a  tempera tu re  c l o s e  t o  t h e  thermodynamic 
wet b u l b  tempera tu re .  Knowing t h e  d r y  b u l b  and wet b u l b  tempera tu res  and t h e  
b a r o m e t r i c  p r e s s u r e ,  t h e  r e l a t i v e  h u m i d i t y  can be determined.  

Psychrometers  cannot be used when t h e  a i r  t empera tu re  i s  below 0 O C .  They 
need f requen t  c l e a n i n g  and rep lacement  o f  t h e  c o t t o n  sock.  I f  p r o p e r l y  
m a i n t a i n e d ,  t h e  accuracy i s  about 0.5 K i f  t h e  r e l a t i v e  h u m i d i t y  i s  above 
20%. 

Some requ i remen ts  f o r  ou tdoor  use o f  t h e  psychrometer  a r e :  

j )  The wet and d r y  b u l b s  shou ld  be v e n t i l a t e d  and p r o t e c t e d  f rom r a d i a t i o n  
: by a minimum o f  two p o o l i s h e d  m e t a l  s h i e l d s .  
ii) At  s e a - l e v e l  a i r  shou ld  be drawn ac ross  t h e  b u l b s  a t  a  r a t e  between 2.5 

and 10 m l s ,  and 
iiil Measurements s h o u l d  be per formed a t  a  h e i g h t  between 1 .25  and 2 meters  

above ground l e v e l .  

The L i t h i u m - C h l o r i d e  c e l l  hygrometers  e x p l o i t  t h e  p r o p e r t y  o f  t h e  s a l t  
l i t h i u m - c h l o r i d e  I L i C I I  t o  become e l e c t r i c a l l y  c o n d u c t i v e  when absorb ing  
m o i s t u r e  f rom t h e  a i r .  The sensor ,  a  c e l l  c o n t a i n i n g  a  l i t h i u m - c h l o r i d e  
s o l u t i o n ,  i s  heated by pass ing  an AC between t h e  e l e c t r o d e s .  Th is  reduces t h e  
m o i s t u r e  c o n t e n t  and i n c r e a s e s  t h e  r e s i s t a n c e  o f  t h e  s o l u t i o n .  An e q u i l i b r i u m  
tempera tu re  which i s  measured by  a  separa te  sensor ,  i s  reached. Th is  
tempera tu re  can be c o n v e r t e d  i n t o  a  dew-poin t  t empera tu re .  The L i C l  
hygrometer  i s  a  s i m p l e  and c o m p a r a t i v e l y  cheap i n s t r u m e n t .  The o p e r a t i n g  
range can be f rom -29 t o  70 C w i t h  an accuracy o f  2 K.  A i r  v e l o c i t i e s  above 
10 m ls  may s h i f t  t h e  c a l i b r a t i o n .  Exposure t o  h i g h  h u m i d i t i e s  and a 
S imul taneous l o s s  o f  power, e .g .  due t o  a  power f a i l u r e ,  may d i s s o l v e  t h e  
s a l t  and n e c e s s i t a t e  a r e f u r b i s h m e n t  o f  t h e  i n s t r u m e n t .  
--------------.-...-------------------------.....------------------.--------- 

c o s t :  ! ease o f  use: 
! See t e x t .  

............................................................................. 

accuracy:  ! r e f e r e n c e s :  
See t e x t .  ! ASHRAE. 1979. 1981. 
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r e c o w n d e d  a p p l i c a t i o n s :  

Measurement o f  h u m i d i t y  o r  r e l a t i v e  h u m i d i t y  o u t d o o r ,  i n d o o r ,  o r  i n  a i r  
d u c t s .  

a l t e r n a t i v e  techn iques :  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a d d i t i o n a l  i n f o r m a t i o n :  

Many sensors  measuring r e l a t i v e  h u m i d i t y  (RHI have t h e  draw-back t h a t  
exposure t o  h i g h  r e l a t i v e  h u m i d i t i e s  may r e s u l t  i n  a  l o s s  o f  c a l i b r a t i o n .  
A l s o ,  t h e y  a r e  n o t  v e r y  r e l i a b l e  a t  low temperatures.  

The j g n  exchange res%(or  Pooe- t voa l  sensor i s  r e l a t i v e l y  i nexpens ive .  T h i s  
t y p e  o f  sensor  i s  o f t e n  found i n  hygrometers  m o n i t o r i n g  t h e  RH o f  r e l a t i v e l y  
c o n s t a n t  tempera tu re  a i r  s t reams because o f  i t s  f a s t  response and d u r a b i l i t y .  
However, t h e  e l e c t r i c a l  r e s i s t a n c e  between t h e  e l e c t r o d e s  i s  n o n l i n e a r  and 
tempera tu re  dependent.  The Pope-type sensor i s  l i m i t e d  t o  tempera tu res  lower  
than  75% and i s  h i g h l y  s e n s i t i v e  t o  o r g a n i c  s o l v e n t s  (e .g .  o i l  vapor1 and 
chemica l  components t h a t  a t t a c h  p o l y s t y r e n e .  

'Many v e r s i o n s  o f  RH sensors  u t i l i z i n g  a  f h i n  f i lm ~ o l v m e r  o r  ceramic  a r e  now 
commerc ia l l y  a v a i l a b l e .  Sensors w i t h  h i g h  s e n s i t i v i t y  ( 2 %  RH accuracy )  and 
f a s t  response a re  a v a i l a b l e  i n  t h e  mediumoto low p r i c e  range.  The o p e r a t i n g  
temperature range i s  approx ima te l y  5  t o  55 C .  Some sensors  a r e  equipped w i t h  
a  s i n t e r e d  meta l  f i l t e r  t o  s h i e l d  t h e  sensor from the  m a j o r i t y  o f  p a r t i c u l a t e  
m a t t e r  found i n  t h e  a i r .  Exposure t o  h i g h  h u m i d i t i e s  f o r  s e v e r a l  minutes may 
r e s u l t  i n  l o s s  o f  c a l i b r a t i o n  o r  even l o s s  o f  t h e  sensor i t s e l f .  

The h i g h  h u m i d i t y  r e s t r i c t i o n s  o f  v a r i o u s  sensors  can be avo ided by  r a i s i n g  
t h e  temperature o f  t h e  h i g h  r e l a t i v e  h u m i d i t y  a i r  b e f o r e  i t  i s  measured. T h i s  
can be accompl ished by  pass ing  a  sample o f  t h e  a i r  t o  be m o n i t o r e d  th rough  a  
s imp le  hea t  exchanger ,  f o r  example, by  u s i n g  t h e  a i r  a d j a c e n t  t o  t h e  a i r -  
h a n d l e r .  
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measurement techn ique :  ! a p p l i c a t i o n  area:  ! r e f e r e n c e d  from: 
H . l  ! BOILERS ! ECO H.13. H.15..MT H.4. 

t i t l e :  ! r e f e r e n c e s  t o :  
MEASUREMENT OF THE RUNNING TIME OF A BOILER ! MT EL.7. H.4. H.5 

! 

d e s c r i p t i o n :  
The measure o f  t h e  r u n n i n g  t i m e  o f  a  b o i l e r  can be achieved w i t h  d i f f e r e n t  
types o f  i ns t ruments  and d i f f e r e n t  degrees o f  accuracy:  
i )  U i t h  a  c o u n t e r :  measure t h e  r u n n i n g  t ime  f o r  a  day o r  a  week. 
iil U i t h  a  d a t a  l o g g e r :  measure t h e  r u n n i n g  t ime  every hour .  
For  these measurements, the  ins t rument  has t o  be connected t o  t h e  v a l v e  
commanding t h e  i n j e c t i o n  o f  the  o i l  o r  o f  t h e  gas o r  t o  t h e  motor [see MT 
EL.71. 
............................................................................. 
c o s t :  Counter :  $10-115. ! ease o f  use: 

Data logger :  1200-1500. ! Simple.  

accuracy:  5  minutes f o r  c o u n t e r .  
1 second f o r  d a t a  logger 

! re fe rences :  
! 

recommended a p p l i c a t i o n s :  
D e t e r m i n a t i o n  o f  the eneruv s i u n a t u r e .  
M o n i t o r i n g  o f  h e a t i n g  p l a n t  and c o n t r o l .  
Check o f  b o i l e r  o v e r s i z i n g .  
D e t e r m i n a t i o n  o f  b o i l e r  s tand-by losses .  

a l t e r n a t i v e  techniques:  
............................................................................. 
a d d i t i o n a l  i n f o r m a t i o n :  
The r u n n i n g  t ime  r e f l e c t s  n o t  o n l y  t h e  t r u e  heat  l o a d .  The r e g u l a t i o n  s e t t i n g  
of  the  h e a t i n g  system may induce o v e r h e a t i n g .  Measurement o f  r u n n i n g  t ime  
must i n c l u d e  room temperature c o n t r o l .  I t  i s  u s e f u l  t o  measure t h e  r u n n i n g  
t ime  a s s o c i a t e d  t o  d i f f e r e n t  s t a t e s  o f  the  system: 

i )  Standby by d i f f e r e n t  b o i l e r  tempera tu re .  
iil Running t ime  d u r i n g  normal h e a t i n g  (day from 9 a.m. t o  9 p.m.1 and 

reduced h e a t i n g  ( n i g h t  f rom 10 p.m. t o  6 a.m.1. 
i i i )  S t a r t u p  peak power a f t e r  temperature setback.  

The i n t e r p r e t a t i o n  o f  the  da ta  i n c l u d e s  
- e x t r a p o l a t i o n  o f  the  r u n n i n g  t ime  a t  the  lowest  des ign  ou tdoor  tempera tu re .  
- o p e r a t i o n  when s t e a d y - s t a t e  c o n d i t i o n s  a r e  reached. 

I f  t h e  bu rner  runs  w i t h  s e v e r a l  runn ing  speeds I h i g h l l o w  f i r e ) ,  t h e  
measurement o f  the  r u n n i n g  t ime  has t o  be c a r r i e d  o u t  s e p a r a t e l y  f o r  each 
speed. Counters o r  d a t a  loggers  must then  be connected t o  t h e  commands o f  
each speed. By modu la t ing  bu rners .  measurement o f  t h e  r u n n i n g  t ime  must be 
r e p l a c e d  by me.asurement o f  o i l  o r  gas consumption (see MT H.4 and H.5).  
............................................................................. 
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measurement technique: ! a p p l i c a t i o n  area: ! referenced from: 
H.2 ! HEATING ! E C O  H.15. H.19. AP H.1. 

t i t l e :  
MEASUREMENT OF FLUE GAS TEMPERATURE 

! references to :  
! AP H.4, MT H.3 

desc r i p t i on :  

The f l u e  gas temperature i s  measured i n  the middle o f  the  smoke s tack ,  a t  an 
approximate d is tance o f  one diameter from the b o i l e r ' s  e x i t .  

I t  i s  measured w i t h  the  burner a t  the normal running r a t e ,  some minutes a f t e r  
the burner has been engaged and steady-state temperature cond i t ions  have been 
reached. 

The temperature must be measured a t  the same place as t h a t  o f  the C02-content 
(MT H.31. 

Types o f  thermometers t o  be recommended: 

il Bimetal thermometers. 
iil Thermocouples. 
iiil E l e c t r o n i c  thermometers w i th :  

- r e s i t i v e  sensors. 
- thermocouples. 

cost :  ! ease of use: 
Cost o f  sensor. ! Simple. 

! 
! 

accuracy: 
3-5  K .  

! references:  
! 
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A component p a r t  oP t h e  d e t e r m i n a t i o n  o f  t h e  combust ion e f P i c i e n c y  and heat  
t r a n s f e r  e r f i c i e n c y .  

T h i s  i s  one o f  t h e  measurements c a r r i e d  o u t  by automated i n t e g r a t e d  
i n s t r u m e n t s  f o r  t h e  measurement o f  combust ion e f f i c i e n c y  (see AP H . 4 ) .  For  
b u r n e r s  w i t h  s e v e r a l  r u n n i n g  r a t e s ,  t h e  measure has t o  be repea ted  f o r  each 
speed. 

measurement of flue gas temperature 

Fig. I Measurement o f  flue- 
g a s  temperature. 
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-.-----------------------------------.--------------.------------------------ 

measurement technique: ! a p p l i c a t i o n  area: ! re fe renced from: 
H.3 ! HEATING PLANT ! AP H . l  

! ! 
-----------------------------------.----------.---------..------------------- 
t i t l e :  ! re fe rences  to :  
CARBON D I O X I D E  O R  OXYGEN CONTENT OF FLUE GAS ! 

! 

descr ip t ion :  

The carbon d i ox i de  (C02) o r  oxygen IO2)content  o f  the f l u e  gas i s  measured i n  
the middle o f  the smoke stack a t  the b o i l e r ' s  e x i t ,  a t  a  d is tance of one 
diameter from the b o i l e r ' s  e x i t .  The CO ( o r  O 2 1  content  must be measured a t  
the same place as f o r  the f l u e  gas tempevature (MT H.21. 

I t  i s  measured w i t h  the burner a t  the normal running speed, some minutes 
a f t e r  the burner has s t a r t e d  up and temperature steady-state cond i t ions  have 
been reached. 

The Bacharach device i s  one o f  the s imp les t  t o  perform the  measurement o f  the 
CO ( o r  0  1  content  : a  g iven volume of f l u e  gas i s  contained w i t h i n  an 
englosure. The C02 i s  then absorbed by a  spec ia l  l i q u i d .  The d iminu t ion  of 
the  gas volume i s  r e l a t e d  t o  the  C02 ( o r  02) content  o f  the gas and can be 
read on a  graduat ion scale. 

The C02 ( o r  021 measurement can a lso  be c a r r i e d  out by automatic instruments 
measuring the  combustion e f f i c i e n c y  (see AP H.11. Usual ly  an oxygen C e l l  i s  
used which must be replaced yea r l y .  The reading i s  almost instantaneous 
a l l ow ing  immediate adjustments o f  the  b o i l e r l f u r n a c e  e f f i c i e n c y .  

Any f u e l - f i r e d  system i n  the  determinat ion o f  the combustion e f f i c i e n c y .  

a l t e r n a t i v e  techniques: 

~~..-~~----~~~~--------------~~------------~----------------------~~--------~ 

a d d i t i o n a l  information: 
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measurement technique: ! a p p l i c a t i o n  area: ! referenced from: 
H.4 ! HEATING PLANT ! MT H.4 

t i t l e :  ! references t o :  
MEASUREMENT OF FUEL CONSUMPTION IN A GIVEN P E R I O D  ! MT H.5 

! 

desc r i p t i on :  

I f  a f u e l  meter i s  i n s t a l l e d :  

i )  Take the  d i f f e r e n c e  o f  the  meter readings a t  the  end and a t  the  
beginning o f  the  pe r i od .  

I f  the  burner i s  non-modulating, t h a t  i s  the  f u e l  f low- ra te  i s  cons tan t .  
then: 

iil M u l t i p l y  the  f u e l  f l ow - ra te  I M T  H.51 by. the  on-t ime o f  the  burner I M T  
H.11 w i t h i n  the measurement per iod .  

I f  the  o i l  tank shape, capac i ty  and layout  i s  known, then: 

iii) Measure the  f ue l  l e v e l  a t  the beginning and a t  the  end o f  the  per iod .  
Technical t ab les  e x i s t  which p rov ide  the  correspondance between the  
l i q u i d  l e v e l  i n  the  tank and the  l i q u i d  volume. Hence the  f u e l  
consumption can be obta ined as the  d i f f e r e n c e  between the  f i n a l  and the  
i n i t i a l  f u e l  volumes. 

If a rough est imate i s  acceptable. 

i v )  Analyse the f u e l  supp l ies  from the f u e l  b i l l s .  

cost :  
I t  depends on the  labour t ime.  

! ease o f  use: 
! Simple 
! 

accuracy: 
2 - 5 2  

! references: 
! 

recommended app l i ca t i ons :  

a l t e r n a t i v e  techniques: 

a d d i t i o n a l  in format ion:  
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p a s u r r r n t  technique: ! application area: ! referenced fro.: 
H.5 ! HEATING PLANT ! MT H.4. H . l  

! ! 

t l t l e :  ! references to: 
MEASUREMENT OF FUEL CONSUMPTlON FLOW-RATE ! 

il I f  a  f u e l  meter i s  i n s t a l l e d .  f o r  each heat ing mode (h i gh l l ow  f i r e )  
d i v i d e  the d i f fe rence o f  the two meter readings taken a t  the  end and a t  
the beginning o f  a  preset  t ime i n t e r v a l  by the  leng th  o f  t h i s  i n t e r v a l ;  

I f  a  f u e l  meter i s  not  i n s t a l l e d ,  then: 

iil Look a t  the  f ue l  spray nozzle type and read the working pressure o f  the 
f u e l  feed pump and de r i ve ,  from the nozzle t echn i ca l  t a b l e  t o  
corresponding f u e l  f low- ra te :  o r  

iiil Disconnect the f u e l  supply p ipe  and connect i t  t o  a  small  b o t t l e  
con ta in ing  a  known amount o f  f u e l .  Record the t ime the burner needs t o  
consume t h i s  amount. The r a t i o  o f  the f u e l  quan t i t y  by the consumption 
t ime w i l l  g i ve  the f u e l  f low- ra te ,  o r  

i v l  I n s t a l l  a  f u e l  flow-meter and see po in t  i l  above. 

cost: ! ease of use: 
Fuel meter 50-1001 ! 
Labour 10- 30 minutes ! 

! 

accuracy: ! references: 
! Roulet .  1987. 

recaended appllcations: 

alternative techniques: 
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measurement technique:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  f rom:  
D . l  ! DUCTYORK ! ECO 0.4. MT 0.2 th rough  

t i t l e :  ! r e f e r e n c e s  t o :  
CHOICE OF CROSS-SECTIONAL MEASUREMENT POINTS I N  ! 
AIR DUCTS FOR MEASUREMENT OF VELOCITY ! 

d e s c r i p t i o n :  

AS gu idance t o  t h e  l o c a t i o n  o f  a  s u i t a b l e  p l a c e  f o r  measurements use F i g .  1 

W i t h  c e r t a i n  d i s t u r b a n c e s ,  e.g. t h r o t t l i n g  dampers, a  c o n s i d e r a b l y  l onger  
d i s t a n c e  may be r e q u i r e d .  I n  c i r c u l a r  d u c t s  t h e  p l a n e  o f  measurement shou ld  
be p o s i t i o n e d  a t  l e a s t  150 mm upst ream o f  any d u c t - j o i n t .  Avo id  measurement 
a f t e r  p r o p e l l e r  f a n s  o r  two bends d i r e c t l y  connected t o  each o t h e r  i n  
d i f f e r e n t  p lanes .  The s w i r l  f rom such d i s t u r b a n c e s  can g i v e  c o n s i d e r a b l e  
e r r o r s  so f a r  downstream as 30 d iamete rs  ( d l .  

I n  r e c t a n g u l a r  d u c t s  t h e  p l a n e  o f  measurement shou ld  be p o s i t i o n e d  a t  l e a s t  
50 mm upst ream o f  any d u c t - j o i n t .  Rec tangu la r  d u c t s  h a v i n g  d imension ,600 mm 
a r e  u s u a l l y  s p l i t .  One shou ld  i f  p o s s i b l e  p e r f o r m  t h e  measurement from t h e  
d u c t - s i d e  h a v i n g  no c r a c k s .  Tes t  f i r s t  t h e  v e l o c i t y  a t  t h e  measurement c ross -  
s e c t i o n .  

il Measure t h e  dynamic p r e s s u r e  a t  t h e  c e n t r e  o f  t h e  c r o s s  s e c t i o n .  

iil F i n d  t h e  p o s i t i o n  o f  t h e  maximum dynamic p r e s s u r e  and n o t e  i t s  v a l u e .  
a1 I f  t h i s  maximum i s  s i t u a t e d  f a r t h e r  from t h e  d u c t  w a l l  t h a n  0 . 1  d. 

and t h e  maximal dynamic p ressu re  i s  l e s s  than  2 t imes  t h e  dynamic 
p ressu re  a t  t h e  c e n t r e ,  t h e  measurement p l a n e  i s  a c c e p t a b l e  and t h e  
measurement p o i n t s  a r e  then  s e l e c t e d  a c c o r d i n g  t o  F i g .  2  and 3 .  

b l  I f  b o t h  c o n d i t i o n s  a r e  n o t  f u l f i l l e d  an a l t e r n a t i v e  measurement p l a n e  
s h o u l d  be sough t .  

iiil I f  no measurement p lane  t h a t  f u l f i l l s  t h e  c o n d i t i o n  i n  i i l a a n d  b  i s  
found,  t h e r e  a r e  two p o s s i b i l i t i e s :  
a1 Measure a c c o r d i n g  t o  F i g .  2  and 3, b u t  w i t h  t o t a l  accuracy reduced t o  

1 7 - 1 5 1  -- 
b l  Use t h e  a l t e r n a t i v e  p r o c e d u r e :  I n c r e a s e  number o f  measur ing p o i n t s  

and t o t a l  accuracy o f  82. 

i v l  C o n d i t i o n s  f o r  u s i n g  method i n  iiil: The maximum dynamic p r e s s u r e  i s  
l o c a t e d  f u r t h e r  f rom t h e  d u c t  w a l l  t han  0 . 1  d  and i s  l e s s  t h a n  4  t imes  
dynamic p r e s s u r e  i n  t h e  d u c t  c e n t e r .  

v l  I f  no measurement p l a n e  f u l f i l l s  t h e  c o n d i t i o n s  i n  i v ) ,  t hen  f l ow  
measurement u s i n g  P i t o t - t u b e  shou ld  be performed. 

v i l  A f t e r  measurement t h e  d u c t - h o l e s  shou ld  be p lugged .  
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a d d i t i o n a l  in fo rmat ion :  
C i r c u l a r  cross s e c t i o n :  a>  54.  
Rectangular  cross sec t ion :  a>6 D (D= h y d r a u l i c  d iameter  = A 1 0  where A= cross 
a rea  and 0 circumference o f  d u c t ) .  

Fig. 1 
G u i d e  f o r  positioning 
o f  measurement plane. 

Fig. 2 
Positions o f  measurement 
in the measurement plane 
C i r c u l a r  cross section. 

vleasurement plane 
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-11 In accordance with new duct standard IS0 1807 

'wo alternatives for L,: 1 200 < L2 s 300 
11.400 < L, ,C 2 000 

-or alt. I note that: a = 0.08. L,, ti= 0.43. L,, c = 0.57. L,, d = 0.92. L, 
-or alt. II note that: a = 0.060. L,, b = 0.235. L,, c = 0.430. L,, d = 0.570. L 

e = 0.765. L,. f = 0.940. L, 

rhree alternatives for L,: 

For these alternatives the follow.ng pos llons of 
rneasJr.ng points are men obla nea. 

Fig. 3 
Positionr o f  
measurement in 
the measurement 
P l a n e .  Rectangular 
CIOSI section. A 1 1  
measures are in m. 

TABLE 3 .  C o r r e c t i o n  f a c t o r  f o r  t e m p e r a t u r e  and b a r o m e t r i c  p r e s s u r e  

Temperatuge  S t a t i c  p r e s s u r e  i n  d u c t  Cmbarl 
i n  d u c t  [ C1 970- 1000- 1030- 

TABLE 4. C o r r e c t i o n  f a c t o r  f o r  c r o s s  s e c t i o n  

C i r c u l a r  c r o s s  s e c t i o n  d  < 160 mm 0.96 
200 < d  c 400 mm 0.97 
500 < d < 12250 mm 0.98 

R e c t a n g u l a r  c r o s s  s e c t i o n  0.94 
0.96 
1.02 
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measurement technique: ! appl icat ion area: ! referenced from: 
0 . 2  ! DUCTYORK ! ECO 0 . 4 .  H . 2 5 .  HlC.7 

! ! HIC.8. AP 0.3 

t i t l e :  ! references to:  
FOR MEASUREMENT OF VELOCITY IN DUCTS USING ! MT 0 .1 .  0 .3 ,  0 . 4 .  0.5 
PRANDTL-TUBE IPILOT-TUBE) ! 

description: 

The a i r f l o w  r a t e  i s  c a l c u l a t e d  from a  s e r i e s  o f  v e l o c i t y  measurements i n  t h e  
c ross  s e c t i o n  o f  a  d u c t .  D e t e r m i n a t i o n  o f  v e l o c i t y  (dynamic p r e s s u r e )  i s  done 
w i t h  a  P i t o t  tube.  

The method i s  fundamental  and i n  r i d e  use. For  s h o r t e r  s t r a i g h t  d u c t  l e n g t h  
than about 5 d iamete rs  I 5  d )  b e f o r e  and 2  d  a f t e r  measurement p l a n e  t h e  
method e r r o r  i n r e a s e s .  For  b e t t e r  accuracy:  Measure i n  more p o i n t s ,  see 
A l t e r n a t i v e  Techniques 1. 

Equipment:  

i )  P i t o t  t ube .  
i i )  Rubber o r  p l a s t i c  tubes .  
i i i )  Micromanometer. U- tube.  
i v l  Thermometer. 
V )  Anero id  barometer .  
v i )  P l a s t i c  p l u g s .  
v i i )  S t e e l  measuring tape .  

P r e p a r a t i o n  I o n  s i t e ) :  

1. The measurements a r e  t a k e n  i n  a  p lane  o f  measurement (as  i n  MT 0 .11 .  
Observe t h a t  minimum d i s t a n c e  t o  downstream d i s t u r b a n c e s  shou ld  be 2  d  t o  
3 d . .. 

2 .  Remove e x t e r n a l  i n s u l a t i o n .  Avo id  measuring i n  i n t e r n a l l y  i n s u l a t e d  
d u c t s .  I f  t h e  d u c t s  a r e  i n t e r n a l l y  i n s u l a t e d ,  t h e  measuring p o i n t s  i n  
Tables I and 2 must be r e c a l c u l a t e d .  

P r e p a r a t i o n  ( i n s t r u m e n t s ) :  

I. Set up t h e  manometer h o r i z o n t a l l y  on a  s t a b l e  base. 
2 .  Couple t h e  tubes between t h e  P i t o t  tube and t h e  manometer. 
3. Check t h a t  t h e  column o f  l i q u i d  i s  f r e e  from a i r .  
4 .  A d j u s t  t h e  manometer t o  t h e  c o r r e c t  a n g l e .  To o b t a i n  t h e  b e s t  r e a d i n g  

accuracy i t  i s  i m p o r t a n t  t o  use t h e  ang le  t h a t  g i v e s  t h e  g r e a t e s t  
d e f l e c t i o n .  

5.  I f  necessary check and a d j u s t  t h e  manometer's ze ro  s e t t i n g .  

The a i r  v e l o c i t y  v  a t  each measurement p o i n t  i s  then  c a l c u l a t e d  from t h e  
dynamic p ressu re ,  p ,  by u s i n g  t h e  r e l a t l o n  / 
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Ifo P i s  measured i n  [Pa l  and v  i n  tm l s l .  the  constant  i s  equal t o  1.29 ( a t  
20 C and 1013 mbl. 

The vo lumet r i c  a i r  f low r a t e ,  q  . i s  then obta ined from the  average v e l o c i t y  
o f  the  measurement p o i n t s ,  v ,  a d  the  cross sec t i on  area. A,  as 

If a h igh  accuracy i s  des i red .  the  v e l o c i t y  should be cor rec ted  f o r  barometer 
pressure (see Table 3,,MT 0.11 and f o r  duct  cross sec t i on  (see Table 4, MT 
0.11. 

----------------------------------------------------------.------.----------. 

cost :  ! ease o f  use: 
Equipment: $120. Data ! Simple f o r  a  t r a i n e d  person. Of ten d i f f i c u l t  t o  
c o l l e c t i o n  and ca l cu la -  ! f i n d  s u f f i c i e n t  s t r a i g h t  duct  leng th .  
t ion :About  1 h  per duc t .  ! 

! 
-----------------------------~~--~--~~~-------~---~~~..~..~....~..~~...~..... 

accuracy: ! references:  
7 1  f o r  s t r a i g h t  duct  ! NVG. 1983. 
l eng th  >7 d.  151  f o r  ! 
s t r .  duct  leng th  4-7 d.  ! 

I 

............................................................................. 

recommended app l i ca t i ons :  

a l t e r n a t i v e  techniques: 

1. Yhen no recommended measurement plane i s  found, i . e .  when s t r a i g h t  duct  
leng th  i s  shor te r  than 7-8 d  o r  spec ia l  d is turbances are loca ted  upstream 
the  measurement plane. The number o f  measuring po in t s  i s  increased and a  
spec ia l  method of c a l c u l a t i o n  i s  app l ied .  See Reference. The method e r r o r  
i s  then  71. 

2. For ducts w i t h  v e l o c i t i e s  lower than 3  mls:  Use MT 0.3 (Hot w i re  
anemometer). 

3: For l a rge ,  rec tangu la r  ducts ( s i d e  over approximately-2 m )  and br ickwork 
duc ts :  Use MT 0.4: (Ro ta t i ng  vane anemometer). 

4. For permanent mon i to r ing  o r  s i n g l e  measurement w i t h  less  accuracy: Use MT 
0 .5 :  (Tracer  gas) .  

a d d i t i o n a l  in fo rmat ion :  

............................................................................. 
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measurement technique: ! a p p l i c a t i o n  area: ! referenced from: 
0.3 ! A I R  DUCTS ! E C O  0.2. 0.4. H IC . l .  

! ! HlC.8. H.25. AP 0.3.  R.4 

t i t l e :  ! references to:  
A I R  FLOW MEASUREMENT IN OUCTS USING HEATED M I R E  ! MT 0.1, 0.2. 0.4. 0.5. 
ANEMOMETER ! 
~ ~ ~ ~ ~ ~ ~ ~ . ~ . . - - - - - - - ~ ~ . ~ ~ ~ . ~ - - - - - ~ - ~ ~ ~ ~ ~ ~ ~ - - - - - - - - - ~ ~ ~ ~ ~ ~ ~ ~ . . . . . ~ . . ~ . ~ ~ ~ - - - - - -  

desc r i p t i on :  

I n  o rder  t o  determine the a i r  f low r a t e  i n  a  duct one may use a  heated w i re  
anemometer f o r  v e l o c i t y  measurement. A number o f  measurement p o i n t s  are 
determined as i n  MT D . 1 .  

This method i s  advantageous f o r  duct v e l o c i t y  lower than 3  mls. where the  
accuracy i s  b e t t e r  than t h a t  o f  a  P i t o t  tube, due t o  the instrument e r r o r  a t  
low v e l o c i t i e s .  

Instead o f  maximal dynamic pressure i n  MT 0.1 the maximal v e l o c i t y  should be 
app l ied :  
- I n  p o i n t  i i l a :  Max. v e l o c i t y  less  than 1.4 times center  v e l o c i t y .  
- I n  po in t  i v ) :  Max. v e l o c i t y  less than 2  times cen ter  v e l o c i t y .  
- The hot-wire anemometer should have been accura te ly  c a l i b r a t e d  a t  tee 

temperature e x i s t i n g  i n  the duct .  ( I f  thp c a l i b r a t i o n  i s  performed a t  20 C 
only and the measurement i s  done a t  30 C an e r r o r  of 102 i n  the v e l o c i t y  
measurement may occur . )  

The vo lumet r i c  a i r  f low i s  determined from the  average v e l o c i t y  as i n  MT 0.2. 
Use a  P i t o t  tube o r  a  smoke penc i l  t o  c o n t r o l  t ha t  counter f low does not  occur 
i n  the  measurement p lane.  
............................................................................. 

cost :  Equipment from 
1500. Data c o l l e c t i o n  
and c a l c u l a t i o n  112-1 h  
per duc t .  
.-..-.......-------.-.... 

accuracy: Y i t h  c a l i -  
b ra ted  anemometer the  
t o t a l  e r r o r  i s  about 52 
h igher  than f o r  MT 0.2. 
i . e .  10-202. 

ease o f  use: 
Simple f o r  a t r a i n e d  person 

references: 
N V G .  1983. 

! 
............................................................................. 

recommended app l i ca t i ons :  
............................................................................. 

a l t e r n a t i v e  techniques: MT 0.2.  0.4.  0.5. 
............................................................................. 

a d d i t i o n a l  in fo rmat ion :  
Condi t ions f o r  us ing t h i s  method: The heated w i re  anemometer has a  sensor- 
sha f t  o f  equal o r  smal ler  th ickness than a  s i m i l a r  P i t o t - t ube .  The v e l o c i t y  
can be cor rec ted  f o r  the duct cross sec t i on  as i n  MT 0.2.  
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measurement technique: ! a p p l i c a t i o n  area: ! re fe renced from: 
0.4 ! OUCT,WORK ! ECO 0 .2 .  0 .4 .  HIC.7. 

! ! HIC.8. H.25 

t i t l e :  ! re fe rences  to:  
A I R  FLOW MEASUREMENT I N  DUCTS USING ROTATING VANE ! MT D . 1 .  0.2. 0.3. D.5 
ANEMOMETER ! 

desc r i p t i on :  

Use a  r o t a t i n g  vane anemometer f o r  v e l o c i t y  measurement i n  a  number o f  p o i n t s  
across the duct  se lec ted  as descr ibed i n  MT D . 1 .  

This method i s  advantageous f o r  l a rge ,  rec tangu la r  ducts ( s i d e  over 
approximately  2  m )  and br ickwork ducts where a  P i t o t  tube i s  d i f f i c u l t  t o  
use. 

Ins tead of maximum dynamic pressure i n  MT D . l  the maximum v e l o c i t y  should be 
app l ied :  

- I n  p o i n t  i i l a :  Max. v e l o c i t y  l ess  than 1.4 t imes center  v e l o c i t y  
- I n  p o i n t  i v l :  Max. v e l o c i t y  less  than 2  t imes cen ter  v e l o c i t y .  

When a  r o t a t i n g  vane anemometer w i t h  separate stopwatch i s  used, the  
anemometer i s  he ld  f o r  10-15 seconds i n  each measurement p o i n t .  A t  the  end o f  
each measurement pe r i od  the inst rument  i s  t r a n s f e r r e d  t o  the nex t  p o i n t  
w i thou t  s topping the r o t a t i o n .  A t  the  end o f  the  f i n a l  pe r i od  the  anemometer 
i s  stopped and the stopwatch i s  read. The anemometer value i s  d i v i ded  by the  
t ime r e g i s t e r e d  and t h i s  average v e l o c i t y  i s  cor rec ted  w i t h  the  anemometer's 
c a l i b r a t i o n  curve.  

When a  d i r ec t - r ead ing  r o t a t i n g  vane anemometer i s  used, the  averdge v e l o c i t y  
o f  each p o i n t  must be determined. Every measured value i s  then cor rec ted  w i t h  
the  anemometer's c a l i b r a t i o n  curve. Then the  t o t a l  average v e l o c i t y  i s  
ca l cu la ted .  

The vo lumet r i c  a i r  f low i s  determined from the  average v e l o c i t y  as i n  MT 0.2. 

cost :  Equipment: From ! ease of use: 
$300. Data c o l l e c t i o n  ! Simple f o r  t r a i n e d  persons. I t  may be d i f f i c u l t  
and c a l c u l a t i o n :  1-1 112 ! t o  en te r  the  duct and f i n d  s u f f i c i e n t  s t r a i g h t  
h  per duc t .  ! duct  l eng th .  

! 

accuracy: 5% h igher  ! references:  
t o t a l  e r r o r  than f o r  ! N V G .  1983. 
MT 0.2, i . e .  10-202 ! 

! 
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recoaended applications: 

a l ternat ive techniques: 

............................................................................. 

additional information: 

The method s h o u l d  n o t  be used i f  t h e  h y d r a u l i c  d i a m e t e r  o f  t h e  d u c t  i s  
s m a l l e r  t h a n  5-6  t i m e s  t h e  anemometer d i a m e t e r .  

Due t o  mechan i ca l  f r i c t i o n  i n  t h e  anemometer t h e  l o w e s t  v e l o c i t y  t o  be 
measured i s  I m/s f o r  mechan i ca l  vane anemometers and abou t  0 . 3  m/s f o r  
e l e c t r o n i c  vane anemometers. 

The r o t a t i n g  vane anemometer must be c a l i b r a t e d  once a y e a r  i n  a w ind  t u n n e l .  
The anemometer s h o u l d  be mounted on a s h a f t  abou t  1 .5  m l o n g  when t h e  
anemometer i s  handhe ld  towards t h e  a i r  s t ream.  

F o r  c o r r e c t i o n  f a c t o r s ,  see MT 0.1. 
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measurement techn ique :  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
D.5 ! DUCTYORK (AIR CONDI- ! ECO 0.2. D.4.HlC.7.  

! TlONlNG CENTRALS) ! HlC.8. H.25. AP 0 . 3  

t i t l e :  ! r e f e r e n c e s  t o :  
AIR FLOW MEASUREMENT USING TRACER GAS TECHNIQUES ! MT 0 .2 .  0 . 3 .  0 .4 .  

! 

One o f  t h e  d i f f i c u l t i e s  i n v o l v e d  i n  measur ing t h e  a i r  f l o w  r a t e  i n  
v e n t i l a t i o n  d u c t s  i s  t h a t  t h e r e  a r e  o f t e n  i n s u l f i c i e n t  s t r a i g h t  s e c t i o n s  
p r e c e d i n g  o r  f o l l o w i n g  t h e  measurement p l a n e .  However, when t r a c e r  gas i s  
used f o r  t h e  measurement o f  a i r  f l o w  r a t e ,  i t  i s  an advantage t o  have much 
t u r b u l e n c e  induced by dampers, bends, e t c .  because t h e  t r a c e r  gas method may 
o n l y  be used when a  homogeneous m i x t u r e  o f  t h e  t r a c e r  gas i n  t h e  a i r  can be 
ma in ta ined .  

The method i s  based o n i n j e c t i n g  a  known low r a t e  o f  a  t r a c e r  gas i n t o  t h e  
v e n t i l a t i o n  d u c t .  Yhen t h e  t r a c e r  gas f u r t h e r  downstream i s  w e l l - m i x e d  w i t h  
t h e  v e n t i l a t i o n  a i r ,  t h e  a i r  f l o w  r a t e  i s  c a l c u l a t e d  l rom t h e  c o n c e n t r a t i o n  
o f  t h e  t r a c e r  gas. 

3  
The method r e q u i r e s  a  c o n t i n u o u s .  known f l o w  r a t e  o f  t r a c e r  gas,  q  . l o  I s 1  
and a  j ho rough  m i x i n g  o f  t h e  t r a c e r  gas w i t h  t h e  a i r  t r a n s p o r t e d  i n  ?he d u c t .  
q  l m  151. I f  t h e  c o n c e n t r a t i o n  i n  t h e  c r o s s  s e c t i o n  used f o r  sampl ing i s  
c i l l e d  C ( f r a c t i o n a l  u n i t s 1  w i t h  s t e a d y - s t a t e  c o n d i t i o n ,  t h e  f o l l o w i n g  
r e l a t i o n  f s  o b t a i n e d :  

q = q / C  
v  5 s  

Equipment:  

i )  T race r  gas a n a l y z e r .  
iil Tracer  gas + r e d u c t i o n  v a l v e  lmanometer l .  
iiil Flowmeter f o r  t r a c e r  gas ( r o t a m e t e r ) .  
i v l  Thermometer f o r  t r a c e r  aas and d u c t  a i r .  
VI Probe f o r  d i s t r i b u t i o n  o f  t r a c e r  gas i n  t h e  d u c t .  
v i l  Probe f o r  sampl ing.  
v i i l  P l a s t i c  p l u g s  t o  p l u g  h o l e s .  
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............................................................................. 

recommended applications: 

............................................................................. 

a l te rna t i ve  techniques: 

............................................................................. 

addi t ional  information: 

I f  a  r o t a m e t e r  i s  used as a  f l owmete r  f o r  t r a c e r  gas ,  i t  must be c a l i b r a t e d  
f o r  t h e  a c t u a l  t r a c e r  gas .  I t  i s  q u i t e  i m p o s s i b l e  t o  use a  s i n g l e  f a c t o r  f o r  
c o n v e r s i o n  o f  t h e  r o t a m e t e r ' s  c a l i b r a t i o n  c u r v e  f rom a i r  t o  t r a c e r  gas. 

The f l o w  r a t e  o f  t h e  t r a c e r  gas i s  c o r r e c t e d  t o  a p p l y  a t  t h e  p r e v a i l i n g  
t empera tu re  i n  t h e  v e n t i l a t i o n  d u c t .  T h e r e f o r e  t h e  t e m p e r a t u r e  o f  t h e  t r a c e r  
gas must be measured when p a s s i n g  t h r o u g h  t h e  r o t a m e t e r .  The c o r r e c t e d  f l o w  
r a t e  i s  o b t a i n e d  from (see  F ig .11 :  

where 
qS = t r a c e r  gas Plow r a t e  a t  t r a c e r  gas tempegature  a t  f l o w m e t e r .  

t f  t e m p e r a t u r e  o f  t r a c e r  gas a t  f lowmeger r Cl. 
t d  - tempera tu re  o f  t r a c e r  gas i n  d u c t  t C1. 

To o b t a i n  t h e  h i g h e s t  accu racy  i n  measurement o f  t h e  a i r  f l o w  r a t e ,  i t  i s  
necessa ry  t o  ensu re  t h e  l e a s t  p o s s i b l e  v a r i a t i o n  i n  gas c o n c e n t r a t i o n  ove r  
t h e  measu r i ng  p l a n e .  Some v a r i a t i o n s  have t o  be accep ted  because s u f f i c i e n t l y  
l o n g  d u c t  s e c t i o n s  a r e  n o t  a v a i l a b l e .  A c o n s i d e r a b l e  dec rease  i n  t h e  m i x i n g  
l e n g t h  can be o b t a i n e d  i f  t h e  t r a c e r  gas i s  i n j e c t e d  s i m u l t a n e o u s l y  t h r o u g h  a  
number o f  open ings  i n  t h e  c r o s s  s e c t i o n  ( a t  l e a s t  f o u r 1  and i f  t h e  samp l i ng  
i s  c a r r i e d  o u t  i n  more t h a n  one p o i n t .  See T a b l e  1. 

A c o n s i d e r a b l e  decrease i n  t h e  m i x i n g  l e n g t h  i s  a l s o  o b t a i n e d  i f  t h e  t r a c e r  
gas i s  i n j e c t e d  ups t ream o f  a  f an .  See T a b l e  1. 
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TABLE 1. Recommended r a t i o  ( m i x i n g  l e n g t h l / ( h y d r a u l i c  d i a m e t e r I l l / D l  f o r  
method e r r o r s  o f  5  and 10%. 

I n j e c t i o n  a t  c e n t r e  S t r a i g h t  duc t  w i t h o u t  d i s t u r b a n c e  
Sampling a t  c e n t r e  80 60 

I n j e c t i o n  th rough  S t r a i g h t  d u c t  w i t h o u t  d i s t u r b a n c e  
a  r i n g  whose d i a -  a1 sampling a t  c e n t r e  25 20 
meter i s  63% o f  t h e  b l  sampling a t  4 p o i n t s  i n  d u c t  15 10 
duc t  d iameter  ( 4  ( s i t u a t e d  as i n  i n j e c t i o n )  
ho les  i n  a  r i n g ) .  

Duct w i t h  two 90' bends 
a1 sampling a t  c e n t r e  20 15 
b l  sampling a t  4 p o i n t s  i n  d u c t  10 5 

( s i t u a t e d  as i n  i n j e c t i o n )  

Gas analyzer 
+-r/~eduction valve 

pressure 

Fig. 1 Flow measurement  with tracer g a r  in ducts 
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............................................................................. 
measurement technique:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
0.6 ! DUCTYORK ! ECO 0.3. AP R.4 

! ! 
............................................................................. 
t i t l e :  ! r e f e r e n c e s  t o :  
MEASUREMENT OF PRESSURE DROPS I N  AIR DUCTS ! 

! 
............................................................................. 
d e s c r i p t i o n :  

A survey o f  t h e  ductwork  shou ld  a l s o  address i )  t h e  p o s s i b i l i t y  o f  r e b u i l d i n g  
those p a r t s  w i t h  a  h i g h  p ressu re  drop and ii) t h e  n e c e s s i t y  o f  c l e a n i n g t h e  
i n s i d e  o f  t h e  ductwork  system. 

Excess ive p ressu re  drops may occur  i n :  

i )  Fan i n l e t s  and o u t l e t s .  
i i )  Sharp, l a r g e  bends w i t h o u t  t u r n i n g  vanes, 
iiil Two bends i n  d i f f e r e n t  p lanes .  
i v )  O n - s i t e  b u i l t  t r a n s i t i o n s .  
v )  I n t a k e  and o u t l e t  t e r m i n a l s .  
v i )  Heat exchangers i n  t h e  system. 

The i n s t r u m e n t a t i o n  needed i s :  

- Manometer w i t h  d i f f e r e n t i a l  ranges 0-2000 Pa. 
- I n c l i n e d  l i q u i d  manometer. 
- Mechanica l  o r  e , l ec t ron ic  manometer; 
- Rubber tubes and 
- P i t o t  s t a t i c  tube ( P r a n d t l - t u b e 1  f o r  use i n  d u c t s  w i t h  h i g h  v e l o c i t i e s .  

D r i l l  s m a l l  ho les  (d iamete r  2-3 m m l  i n  t h e  duc t  w a l l  b e f o r e  and a f t e r  t h e  
p a r t  t o  be t e s t e d .  Connect t h e  rubber  tubes t o  t h e  manometer and f a s t e n  t h e  
tubes a g a i n s t  t h e  d u c t  w a l l  over  t h e  h o l e s .  Read t h e  p ressu re  d i f f e r e n c e  on 
t h e  manometer. 

I f  t h e  p ressu re  d i f f e r e n c e  i s  l e s s  than  5-10 t imes  t h e  c a l c u l a t e d  dynamic 
p ressu re  i n  t h e  d u c t .  means shou ld  be taken  t o  reduce e r r o r s  due t o  
t u r b u l e n c e  and dynamic p ressu re  l osses  i n  t h e  measuring h o l e s  by :  

1. Removing i n s i d e  b u r r s  i n  t h e  measuring h o l e s  w l t h  a  s p e c i a l  t o o l ,  or 
2. D r i l l i n g  b i g g e r  h o l e s .  

Take measurements w i t h  a P i t o t  s t a t i c  tube ,  connected t o  t h e  t o t a l  Pressure 
o u t l e t  l t h e  nose l .and  a d j u s t  t h e  tube nose a g a i n s t  t h e  a i r  f l o w .  The 
procedure i s  most c o r r e c t  when d u c t  v e l o c i t y  exceeds 5-6 mls  o r  when t h e  d u c t  
c r o s s  area d i f f e r s  w i t h  more than 10-201 between t h e  measuring p o i n t s  l t h e  
p ressu re  drop i s  taken  as t h e  d i f f e r e n c e -  i n  t o t a l  p ressu re  between t h e  
measur ing .  p o i n t s , .  . w i t h  t h e  p ressu re  . i n  t h e  room o u t s i d e  t h e  d u c t  as 
r e f e r e n c e . )  
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The requ i red  pressure drop i s  the  d i f f e r e n c e  i n  t o t a l  pressure be fore  and 
a f t e r  the  examined p a r t  o f  t he  ductwork. I f  t he  duc t  v e l o c i t y  i s  t h e  same 
be fore  and a f t e r  1 i . e .  when the  duct  cross area i s  the  same), the  d i f f e r e n c e  
i n  t o t a l  pressure equals t he  d i f f e rence  i n  s t a t i c  pressure,  and measuring 
s t a t i c  pressure i n  duct  holes i s  s u f f i c i e n t .  The t o t a l  pressure i s  obta ined 
from: 

p t  = t o t a l  pressure [Pal  
pS = s t a t i c  pressure [Pa l  
p - dynamic pressure [Pa l  = ~ 1 2  * v2 = 0.6 v 2 

vd i v e l o c i t y  ~ m / s ~ .  

Resul ts  should be compared w i t h  manufacturers o r  standard component pressure 
loss  data.  I t  may be necessary t o  also.measure ac tua l  f low r a t e  (see M T D . 1  
through 0.51. 

cost :  ! ease o f  use: 
Data c o l l e c t i o n :  10:15 ! Simple. Eva lua t ibn  o f  r e s u l t s  need some knowledge 
minutes per component. ! o f  v e n t i l a t i o n  components. 

! 
............................................................................. 

accuracy: ! references:  
10-15% ! 

! 
! 

----.--.-------....-.------.-..---------------.--.--------..--..------------. 

recommended app l i ca t i ons :  

a l t e r n a t i v e  techniques: 

L i m i t a t i o n s .  

Measurement s h o r t l y  a f t e r  a fan o r  damper should be avoided because o f  h i g h  
l o c a l  v e l o c i t i e s  which increase the  measuring e r r o r  t o  more than 20%., 
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measurement techn ique :  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
0 .7  ! DUCTYORK ! ECO 0 .1 .  H I C . l .  H.25 

! ! AP 0 . 2  
............................................................................. 
t i t l e :  ! re fe rences  t o :  
MEASUREMENT OF TEMPERATURE AN0 HUMIDITY I N  AIR ! MT R.5. 
DUCTS ! 
............................................................................. 
d e s c r i p t i o n :  

I n  supp ly  a i r  d u c t s  tempera tu re  and h u m i d i t y  may v a r y  across t h e  s e c t i o n  o f  
t h e  d u c t .  A hea t  recovery  d e v i c e ,  h e a t i n g l c o o l i n g  c o i l s  and a i r  m i x i n g  u n i t s  
o f t e n  produce an uneven temperature (and h u m i d i t y )  p r o f i l e  ac ross  t h e  
s e c t i o n .  Measurements made near  these components shou ld  be made w i t h  g r e a t  
care.  

I f  by t r a v e r s i n g  w i t h  t h e  measurement probe, t h e  tempera tu re  and r e l a t i v e  
h u m i d i t y  maximal d i f f e r e n c e s  a r e  s m a l l e r  than  0.5 K and 5Z, r e s p e c t i v e l y .  
t hen  t h e  p r o f i l e  i n  t h e  c r o s s  s e c t i o n  can be regarded  as homogeneous. 

I f  t h e  l i m i t s  a r e  exceeded, then  t h e  measurements shou ld  be taken  acco rd ing  
t o  t h e  d e s c r i p t i o n s  g i v e n  i n  MT 0.1. 

I n  exhaust  a i r  d u c t s  t h e  temperature and h u m i d i t y  p r o f i l e  i n  exhaust  a i r  
d u c t s  a r e  u s u a l l y  homogeneous. There fo re  i t  i s  enough w i t h  one measuring 
p o i n t ,  p r e f e r a b l y  i n  t h e  m idd le  o f  t h e  c r o s s  s e c t i o n .  

Equipment f o r  tempera tu re  measurement: Thermometer acco rd ing  t o  u s e r s  demand 
f o r  accu racy ,  f o r  h u m i d i t y  measurement: L i t h i u m - C l o r i d e  c e l l  hygrometer .  T h i s  
i n s t r u m e n t  demands f requen t  c a l i b r a t i o n .  Use an a s p i r a t i o n  psycrometer  as a  
c a l i b r a t o r  o r  f o r  more accu ra te  measurement ( see  MT R.51. 

c o s t :  ! ease o f  use: 
Equipment: From 150.' ! Simple. 

! 

accuracy: ! r e f e r e n c e s :  
Depends on ins t rumen t  ! 
accuracy.  I 

! 
............................................................................. 
recommended a p p l i c a t i o n s :  

a l t e r n a t i v e  techn iques :  

a d d i t i o n a l  i n f o r m a t i o n :  
.............................................................................. 
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measurement techn ique :  ! a p p l i c a t i o n  area:  ! r e f e r e n c e d  from: 
D. 8 ! DUCTYORK ! ECO 0.2. 0 . 4 .  

t i t l e :  ! r e f e r e n c e s  to :  
AIR FLOW MEASUREMENT ON EXHAUST TERMINAL YlTH ! MT 0 .2  th rough  0.5. 
ANEHOUETER-HOOD I 
............................................................................. 

d e s c r i p t i o n :  

T h i s  method i s  easy t o  use on s m a l l e r  a i r  exhaust  t e r m i n a l s .  D i f f e r e n t  t ypes  
o f  h o t - w i r e  i ns t rumen ts  and mechanica l  a i r  v e l o c i t y  i n s t r u m e n t s  can be f i t t e d  
w i t h  a  hood f o r  a i r  f l ow  measurement on exhaust  a i r  d e v i c e s .  Some o f  these 
i n s t r u m e n t s  a r e  l i s t e d  i n  Table  1. 

The c a l i b r a t i o n  cu rves  o f  t h e  i n s t r u m e n t s  a r e  i n f l u e n c e d  t o  a  c e r t a i n  degree 
by t h e  t y p e  o f  exhaust  a i r  d e v i c e  on which i t  i s  used. The i n s t r u m e n t s  may 
g i v e  an a d d i t i o n a l  e r r o r  o f  5% depending on t h e  t y p e  o f  v a l v e .  C a l i b r a t i o n  i n  
c o m b i n a t i o n  w i t h  t h e  a c t u a l  i n s t a l l a t i o n  o f  t h e  i ns t rumen t  shou ld  t h e r e f o r e  
be c a r r i e d  o u t  i f  t h e  g r e a t e s t  p o s s i b l e  p r e c i s i o n  i s  t o  be o b t a i n e d .  

A l l  measuring i n s t r u m e n t s  f i t t e d  w i t h  a  hood a f f e c t  t h e  a i r  f l o w  t h r o u g h  t h e  
d e v i c e  because a  p ressu re  d r o p  o c c u r s  i n  t h e  measuring hood. Yhen t h e  
p ressu re  d r o p  across t h e  hood and t h e  exhaust  a i r  d e v i c e  i s  known, t h e  
c o r r e c t  f l o w  can be c a l c u l a t e d :  C o r r e c t  f l o w  : measured f l ow  t imes  c o r r e c t i o n  
f a c t o r  f rom Table  2. 

A l l  h o t - w i r e  i n s t r u m e n t s  a r e  d e l i c a t e  and need c a l i b r a t i o n  and ad jus tmen t  one 
o r  two t imes  a  y e a r .  

R_I ' Velocity instrument 

Fig. 1 
Measurement o f  f l a w  
with anemometer hood. 
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cost: Equipment :  From ! ease o f  use: 
$600. Da ta  c o l l e c t i o n :  ! S imp le .  
5 -15  m i n u t e s  p e r  e x h a u s t  ! 
t e r m i n a l .  I 

! 

accuracy: T o t a l  random ! references: 
e r r o r :  F o r  new l y  c a l i -  ! NVG. 1983. 
b r a t e d  i n s t r u m e n t :  12Z. ! 
W i t h  c a l i b r a t i o n  c u r v e  ! 
f o r  t h e  a c t u a l  t e r m i n a l :  ! 
7z .  ! 

r e c o w n d e d  applications: 

a l t e rna t i ve  techniques: 
MT 0 . 2  t h r o u g h  D.5. 

addit ional  information: 

TABLE 1. F lowme te rs .  

Type o f  i n s t r u m e n t  
3  

A i r  f l o w  r a n g e  I m  / h l  [ l / s l  
........................................................................ 
Swema AFM-660 (Sweden) 5 -30 .  30-230 1 . 4 . 6 4  
A l n o r  + AM-300 ( F i n l a n d )  20-300 . 5.5-83 
A l n o r  t AM-600 ( F i n l a n d )  50-750 .14-208 
A l n o r  + AM-1200 ( F i n l a n d )  100-1500 28-417 
Veab LN-200 (Sweden) 20-200 5 .5 -55  
8 a l - c o n e  + CF m a t i c .  AMC IUSA) 0 -1700 ( 5  s i z e s )  0 -472 
A l n o r  B a l o m e t e r  (USA) 0 -3400 ( 4  s i z e s )  0 -945 

TABLE 2. C o r r e c t i o n  f a c t o r  f o r  p r e s s u r e  d r o p  a c r o s s  f l o w m e t e r .  

P r e s s u r e  d r o p  a c r o s s  t h e  f l o w m e t e r  i n  
p e r c e n t  o f  t h e  p r e s s u r e  d r o p  a c r o s s  t h e  
e x h a u s t  a i r  d e v i c e  C o r r e c t i o n  f a c t o r  

5  1 .01  
10 1 . 0 5  
20 1.11 

.............................................................. 
* I n c l u d i n g  p r e s s u r e  d r o p  t o  n e a r e s t  b r a n c h  d u c t .  
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seasurement technique:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
0.9 ! DUCTYORK ! ECO 0.2. 0.4. 

t i t l e :  ! r e f e r e n c e s  t o :  
AIR FLOW MEASUREMENT ON SUPPLY TERMINAL WITH BAG ! MT 0.2 th rough  D.5. D.10 

! 
~ ~ ~ ~ ~ - ~ - ~ ~ ~ ~ ~ - . . ~ . . - ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ - ~ ~ ~ - - - - - - - - - - - - - - ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ .  

d e s c r i p t i o n :  
Th is  method. i s  a  p r e c i s i o n  method f o r  a i r  supp ly  t e r m i n a l s  and easy t o  use 
when t h e r e  i s  s u f f i c i e n t  space and f l a t  su r face  around t h e  t e r m i n a l .  

The method, i l l u s t r a t e d  by F i g .  1, i m p l i e s  t h a t  a  r o l l e d - u p  measuring bag, o f  
a  c e r t a i n  volume and mounted on a frame, i s  p laced  over  the  d e v i c e  so t h a t  
t h i s  i s  c o m p l e t e l y  covered.  The t i m e  t h a t  e lapses u n t i l  t h e  bag i s  f i l l e d  
w i t h  a i r  t o  a  c e r t a i n  overp ressure ,  i s  noted.  The v o l u m e t r i c  a i r  f l o w  r a t e .  
qV, i s  then  o b t a i n e d  f rom t h e  equa t ion :  

where V = volume of  measur ing bag, and t = f i l l i n g  t i m e  

Measuring tube 0 5 m 
Stop watch 

Micromanometer Plastic bag 
(0.3 - 1.3 ma) 
(0.02 - 0.04 mm thickn.) 

F i g .  1 Mearurernent o f  a i r  flow w i t h  plastic bag 

c o s t :  Equipment i n c l u d e d  one f a c t o r  c a l i b r a t e d  ! ease o f  use: 
bag: From 1650. Data c o l l e c t i o n :  10-20 min.  ! S imple.  b u t  some 
p e r  supp ly  t e r m i n a l  ( two  persons) .  ! t r a i n i n g  necessary.  

! Most e f f e c t i v e  w i t h  
! two persons. 
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a l t e r n a t i v e  techn iques :  

WT 0 . 2  t h rough  D.5. D.10. 

a d d i t i o n a l  i n f o r m a t i o n :  

The lower  l i m i t  o f  t h e  p ressu re  drop f o r  a  t e r m i n a l  [ i n c l u d i n g  p ressu re  d rop  
t o  neares t  branch d u c t ) ,  when measuring a  d e v i c e  mounted i n  a  c e i 1 i n g . i ~  
approx ima te l y  10 .Pa. When t h e  d e v i c e  i s  i n s t a l l e d  i n  a  w a l l  i t  i s  
approx ima te l y  50 Pa. For  measurements on wal l -mounted d e v i c e s ,  i t  i s  
necessary t o  l i f t  t h e  measuring bag i n  o r d e r  t o  decrease t h e  p ressu re  i n  t h e  
bag. 

3 3  The maximum f l o w  r a t e  i s  about 500 m / h  (0 .13 m 1 s )  w i t h  a  bag o f  13 m 3  

P lace  t h e  frame w i t h  t h e  r o l l e d - u p  ( a i r l e s s 1  bag ove r  t h e  d e v i c e  and s t a r t  
t h e  s topwatch.  

F i l l i n g  t i m e  t o  an ove rp ressu re  o f  3 Pa i s  noted.  I f  t h e  f i l l i n g  t i m e  i s  
below 10 seconds t h e  measurement i s  repea ted  w i t h  a  bag o f  g r e a t e r  volume. 

I f  such a  g r e a t e r  bag i s  no t  a v a i l a b l e  t h e  measurement shou ld  be repea ted  2 - 3  
t imes.  

Measur ing bags i n c l u d i n g  frames and o t h e r  accessor ies  can be o b t a i n e d  f rom.  
f o r  example, Matforum Hans B l i x t  AB. Solna.  Sweden. 
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measurement technique: ! a p p l i c a t i o n  area: ! referenced from: 
D.10 ! DUCTYORK ! ECO 0.2. 0 .4 .  

! ! 

t i t l e :  ! re fe rences  t o :  
A I R  FLOW MEASUREMENT ON SUPPLY TERMINAL YlTH ! MT 0.2 through D.5. D.9 
ANEMOMETER-HOOD ! 

desc r i p t i on :  

This method i s  easy t o  use f o r  balancing a i r  supply systems, b u t  needs 
c a l i b r a t i o n  f o r  each type o f  te rmina l  i f  accurate measurements are des i red .  . 
To o b t a i n  a  good degree o f  measuring accuracy w i t h  the  inst ruments mentioned 
i n  MT D.8, regard less  o f  whether the  a i rs t ream i s  symmetric o r  no t ,  an 
extension hood i s  requ i red .  This hood should have a  l eng th  3  t imes the  
g rea tes t  h y d r a u l i c  diameter o f  the hood ( l i m i t e d  a v a i l a b i l i t y ) .  

The anemometer used i s  a  r o t a t i n g  vane anemometer pos i t i oned  i n  the  c i r c u l a r  
o u t l e t  o f  the  hood. To ob ta i n  the  bes t  measuring r e s u l t  the  o u t l e t  diameter 
o f  the hood should be 1.5 times the  diameter o f  the r o t a t i n g  vane anemometer. 

velocity instrument 

Sealing 

Extension hood 

Fig. 1 Measurement o f  f l o w  with anemometer hood 

............................................................................. 

cost :  Equipment: From ! ease o f  use: ' 

1700. Data c o l l e c t i o n  ! Simple. b u t  the  hoods may be heavy t o  handle f o r  
5-15 minutes per supply ! one person. C a l i b r a t i o n  necessary. 
t e rm ina l .  ! 

accuracy:Total random e r r o r :  7 1  on ' cond i t i on  t h a t  ! references: 
inst rument  i s  newly c a l i b r a t e d .  hood i s  c a l i b r a t e d  ! NVG.  1983. 
on ac tua l  t e rm ina l  type,  c o r r e c t i o n  i s  made f o r  ! 
hood pressure drop. ! 
..-..-------..---. ~~-~~..--------......-~.~~~~~.~-~---~-..--.-----.....------ 
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reconended applications: 

1 a l te rna t i ve  techniques: 
! 

MT 0 . 2  t h r o u g h  D.5. 0.9. 

L i m i t a t i o n s :  

I l a b s o l u t e  v a l u e s  l o r  a i r  f l o w  r a t e  i s  wanted .  t h e  m e t h o d s r e q u i r e  
c a l i b r a t i o n  i n  c o m b i n a t i o n  w i t h  t h e  s u p p l y  a i r  d e v i c e  conce rned .  A l l  
measu r i ng  i n s t r u m e n t s  f i t t e d  w i t h  a  hood i n f l u e n c e  t h e  a i r f l o w  t h r o u g h  t h e  
i n s t r u m e n t  as a  c e r t a i n  deg ree  o f  p r e s s u r e  d r o p  i s  s e t  i n  t h e  m e a s u r i n g  hood.  

C o r r e c t i o n  f o r  p r e s s u r e  d r o p :  C o r r e c t  f l o w  = measured f l o w  t i m e s  a  
c o r r e c t i o n  f a c t o r  f r o m  T a b l e  1. 

TABLE 1. C o r r e c t i o n  l a c t o r  f o r  p r e s s u r e  d r o p  a c r o s s  f l o w m e t e r  

P r e s s u r e  d r o p  a c r o s s  t h e  f l o w m e t e r  i n  
p e r c e n t  o l  t h e  p r e s s u r e  d r o p  a c r o s s  
t h e  e x h a u s t  a i r  d e v i c e  . C o r r e c t i o n  f a c t o r  

............................................................... 

* I n c l u d i n g  p r e s s u r e  d r o p  t o  n e a r e s t  b r a n c h  d u c t .  
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measurement technique: ! a p p l i c a t i o n  area: ! referenced from: 
0.11 ! DUCTYORK ! ECO 0 .2 .  0.4. 

! ! 

t i t l e : .  ! re fe rences  t o :  - .- .. 
A I R  FLOW MEASUREMENT ON TERMINALS BY A ZERO ! 
PRESSURE METHOD (FLOW FINDER1 ! 
............................................................................. 

desc r i p t i on :  

Y i t h  the  zero pressure method the  res is tance  o f  the measuring inst rument  i s  
compensated by means o f  a fan,  so t h a t  t he  c h a r a c t e r i s t i c  o f  t he  a i r  
d i s t r i b u t i o n  system i s  no t  in f luenced by the measurement. 

Because o f  the  zera pressure method the  a i r  f low i s  v i r t u a l l y  no t  in f luenced 
by the p l ac i ng  o f  the  inst rument  be fo re  an o u t l e t  o r  g r i l l e .  The inst rument  
i s  set  manually. The zero pressure i nd i ca to r  w i l l  i nd i ca te  i f t h e  a i r  f low on 
the  sca le  o f  the  inst rument  i s  h igher  o r  lower than t he  measured a i r  f low.  

The inst rument  i t s e l f  and the zera pressure i n d i c a t o r  r eac t  i n s t a n t l y  so t h a t  
the  a i r  f low t h a t  i s  t o  be measured can be determined very r a p i d l y .  

~ i ~ .  I An example  o f  t h e  instrument described. 
t h e  F l a w  Finder. 

............................................................................. 

cost :  ! ease o f  use: 
Approximately 11000. ! Simple. 

! 

accuracy: ! references:  
52 o f  th5  read in  + I -  ! AClN 9 0.0003 m I s  ( 1  m I h )  ! 
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- g r i l l s .  r e g i s t e r s ,  d i f f u s e r s .  
- low a i r  volumes o r  v e l o c i t i e s .  
- n a t u r a l  v e n t i l a t i o n  r a t e s  

a l te rna t i ve  techniques: 

MT 0 . 2  t h r o u g h  0 . 5 .  0 . 9 .  0 . 1 0  

-.-.--.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
addit ional  information: 
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measurement technique: ! a p p l i c a t i o n  area: ! referenced from: 
P . l  ! PIPEYORK [HEATING. SHY. ! E C O  P.9. P.11. MT P.6. 

! REFRIGERANT SYSTEMS) ! P.2 

t i t ' l e :  ! re fe rences  t o :  
MEASUREMENT OF STATIC PRESSURE AN0 PRESSURE ! 
DROPS IN PIPES I 

desc r i p t i on :  

I f  t he re  are no b u i l t  i n  manometers o r  manometer connect ions,  one can proceed 
as fo l lows:  
A f t e r  d ra i n i ng  pipework, d r i l l  a  tapping i n  the  p i pe  so t h a t  the  ho le  emerges 
perpendicular  t o  the p ipe  inner  w a l l  w i t h  a  c lean  sharp edge. F i t  a  pressure 
gauge i n  the  pipework. 

I f  manometers have t o  be connected t o  a  r e f r i g e r a n t  system always check f o r  
poss ib le  leakage a t  the connections us ing  a  r e f r i g e r a n t  leakage de tec to r .  
Also make sure t h a t  t he  nanometer i s  s u i t a b l e  f o r  t he  intended working 
pressure 1e.g. do no t  confuse h i gh  and low pressure connect ions) .  

T O  measure pressure drop across any pipework component, measure, s t a t i c  
pressures as c lose as p r a c t i c a l  and on bo th  s ides o f  the component. 

--~~-~-~--------------~.~......~-~~--~~-~-~-~----------~~-~--~-~~----~~~----- 

.cost :  Standard type ser -  ! ease o f  use: 
v i c e  manometers 140-1100 ! Should be f i t t e d  by experienced personnel. 
P rec i s i on  e l e c t r o n i c  ! 
t ransducers 1200-1300. ! 
......~~~~~~~~--------~.~---....~--~~-----~~----------~~~~-~-~---~---~.~---~- 

accuracy: ! references:  
Dependent on gauge 2-52 ! 

! 
! 

, 
............................................................................. 
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recommended a p p l i c a t i o n s :  

11 For low p ressu re  p i p e s  a  s i m p l e r  techn ique  can by a p p l i e d .  
F i t  a  t w i n  l o c k  t e s t  p l u g  and i n s e r t  a  h o l l o w  needle  th rough  t h e  rubber  s e a l .  
Connect t h e  needle  v i a  f l e x i b l e  armoured hose t o  a - p r e s s u r e  gauge o r  
manometer. 

21 To measure t h e  p r e s s u r e  a t  a  draw-of f  p o i n t  i n  a  SHY system one can 
proceed as f o l l o w s .  
Connect a  p ressu re  gauge (Bourdon t y p e )  o f  a p p r o p r i a t e  s e n s i t i v i t y  t o  t h e  
d raw-o f f  p o i n t  u s i n g  armoured f l e x i b l e  hose secured w i t h  s u i t a b l e  c l i p s  ( e . g .  
J u b i l e e  c l i p s ) .  

T h i s  can be c a r r i e d  o u t  by u n s k i l l e d  pe rsonne l  

............................................................................. 

a d d i t i o n a l  i n f o r m a t i o n :  

I f  manometers a r e  b e i n g  f i t t e d  f o r  l onger  p e r i o d s  always use m e t a l l i c  
connec t ing  tubes (copper ,  s t e a l  e t c . 1 .  Rubber hoses n o r m a l l y  u s e d , f o r  s e r v i c e  
a p p l i c a t i o n s  a re  n o t  d i f f u s i o n  p r o o f  and w i l l  s l o w l y  l e a k .  

Leak d e t e c t i o n  u s i n g  a  gas f lame i n  r e f r i g e r a n t  systems i s  e f f i c i e n t  b u t  n o t  
t o  be recommended s i n c e  r e f r i g e r a n t s  may decompose and form t o x i c  gases i n  
t h e  presence o f  an open f lame. Use e l e c t r o n i c  t ype  d e t e c t o r s .  

Yhen d i s c o n n e c t i n g  p ressu re  tubes from r e f r i g e r a n t  systems remember t h a t  
r e f r i g e r a n t  may have condensed ( e s p e c i a l l y  on t h e  h i g h  p ressu re  s i d e )  i n  t h e  
tube  and t h i s  w i l l  evapora te  v i o l e n t l y  on d i s c o n n e c t i o n  o f  t h e  tube .  Be sure 
t o  p r o t e c t  eyes o r  s k i n  s i n c e  e v s p o r a t i n g  temperature a t  ambient p ressu re  can 
be i n  t h e  range o f  -30 t o  - 4 5  C .  I f  connec t ing  p ipes  have l a r g e  volumes i t  
shou ld  be ar ranged w i t h  s w i t c h i n g  v a l v e s  so t h a t  r e f r i g e r a n t  can be sucked 
back i n t o  t h e  system b e f o r e  d i s c o n n e c t i n g  t h e  manometers. YARNING: Not t o  be 
c a r r i e d  ou t  i n  ammonium systems except  by l i c e n s e d  t e c h n i c i a n s .  
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measurement technique:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: ECO P.3 
P.2 ! PIPEYORK ! 5.7. 1  5.12. S.15. 

! ! AP P.3. P.5. S . 1 .  5 .2 .  
! ! S.5. MT P.3.  P.4. 5.1 

t i t l e :  
FLOW RATE I N  PIPES (ORIFICE PLATE) 

! re fe rences  t o :  MT P . l  
! P.3. P.4 
! 

............................................................................. 
I 

d e s c r i p t i o n :  

An o r i f i c e  p l a t e  i s  a  meta l  p l a t e  w i t h  a  c i r c u l a r  c o n c e n t r i c  o r i f i c e .  Yhen 
p laced  i n  a  p i p e ,  t h e  p l a t e  p a r t i a l l y  o b s t r u c t s  t h e  f l o w ,  caus ing a  l o s s  o f  
p ressure .  The v o l u m e t r i c  f l o w  r a t e  i s  r e l a t e d  t o  the  p ressure  d i f f e r e n t i a l  
across t h e  p l a t e  by the  equa t ion :  

3  where q  : v o l u m e t r i c  f l o w  r a t e  tm I s 1  
2  

: c r o s s - s e c t i o n a l  area o f  p i p e  tm I 2  
: c r o s s - s e c t i o n a l  area o f  o r i f i c e  i n  p l a t e  tm I 

C O  : discharge  c o e f f i c i e n t  o f  o r i f i c e  p l a t e  
b8 = p ressure  d i f f e r e n t i a l  [ P a l  ; 3  p  = d e n s i t y  o f  t h e  f l u i d  i n  t h e  p i p e  I k g l m  I. 

The p ressure  on e i t h e r  s i d e  o f  t h e  p l a t e  i s  measured v i a  p ressure  tapp ings .  
one d r i l l e d  a  d i s t a n c e  o f  one p i p e  d iameter  d  upstream o f  t h e  p l a t e  and on a  
d i s t a n c e  d l 2  downstream o f  t h e  p l a t e .  

The v a l u e  o f  C depends on t h e  Reynolds number b u t  f o r  t h e  f l ows  cons ide red  
here  can be takef l  equal  t o  0.60. . - 

------------------------. 
c o s t :  For  complete p l a t e  
and f l a n g e  assembly ( 5 0  
mm d iamete r )  $600. D i f -  
f e r r e n t i a l  p ressure  
t r a n s m i t t e r ,  diaphragm 
t y p e  $1200. 
. ........................ 

..................................................... 
! ease .o f  use: 
! F i t t i n g  and c a l i b r a t i o n  o f  t h e  dev ice  shou ld  be 
! performed by q u a l i f i e d  s t a f f .  
! 

accuracy:  2-32 u n c a l i -  ! re fe rences :  
b r a t e d .  12 c a l i b r a t e d  ! 
( p r o v i d e d  t h e  d ischarge  ! 
c o e f f i c i e n t  i s  knownl .  ! 
............................................................................. 
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............................................................................. 

a l t e r n a t i v e  t e c h n i q u e s :  

MT P.3. P.4. 
Measure p r e s s u r e  ac ross  sys tem pump IMT P . 1 ) .  Flow r a t e  can be e s t a b l i s h e d  
f rom pump c h a r a c t e r i s t i c s .  

a d d i t i o n a l  i n f o r m a t i o n :  

The i n s t a l l a t i o n  o f  an o r i f i c e  p l a t e  w i l l  n o r m a l l y  r e q u i r e  remov ing  a  l e n g t h  
o f  p i p e  u n l e s s  i t  can be f i t t e d  between two e x i s t i n g  f l a n g e s  i n  t h e  p ipework .  

F langed  c o u p l i n g s  s h o u l d  be a t t a c h e d  t o  t h e  p i p e  ends a t  t h e  c u t - o u t  and t h e  
p l a t e  f i t t e d  between them, and p r e s s u r e  t a p p i n g s  s h o u l d  be made on e i t h e r  
s i d e  o f  t h e  f l a n g e s  ( see  MT P . 1 ) .  

P i p e s  above lOOmm d i a m e t e r  s h o u l d  use f o u r  equ i - spaced  t a p p i n g  h o l e s  a t  each 
measurement p o i n t  j o i n e d  w i t h  t u b i n g  t o  f o rm  a  p iezomete r  r i n g .  T h i s  ensu res  
t h a t  v a r i a t i o n s  i n  t h e  f l o w  p r o f i l e  a round  t h e  p i p e  a r e  averaged.  

F o r ,  t h e  measurement o f  t h e  p r e s s u r e  d i f f e r e n t i a l  one may use a  d i f f e r e n t i a l  
p r e s s u r e  Bourdon gauge ( c o n v e n i e n t  b u t  n o t  as a c c u r a t e  as o t h e r  d e v i c e s ,  a  
mercu ry  manometer, a  p r e s s u r e  t r a n s d u c e r ,  e t c . ) .  

C o n c e n t r i c  o r i f i c e  p l a t e s  cannot  be used w i t h  d i r t y  f l u i d s ;  e c c e n t r i c  o r  
c h o r d  o r i f i c e  p l a t e s  s h o u l d  be used - t h e s e  a l l o w  a  f r e e  p a t h  a l o n g  t h e  
b o t t o m  o f  t h e  p i p e  wh ich  p r e v e n t s  t h e  b u i l d  up o f  s o l i d s  b e h i n d  t h e  p l a t e  
( see  r e f e r e n c e ) .  

Equipment i s  r e a d i l y  a v a i l a b l e  

I n t r o d u c t i o n  o f  o r i f i c e  i n t o  p ipework  systems reduces  t h e  f l o w  r a t e  
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measurement techn ique :  ! a p p l i c a t i o n  area:  ! re fe renced  from: ECO P.3 
P.3 ! HYDRONIC HEAT DISTRIBU- ! 5.7. 5.11. 5.12. 5.15, 

! TlON OR SHY SYSTEMS ! AP P.3, P.5. 5.1. 5.2. 
! ! 5.5. MT P.2. P.4. 5 .1  

t i t l e :  ! r e f e r e n c e s  t o :  
FLOW RATE I N  PIPES IFLOY METERS) ! MT 2  P.4 

! 

The i n s t a l l a t i o n  o f  a  meter t o  measure h o t  water  f l o w  o r  assess SHY demand 
p a t t e r n s  r i l l  n o r m a l l y  r e q u i r e  b r e a k i n g  i n t o  e x i s t i n g  p ipework.  I t  w i l l  
t h e r e f o r e  be necessary t o  v a l v e  o f f  t h e  supp ly  and d r a i n  down t h e  system. 

S u i t a b l e  meters a r e :  
p l a s t i c  t u r b i n e  - f o r  use i n  c o l d  wa te r .  
s t e e l  t u r b i n e  - f o r  use i n  h o t  wa te r .  
p o s i t i v e  d isp lacement  1e.g. r o t a r y  p i s t o n ) .  
e l e c t r o - m a g n e t i c  f lowmeters .  

C o n s i d e r a t i o n  shou ld  be g i v e n  t o  u s i n g  meters which can be f i t t e d  w i t h  
e l e c t r i c a l  p u l s e  genera to rs  i n  o r d e r  t h a t  the  Plow d a t a  can be remote ly  
d i s p l a y e d  o r  logged. 

I f  t h e  c o n f i g u r a t i o n  o f  the  pipework ahead o f  the  meter i s  l i k e l y  t o  generate 
s w i r l  o r  d i s t u r b e d  v e l o c i t y  p r o f i l e s ,  a  f l o w  c o n d i t i o n e r  shou ld  be f i t t e d  
upstream. The upstream p i p e  shou ld  a l s o  be s t r a i g h t  f o r  a  l e n g t h  , 10 p i p e  
d iamete rs  b e f o r e  the  meter and > 5  p i p e  d iamete rs  a f t e r  the  meter .  P o s i t i v e  
d isp lacement  meters a r e  g e n e r a l l y  i n s e n s i t i v e  t o  f l o w  d i s t u r b a n c e s .  

cos t :  
150-1150 

! ease o f  use: 
! F i t t i n g  and c a l i b r a t i o n  o f  meters  shou ld  be per -  
! formed by q u a l i f i e d  s t a f f .  
! 

accuracy:  ! re fe rences :  
2 1  l d e ~ e n d e n t  on f l o w  ! IS0 4064. P a r t  2 .  IS0 Standards   and book 15 
r a t e ) .  ! 

! 
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recommended a p p l i c a t i o n s :  

a l t e r n a t i v e  techniques:  MT P.2. P.4 

SHY f l o w  can be measured d i r e c t l y  by f i t t i n g  a  h o t  water  meter i n  t h e  draw- 
o f f  p i p e  f rom t h e  s to rage  c y l i n d e r l t a n k  o r  t h e  f l o w  s i d e  o f  i ns tan taneous  h o t  
water  hea te rs .  

a d d i t i o n a l  i n f o r m a t i o n :  

I n  a p p l i c a t i o n s  t o  SHY systems, t h e  f o l l o w i n g  shou ld  be cons ide red :  
Measurement o f  t h e  ho t  water  d r a w - o f f  f rom s to rage  c y l i n d e r l t a n k  may be made 
by m e t e r i n g  t h e  f l o w  of  c o l d  feed  water  i n t o  t h e  c y l i n d e r l t a n k .  M e t e r i n g  t h e  
c o l d  feed p e r m i t s  t h e  use of  l e s s  expens ive meters  hav i?g p l a s t i c  r a t h e r  than 
s t a i n l e s s  s t e e l  moving p a r t s .  

I n  d w e l l i n g s  where t h e  s to rage  c y l i n d e r  i s  fed f rom a  c o l d  water  c i s t e r n  
(e.g. d w e l l i n g s  w i t h  e l e c t r i c  r e s i s t i v e  SHY h e a t i n g )  i t  may be p o s s i b l e  t o  
p l u g  a  c o l d  water  meter i n t o  t h e  o u t l e t  a t  t h e  bot tom of  t h e  c i s t e r n .  ( T h i s  
o u t l e t  shou ld  feed t h e  s t o r a g e  c y l i n d e r l t a n k  a). T h i s  avo ids  d i s r u p t i o n  o f  
t h e  p ipework and reduces meter i n s t a l l a t i o n  cos ts .  ( f i t  a  r e v e r s e  f l ow  
r e l e a s e  v a l v e  downstream of  t h e  meter t o  a v o i d  r e v e r s e  f l o w  caused by 
expans ion o f  water  i n  t h e  s to rage  tank - r e g i s t e r i n g  on t h e  m e t e r . )  

Flow s t r a i n e r s  shou ld  be f i t t e d  upstream o f  meters f i t t e d  on t h e  h o t  water  
s i d e  o f  d s t o r a g e  tank  t o  p reven t  d e t r i t u s  f rom t h e  tank  c l o g g i n g  t h e  mete r .  
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measurement techn ique :  ! a p p l i c a t i o n  area:  ! r e f e r e n c e d  from: ECO P.3 
P.4 ! PIPEYORK ! 5.7. 5 .11.  5 .12.  5 .15.  

! ! AP P.3.  P.5. 5 .1 .  5.2. 
! ! 5.5. MT P.2. P.3. 5 .1 .  

t i t l e :  ! r e f e r e n c e s  t o :  
FLOW RATE I N  PIPES (PORTABLE ULTRASONIC FLOUMETERI ! MT P.2. P.3 

! 

d e s c r i p t i o n :  

I n  s i t u a t i o n s  where the'  i n s t a l l a t i o n  o f  an i n v a s i v e  t y p e  meter i s  n o t  
j u s t i f i e d  because o f  expense o r  i nconven ience ,  an a l t e r n a t i v e  i s  t o  use a  
p o r t a b l e  clamp-on u l t r a s o n i c  f l o w  meter .  

A v e r s i o n  i s  a v a i l a b l e  which uses t h e  ' t i m e  o f  f l i g h t '  t e c h n i q u e .  Two 
t r a n s d u c e r s  a r e  clamped e i t h e r  s i d e  o f  t h e  p i p e  a t  a  pre-determin.ed a n g u l a r  
d i sp lacement  and a c t  as a l t e r n a t i n g  t r a n s m i t t e r s l r e c e i v e r s  o f  u l t r a s o n i c  
p u l s e s .  Flow v e l o c i t y  i s  c a l c u l a t e d  w i t h i n  t h e  ins t rumen t  by comparing t h e  
t ime  taken  f o r  the. u l t r a s o n i c  p u l s e  t o  t r a v e l  ' a g a i n s t '  t h e  f l o w  w i t h  t h e  
t i m e  t a k e n  ' w i t h '  t h e  f l o w .  

Accuracy depends on knowing t h e  i n t e r n a l  d iamete r  o f  t h e  p i p e  and c a l c u l a t i n g  
t h e  Reynolds Number, f o r  which a  preprogrammed c a l c u l a t o r  i s  p r o v i d e d .  

T h i s  Measurement.  Technique shou ld  o n l y  be a p p l i e d  t o  f l ows  f a r  f rom a  p i p e  
bend (more than  30 d i a m e t e r s ] .  

c o s t :  ! ease o f  use: 
$3000 o r  h i r e  $300/11eek. ! F i r s t  use r e q u i r e s  s u p p l i e r  s u p e r v i s i o n .  

! 
............................................................................. 

accuracy:  ! r e f e r e n c e s :  
Manu fac tu re r  c l a i m s  5% ! 
over  f u l l  range .  Poor a t  ! 
low f l o w s .  ! 

recommended a p p l i c a t i o n s :  
P ipe  s i z e :  25mm - 2000 m m .  
P ipe  m a t e r i a l :  m e t a l  o r  p i a s t i c .  
Maximum tempera tu re :  200 C .  
Can be used t o  measure h o t  o r  c o l d  water  f l ows  i n  any a p p l i c a t i o n  

a l t e r n a t i v e  techn iques :  MT P.2, P.3 . 
............................................................................. 

a d d i t i o n a l  i n f o r m a t i o n :  
One s e t  o f  t r a n s d u c e r s  covers  a l l  p i p e  s i z e s .  Outputs  show v e l o c i t y  and 
c u m u l a t i v e  f l o w .  Analogue o u t p u t  4-20 mA p r o p o r t i o n a l  t o  v e l o c i t y .  
An example o f  equipment o f  t h i s  t y p e  i s  t h e  " P o r t a f l o w "  manufactured by 
M i c r o n i c s .  S o u t h p o r t .  U .K .  
............................................................................. 
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measurement techn ique :  ! a p p l i c a t i o n  area:  ! re fe renced  from: ECO P.3 
P.5 ! HEAT DISTRIBUTION AND ! P.10. AP P.2. P.3 .  P.4, 

! SHY SYSTEMS ! P.5. 5 .1 ,  5.2. 5.3. 5 .5  

t i t l e :  
MEASUREMENT OF PIPE SURFACE TEMPERATURE 

! re fe rences  to :  
! MT P.6. 

d e s c r i p t i o n :  

I n  p ipeworks w i t h  t h i n - w a l l e d  p ipes  o r  p i p e s  made o u t  of a  m a t e r i a l  which i s  
a  good hea t  conduc to r ,  t h e  s u r f a c e  temperature w i l l  be c l o s e  t o  t h e  f l u i d  
tempera tu re .  Th is  f a c t  forms t h e  b a s i s  f o r  a  non- invas ive  techn ique  f o r  
measuring f l u i d  temperature.  

The sensor  shou ld  have a  low t h e r m a l  mass, f o r  example, thermocouples o r  
p l a t i n u m  r e s i s t a n c e  thermometers can be used. The p i p e  s u r f a c e  where t h e  
sensor i s  t o  be p l a c e d  shou ld  be c leaned  and p o l i s h e d .  The sensor shou ld  be 
a t t a c h e d  f i r m l y  so t h a t  t h e r e  i s  good c o n t a c t  between p i p e  and tempera tu re  
sensor .  A g l u e  w i t h  good heat  c o n d u c t i v e  p r o p e r t i e s  can be used. 

A f t e r  a p p l i c a t i o n ,  t h e  sensor and t h e  p i p e  shou ld  be enc losed i n  s e v e r a l  
c e n t i m e t e r s  o f  i n s u l a t i n g  m a t e r i a l  f o r  a  d i s t a n c e  o f  5  t o  10 p i p e  d iamete rs .  
o r  a t  l e a s t  10 t o  20 cm. upstream and downstream of  t h e  sensor .  

To reduce t h e  i n f l u e n c e  o f  t h e  f l o w  temperature p r o f i l e  and o b t a i n  a  b e t t e r  
measure o f  t h e  average f l o w  tempera tu re ,  t h e  sensor shou ld  be p o s i t i o n e d  
downstream and c l o s e  t o  a  bend o r  an o b s t r u c t i o n  t o  t h e  f l ow .  

The response t ime  t o  v a r i a t i o n s  i n  f l o w  temperature v a r i e s  w i t h  t h e  t h i c k n e s s  
o f  t h e  p i p e  w a l l  and t h e  the rma l  mass o f  t he  sensor .  Th is  may c r e a t e  problems 
i n  p i p e s  w i t h  i n t e r m i t t e n t  f l ow  such as d r a w - o f f  i n  SHY systems. 

............................................................................. 

c o s t :  Thermocouples $ 7 .  ! ease o f  use: 
P l a t i n u m  r e s i s t a n c e  ! S e m i - s k i l l e d  pe rsonne l .  
thermometers $5. ! 
T h e r m i s t o r s  $4 t o  $40. ! 

accuracy:  ! re fe rences :  
1 K. Up t o  10K if n o t  ! F racas to ro -Lyberg ,  1983 
c o r r e c t l y  a p p l i e d .  ! 

! 
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a l t e r n a t i v e  techn iques :  

-------------------------~----~~--------~~--~~-~~--~~~---.~~~.~~~~.~---..~~.. 

a d d i t i o n a l  i n f o r m a t i o n :  

Thermocouples may be s u b j e c t  t o  i n t e r f e r e n c e  ' f rom s t r a y  e l e c t r i c a l  c u r r e n t s  
i n  m e t a l  p i p e s .  The leads  t o  t h e  sensor shou ld  be drawn back and f o r t h  a  few 
t i m e s  (see  F i g .  1 )  and taped t o  t h e  p i p e  t o  m i n i m i z e  hea t  c o n d u c t i o n  between 
t h e  sensor  and t h e  su r round ings  th rough  t h e  leads.  S p e c i a l  c a r e  s h o u l d  be 
t a k e n  when measur ing h i g h  tempera tu res  (80-120 OC). O r d i n a r y  adhes ive o r  
p o l y m e r i c  i n s u l a t i o n  can n o t  be used. A lso ,  thermocouples shou ld  be welded o r  
c o n t a c t  Dressed and n o t  so lde red .  

Insulation 
\ Leads 

C l a m  or adhesive \ Sensor / 

Fie. 1 Insulated sensor on p i p e .  
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-----------------------------------.-----------.------.....-.-...-----.....-- 

measurement techn ique :  ! a m l i c a t i o n  area: ! r e f e r e n c e d f r o m :  ECO P.3 
! H ~ A T  DISTRIBUTION AND ! P.lO. 5 .7 .  S.11. 5.12, 
!. SHY SYSTEMS ! .S.15.  AP S.1. P.2, P.3 ,  
! ! P.5. 5.2. 5 .5 .  

t i t l e :  
FLUID TEMPERATURE I N  PIPES 

! r e f e r e n c e s  t o :  
! MT P.1.  P.5. 
! 

d e s c r i p t i o n :  

Temperature measuring dev ices  can be p o s i t i o n e d  i n  t h e  f l o w .  T h i s  w i l l  
r e q u i r e  b r e a k i n g  i n t o  e x i s t i n g  p ipework t o  f i t  thermometer pocke ts  o r  t e s t  
p l u g s  (and a s s o c i a t e d  f i t t i n g s )  i n t o  which t h e  measurement d e v i c e s  can be 
i n s e r t e d .  

A  thermometer pocket  - a  meta l  t ube  p r o t r u d i n g  i n t o  t h e  p i p e .  w i t h  i t s  i n n e r  
end sea led  and i t s  o u t e r  end open. The pocke t  i s  f i l l e d  w i t h  a  heat  t r a n s f e r  
medium and a  mercury thermometer - o r  o t h e r  measuring d e v i c e  - i n s e r t e d  i n t o  
i t .  

Twin l o c k  t e s t  p l u g  - a  meta l  t ube  p r o t r u d i n g  i n t o  t h e  f l ow .  The i n n e r  end i s  
open and t h e  o u t e r  end f i t t e d  w i t h  a rubber  s e a l .  Tempera tu remeasur ing  
dev ices  can be pushed th rough  t h e  s e a l  i n t o  t h e  f l o w .  

By p roduc ing  a  s t r o n g  t u r b u l e n t  f l o w  a t  t h e  sensor ,  t h e  tempera tu re  g r a d i e n t  
becomes s m a l l e r  and a  more a c c u r a t e  measurement i s  o b t a i n e d .  

The thermometer pocket  o r  t e s t  p l u g  i s ,  i n  sma l l  d iamete r  p i p e s ,  u s u a l l y  
p l a c e d  i n  a  bend (see  F i g .  11. The sensor must be p laced  as f a r  as p o s s i b l e  
i n t o  t h e  socke t .  I f  thermocouple  w i r e .  i s  used, g a l v a n i c  c o n t a c t  shou ld  be 
avo ided.  I t  i s  recommended t o  k i n k  t h e  thermocouple  w i r e  a  coup le  o f  t imes  
b e f o r e  b r i n g i n g  i t  i n t o  t h e  socke t ,  t o  p r e v e n t  hea t  conduc t ion  th rough  t h e  
supp ly  w i r e s  t o  t h e  thermocouple  ( see  F i g .  11. 

c o s t :  ! ease o f  use: 
Tes t  p l u g  $3 each. ! Plumber r e q u i r e d  t o  f i t  pocke ts  e t c .  
Thermometer 13-17 each. ! 

I 

accuracy:  ! re fe rences :  
B e t t e r  than  1  K.  ! 

! 
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r ecouended  app l i ca t i ons :  

Large diameter o r  t h i c k  wa l led  ho t  water p ipes 

a l t e r n a t i v e  techniques: 
MT P.5. The d e l i v e r y  temperature a t  draw-of f  po in t s  i n  SHY systems can be 
measured us ing  a hand-hold d i g i t a l  thermometer. Re f r i ge ran t  temperature i s  
e a s i l y  determined from a pressure measurement (see HT P . l )  by read ing  a t a b l e  
o f  sa tu ra ted  vapor pressure versus temperature f o r  the  r e f r i g e r a n t  i n  
ques t ion .  
............................................................................. 

a d d i t i o n a l  in fo rmat ion : '  

The response t ime o f  the  thermometer pocket ,  i t s e l f  may be s i g n i f i c a n t .  Y i t h  
t e s t  Plugs the  response t i m e  i s  t h a t  o f  the measuring device i . e .  e f f e c t i v e l y  
instantaneous f o r  thermocouples and PRTs. 

I insulation' & / 2 

thermocouple :--..,-.:A- / 

F i g .  1 Sensor i n  thermometer p o c k e t .  
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measurement technique: ! application area: ! referenced from: 
L . l  ! LIGHTING ! ECO L.6. 

! ! L.14. AP L.3 

t i t l e :  
MEASUREMENT OF ILLUMINANCE WITH LUX-METER 

! references to: 
! 
! 

description: 

The measurement shou ld  be made under s teady  s t a t e  c o n d i t i o n s  and d u r i n g  
ongoing work i f  done a t  a  work p l a c e .  T h i s  means a l lowance f o r  warm-up t i m e  
f o r  t h e  lamps and ca re  t h a t  v a r y i n g  d a y l i g h t  does n o t  i n f l u e n c e  t h e  
measurement o f  t h e  e l e c t r i c  l i g h t .  

I n s t r u m e n t :  Cosine and V - c o r r e c t e d  sensor  p r e f e r a b l y  connected by  a  f l e x i b l e  
c a b l e  t o  dna log  o r  d i g i t a l  d i s p l a y .  

-----...-----------------.--------.--------------------------..-------------- 

cost: ! ease of use: 
I ns t rumen t :  USS500-1000 ! Easy t o  handle  
Time: 10-15 min. per  workp lace I 
...-------------------.-..----.---------------------------------------------- 

accuracy: ! references: 
10% o f  measured v a l u e  . I . 
--....----*-----------------------.-...-------------------------------------- 

recolended applications: 

- I n  c o n n e c t i o n  w i t h  a l t e r a t i o n s  i n  t h e  l i g h t i n g  system 
- A f t e r  c o m p l a i n t s .  

As age o f  lamps and maintenance of  f i t t i n g s  and room i n f l u e n c e  t h e  
i l l u m i n a n c e ,  ca re  must be taken  when comparing t h e  performance o f  an o l d  
i n s t a l l a t i o n  w i t h  a  new one. 

C a l i b r a t i o n  must be c o n t r o l l e d  a t  r e g u l a r  i n t e r v d l s  
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measurement techn ique :  ! a p p l i c a t i o n  area:  ! r e f e r e n c e d  from: 
EL.1 ! ELECTRICAL ! MT EL.2. EL.3. EL.4 

! ! 
--------------------------------.......----.......--------------------------- 

t i t l e :  ! r e f e r e n c e s  t o :  
ELECTRICAL MEASURING INSTRUMENTS ! MT EL.2. EL.3. EL.4 

! 

d e s c r i p t i o n :  

The i n f o r m a t i o n  c o n t a i n e d  on t h i s  shee t  shou ld  be o f  g e n e r a l  i n t e r e s t  t o  
those persons cons ider , ing pu rchas ing  o r  u s i n g  e l e c t r i c a l  measuring 
i n s t r u m e n t s .  I n  MT EL.2 th rough  4 i n s t r u c t i o n s  on how t o  use t h e  i n s t r u m e n t s  
a r e  g i v e n .  

M v s  o f  D e f i n i n g  A c c u r w .  There a r e  a  number o f  ways o f  d e f i n i n g  
accuracy and t h e  would-be pu rchaser  shou ld  be c a r e f u l  when comparing t h e  
p u b l i s h e d  accuracy o f  d i f f e r e n t  equipment.  Common methods i n c l u d e :  

il percen tage  of. f u l l  s c a l e .  
iil percentage o f  a c t u a l  r e a d i n g  v a l u e .  
iiil a ' r e s o l u t i o n ' :  t h i s  i s  common f o r  i n s t r u m e n t s  w i t h  d i g i t a l  readou t  

and i s  o f t e n  s t a t e d  as t h e  number o f  d i g i t s .  

I n  most cases,  p a r t i c u l a r l y  f o r  q u a l i t y  i n s t r u m e n t s ,  t h e  s t a t e d  accuracy 
w i l l  be f o r  some p a r t i c u l a r  s e t  o f  c i r cums tances ;  e . g .  t y p e  o f  waveform 
o r  f requency;  o f t e n  some i n d i c a t i o n  o f  l o s s  o f  accu racy  when used o u t s i d e  
o f  t hese  c i r cums tances  i s  g i v e n .  See be low f o r  d e t a i l s .  

F a c t o r s  t h a t  mav a f f e c t  I n s t r u m e n t  A c c u r q ~ y :  B e f o r e  pu rchas ing  o r  u s i n g  
i n s t r u m e n t s  i t  shou ld  be checked t h a t  t h e  i n s t r u m e n t  accuracy w i l l  n o t  be 
compromised by i t s  use i n  t h e  i n t e n d e d  a p p l i c a t i o n .  I n  most cases.  t h e  
e f f e c t  on accuracy o f  t h e  parameters  g i v e n  be low a r e  g i v e n  by t h e  
i n s t r u m e n t  manu fac tu re r .  

il f requency  - o f t e n  a  s i n g l e  f requency o r  f requency range i s  g i v e n .  
iil waveform - accuracy i s  o f t e n  quoted f o r  a  p u r e  s i n e  wave o r  w i t h  

r e f e r e n c e  t o  a  maximum ' c r e s t  f a c t o r '  ( see  App. C l .  
iiil range - accuracy may v a r y  f rom one range t o  ano the r  and may be 

s p e c i f i e d  f o r  a  mid range a p p l i c a t i o n .  
i v l  power f a c t o r  - a p p l i e s  t o  power f a c t o r  and power measurements o n l y :  

accuracy o f  i n s t r u m e n t s  may be l i m i t e d  a t  v e r y  low power f a c t o r s .  

C . m w U i o n a l  a r  D i g i t a l  T v ~ e  M e t e r a  
. . . For  a u d i t i n g  and many o t h e r  

purposes,  d i g i t a l  t y p e  meters  IDMI a r e  r e p l a c i n g  c o n v e n t i o n a l  analogue 
i n s t r u m e n t s  o f  t h e  moving i r o n  and e lect rodynamometer  t y p e  because o f  
. lower c o s t  and ease o f  use.  T h e i r  accuracy i s  n o r m a l l y  more t h a n  adequate 
f o r  a u d i t i n g  purposes. Some a d v i c e  i n  t h i s  r e g a r d  i s  g i v e n  below. 

il Cheaper i n s t r u m e n t s  t e n d  t o  be v e r y  f requency and waveform 
dependent.  Avo id  pu rchas ing  i n s t r u m e n t s  t h a t  g i v e  accu racy  f o r  DC 
ampere o r  v o l t  o n l y ,  s i n c e  DC range w i l l  seldom be used and i s  
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i n h e r e n t l y  t h e  most' a c c u r a t e  o r  a l l  t h e  'waveforms' t h a t  m igh t  be 
encountered.  I n s t r u m e n t s  p r o v i d i n g  t r u e  rms measuring w i l l  n o r m a l l y  
have b e t t e r  accuracy over  a  wide range o f  f requenc ies  and waveforms 
(see  App. C l .  

iil Most q u a l i t y  DM ins t rumen ts  a r e  s u i t a b l e  f o r  use w i t h  c r e s t  f a c t o r s  
up t o  3 : l  (some up t o  6 : l l  and shou ld  be s u i t a b l e  r o r  most power 
measuring needs l a  pu re  s i n e  wave has a  c r e s t  f a c t o r  o f  1 . 4 : l l .  

Other fac to r ' s  t o  look r o r  when s e l e c t i n g  d i g i t a l  meters  a r e :  

il Range o f  measurements - s i n g l e  meters  o f t e n  have t h e  c a p a b i l i t y  t o  
measure two o r  more o f  t h e  f o l l o w i n g :  - ampere, v o l t ,  ohm, power 
f a c t o r ,  rpm and temperature.  

iil Analogue o r  d i g i t a l  d i s p l a y s .  D i g i t a l  d i s p l a y s  a v o i d  readou t  e r r o r s  
e s p e c i a l l y  where t h e  ins t rumen t  must be used i n  d i f f i c u l t  l o c a t i o n s .  

iiil Reading f r e e z e  - f a c i l i t a t e s  r e a d i n g  where meter d i a l  cannot be read  
as measurement i s  taken .  

i v l  D i s p l a y  i n v e r t  - may ease r e a d i n g  o f  meter i n  d i f f i c u l t  l o c a t i o n s .  
v l  Analogue o u t p u t  - which can be used w i t h  a  s t r i p .  c h a r t  o r  d a t a  

l ogger  t o  p r o v i d e  a  permanent and con t inuous  r e c o r d .  

cos t :  ! ease o f  use: 
! 

accuracy:  ! r e f e r e n c e s :  
! ECM, 1984 and Risse.  1985. 
! 
! 

- ------------------------------~----~----~-~~-~~~~~~--~.-~.~-~~~-~~-~~~~...~. 

recommended a p p l i c a t i o n s :  

a l t e r n a t i v e  techn iques :  

a d d i t i o n a l  i n f o r m a t i o n :  
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---------------------------------.------..-....-.-......--..------.--------.- - 
measurement technique.:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
EL.2 ! ELECTRICAL ! 

t i t l e :  
MEASUREMENT OF CURRENl 

! r e f e r e n c e s  t o :  
! MT EL . l  and EL.4 
! 

d e s c r i p t i o n :  

Methods of  measurement depends on i n s t r u m e n t  c h o i c e  and loads  b e i n g  measured. 
Op t ions  f o r  AC systems a r e :  

il Moving i r o n  analogue i n s t r u m e n t  i n s t a l l e d  i n  s e r i e s  w i t h  l o a d  ( F i g .  11.  
Method l i m i t e d  t o  range o f  i n s t r u m e n t ,  t y p i c a l l y  up t o  100 A. I n h e r e n t l y  
measures rms v a l u e  b u t  has n o n - l i n e a r  s c a l e  (cramped a t  low end, open a t  
h i g h  end) .  

iil Moving i r o n  analogue i n s t r u m e n t  used w i t h  a  c u r r e n t  t r a n s f o r m e r  ( F i g .  
21. C u r r e n t  t r a n s f o r m e r  ex tends  range o f  i n s t r u m e n t .  

iiil Clamp on ammete r l cu r ren t  probes ( F i g .  31 i s  t h e  p r e f e r r e d  method f o r  
a u d i t i n g  purposes s i n c e  i t  i s  n o t  necessary  t o  i n t e r r u p t  t h e  power 
c i r c u i t  t o  t a k e  a  measurement. T y p i c a l  ranges a v a i l a b l e  0 .1  t o  1000 A  
wide s c a l e .  l e s s  expens ive  i n s t r u m e n t s  3-500 A. 

I n s t r u m e n t s  a r e  o f t e n  m u l t i  use:  i . e .  v o l t ,  ampere, ohm. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - -~-~~~~-~~~~~~.~~~~~~~~~~~.~. . .~~~.~~.~.~. . . . . . . . .  

c o s t :  ! ease of  use: 
Moving i r o n :  1200-1600 and up acco rd -  ! Easy. p a r t i c u l a r l y  u s i n g  clamp ons. 

i n g  t o  c u r r e n t  range.  ! 
Clamp on: $100 and up. I 

accuracy:  ! r e f e r e n c e s :  
Moving i r o n :  0.5% o f  f u l l  s c a l e  ! 
Clamp on: 1 t o  2% f u l l  s c a l e  ! 
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recommended a.pplications: 

1. Establ ishing patterns of e l e c t r i c a l  energy use. 
2 .  Simpl i f ied  and approximate method of measuring e l e c t r i c a l  demand (see MT 

E L . 4 1 .  

a l t e r n a t i v e  techniques: 

addi t iona l  information: 

Amperemeter 
Line Line 

Current transformer 

A 

Fig. 1 Amperemeter in series Fig. 2 Amperemeter and current 
with loads. transformers. 

Fig. 3 Using clamp on ampire meter or 
current probe and remote d e v i c e .  

Recording amperemeterr a r e  available giving a 
permanent record o f  current variation with time 
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measurement techn ique :  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
EL.3 ! ELECTRICAL ! ECO EL.2 

! ! 

t i t l e :  
MEASUREMENT OF VOLTAGE 

! r e f e r e n c e s  t o :  
! MT EL .1  
! 

............................................................................. 

d e s c r i p t i o n :  

For a l l  low v o l t a g e  a p p l i c a t i o n s  ( l e s s  t h a n  1000 V) .  Vo l tme te r  i s  connected 
across t h e  t e r m i n a l s  o f  t h e  c i r c u i t  t o  be measured. See F i g . 1 .  

I n s t r u m e n t  c h o i c e  f o r  A C  power systems measurement a r e :  
11 Moving I r o n  (analogue1 t y p e ,  t y p i c a l  range 0-950 V .  I n h e r e n t l y  Measures 

rms v a l u e .  
iil D i g i t a l  t y p e  most s u i t a b l e  and l e a s t  expens ive  f o r  a u d i t  work. T y p i c a l  

range 0 . 1  t o  1000 V wide s c a l e .  l e s s  expens ive 100 t o  600 V .  

F i g .  1 
Measurement o f  v o l t a g e  

I n s t r u m e n t s  a r e  o f t e n  m u l t i  use:  e .g .  v o l t ,  ampere, ohm. 

Line 

c o s t :  ! ease o f  use: 
Moving I r o n :  1200-1400 depending on ! Every  easy t o  use. E x e r c i s e  c a u t i o n  

range.  !, t o  a v o i d  e l e c t r i c  shock. 
D i g i t a l :  1100 and up. I 

- 

Load 
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1. Checking adequate  supply  v o l t a g e s  and v o l t  age drops a l o n g  f e e d e r s  ( l o w  
v o l t a g e  can e f f e c t  equipment per formance,  e . g .  m o t o r s ) .  

2 .  I n  power and power f a c t o r  measurements. 

............................................................................. 

additional information: 
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t i t l e :  ! r e f e r e n c e s  t o :  MT E L . l  
MEASUREMENT OF ELECTRIC POWER (DEMAND) ! 

! 
............................................................................. 

d e s c r i p t i o n :  

Power measurements a r e  n o r m a l l y  made u s i n g  a  p o r t a b l e  wa t tme te r :  t h e  exac t  
d e t a i l s  o f  t h e  method o f  measurement depend upon t h e  s i z e  o f  t h e  load.  t ype  
o f  d i s t r i b u t i o n  ( s i n g l e  o r  t h r e e  phase) and i n s t r u m e n t s  used. 

I n s t r u m e n t  cho ices :  
i) Elect rodynanometer  (ana logue1 wa t tme te r .  T y p i c a l  range 1201240 V and 0 . 1  

t o  25 A  1 i . e .  12 U  t o  6  kU1. Range can be extended i n d e f i n i t e l y  w i t h  use 
o f  c u r r e n t  and p o t e n t i a l  t r a n s f o r m e r s .  A b i l i t y  t o  measure power o f  waves 
w i t h  h i g h  c r e s t  f a c t o r ,  t y p i c a l l y  up t o  8  o r  more. 

i i )  D i g i t a l  - uses v o l t a g e  p r o b e l s l  and c l i p  on amp probe.  T y p i c a l  range 2  t o  
200 kU a l t h o u g h  h i g h e r  wat tage ins t rumen ts  (up  t o  2  MU) a v a i l a b l e .  
PREFERRED METHOD FOR AUDIT PURPOSES. F i g .  1 i l l u s t r a t e s  method o f  
c o n n e c t i o n  f o r  power measurements. T y p i c a l  maximum c r e s t  f a c t o r  range o f  
3 b u t  up t o  6  o r  more a v a i l a b l e .  

C a p a b i l i t y  o f  o u t p u t  f o r  r e c o r d e r  w i t h  some ins t rumen ts  

O f t e n  i n s t r u m e n t s  p r o v i d e d  w i t h  f a c i l i t y  f o r  measuring c u r r e n t ,  v o l t a g e  
and power f a c t o r .  

c o s t :  ! ease o f  use: D i g i t a l  method r e l a t i v e -  
E lec t rodynanomete r :  $700-$800 s i n g l e  ! l y  easy. E lect rodynanometer  f r a g i l e  

phase. I l O O O t  f o r  3 phase. ! and e a s i l y  damaged by o v e r l o a d s ,  es- 
D i g i t a l :  $650 and up. ! p e c i a l l y  when measuring v e r y  low 

! power f a c t o r .  

accuracy:  ! r e f e r e n c e s :  
E lec t rodynanomete r :  0.5% o f  f u l l  ! See a l s o  HT EL I .  For  d e f i n i t i o n  o f  

s c a l e .  ! c r e s t  f a c t o r  see S e c t i o n  C . l O .  
D i g i t a l :  1 t o  2%. ! 
............................................................................. 

recommended a p p l i c a t i o n s :  

Ins tan taneous  measurement o f  e l e c t r i c a l  demand f o r  b u i l d i n g  o r  sub systems o r  
f o r  i n d i v i d u a l  p i e c e s  o f  equipment.  
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...--.------.---....-...-----. ~-- - - -~~~~~.. - - - - - -~-~~~~~~.. . . . . . .~-~~~~~~~.. .  

a l te rna t i ve  techniques:. 
1. Power r e a d i n g s  can be app rox ima ted  by  measu r i ng  c u r r e n t  l a  v o l t a g e  b e i n g  

assumed) o r  c u r r e n t  and v o l t a g e  i f  t h e  power f a c t o r  i s  known o r  can be 
app rox ima ted .  

2 .  Uhere  demand m e t e r s  a r e  i n s t a l l e d  demand can be r e a d  d i r e c t l y .  No te  
t h a t  some demand m e t e r s  r e c o r d  V A  riel, W .  

3 .  Where m e t e r s  a r e  i n s t a l l e d ,  t h e  demand can be o b t a i n e d  by  measu r i ng  
t h e  t i m e  f o r  t h e  consump t i on  o f  X kwh: where X i s  r e a d  f rom t h e  me te r  
d i a l  and t h e  demand i s  g i v e n  by  

X ' 60 
t i m e  f o r  consump t i on  X I m i n u t e s )  

If ' X '  i s  n o t  g i v e n  i n  u n i t s  o f  kwh. ' X '  has t o  be  m u l t i p l i e d  by  t h e  
me te r  m u l t i p l i e r .  w h i c h  i s  n o r m a l l y  i n d i c a t e d  on t h e  f a c e  o f  t h e  m e t e r .  

addit ional  information: 

Single Phase - Active Power IWI 
Total active power is read dirsctly: P 
I -m- 

Black 

Three Phase 3 Wlre Balanced and Unbalanced - Actlve 

Three Phase 4 Wire Balanced-Active Power [WJ 
Totsi Bctive power is thrse timer the meterreading: 3P 

1 I 

I 1 bne A Load 

Pnww hn Three Phase 4 Wire Un balanced -Active Power iwl 
> .. .. . , , 

Total active power is read dractly Totsl active power Pis reaa olrecuy 

Line fi - A Load Line m %d Load 
TRed 
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measurement techn ique :  ! a p p l i c a t i o n  area:  ! r e f e r e n c e d  from: 
EL.5 ! ELECTRICAL ! AP EL.1. EL.2. EL.3 

!. ! 

t i t l e :  
MEASUREMENT OF POUER FACTOR 

! r e f e r e n c e s  t o :  
! MT EL.4 

d e s c r i p t i o n :  
Measurement o f  power f a c t b r  can be made d i r e c t l y  u s i n g  a  power f a c t o r  meter .  
( O f t e n  such a f u n c t i o n  i s  combined w i t h  power measurement i n  a  s i n g l e  
i n s t r u m e n t . )  

I n s t r u m e n t  c h o i c e s  (power f a c t o r  m e t e r s ) :  
il Analogue. O f t e n  l i m l t e d  v o l t  and ampere range r e q u i r i n g  use o f  c u r r e n t  

t rans fo rmers .  S p e c i a l  i n s t r u m e n t s  r e q u i r e d  f o r  measur ing v e r y  low power 
f a c t o r s ;  i . e .  power f a c t o r s  l e s s  than 0 .5 .  

iil D i g i t a l .  T y p i c a l  range 0 t o  U n i t  power f a c t o r  0-600 V .  3-500 A a l t h o u g h  
accuracy f a l l s  o f f  a t  lower  power f a c t o r s .  PREFERRED METHOD FOR AUDITS 
s i n c e  no need t o  i n t e r r u p t  power supp ly .  See Fig: 1 f o r  hook-up d e t a i l s .  

F i g .  1 
Measurement o f  power 
f a c t o r  u s i n g  a paver  
f a c t o i  meter. 

c o s t :  ! ease o f  use: 
Analogue: $700 and up. I 

D l g i t a l :  1200 and up.  ! 
............................................................................. 

accuracy:  ! r e f e r e n c e s :  
Analogue: 3Z o f  f u l l  s c a l e  ! 
D i g i t a l :  3Z o f  f u l l  s c a l e  ! 

r e c o n e n d e d  a p p l i c a t i o n s :  
To de te rm ine  power f a c t o r  o f  b u i l d i n g  d i s t r i b u t i o n  o r  sub d i s t r i b u t i o n  
systems o r  power f a c t o r  o f  i n d i v i d u a l  P ieces o f  equipment.  
...........~...~~~~----~~~~~~--~-------------------------------~---~--~~--~- 
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a l te rna t i ve  techniques: 
1. By measu r i ng  power ,  v o l t a g e  and c u r r e n t  s e p a r a t e l y  and c a l c u l a t i n g  power 

f a c t o r  u s i n g  t h e  r e l a t i o n s h i p :  

Power f a c t o r  = P o w e r  ( a s  i n d i c a t e d  b v  w a t t m e t e r )  
V o l t  * Ampere 

To d e t e r m i n e  t h e  power f a c t o r  f o r  t h e  comp le te  b u i l d i n g  t h e  u t i l i t y  w a t t  
hou r  m e t e r  c o u l d  be u s e d  t o  g i v e  a  power r e a d i n g  ( s e e  MT EL.41.  

2 .  By measu r i ng  power and r e a c t i v e  power s e p a r a t e l y  u s i n g  a  w a t t m e t e r ,  see 
F i g .  2 and c a l c u l a t i n g  power f a c t o r  u s i n g  t h e  r e l a t i o n s h i p :  

2 2 
Power f a c t o r  = ( R e a l  P o w e r l / l ( ( R e a l  Power l  t ( R e a c t i v e  Power l  I. 

No te  t h a t  t h i s  method i s  s t r i c t l y  o n l y  c o r r e c t  f o r  p u r e  AC ( s i n u s o i d a l l  wave 
f o rms .  The power f a c t o r  so c a l c u l a t e d  w i l l  however  g i v e  a  r e l i a b l e  i n d i c a t i o n  
o f  t h e  p o t e n t i a l  f o r  power f a c t o r  c o r r e c t i o n .  
............................................................................. 

addit ional  information: 

Three Phase 3 Wire Balanced-Reactive Power [VA] 
Total reactive oower = fi. (meter readinol 

Fig. 2 
M e a s u r e m e n t  o f  r e a c t i v e  power .  

tree Phase 4 Wire Balanced and Unbalanced- 
?active Power [VA] 
ltal reactive power = 12- (meter readingl 

Line 

Three Phase 3 Wire Unbalanced - Reactive Power VA]  
Total reactive power = (meter reading1 
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t i t l e :  ! r e f e r e n c e s  t o :  
MEASUREMENT OF ELECTRICAL ENERGY CONSUMPTION ! MT EL.4. EL.7 

! 

d e s c r i p t i o n :  

E l e c t r i c a l  energy consumpt ion can be d i r e c t l y  measured u s i n g  e i t h e r  
i n t e g r a t i n g  w a t t - h o u r  meters  o r  r e c o r d i n g  wa t tme te rs .  

il l n t e a r a t i n a  w a t t  hour  t v ~ e .  T h i s  i s  t h e  s i m p l e s t  t y p e  o f  d e v i c e  which 
p r o v i d e s  a  s i n g l e  r e c o r d  o f  accumulated energy use I k Y h l .  D i g i t a l  t ype  
p o r t a b l e  i n s t r u m e n t s  a r e  a v a i l a b l e  o r  permanent, e l e c t r o m a g n e t i c  r o t a t i n g  
d i s c  t ype  ( a s  used by u t i l i t y  companies f o r  b i l l i n g  purposes)  can be 
used. Unless t h e  meter i s  r e a d  f r e q u e n t l y ,  i t  g i v e s  no i n d i c a t i o n  as t o  
t h e  p r o f i l e  o f  e l e c t r i c a l  energy use. A  pho tog raph ic  techn ique  can 
however be used t o  r e c o r d  t h e  accumulated consumpt ion on a  r e g u l a r  b a s i s  
I T  1 See a l s o  ' A l t e r n a t i v e  Methods'. 

i i )  U r d i n u  wa t tme te r  tvDe.  These i n s t r u m e n t s  p r o v i d e  a  r e c o r d  o f  t h e  
v a r i a t i o n  o f  power demand I k U I  w i t h  t i m e .  The r e c o r d  may be g i v e n  on a  
c h a r t  o r  t h e  demand m igh t  be p r i n t e d  o u t  a t  s e l e c t e d  i n t e r v a l s .  

Epuipment connec t ions  a r e  s i m i l a r  t o  those  d e s c r i b e d  f o r  power measurements 
I M T  EL.41. Some ins t rumen ts  ( d i g i t a l  t ype1  o f f e r  b o t h  f u n c t i o n s .  Some types  
developed e s p e c i a l l y  f o r  m o n i t o r i n g  energy use o f  a p p l i a n c e s  and s m a l l  
equipment s t r a i g h t  f rom t h e  equipment l i n e  c o r d .  

c o s t :  ! ease o f  use: 
Very  l a r g e  v a r i a t i o n s  depending-on ! Range o f  d i f f i c u l t y .  D i g i t a l  t y p e  
range;  accu racy ,  t y p e  and f e a t u r e s .  ! g e n e r a l l y  r e l a t i v e l y  easy t o  use.  

! 

accuracy:  
As g i v e n  on MT EL.4 

! r e f e r e n c e s :  
! 
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Complete b u i l d i n g ,  sub system o r  i n d i v i d u a l  equipment energy use 
d e t e r m i n a t i o n .  

a l te rna t i ve  techniques: 

1. For  m e a s u r i n g l r e c o r d i n g  t o t a l  b u i l d i n g  consumption t h e  u t i l i t y  wat t -hour  
meter can be u t i l i s e d .  To p r o v i d e  an au tomat i c  l o g g i n g  f a c i l i t y  t h e  
u t i l i t y  can sometimes p r o v i d e  a  p u l s e  g e n e r a t i n g  meter which generates a  
p u l s e  f o r  each meter d i s c  r o t a t i o n  which can then  be reco rded  and used t o  
generate  a  demand p r o f i l e .  A l t e r n a t i v e l y  an e x t e r n a l  p u l s e  i n i t i a t i n g  
d e v i c e  can be i n s t a l l e d  a long  w i t h  t h e  coun te r  and l o g g i n g  equipment.  

2 .  For a ~ D r O x l m a t i o n l  o f  power consumed a  r e c o r d i n g  ammeter i ns t rumen t  c o u l d  
be used. The accuracy o f  such a  method w i l l  depend on t h e  e x t e n t  t o  which 
v o l t a g e  and power f a c t o r  can be assumed t o  be c o n s t a n t  and i s  known. 

addit ional  information: 
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measurement technique:  ! a p p l i c a t i o n  area:  
EL.7 ! ELECTRICAL 

t i t l e :  
MONITORING ELECTRIC EQUIPMENT USAGE 

! r e f e r e n c e d  from:ECO HIC. 
! 1. HIC.3. HIC.7.  HlC.13. 
! HlC.14.  H.23, MT EL.6 

! r e f e r e n c e s  t o :  
! MT H . l  

d e s c r i p t i o n :  

T h i s  d e s c r i p t i o n  r e l a t e s  t o  t h e  use o f  a  r u n n i n g  t i m e  meter .  

An e l e c t r o m a g n e t i c  sensor i s  p l a c e d  w i t h  t h e  h e l p  o f  a  v e l c r o  f a s t e n e r  on t h e  
cover  o f  t h e  p i e c e  o f  equipment t o  be measured. A  b u i l t - i n  s i g n a l  s t r e n g t h  
meter i s  used t o  t e s t  t h a t  a  s u f f i c i e n t l y  s t r o n g  e l e c t r o m a g n e t i c  f i e l d  
e x i s t s .  

Dev ices O f  t h i s  k i n d  a r e  o f t e n  b a t t e r y  opera ted  and r e q u i r e s  no c o n n e c t i o n  t o  
t h e  e l e c t r i c a l  system, i s  l e f t  t o  r e c o r d  t h e  o p e r a t i o n  o f  t h e  equipment from 
which t h e  f o l l o w i n g  can be determined.  
il Running t i m e  l h o u r s l .  
iil T o t a l  ( e l a p s e d )  t l m e  ( h o u r s ] .  
iiil T o t a l  number o f  s t a r t s .  
i v l  Maximum and minimum r u n n i n g t i m e s .  

............................................................................. 

c o s t :  ! ease o f  use: 
US$ 150 ! S imple t o  use.  

! 
! 

accuracy:  
0 . 1 1  b e t t e r  than .  

! r e f e r e n c e s :  
! MITEC. 1981 
! 
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reconmended applications: 

M o n i t o r i n g  t h e  use o f  e l e c t r i c a l  equ ipment  w h i c h  e m i t  an  e l e c t r o m a g n e t i c  
f i e l d  - p r i m a r i l y  m o t o r s ,  1e .g .  Pumps and f a n s 1  b u t  can be used  on o t h e r  
equ ipment  such as e l e c t r o m a g n e t i c a l l y  o p e r a t e d  c o n t r o l  v a l v e s .  
............................................................................. 

d lterndt W e  techniques: 

Record  c u r r e n t  o r  power consumed by  t h e  equ ipment  u s i n g  c l i p  on  amp p robe  o r  
w a t t m e t e r  and d a t a  l o g g e r  o r  s t r i p  c h a r t  r e c o r d e r .  Fo r  some a p p l i c a t i o n s  
s i m p l e  c o u n t e r s  can be used  [ s e e  MT H.11. 
............................................................................. 

additional information: 

An example o f  a  r u n n i n g  t i m e  m e t e r .  t h e  MlTEC r u n n i n g  t i m e  m e t e r ,  i s  shown i n  
F i g .  1 (MITEC. 1981). 

Fig. 1 Example  o f  a r u n n i n g  t i m e  meter. 
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measurement technique:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
n.1 ! MISCELLANEOUS ! AP EL.4. 

t i t l e :  
PHOTOGRAPHIC DATA LOGGER 

! r e f e r e n c e s  t o :  
! 
! 

............................................................................. 

d e s c r i p t i o n :  
A  cine-camera w i t h  r e m o t e - c o n t r o l  s i n g l e  frame exposure c a p a b i l i t y  can be 
used t o  se rve  as a  d a t a  logger  t o  r e c o r d  any v i s u a l  readou t  such as an 
e l e c t r i c  r a t t - h o u r  meter .  

The procedure can be used f o r  r e c o r d i n g  e x i s t i n g  mete r ing  o r  can be used w i t h  
s i t e - i n s t a l l e d  mete r ing  such as t h e r m o - e l e c t r i c  d i g i t a l  thermocouple 
i n d i c a t o r s .  A d i g i t a l  d i s p l a y  c l o c k  can be i n c o r p o r a t e d  i n t o  the  f i e l d  o f  
v iew t o  p r o v i d e  an independent t ime  base. 

A commerc ia l l y  a v a i l a b l e  program t i m e r  can be used t o  t r i g g e r  t h e  camera a t  
i n t e r v a l s  as s h o r t  as 5 minutes.  The normal b a t t e r y  camera supp ly  t y p i c a l l y  
enc losed  i n  t h e  camera handle,  can be r e p l a c e d  by l a r g e r  ' l a n t e r n '  s t y l e  f o r  
l onger  o p e r a t i o n .  

L o w l i g h t  cameras u s i n g  160 ASA super 8 s tandard  50 '  c a r t r i d g e s  p r o v i d e  3600 
frames and a r e  recommended. 

I n  o r d e r  t o  m a i n t a i n  f i l m  r e a d a b i l i t y ,  p rocess ing  by h i g h  q u a l i t y  
pho tograph ic  l a b o r a t o r i e s  i s  recommended. Specks i n  the  processed f i l m  
because o f  poor p rocess ing  can cause l o s s  o f  d a t a  i n  a  frame: s p l i c e s  can 
cause the  l o s s  o f  a  number o f  hours o f  d a t a .  

Processed f i l m  can be viewed th rough  a  s tandard  c i n e - v i e w e r - e d i t o r .  I t  i s  
u s e f u l  t o  t r a n s f e r  t h e  i n f o r m a t i o n  d i r e c t l y  i n t o  a  da ta  p rocess ing  system f o r  
which da ta  h a n d l i n g  programs can be p re -p repared .  T y p i c a l l y  t h i s  process 
takes  l e s s  than  2 minutes pe r  frame o f  i n f o r m a t i o n  c o n t a i n i n g  n i n e  & d i g i t  
numbers. 

c o s t :  1400 f o r  camera. ! ease o f  use: Simple 
t r i p o d  and program t i m e r  ! 

accuracy:  As accura te  ! references:  Jones and Johnson. 1980. 
as t r a n s d u c e r s .  ! 

r e c o w n d e d  a p p l i c a t i o n s :  Where s m a l l  number o f  d a t a  channels a r e  r e q u i r e d .  
where i t  i s  r e q u i r e d  t o  r e c o r d  e x i s t i n g  v i s u a l  o u t p u t  mete r ,  w i t h  wide 
ang le  l e n s  camera can a l s o  be used t o  r e c o r d  such t h i n g s  as occupancy, use 
o f  b l i n d s ,  shadows, number o f  l i g h t s  on ( i n  l a r g e  open spaces) .  
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APPENDIX H ANALYSIS TECHNIOUES 

INTRODUCTION T O  APP. H 

Th is  appendix c o n t a i n s  a  number o f  A n a l y s i s  Techniques (AT) i n c l u d i n g  
a l g o r i t h m s  presented i n  a  common format .  A11 Ana lys is  Techniques here a r e  
e i t h e r  r e q u i r e d  f o r  the  e v a l u a t i o n  o f  an Energy Conserva t ion  O p p o r t u n i t y  
[Appendix O ) ,  f o r  pe r fo rm ing  an A u d i t  Procedure (Appendix F ) ,  o r  can be 
a p p l i e d  f o r  o t h e r  reasons d u r i n g  an a u d i t .  

The A n a l y s i s  ~ e c h n i q u i s  a r e  ar ranged i n  groups and i n d i v i d u a l l y  numbered 
f o l l o w i n g  t h e  s tandard ca tegory  system used throughout  t h i s  Source Book (see 
I n t r o d u c t i o n ,  p .  101 t o  a i d  P i l i n g  and r e f e r e n c i n g .  An index l i s t i n g  each AT 
i s  p r o v i d e d  below. 

The format  used f o r  p r e s e n t i n g  A n a l y s i s  Techniques i s  i d e n t i c a l  t o  t h e  one 
desc r ibed  f o r  A u d i t  Procedures (App. F ) .  

Th is  appendix c o n t a i n s  o n l y  s imp le  a l g o r i t h m s  and none o f  t h e  more 
s o p h i s t i c a t e d  models necessary f o r  a  more d e t a i l e d  e v a l u a t i o n  o f  many ECOs. 
o r  f o r  t h e  e v a l u a t i o n  o f  a  comb ina t ion  o f  ECOs. For  a  d e s c r i p t i o n  o f  more 
complex models. see Ch. 6 .  
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L IST  OF ANALYSIS TECHNIQUES (AT) 

m 
ENVELOPE ( E l  

E . l  Hea t ing  and c o o l i n g  degree days. 
E.2 D e t e r m i n a t i o n  o f  a i r  change r a t e s  f rom t r a c e r  gas measurements. 
E.3 Heat l o s s  model f o r  e v a l u a t i o n  envelope ECO sav ings .  
E.4 U-va lues and i n f i l t r a t i o n  r a t e s  f o r  b u i l d i n g  components. 

REGULATION IR)  

R . l  Savings o f  ECOs i n v o l v i n g  r e d u c t i o n s  i n  v e n t i l a t i o n  a i r .  
R.2 Savings assoc ia ted  w i t h  n i g h t t i m e  v e n t i l a t i o n  c o o l i n g .  
R.3 Energy sav ings  a s o c i a t e d  w i t h  c o i l  c i r c u l a t o r  s h u t - o f f .  
R.4 V e n t i l a t i o n  load  and f a n  energy sav ings  and c a l c u l a t i o n  o f  

t ime  weighted c o n c e n t r a t i o n  l e v e l s .  
R.5 Bas ic  r e l a t i o n s h i p s  - e v a p o r a t i v e  c o o l i n g .  
R.6 Swimming p o o l  h a l l  h u m i d i t y  c o n t r o l  - b a s i c  r e l a t i o n s h i p s .  
R.7 Swimming p o o l  h a l l  h u m i d i t y  c o n t r o l  - S p e c i f i c  ECO e v a l u a t i o n  

methods. 
R.8 E f f e c t  o f  r a d i a n t  h e a t i n g  on h e a t i n g  loads.  

HEATING IH)  

H . l  Seasonal e f f i c i e n c y  o f  o i l l g a s  f i r e d  b o i l e r l p l a n t s .  

HEATINGICOOLING IHIC)  

H I C . l  Seasonal performance f a c t o r s  o f  hea t  pumps and c h i l l e r s .  

OUCTYORK 101 

0 . 1  Heat t r a n s m i s s i o n  from ductwork.  

PIPEUORK I P )  

P . l  Heat t r a n s m i s s i o n  from p ipework and tanks .  
P.2 Heat t r a n s f e r  i n  steam systems. 

SERVICE HOT WATER I S )  

S . l  Performance p r e d i c t i o n  f o r  s o l a r  SHU systems. 
S.2 Energy sav ings  i n  SHU systems. 

LIGHTING I L )  

L . l  E s t i m a t i o n  o f  energy sav ings  f o r  l i g h t i n g  systems. 
L . 2  E s t i m a t i o n  of  energy sav ing  due t o  p h o t o e l e c t r i c  c o n t r o l .  
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ELECTRICAL SYSTEMS (EL) 

E L . l  Sav ings f rom e l e c t r i c a l  equipment changes. 
EL.? C a l c u l a t i n g  .the r e q u i r e d  r e a c t i v e  power f o r  power f a c t o r s  

c o r r e c t i o n .  
EL.3 E v a l u a t i o n  o f  motor speed c o n t r o l  dev i ces .  

MISCELLANEOUS (MI 

M . l  Energy s i g n a t u r e .  
R.2 B i n  a n a l y s i s  methods. 
M.3 E f f e c t  o f  changes i n  space g a i n s .  
M.4 Amethod  f o r  assess ing  comfo r t  and energy consumption. 
M.5 Simple pay-back t ime  o f  an investment .  
M.6 Discounted Payback t i m e  o f  an investment .  
M.7 P resen t  Value o r  Net L i f e  Cyc le  Savings o f  an investment .  
M.8 I n t e r n a l  Rate o f  Re tu rn  o f  an investment .  
M.9 Cost f o r  Savings o f  an investment .  
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a n a l y s i s  techn ique :  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
E . l  ! ENVELOPE. HEATING AND ! 

! COOLING ! 

t i t l e :  
HEATING AND COOLING DEGREE DAYS 

! r e f e r e n c e s  t o :  HT E . l  
! R V  E . l  

d e s c r i p t i o n :  
The f o l l o w i n g  n o t a t i o n  i s  used: 
HOD Number o f  h e a t i n g  degree days [K'daysl .  
CDD Number o f  c o o l i n g  degree days [K'daysl .  
T D a i l y  average e x t e p a l  t empera tu re  [OCI. $ Base tempera tu re  [ C1, 

Average i n t e r n a l  t empera tu re  [OCI  

7' Seasonal average e x t e r n a l  t empera tu re  f O c l  
Reference tempera tu re  [ C1 'Ief Number o f  h e a t i n g  days 

nc  Number o f  c o o l i n g  days 

The number o f  h e a t i n g  degree days i s  c a l c u l a t e d  f rom 

nh HOD = I1 I T b - T e l  f o r  T b  > T e .  

S i m i l a r l y ,  t h e  number, o f  c o o l i n g  degree days i s  c a l c u l a t e d  form 

nc 
CDD = I ITe-Tb)  f o r  T e  > T b .  

For  t h e  measurement o f  Te ,  see HT E.1. Values o f  t h e  base tempera tu re ,  see RV 
E.1. 

The number o f  h e a t i n g  o r  c o o l i n g  degree hours  can be c a l c u l a t e d  i n  t h e  same 
manner as above, b u t  t h e  summation i s  per formed ove r  h o u r s i n s t e a d  o f  days. 

Degree days can be used: 
i )  As a  c l i m a t i c  i ndex .  
iil To p r e d i c t  t h e  energy demand. 
i i i )  To compare t h e  energy demand between d i f f e r e n t  y e a r s  

I n  t h e  f i r s t  case t h e  numbers n  and n may be d e f i n e d  'a p r i o r i ' .  They may 
a l s o .  assuming t h a t  t h e r e  i s  a  co l t s tan t  $mount o f , f r e e  hea t  g a i n s  i n  t h e  case 
o r  h e a t i n g  and an e x t e r n a l  t empera tu re  below which no c o n d i t i o n i n g  i s  
r e q u i r e d  i n  t h e  case o f  c o o l i n g ,  be d e f i n e d  by t h e  i ' n t e r s e c t i o n  o r  t h e  
e x t e r n a l  t empera tu re  and r e f e r e n c e  tempera tu res  l s e e  F i g .  11.  I n  t h e  t h i r d  
case t h e  numbers n  and n a r e  g i v e n  by t h e  a c t u a l  l e n g t h  o f  t h e  h e a t i n g  and 
c o o l i n g  seasons. b h i c h  c$n be de te rm ined  by  t h e  b u i l d i n g  owner,  manager, o r  
occuoant  o r  a i v e n  by  l o c a l  o r  s t a t e  r e g u l a t i o n s .  
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a l t e r n a t i v e  techniques: 
- - - - - - -  ~ 

a d d i t i o n a l  in format ion:  
The Degree Day concept has been used t o  determine the  annual hea t ing  energy 
demand s ince  a  long t ime. The reason f o r  t h i s  i s  as fo l lows.  The ne t  energy 
supp l ied  by the  heat ing p l a n t  t o  the  b u i l d i n g .  E , may be considered t o  
depend w o n  the  sum o f  the energy losses due t o  transm8ssion and v e n t i l a t i o n .  

E1OSS' and so la r  and i n t e r n a l  heat  gains. E as Eh = El,,, - Eg. 
g  ' 

Assuming t h a t  i s  p ropo r t i ona l  t o  the average indoor-outdoor temperature 

d i f f e rence  Ti - Te and t o  the  leng th  o f  the  heat ing season, one ge ts  

Eh = const  * *Ti- 7,) ' nh - E . 
9  

The base temperature, Tb, can then be de f ined  from 
- 

Eg/Eloss = (Ti - Tb)/(Ti - Te) which g ives Eh = const * HDD. 
\ 

From t h i s  a lso  fo l lows t h a t  the  base temperature a lso  depends on the average 
i n t e r n a l  temperature considered 'normal' i n  a  p a r t i c u l a r  country,  s o  t h a t  the  
d e f i n i t i o n  o f  degree days va r i es  from one country t o  another (see R V  E.1). 

The use o f  a  standard 00 va lue  f o r  a l l  b u i l d i n g  types,  i r r e s p e c t i v e  of shape 
f ac to r .  g l az i ng  and i n s u l a t i o n  l e v e l s ,  i s  a  crude approximation, no longer 
v a l i d  f o r  s o l a r  houses o r  low energy houses. 

The use o f  degree days t o  determine the coo l i ng  energy demand i s  less common 
because t ransmission and v e n t i l a t i o n  heat f lows are o f t en  on l y  a  smal l  
f r a c t i o n  o f  the  coo l i ng  load. However, a  good c o r r e l a t i o n  may sometimes be 
found between CDD"  and coo l i ng  energy demands, due t o  a  s t rong  c o r r e l a t i o n  
between a i r  temperature a i r  humidi ty  o r  so la r  . r a d i a t i o n  r h i c h  a re  t r o  
f ac to r s  s t r ong l y  i n f l uenc ing  the  coo l ing  load. 

Heating Cooling ; ( .  

--- internal load 
Free heat gains 

I ~ t ~ # ~ 1 1 1 1 1 ~ 1 1 1 ~  

O N D J F M A M J J A S  
Month 

Fig. 1 Shematic f i gure illustrating t h e  d e g r e e  d a y  concept. 
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ana l ys i s  technique: ! a p p l i c a t i o n  area: ! re fe renced from: 
E.2 1 ! AP E.3. E.4. 

! ! ............................................................................. 
t i t l e :  ! re fe rences  t o :  
DETERMINATION OF AIR CHANGE R A T E S  FROM TRACER ! 
GAS MEASUREMENTS ! 
---------.------------------------------------------------------------------- 

desc r i p t i on :  

The f o l l ow ing  n o t a t i o n  i s  used ( f o r  d e f i n i t i o n  o f  methods, see AP E.3): 

- 1 
n r a t e  o f  a i r  exchange r h  I 

t t i m e t h l .  
3 V b u i l d i n g  volume l m  I. 

3 q f low o f  t r ace r  gas i m  I h l .  

CS t r ace r  gas concent ra t ion .  

il Decay method. P l o t  t he  t r ace r  gas concent ra t ion  versus t ime.  Le t  CS1  and 

CS2  
be the concent ra t ion  a t  t imes t1 and t2 and A be the  area below the  

curve between Csl and C S 2  The a i r exchange  r a t e  i s  then g iven  by 

n = (C - C ) /A .  
s l  s2 

A s impler  bu t  less  accurate method t o  eva lua te  data us i ng  t r a c e r  gas 
decay i s  t o  p l o t  the  l og  o f  the  concent ra t ion  versus t ime (hours ) .  
Pe r i od i c  measurements w i l l  f a l l  on a s t r a i g h t  l i n e  w i t h  a smal l  s c a t t e r  
i f  the  volume i s  w e l l  mixed (see F ig .  1). The slope o f  the l i n e  i s  the  
r a t e  o f  a i r  exchange per  hour. Any improvement t o  r e t r o f i t  a c t i o n  r i l l  
a l t e r  the  s lope and normal ly  w i l l  be ev ident  i n  less  than one hour.  

i i )  The constant  f low method. Th is  method requ i res  a de termina t ion  o f  the  
r a t e  o f  a i r  exchange, the  measurements s t a r t i n g  a t  t ime t.0, from the 
equat ion 

iii) The constant  concentration method. Here the  r a t e  o f  a i r  exchange can be 
determined from 

accuracy: ! references:  
! 
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reconended app l i ca t ions :  

----------------------------...---..--..----.-------------------------------- 

a l t e r n a t i v e  techniques: 

When the  decay method i s  used, the  seed gas i s  in t roduced t o  the  b u i l d i n g  
volume under study and the  decay o f  the t r ace r  gas concent ra t ion  i s  recorded. 

The constant  f low imp l ies  t h a t  a  constant amount o f  seed gas is. in t roduced 
i n t o  the b u i l d i n g  volume and the  t r ace r  gas concent ra t ion  i s  recorded. 

The constant concent ra t ion  method r e l i e s  on a  feed-back mechanism t o  
cont inuously in t roduce an amount o f  seed gas i n t o  the b u i l d i n g  volume i n  such 
a way t h a t  the  t r ace r  gas concent ra t ion  i s  kep t  constant .  

0.25 0.;0 0.75 110 1.25 1 
Time [h] 

Fig. 1 Example o f  plot o f t r a c e r  g a r  
concentration versus time. 
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a n a l y s i s  technique: ! a p p l i c a t i o n  area: !' referenced from: AT E.4! 
E.3 ! ENVELOPE ! 

t i t l e :  ! re fe rences  t o :  AT H . l  
HEAT LOSS MODEL FOR EVALUATING ENVELOPE ECO ! 
SAVINGS ! 
---------------------------------..------------------------------------------ 

desc r i p t i on :  
Th is  i s  a simple s teady-s ta te  model which ca l cu la tes  b u i l d i n g  energy 
requirements over the  heat ing  season. The computation requ i red  can be done 
r e a d i l y  on a pocket c a l c u l a t o r .  

The model uses seasonal mean values o f  i n t e r n a l  and ex te rna l  temperature t o  
c a l c u l a t e  the  seasonal energy consumption o f  a simple b u i l d i n g  ( s i n g l e  20 m ) .  
Separate al lowance i s  made f o r  i n c i d e n t a l  gains.  

The f o l l ow ing  n o t a t i o n  i s  used. 
0 mean i n t e r n a l  temperature over heat ing  season [ C1. 

mean ex te rna l  temperature over heat ing  season [OCI, 

2  area o f  b u i l d i n g  envelope component [ m  I. 
2 U-value o f  b u i l d i n g  component [ Y l m  . K ] .  

3  b u i l d i n g  heated volume [ m  1 .  

v e n t i l a t i o n  and i n f i l t r a t i o n  r a t e  [h-'I, 

l eng th  o f  hea t ing  season [days ] .  

average d a i l y  heat l oss  [kYhIday l .  

average dai ' ly  hea t ing  requirement [kYh lday l .  

i n t e r n a l  f ree  d a i l y  h e a t  gains [kYh lday l .  

average d a i l y  s o l a r  ga ins  [kYhIday l .  

annual hea t ing  requirement i k Y h / y r l  (see AT H.1). 

seasonal e f f i c i e n c y  o f  heat p l a n t .  

The model encompasses p r e d i c t i o n s  of Lh. O h ,  Q a  and t he  annual hea t ing  cos t :  

Lh = 24*( C AiUi + f l V / 3 ) *  (Ti- Te)/lOOO. 

O h  = Lh  - O g  - QSOl '  

9, = Oh* t h /  "p.s.  

To ta l  energy cos t  = Q a *  ( u n i t  cos t  o f  energy) [ $ / kYh l .  
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reconended applications: 

The method used i s  n o t  s u f f i c i e n t l y  r e f i n e d  t o  make a c c u r a t e  p r e d i c t i o n s  o f  
energy consumption over  s h o r t  p e r i o d s .  However, i t  does a l l o w  f o r  t h e  e f f e c t  
o f  improv ing  i n s u l a t i o n  l e v e l s ,  doub le  g l a z i n g .  e t c .  and d i f f e r e n t  h e a t i n g  
s tandards t o  be assessed over  a  h e a t i n g  season by recommending s u i t a b l e  mean 
i n t e r n a l  temperatures co r respond ing  t o  d i f f e r e n t  i n s u l a t i o n  l e v e l s ,  h e a t i n g  
s tandards and occupancy p a t t e r n s .  

I n t e r n a l  f r e e  heat  g a i n s  c o n s i s t  o f  m e t a b o l i c  h e a t  f rom occupants ,  hea t  
l osses  from SHY p r o d u c t i o n ,  a p p l i a n c e s ,  l i g h t i n g ,  e t c .  

U s e f u l  s o l a r  g a i n s  depend on area and o r i e n t a t i o n  o f  g l a z i n g ;  l a t i t u d e  of  
b u i l d i n g  s i t e .  t he rma l  b u i l d i n g  mass, e t c .  

Data on i n t e r n a l  f r e e  h e a t  g a i n s  and u s e f u l  s o l a r  g a i n s  i n  g e n e r a l  show l a r g e  
r e g i o n a l  v a r i a t i o n s  and dependence on b u i l d i n g  t y p e ,  b u t  a r e  a v a i l a b l e  f o r  
many l o c a t i o n s .  Yhen a p p l i e d  t o  p r e d i c t i n g  sav ings  f rom upgrad ing  i n s u l a t i o n  
l e v e l  o r  g l a z i n g ,  t h i s  model has i n  many cases been shorn t o  have a  tendency 
t o  o v e r e s t i m a t e  t h e  sav ings .  

I 

~ House occupants  may choose t o  take  t h e i r  b e n e f i t  f rom ECO imp lemen ta t i on  i n  
t h e  form o f  improved comfor t  l e v e l s .  For  example, they  may choose t o  en joy  

I 
h i g h e r  i n t e r n a l  t empera tu re  a f t e r  c a v i t y - w a l l  f i l l i n g  than b e f o r e  i t .  T h i s  
r i l l  reduce t h e  magnitude o f  t h e  c o s t  sav ings .  
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a n a l y s i s  technique: ! a p p l i c a t i o n  area: ! referenced from:ECO E.8. 
E.4 ! ENVELOPE ! E.9. E.10. E.11. E.12. 

! ! E.13. E.14. E.15. E.16. 
! ! E.17. E.20. E.22. E.24. 
! ! E.28. 

------------------------------------------------------------------.---------- 

t i t l e :  ! references t o :  
U-VALUES AND INFlLTRATlON RATES FOR BUILDING ! AP E.5. E.7. E.12. 
COMPONENTS ! A T  E.3. R V  E.2. E.4. E.6 
--------------------------------------------------------.----.----------.---. 

desc r i p t i on :  
The U-value o f  a  b u i l d i n g  component can be ca l cu la ted  bv addina the  thermal  
res is tances  o f  the  elemenis c o i p r i s i n g  t he  w a l l  o r  r o o f . - e t c .  a i d  t ak i ng  the  
r e c i p r o c a l  i .e .  

The thermal res is tance  R i s  g iven ,by  R = dIA. 

Here. 

U  2  = thermal t ransmi t tance  tW1m .K1. 
2  

R s i  : ins ide  sur face res is tance  [ m  . K I W I .  
2  R 1 , R 2 , R n :  thermal r es i s t ance  o f  w a l l  o r  r oo f  element [ m  . K I W I .  

2  
Rse = ex te rna l  sur face res is tance  [ m  . K I W I .  

d  : th ickness  o f  element [ m l .  

A = thermal c o n d u c t i v i t y  of element I W I m , K l .  

c o n d u c t i v i t i e s  f o r  a  number o f  b u i l d i n g  ma te r i a l s  can be found i n  R V  E.2 

The e f f e c t i v e  leakage area i s  determined from 

A = q1112 A p l p l  
3  where q  = a i r  f low r a t e  [ m  i s l .  

3  = dens i t y  o f  a i r  [kglm I. 
Ap = pressure d i f f e r e n c e  [ P a l .  

2  A = e f f e c t i v e  leakage area [ m  I. 

The e f f e c t i v e  leakage area i s  determined by p r e s s u r i z a t i o n  t e s t  (AP E.5. E . 7 .  
E.121 of a  b u i l d i n g  o r  a  b u i l d i n g  component. The e f f e c t i v e  leakage area i s  
o f t e n  de f i ned  f o r  a  f i x e d  value of t he  pressure d i f f e r e n c e ,  e.g. 4  Pa. 
The measurements may be performed f o r  h igher  pressure d i f f e rences ,  and an 
e x t r a p o l a t i o n  i s  made t o  the  f i x e d  value d e f i n i n g  t he  e f f e c t i v e  leakage area. 
e.g. by p l o t t i n g  q  versus I Ap. 
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accuracy: ! references: 
---.------------------------------------------------------------------------- 

recownded applications: 

T h i s  AT does n o t  t a k e  i n t o  account  t h e  i n f l u e n c e  f rom the rma l  b r i d g e s  

al ternat ive  techniques: 

-------.----..-..---...---.----.------------------ 

additional information: 

T y p i c a l  v e n t i l a t i o n  r a t y  2 f o r  v a r y i n g  b u i l d i n g  t i g h t n e s s e s  a r e  g i v e n  i n  R V  
E.4. Leakage areas tcm I n  I f o r  d i f f e r e n t  window and door t ypes  w i t h  and 
w i t h o u t  w e a t h e r s t r i p p i n g  a r e  g i v e n  i n  R V  E.6. Note t h a t  t h e  v e n t i l a t i o n  r a t e  
l a i r  changes pe r  hour1 c a l c u l a t e d  by an a n a l y s i s  o f  t h e  leakage a reas  around 
windows and 'doors w i l l  be an underes t ima te  o f  t h e  t r u e  v e n t i l a t i o n  r a t e  as i t  
w i l l  t a k e  no account  o f  i n f i l t r a t i o n  th rough  o t h e r  p a r t s  o f  t h e  b u i l d i n g  
envelope.  

The e f f e c t  on t h e  energy requ i remen ts  o f  t h e  b u i l d i n g  r e s u l t i n g  f rom changes 
i n  component U-va lues,  b u i l d i n g  v e n t i l a t i o n  r a t e  ( a s  d i scussed  above1 and . i n c i d e n t a l  g a i n s  1e.g. r e d u c t i o n  i n  s o l a r  g a i n  due t o  t h e  f i l l i n g  i n  o f  
w indowsl ,  can be i n d i v i d u a l l y  o r  c o l l e c t i v e l y  ana lysed u s i n g  a  s i m p l e  hea t  
l o s s  model such as t h a t  f o r ~ d w e l l i n g s  d i scussed  i n  AT E.3 .  
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ana l ys i s  technique: ! a p p l i c a t i o n  area: ! re fe renced from:ECO R.3. 
R . l  ! REGULATION ! R.4. R.5. R.20. R.21. 

! ! R.26.R.34,R.36.0.2,0.4. 
----.------------------------...---....------------------------------------.. 

t i t l e :  ! re fe rences  t o :  
CALCULATION OF SAVINGS OF ECOS INVOLVING REOUC- ! A T  E . l ,  M.2. 
TIONS IN  VENTILATION A I R  ! 

desc r i p t i on :  

Energy savings are poss ib le  i n  two p r i n c i p a l  areas: 

i )  requirements f o r  cond i t i on ing  ou ts ide  a i r .  
i i )  fan power savings. 

A t  design cond i t i ons  f o r  a  change i n  v e n t i l a t i o n  r a t e :  

Aq = 4.3'AQ*Ah 
where 
A0 = change i n  design load I W I ;  
Aq = change i n  design f low r a t e  [ m  151: 
Ah = enthalpy d i f f e rence  between i n s i d e  and ou ts ide  cond i t i ons  [ k J l k g  a i r ] .  

Where l a t e n t  loads have no impact upon the energy savings. i . e .  where 
h u m i d i f i c a t i o n  o r  mechanical coo l i ng  i s  neT provided o r  when the humid i ty  i n  
ou t s i de  a i r  can be neglected.  e.g. i n  c o l d  c l ima tes .  Aq i s  g iven by: 

where 
AT = temperature d i f f e r e n c e  between i ns i de  and ou ts ide  cond i t i on ing  I K I ,  

Equations concerning fan  energy savings a re  g iven  i n  App. C.5. 

Energy savings can be ca l cu la ted  us ing  e i t h e r  degree day (see A T  E.1), b i n  
(see A T  M.2) o r  hou r l y  methods (see Ch. 7 )  depending upon the  p a r t i c u l a r  
circumstances as o u t l i n e d  below. 

For  c a l c u l a t i n g  v e n t i l a t i o n  energy changes, degree-day c a l c u l a t i o n s  are 
normal ly  on l y  app l i cab le  f o r  hea t ing  on l y  a p p l i c a t i o n s  and t o  those instances 
where system opera t ion  and space temperatures are mainta ined constant .  Where 
v e n t i l a t i o n  i s  scheduled on - and o f f  o r  where coo l i ng  o r  h u m i d i f i c a t i o n  i s  
invo lved ,  i t  i s  normal ly  necessary t o  move t o  b i n  o r  hou r l y  methods. 

I n  cons ider ing  v e n t i l a t i o n  eauioment opera t ion .  the  impact o f  i t s  ooera t ion  
on the  movement o l  a i r  from o the r  zones' o r  i t s  i n l l uence  on the  i n l i l t r a t i o n  
r a t e  should no t  be ignored. 

Where coo l i ng  i s  invo lved ,  p a r t i c u l a r l y  i n  those instances where coo l i ng  
cyc les  a re  employed, the  use o f  hou r l y  c a l c u l a t i o n  methods prov ide  the most 
s a t i s f a c t o r y  r e s u l t s  bu t  o f t e n  cannot be j u s t i f i e d  because o f  the  expense. I n  
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such cases i t  may be u s e f u l  t o  t r y  and j u s t i f y  t h e  i m p l i c a t i o n  o f  an ECO 
based on c a l c u l a t i o n s  c a r r i e d  o u t  j u s t  f o r  t h e  c o l d e r  months. 

Fan energy consumption changes can be c a l c u l a t e d  by m u l t i p l y i n g  t h e  change i n  
f a n  motor power consumption by t h e  hours  o f  f a n  o p e r a t i o n .  The o n l y  e x c e p t i o n  
t o  t h i s  r u l e  i s  where a  f a n  i s  c y c l e d  t o  m a i n t a i n  a  lower  v e n t i l a t i o n  r a t e  
than  would be o b t a i n e d  were t h e  fan  t o  be opera ted  c o n t i n u o u s l y .  

These g e n e r a l  r u l e s  can be a p p l i e d  t o  e s t i m a t i n g  t h e  energy i m p l i c a t i o n  o f  
ECOs. 

accuracy: ! references: 
! 
! 
! 

recommended applications: 

............................................................................. 
a l te rna t i ve  techniques: 

addit ional  information: 
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ana l ys i s  technique: ! a p p l i c a t i o n  area: ! re fe renced from: 
R.2 ! REGULATION. NIGHTTIME ! ECO R.6. R.36. 

! COOLING ! 

t i t l e :  ! re fe rences  t o :  
ESTIMATION OF SAVINGS ASSOCIATE0 WITH NIGHTTIME ! HT H.2. 
VENTILATION COOLING I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
desc r i p t i on :  
Savings associated w i t h  n i gh t t ime  coo l i ng  are on ly  poss ib l e  where coo l  
ou ts ide  a i r  i s  used f o r  coo l i ng  o f  mechanical ly  cooled a i r .  Actual  
savings poss ib l e  w i l l  depend on a  number o f  va r i ab les  which w i l l  a l so  a f f e c t  
the  way i n  which c a l c u l a t i o n s  need t o  be made. These va r i ab les  inc lude :  

i )  B u i l d i n g  occupancy dur ing  n i gh t t ime  coo l ing .  
I f  t he  b u i l d i n g  i s  unoccupied, n i gh t t ime  coo l i ng  should be l i m i t e d  t o  
removing the  r e s i d u a l  coo l i ng  load remaining from the  occupied per iod .  

i i )  Na tu ra l  o r  mechanical v e n t i l a t i o n .  
V e n t i l a t i o n  fans use energy and one must consider  the  r e l a t i v e  energy 
requ i red  t o  r u n  the  fans as opposed t o  mechanical coo l ing .  For ma rg ina l l y  
cool  ou ts ide  a i r  the fans w i l l  have t o  run  longer t o  achieve the same coo l i ng  
as would otherwise be poss ib l e  us ing a i r  cond i t i on ing .  A s i m i l a r  t r a d e o f f  i s  
r equ i red  f o r  VAV systems where one might  t rade  low fan volumes w i t h  
mechanical coo l i ng  aga ins t  h i gh  volumes o f  poss ib l y  warmer ou ts ide  a i r .  

i i i )  V e n t i l a t i o n  fan c o n t r o l .  
Fan energy can be minimised by c o n t r o l l i n g  fan use as opposed t o  runn ing  
v e n t i l a t i o n  fans con t inuous ly  through the coo l ing  season evenings wh i le  the  
space i s  c a l l i n g  f o r  coo l ing .  When the  b u i l d i n g  i s  unoccupied, c o n t r o l  cou ld  
be by: 

a )  t u r n i n g  fans on a t  some pre-determined ou ts ide  a i r  temperature which i s  
considered t o  g i v e  economical coo l i ng  f o r  the  fan power invo lved .  

b)  de lay ing  and l i m i t i n g  the  opera t ion  o f  the fans t o  the  co ldes t  per iod  
o f  the  n i g h t .  

A b i n  method type of a n a l i s i s  (MT H.21 can be app l i ed  t o  es t imate  savings as 
long as b i n  data a re  ava i l ab le ,  broken down, as a  minimum, i n t o  daytime and 
n i gh t t ime  hours. 

To account f o r  v a r i a b l e  loads (e.g. i n  the  case o f  unoccupied b u i l d i n g  the  
r e s i d u a l  daytime coo l i ng  load)  and the  type o f  c o n t r o l  systems descr ibed i n  
i i i )  above hou r l y  ana l ys i s  methods (see Ch. 7 )  a re  considered necessary. 
-----------.-..-...--------------------------------------------------------.- 

accuracy: ! references: 
-------.---.------------------.------.------------------.----.--------------- 

recommended app l i ca t i ons :  
--------..----.---------------------------------...-----------------.---.---- 

a l t e r n a t i v e  techniques: 
-------------.--------------------------------------------------------------- 

a d d i t i o n a l  in format ion:  
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analysis technique: ! application area: ! referenced from: 
R.3 ! WARM AIR. HYDRONICALLY ! ECO R.8. 

! HEATED SYSTEMS ! 

t i t l e :  ! references to: 
ESTIMATION OF ENERGY SAVINGS ASSOCIATED WITH COIL ! AT P.1. 0.1. 
CIRCULATOR SHUT-OFF ! 

description: 
Energy sav ings a r e  'der ived from two areas: 

11 C i r c u l a t o r  (pump1 e l e c t r i c i t y  sav ings,  and 
21 Convect ion losses from h e a t i n g  c o i l .  

C i r c u l a t o r  Savings can be s imp ly  c a l c u l a t e d  by m u l t i p l y i n g  the  p r o j e c t e d  
number o f  hours t h a t  the  pump can be tu rned  o f f  by t h e  pump e l e c t r i c a l  load.  
For  h e a t i n g  c o i l  c i r c u l a t o r s ,  the  c i r c u l a t o r  can n o r m a l l y  be tu rned  o f f  b y  
schedu l ing  i t  o f f  f o r  a l l  those hours t h a t  t h e  ou tdoor  temperature i s  above 
the  b u i l d i n g  "ba lance temperature"  ( t h e  outdoor  a i r  temperature a t  which 
h e a t i n g  i s  no longer  r e q u i r e d ) .  An e x c e p t i o n  would be where f u l l  year  
o p e r a t i o n  o f  the  h e a t i n g  c o i l  i s  r e q u i r e d ,  e.g. i n  re -hea t  type systems. For 
c o o l i n g ,  the  c o o l i n g  c o i l  c i r c u l a t o r  can be tu rned  o f f  f o r  a l l  those hours 
t h a t  t h e  o u t s i d e  a i r  i s  lower than  the  lowest a i r  temperature below which 
c o o l i n g  i s  n o t  r e q u i r e d ,  o r  f o r  those HVAC systems w i t h  f u l l  a i r  economisers. 
below t h e  scheduled deck temperature.  
Temperature-frequency d a t a  t a b l e s  no rma l l y  o b t a i n a b l e  from l o c a l  
m e t e o r o l o g i c a l  s t a t i o n s  can be used t o  f i n d  the  number o f h o u r s  above o r  
below c e r t a i n  temperatures.  

Try  t o  j u s t i f y  c a p i t a l  c o s t  o f  ECO on t h i s  b a s i s  a lone b e f o r e  c a r r y i n g  o u t  
more i n v o l v e d  c a l c u l a t i o n s  .for c o i l  heat  losses.  

Hea t ing  C o i l  Savings a r e  o n l y  r e a l i s a b l e  where the  h e a t i n g  c o i l  would 
o the rw ise  be kep t  h o t  and would no rma l l y  not  be a p p l i c a b l e  t o  those HLV 
systems where n i g h t l u n o c c u p i e d  mode o f  o p e r a t i o n  r e l i e s  on m a i n t a i n i n g  f u l l  
heat  t o  the  c o i l  and c y c l i n g  f a n  f o r  temperature c o n t r o l .  (Normal daytime, 
o p e r a t i o n  would see cont inuous f a n  o p e r a t i o n  and t h e  temperature of  the  c o i l '  
supply  water  modulated by a the rmos ta t . )  

Heat Loss from C o i l s  occurs i f  the  c o i l  c i r c u l a t o r  i s  n o t  shut  o f f .  Note t h a t  
some heat  may c o n t r i b u t e  u s e f u l l y  t o  the  space h e a t i n g  needs. 

il Through i n s u l a t e d  p i p e  t o  and from c o i l .  
iil Through u n i n s u l a t e d  c o i l  headers and frame and through t h e  c i r c u l a t o r  

case, and 
iiil From f i n s  and tubes i n  the  c o i l ,  n a t u r a l  hea t  t r a n s f e r  tends t o  heat  up 

su r round ing  a i r  i n  ductwork caus ing an inc rease  i n  hea t  l o s s  th rough  
ductwork.  Th is  heated a i r  can a l s o  leak  o u t  o f  o u t s i d e  a i r  dampers. 

The d i f f i c u l t y  i n  e s t i m a t i n g  the  heat  l o s s  from these areas comes as a r e s u l t  
o f  t r y i n g  t o  es t ima te  su r face  hea t  t r a n s f e r  c o e f f i c i e n t s .  Th is  i s  n o t  t o o  
much o f  a  problem f o r  i n s u l a t e d  su r faces  i tem il ( t h e  c o e f f i c i e n t  i s  s m a l l  
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compared t o  t h e  i n s u l a t i o n ) ,  b u t  i t  i s  impor tan t  f o r  u n i n s u l a t e d  m e t a l .  
Su r face  hea t  t r a n s f e r  c o e f f i c i e n t s  a r e  dependent on su r face  tempera tu res ,  a i r  
temperatures,  and t h e  r e s i s t a n c e  t o  f r e e  convec t ion .  

Approx ima t ion  may be made f o r  i t ems  i n  i i )  u s i n g  t h e  f o l l o w i n g  r e l a t i o n s h i p s :  

where 
= f r e e  c o n v e c t i o n  h e a t  l o s s  IYI 

2  :C = c o n v e c t i v e  h e a t  j r a n s f e r  c o e f f i c i e n t ,  see be low.  1Y1m .KI. 
A' = s u r f a c e  area.. tm I .  . . . .  
T  = s u r f a c e  temperatube I O c l ,  
1: = a i r  t empera tu re  I C1. 

F ree  c o n v e c t i o n  f rom v a r i o u i  s u r f a c e s  t o  a i r  a t  a tmospher ic  p r e s s u r e  

V e r t i c a l  p l a n e  o r  c y l i n d e r  h c = 1 . 4 2 * ( ~ ~ / h 1 1 1 4 ,  

H o r i z o n t a l  c y l i n d e r  h r = 1 . 3 2 * ~ ~ ~ l d 1 1 1 4 .  - 
Heated p l a t e  f a c i n g  upward o r  coo led  p l a t e  hc=l .32*(AT111 114 
f a c i n g  downward 

Heated p l a t e  f a c i n g  downward o r  coo led  p l a t e  h c = 0 . 6 1 * ( ~ T 1 1 )  115 
f a c i n g  upward 

where AT = tempera tu re  d i f f e r e n c e  T S - l a .  I K 1 ,  
h  = h e i g h t  [ m l .  
d  = d i a m e t e r .  I m l  and 
1  = mean o f  two d imensions f o r  r e c t a n g l e  i m l .  

Note t h a t  i n  t h e  above formulas r a d i a t i v e  l o s s e s  a r e  n o t  taken  i n t o  account .  
See a l s o  AT P.1 and AT 0.1 .  

Es t ima tes  f o r  i i i )  a r e  more d i f f i c u l t  and u n l e s s  t h e r e  i s  an obv ious  
c o n v e c t i o n  o r  leakage t o  o u t s i d e  i t  i s  p r o b a b l y  n o t  w o r t h w h i l e  t o  t r y  and 
compute t h i s  component. There w i l l  be a  hea t  b u i l d  up i n  t h e  d u c t  d u r i n g  t h e  
fan  o f f  p e r i o d  as t h e  c o i l  looses hea t  t o  t h e  s u r r o u n d i n g  d u c t  a i r .  The 
r e s u l t  w i l l  be some i n c r e a s e  i n  d u c t  hea t  l osses ,  a  ma jo r  p o r t i o n  o f  t h e  hea t  
shou ld  however be c a r r i e d  o f f  i n t o  t h e  space once t h e  fan  r e s t a r t s  u n l e s s  
t i m e  between fan  s t a r t s  a r e ,  l o n g  and t h e  heated a i r  t r a v e l s  a l o n g  t h e  
duc twork  system a i d e d  by  n a t u r a l  buoyancy. 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a n a l y s i i  technique:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  f rom:  
R.4 ! PARKING GARAGES AND ! ECD R.16. R.39. 

! VEHICLE FACILITIES ! 

t i t l e :  ESTIMATION OF VENTILATION LOAD AND FAN ! r e f e r e n c e s  t o :  
ENERGY SAVINGS AND CALCULATION OF TIME ! AT E . l ,  M.2. RV R.7. 
WEIGHTED CONCENTRATION LEVELS ! 

d e s c r i p t i o n :  

Exposure s tandards  a r e  o f t e n  expressed i n  terms o f  t i m e  weighted averages 
LTYAI. An unders tand ing  o f  t h e  c a l c u l a t i o n  o f  TYA va lues  i s  r e q u i r e d  i n  a l l  
t hose  i n s t a n c e s  where TYA exposure s tandards  a p p l y  and i n t e r m i t t e n t  
v e n t i l a t i o n  techn iques  a r e  b e i n g  cons ide red .  TYA i s  c a l c u l a t e d  u s i n g  t h e  
f o l l o w i n g  e q u a t i o n :  

TYA has t h e  same u n i t s  as C 
3  C 1 . . . , . C  = c o n c e n t r a t i o n  d u r i n g  d i f f e r e n t  t ime  p e r i o d s  1e.g..  ppm o r  mglm I. 

tl,..., t" t i m e  d u r a t i o n  o f  t h e  exposure a t  t h e  c o n c e n t r a t i o n  C [ h l .  n  

t = d e f i n e d  t i m e  p e r i o d ,  o f t e n  t a k e n  as 8 hours  b u t  n o r m a l l y  d e f i n e d  
i n  exposure s tandards .  

Note t h a t  'peak" o r  " e x c u r s i o n "  va lues  a r e  o f t e n  s p e c i f i e d  which d e f i n e  t h e  
a b s o l u t e  l e v e l  o f  c o n c e n t r a t i o n  p e r m i s s i b l e  i r r e s p e c t i v e  o f  t h e  t i m e  
i n v o l v e d  - such va lues  a l s o  need t o  be cons ide red  when c a r r y i n g o u t  
i n t e r m i t t e n t  v e n t i l a t i o n  c a l c u l a t i o n s .  

F o r  p a r k i n g  garages,  i t  i s  f i r s t  necessary t o  have some idea  o f  t h e  f requency 
and p e r i o d  o f  o p e r a t i o n  o f  t h e  v e h i c l e s  from which p r o f i l e s  o f  use and carbon 
monoxide p r o d u c t i o n  can be e s t a b l i s h e d .  It i s  u s e f u l  t o  deve lop two p r o f i l e s :  
t h e  f i r s t  t h a t  r e p r e s e n t s  peak o r  des ign  c o n d i t i o n s ,  t h e  second r e p r e s e n t i n g  
t h e  average o r  t y p i c a l  case ( m o n i t o r e d  da ta  c o u l d  be used i f  a v a i l a b l e ) .  

The peak case can be used t o  e s t a b l i s h  t h e  minimum accep tab le  con t inuous  
v e n t i i a t i o n  r a t e  necessary  t o  meet t h e  r e q u i r e d  exposure s t a n d a r d  u s i n g  t h e  
fo rmu la :  

where 
q  - v e n t i l a t i o n  r a t e  1 1 1 ~ 1 .  
N  = number o f  v e h i c l e s  i n  o p e r a t i o n .  
c  = r a t e  o f  p r o d u c t i o n  o f  carbon monoxide [ g l m i n l  ( s e e  RV R.71. 
C = p e r m i s s i b l e  c o n c e n t r a t i o n  l e v e l  Ippm13 
V  = s p e c i f i c  volume o f  v e n t i l a t i n g  a i r  [ m  I k g l .  

For t h e  ' t y p i c a l  day' ,  t h e  use o f  a  s teady  s t a t e  c a l c u l a t i o n  w i l l  s u f f i c e  i n  
most a p p l i c a t i o n s  u s i n g  e i t h e r  a  d a i l y  average ( t i m e  we igh ted )  number o f  
v e h i c l e s  i n  o p e r a t i o n  o r  d i v i d i n g  t h e  p r o f i l e  i n t o  a  number o f  t i m e  p e r i o d s  
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and c a l c u l a t i n g  average values over each t ime per iod .  This l a s t  approach has 
some m e r i t  where opera t ion  i s  no t  un i f o rm  over t he  day and some weight can be 
g iven  t o  d i f f e r i n g  temperatures throughout t he  day when c a l c u l a t i n g  energy 
savings. 

Where t he  garage v e n t i l a t i n g  a i r  i s  r equ i red  t o  be heated (which i s  t he  on ly  
appreciable reason f o r  cons ider ing  a  C O  c o n t r o l l e d  v e n t i l a t i o n  system). the  
heat ing  energy savings can be ca l cu la ted  as t he  d i f f e r e n c e  between t he  f i x e d  
and v a r i a b l e  v e n t i l a t i o n  r a t e  us ing  a  degree method o r .  f o r  g rea ter  accuracy. 
a  b i n  method (see AT E . l  and AT M.2) .  

I n  a d d i t i o n ,  t he re  w i l l  be fan energy savings which can be c a l c u l a t e d  from 
the  product  o f  fan  motor load and d i f f e r e n c e  i n  number o f  opera t ing  hours o f  
the  vent  f a n l s ) .  (Th i s  assumes fans w i l l  t u r n  on and o f f  t o  meet the  requ i red  
r a t e  o f  v e n t i l a t i o n . )  

a l t e r n a t i v e  techniques: 

............................................................................. 
a d d i t i o n a l  in format ion:  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
analys I s  technique:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  f rom:  
R.5 ! REGULATION ! ECO R.19. 

t i t l e :  
BASIC RELATIONSHIPS - EVAPORATIVE COOLING 

! r e f e r e n c e s  to: 
! AT M.2. RV R.8. 

d e s c r i p t  Ion: 

The e f f e c t i v e n e s s  o f  e v a p o r a t i v e  c o o l i n g ,  r ,  i s  d e f i n e d  f rom 

c = (T - T  )/(TI-T3), 1 2  

where: 

T1 = d r y  b u l b  tempera tu re  a i r  e n t e r i n g  e v a p o r a t i v e  c o o l e r .  

T 2  = d r y  b u l b  tempera tu re  l e a v i n g  e v a p o r a t i v e  c o o l e r .  

T 3  = wet b u l b  temperature e n t e r i n g  e v a p o r a t i v e  c o o l e r .  

Some examples a r e  g i v e n  i n  RV R.8. 

The psych romet r i c  process ( d i r e c t ,  i n d i r e c t  o r  i n d i r e c t - d i r e c t  comb ina t ion )  
i s  s c h e m a t i c a l l y  shown i n  F i g .  1. 

An i n d i r e c t  system e n t a i l s  t h e  use o f  a  heat  exchanger.  E v a p o r a t i v e  c o o l i n g  
i s  u t i l i s e d  t o  c o o l  one a i r  s t ream which i n  t u r n  t r a n s f e r s  hea t  ( c o o l i n g )  t o  
a  second a i r  s t ream v i a  t h e  hea t  exchanger.  

For  t h e  a n a l y s i s  o f  sav ings ,  a  b i n  method (see  AT M.2) w i t h  c o i n c i d e n t  wet 
b u l b  da ta ,  o r  wet b u l b l d r y  b u l b  c o i n c i d e n t  temperature frequency d a t a  a r e  
r e q u i r e d .  Hand c a l c u l a t i o n s  can be q u i t e  t e d i o u s  and computer v e r s i o n s  u s i n g  
t h e  same methods o r ,  p r e f e r a b l y ,  h o u r l y  methods a re  more a p p r o p r i a t e .  

accuracy: ! re ferences:  ASHRAE Equipment.  Ch. 4. 1983: ASHRAE 
! Systems. Ch. 39. 1984: Pearson. 1982: Dombroski .  
! 1984; Meyer. 1983: Eskra.  1980 and Supple ,  1982. 
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------------------------------------------------------------------------.---- 

reconended appl icat ions: 

............................................................................. 
a l t e r n a t i v e  techniques: 

0 10 20 30 40 50 
Dry bulb temperature ("C] 

Fig. 1 Psychrometric process, direct. 
indirect and indirsct-direct 
combination 
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ana l ys i s  technique: ! a p p l i c a t i o n  area: ! referenced from: 
R.6 ! SVIMMING POOL HALLS ! ECO R.15. R.35. M . ?  

! ! 

t i t l e :  ! references t o :  
SYlHMlNG POOL HALL HUMIDITY CONTROL - BASIC ! R V  R.12. 
RELATIONSHIP ! 

desc r i p t i on :  

The pool  water evaporat ion r a t e ,  r i s  g iven by 
P ' .  

w = f *A~(C1+C2fv I * (p~-pa l IY  
P 

[11 

where: 

w = water evaporat ion r a t e  [ k g l s l .  
P 2  A = sur face area o f  pool I m  I. 

f  = "occupancy f ac to r '  a l lows f o r  increased evaporat ion r e s u l t i n g  from the  

we t t i ng  o f  the  pool surrounding o r  use o f  pool covers. 
2  C1 =0 .0887 Y l m .  

3  C2 = 0.07815 Jlm , 
v  : a i r  speed over water surface [ m l s l .  

Y = l a t e n t  heat o f  vapo r i sa t i on  a t  sur face r a t e r  temperature [ k J I k g l .  

pa = sa tu ra t i on  pressure a t  room a i r  derpo in t  [Pa l .  

pw 
= sa tu ra t i on  vapor pressure taken a t  the  sur face r a t e r  temperature [Pa l .  

For reference values see R V  R.12 

For values o f  Y about 2.330 kJ1kg and values o f  v  ranging from 0.05 t o  0.15 
mls,  one can use a  s i m p l i f i e d  'expression: 

w P  = 4 . 0 * 1 0 - ~ * ~ * f * ( p ~ - p ~ l  L21 

The pool  water makeup heat loss  i s  g iven by 

qh = 2300 w + 4.1917 -T 1  
P P m 131 

where: 
qh = l a t e n t  component and sens ib le  component [MI. 
T  = pool water temperature [OCI. 

P 
Tm = makeup r a t e r  temperature. [OCI. 

The minimal a i r  f low requ i red  t o  remove the  evaporated water, q  i s  g iven 
by: d '  
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q  = 830 q  I l w - w  ) .  
where:a h  i e  

qa = f low o f  a i r  [ I l s l .  

w e  = humid i ty  r a t i o  o f  outdoor a i r  a t  design c r i t e r i a  i k g l k g l .  

wi  = humid i ty  r a t i o  o f  swimming pool  a i r  a t  design c r i t e r i a  [ k g l k g l .  

The values of w o  and w i  can be obta ined from psychrometr ic  cha r t s .  

The minimal a i r  f low r a t e  should n o t  be l ess  than t h a t  r equ i red  f o r  a i r  

q u a l i t y  purposes. 

For most p r a c t i c a l  cases, where i t  can be assumed t h a t  t he  swimming pool  h a l l  

i s  & a i r  cond i t ioned,  the  v e n t i l a t i o n  loss  qV i s  g iven  by 

qv 
= 1.21'qa*lTi-re) 

where 

qV = v e n t i l a t i o n  loss  [ M I .  
0  Ti = i ns i de  a i r  temperature 1 C1. 

0 T  = ex te rna l  a i r  temperature I C1 e  

The t o t a l  design heat  loss  i s  g iven by t he  sum o f  t he  V e n t i l a t i o n  l oss  and 

the  Pool water loss .  

accuracy: ! references:  
! 
! 
1 

recommended app l i ca t i ons :  

----.-..-------------.-----------.------------------------------------------- 

a l t e r n a t i v e  techniques: 
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t i t l e :  ! r e f e r e n c e s  t o :  
SWIMMING POOL HALL HUMIDITY CONTROL -'SPECIFIC ! A T  E.1. E.2 .  RV R.12 
ECO EVALUATION METHODS ! 

d e s c r i p t i o n :  

There a r e  two b a s i c  o p t i o n s :  

i )  Reducing p o o l  e v a p o r a t i o n  r a t e .  
iil Reducing v e n t i l a t i o n  l o s s .  

Reduct ion o f  P o o l  E v a o o r a t i o n  W: 

P o s s i b l e  o p t i o n s  i n c l u d e  p e r m i t t i n g  h i g h e r  room h u m i d i t i e s  o r  lower.lng p o o l  
water  tempera tu re :  i n  p r a c t i c e  o n l y  r e a l  o p t i o n  i s  t o  use a  p o o l  cove r  which 
t y p i c a l l y  would reduce e v a p o r a t i o n  r a t e  by 85% t o  90%. 

Reduc t ion  i n  e v a p o r a t i o n  r a t e  (see RV R.12) w i l l  p e r m i t  lower  v e n t i l a t i o n  
r a t e s  o r  i n  t h e  case o f  mechanica l  h u m i d i f i e r  i n s t a l l a t i o n ,  reduced system 
o p e r a t i o n .  

. . 
Reduc t ion  o f  -: 

P o s s i b l e  o p t i o n s  i n c l u d e  v e n t i l a t i o n  r a t e  c o n t r o l l e d  by a  space h u m i d i s t a t .  
a i r  t o  a i r  heat  recovery  o r  mechanica l  d e h u m i d i f i c a t i o n  systems. 

The f o l l o w i n g  recommendations a r e  based on t h e  assumpt ion t h a t  t h e  Poo l  h a l l  
i s  r& a i r  c o n d i t i o n e d .  

Energy sav ings  can be e s t i m a t e d  by c a l c u l a t i n g  t h e  b e f o r e  and a f t e r  r e t r o f i t  
s i t u a t i o n  u s i n g  a  degree-day method (see AT E . 1 ) .  

I n  a l l  i ns tances .  excep t  t h e  c o n s t a n t  v e n t i l a t i o n  case, i t  i s  i m p o r t a n t  t o  
c o n s i d e r :  

a )  t h e  v a r i a t i o n s  i n  p o o l  e v a p o r a t i o n  r a t e  w i t h  occupancy, and 
b )  t h e  v a r i a t i o n s  i n  t h e  m o i s t u r e  c o n t e n t  o f  t h e  o u t s i d e  a i r  and i t s  

subsequent e f f e c t  on t h e  m o i s t u r e  ba lance  o f  t h e  p o o l  a i r .  

il Constant  V e n t i l a t i o n  Rate 

The degree day method c o u l d  be a p p l i e d  t o  e s t i m a t e  t h e  v e n t i l a t i o n  l o s s .  As a 
f i r s t  app rox ima t ion  p o o l  water  h e a t i n g  requ i remen t  can be e s t i m a t e d  u s i n g  
average mon th l y  d i f f e r e n c e s  between supp ly  and p o o l  water  tempera tu res  and a  
c o n s t a n t  p o o l  water e v a p o r a t i o n  r a t e .  I n a c c u r a c i e s  a r e  i n t r o d u c e d  i n  such an 
approach, however, s i n c e  t h e  p o o l  h a l l  h u m i d i t y  w i l l  v a r y  w i t h  o u t s i d e  a i r  
c o n d i t i o n i n g .  B i n  ( see  AT E.2)  o r  h o u r l y  techn iques  c o u l d  be used t o  improve 1 t h e  accuracy o f  t h e  e s t i m a t i o n .  
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iil Humidistat  Cont ro l  

A b i n  method i s  the  l e a s t  complex method w i t h  an,acceptable degree o f  
accuracy f o r  c a l c u l a t i n g  v e n t i l a t i o n  losses. Bins should be arranged on t he  
bas is  o f  ou ts ide  cond i t i ons  and use o f  poo l ,  e.g. occupied and unoccupied 
per iods .  Average occupancy fac to rs ,  no t  design values,  should be used dur ing  
t he  occupied per iods  t o  c a l c u l a t e ,  i n  con junc t ion  w i t h  ou ts ide  cond i t i ons .  
t he  des i red  v e n t i l a t i o n  r a t e .  

I f  t h e  h u n i d i s t a t  i s  used t o  c y c l e  v e n t i l a t i o n  fans on and o f f ,  as opposed t o  
constant  room a i r  r e c i r c u l a t i o n  and ou ts ide  a i r - r e t u r n  a i r  m ix ing  dampers. 
t he re  w i l l  be a d d i t i o n a l  fan  energy savings. Such savings are d i f f i c u l t  t o  
est imate w i thou t  us ing  an hou r l y  c a l c u l a t i o n  method b u t  i n  most cases. 
e s p e c i a l l y  i n  co lde r  c l ima tes ,  t h e  savings w i l l  be smal l  compared w i t h  t he  
v e n t i l a t i o n  a i r  savings. 

The u s e  of average monthly values as descr ibed above should be Sa t i s f ac to r y  
f o r  es t ima t i ng  pool water hea t ing  requirements. 

i i i )  Mechanical Dehumid i f i ca t ion  

A mechanical dehum id i f i e r  lhea t  pump) i s  t y p i c a l l y  used t o  condense the  
moisture ou t  o f  the  swimming poo l  h a l l  a i r  and r e t u r n  i t  t o  t he  poo l ,  the 
mechanical energy, provided by the compressor motor. expended t o  condense the  
water .vapor being dumped i n t o  t he  pool  h a l l  where i t  con t r i bu tes  t o  the  
heat ing  o f  the  space. 

I n  'such an i n s t a l l a t i o n  v e n t i l a t i o n  i s  normal ly  on ly  provided t o  s a t i s f y  
occupancy requirements and should be shut o f f  when the.poo1 i s  unoccupied o r  
va r i ed  p ropo r t i ona te l y  w i t h  occupancy dens i t y .  

Pool water hea t ing  i s  e l im ina ted .  

The e l e c t r i c a l  energy expended t o  condense the water vapor i n  the  Pool a i r  i s  
u s u a l l y  provided by equipment supp l i e r s .  As a  minimum a  b i n  method can be 
used t o  c a l c u l a t e  the  u s e f u l  c o n t r i b u t i o n  of t h i s  compressor energy t o  t he  
pool  h a l l .  hea t ing .  I n  a  r e t r o f i t  s i t u a t i o n  i t  i s  poss ib l e  t o  p rov ide  the  
h u m i d i f i e r  as a separate system t o  t he  pool  hea t ing  and v e n t i l a t i o n  system 
u h i l e  i n  a  new' i n s t a l l a t i o n  i t  i s  normal f o r  optimum energy saving and lowest 
i n s t a l l e d  cos t  t o  i n t e g r a t e  i t  i n t o  a  common heat ing ,  v e n t i l a t i n g  and 
humid i ty  c o n t r o l  system. When two separate systems are i n s t a l l e d  there  i s  
i n e v i t a b l y  some waste energy when excess compressor heat  creates a  ' coo l ing  
load' i n  the  space r e q u i r i n g  t h e . i n t r o d u c t i o n  o f  c o o l e r ,  bu t  i n  f a l l  through 
sp r i ng ,  tempered ou t s i de  a i r .  Th is  i n t e r a c t i o n  i s  d i f f i c u l t  t o  est imate.  

i v l  Heat Recovery. 

A heat  recovery system can be i n s t a l l e d  w i t h  constant  o r  hum id i s ta t  
c o n t r o l l e d  v e n t i l a t i o n  bu t  the  expense o f  i n s t a l l i n g  heat energy j u s t i f i e s  
t he  i n s t a l l a t i o n  o f h u m i d i s t a t  c o n t r o l .  
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Method o f  accoun t ing  f o r  v e n t i l a t i o n  sav ings  a r e  d e s c r i b e d  i n  AT R.1. The use 
o f  average mon th l y  va lues  can be used t o  e s t i m a t e  p o o l  water  h e a t i n g  
requ i remen ts .  

VI Pool  Covers. 

Unless degree days a r e  a v a i l a b l e  broken down i n t o  p e r i o d s ' t h a t  approx imate 
breakdown o f  hours  when p o o l  i s  used and n o t  used, use b i n  o r  h o u r l y  a n a l y s i s  
methods t o  e s t i m a t e  v e n t i l a t i o n  l o s s  a r e  recommended. An 'occupancy f a c t o r '  
o f  0 .1  t o  0.15 can be used t o  c a l c u l a t e  t h e  e v a p o r a t i o n  r a t e  f o r  those hours  
when t h e  p o o l  cover  i s  i n  p l a c e .  

Whenever t h e  p o o l  water  e v a p o r a t i o n  r a t e  i s  reduced o r  condensed water  vapor 
i s  r e t u r n e d  t o  t h e  p o o l  1e.g. mechanica l  d e h u m i d i f i c a t i o n  o r  condensate from 
hea t  r e c o v e r y  d e v i c e s ) ,  t h e r e  w i l l  be an a d d i t i o n a l  sav ing  r e s u l t i n g  f rom a  
r e d u c t i o n  o f  water  charges.  

--.....------.-.------------.------------------------------------------------ 

accuracy: ! references: 
! 
! 
! ............................................................................. 

recommended applications: 

.-..----.---------.----------------------------------------*----------------- 

al ternat ive techniques: 

As r e f e r e n c e d  above. 

additional information: 
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ana l ys i s  technique: ! a p p l i c a t i o n  area: ! re fe renced from: 
R.8 ! REGULATION ! ECO R.38. 

t i t l e :  ! re fe rences  t o :  
EFFECT OF RADIANT HEATING ON HEATING LOADS ! MT R.3. A T  E.4. 

, desc r i p t i on :  
Radiant hea t ing  systems prov ide  'equal comfor t '  a t  lower a i r  temperatures 
than would convect ive systems. 

The amount by which the  a i r  temperature may be 'depressed' depends upon the  
ne t  r a d i a n t  e f f e c t s  from the  envelope and heat ing  system. 

The r e s u l t  o f  a poss ib le  lower i ns i de  a i r  temperature has a d i r e c t  impact on 
the reduc t i on  i n  v e n t i l a t i o n  and i n f i l t r a t i o n  losses which i n  most cases can 
be considered the  most s i g n i f i c a n t  f a c t o r .  

Secondary f ac to r s  which can o f t e n  be ignored f o r  the  purposes o f  es t ima t i on  
of energy savings inc lude :  

i )  A change i n  the  f a b r i c  loss  by conduct ion - the warming o f  the  room 
sur faces by r a d i a t i o n  tending t o  increase conduct ion losses w h i l s t  the  
reduced a i r  temperature tends t o  lower i t .  

i i )  Back loss through rad ian t  sources inc reas ing  l o c a l  heat loss  by 
conduct ion.  

The ope ra t i ve  temperature (see MT R.3) takes account o f  the d i f f e r i n g  e f f e c t s  
o f  a i r  temperature and r a d i a n t  temperature on thermal comfor t .  

The ope ra t i ve  indoor temperature. Toni, i s  de f ined  as a we igh tedaverage o f  

the  indoor a i r  temperature. T . .  and the  mean r a d i a n t  temperature T 
a.1 r.0 

T . = a* T .t b* Tr,. 
0 .1 a .1  

where a+b=l. I t  i s  common t o  take,  f o r  example, a-b-0.5 o r  a.113, b=Z/3. 

The mean r a d i a n t  temperature. T r a m s  i s  de f ined  from 

= L T A w /(4. lk2) r ,  k s .k  k  k  
where: 

T ~ . k  i s  the  s'urface temperature o f  w a l l  element I k .  

A k  i s  the  area o f  w a l l  element i t .  

lk i s  the mean d is tance  from the  p o i n t  where the  ope ra t i ve  temperature i s  

considered ( u s u a l l y  i n  the middle o f  a room) t o ' w a l l  element i t .  

wk are weigth ing f ac to r s  such t h a t  
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t ~ ~ r ~ / 1 ~ ~  = 4. 

which i s  f u l f i l l e d ,  f o r  example, i f  a l l  wk= l  corresponding t o  a  

measurement o f  t h e  mean r a d i a n t  temperature by a  g lobe  thermometer 

For  r a d i a t i v e  h e a t i n g  then  

T 0 , 1  . = a*T a , l  .(radl+b*rkTS,kAkwk/(4m1k)+b*~r~rrp/(4~lr21 

and f o r  convec t i ve  h e a t i n g  
2  

T 0.1 . : a*T a.1 .(convltb*tkTs,kAkwk/~4~1k)tb*Ts,rAr"r/(4~lr I 

where t h e  summation i s  over a l l  w a l l  elements where t h e r e  
where t h e  r a d i a t o r  would be i n  the  case o f  convec t ion1  and 

Tr  = su r face  temperature o f  t h e  r a d i a t o r .  

Ar = area o f  r a d i a t o r .  

lr = d i s t a n c e  t o  r a d i a t o r .  

w = w e i g h t i n g  f a c t o r  f o r  r a d i a t o r .  

r a d i a t o r  l o r  

's . r  
= su r face  temperature o f  w a l l  element a t  t h e  p o s i t i o n  of  t h e  r a d i a t o r  

i n  t h e  case o f  convec t i ve  hea t ing .  

The d i f f e r e n c e  i n  i ndoor  a i r  temperature between r a d i a t i v e  and convec t i ve  
h e a t i n g  i s  then  bTi. 2 
AT.  1 = T a . 1  . ( c o n ~ I - T ~ , ~ ( r a d l  = b/a*(T,-T S . r  lwrAr / (4wl r  1  

and t h e  reduced load ,  AL. can be d e r i v e d  from 

AL = ATi*(t  UiAitV*n/31 where 
2 

A i  i s  the  su r face  o f  b u i l d i n g  envelope element 0 i  I n  1 .  

Ui i s  t h e  e f f e c t i v e  U-va lue [ i n s u l a t i o n  t f i l m  c o e f f i c i e n t ,  see AT E.41 
2 

of  b u i l d i n g  envelope element 0 i  I Y l m  . K 1 .  

v 3  
i s  t h e  heated volume [ m  1 .  

n  i s  t h e  number o f  a i r  changes per hour .  

AL i s  t h e  reduced load  tY1. 

accuracy: ! references: 
--------------------------.------..---.-------------------------------------- 

recommended applications: 

alternative techniques: 
-~-~~~~~~~.........~..~~..~..~.~-.~-~-~----~--~~~~-~------------------------- 

additional information: 
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ana l ys i s  technique: ! a p p l i c a t i o n  area: ! referenced from: 
H . l  ! HEATING ! ECO H.17. AT E.3 

! ! ............................................................................. 
t i t l e :  ! references to :  
SEASONAL EFFICIENCY OF OILIGAS FIRED EOILERIPLANTS ! AP H.1. H.2 

! 
- - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

desc r i p t i on :  

The seasonal e f f i c i e n c y  o f  a b o i l e r  ( o r  o f  a heat ing  p l an t1  can be obta ined 
from the  corresponding f u l l  load thermal e f f i c i e n c y .  The f o l l o w i n g  n o t a t i o n  
i s  used: 

nc = Durner combustion e f f i c i e n c y  I A P  H.11. 

nb = b o i l e r  f u l l  load thermal e f f i c i e n c y  (AP H.2) .  
n = heat ing  p l a n t  thermal e f f i c i e n c y  (AP H.21. 
w P  = f r a c t i o n a l  on-t ime o f  the  burner when the  b o i l e r  ou tpu t  va lve  i s  

O c losed,  t h a t  i s  no heat d i s t r i b u t e d  t o  the  system I A P  H.21, 
w1 = f r a c t i o n a l  on-t ime o f  the burner  w i t h  b o i l e r  output  va lve  open b u t  

w i t h  d i s t r i b u t i o n  valves c losed (no h e a t - l o a d  t o  the  b u i l d i n g ) .  
w = average burner  f r a c t i o n a l  on-t ime dur ing  the heat ing  season which can 
b e  obta ined by d i v i d i n g  the  running t ime of the  burner  over the  

heat ing  season by the c o r r e s ~ o n d i n a  ope ra t i on  t ime o f  the  heat ing  
p l a n t . - l t  can a lso-be  obta ined us ing  the  energy s igna ture .  AT M.1. 

- 

v(T ) = a-b' T t o  est imate w : e e m 

wm = a - b*Tm where T = average outdoor temperature. m 
The b o i l e r  seasonal e f f i c i e n c y .  qbs, i s  then g iven  by: 

qbeS= qb* (W< wll/w * ( I - *  I m 1 

A very  s i m i l a r  r e l a t i o n s h i p  i s  used t o  get  the  seasonal thermal efficiency o f  
the  heat ing  p l a n t .  q ( b o i l e r  and storage,  see AP H.21 

P . S '  

np,s= qp* (wm-wlll wm*(l-wll 

accuracy: ! references: 
-------------------...-------------------------..--....---------------------- 

r e c o l e n d e d  app l i ca t i ons :  On-off o r  High-low burners. ~ p p l i c a b l e  t o  s i n g l e  
b o i l e r  i n s t a l l a t i o n s  w i t h  mod i f i ca t i on  o f  equat ions f o r  m u l t i p l e  b o i l e r  
p l an t s .  

a l t e r n a t i v e  techniques: 
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-----.----------------------------------------------------------------------- 

ana lys i s  technique: ! a p p l i c a t i o n  area: ! referenced from: 
HlC.1 ! HEATING AND COOLING ! ECO H.25. 

! PLANTS ! 

t i t l e :  ! references t o :  
SEASONAL PERFORMANCE FACTORS OF HEAT PUMPS AN0 ! 
CHILLERS ! 
-----------------..-.--------------------------------..---------------------- 

desc r i p t i on :  

An example ( i n  t h i s  case an outdoor a i r  heat pump) o f  the  k i n d  o f  i n f o rma t i on  
necessary t o  determine the seasonal performance f a c t o r  f o r  heat pumps and 
c h i l l e r s  i s  g iven i n  F i g .  1. I n  p r a c t i c e ,  the  n e u t r a l  p o i n t  f o r  t he  load 
l i n e s  (assumed t o  be l i n e a r )  do no t  always co inc ide  due t o  i n t e r n a l  loads.  
t ype  o f  b u i l d i n g  e t c .  

The s imp les t  method f o r  determining the  heat ing seasonal performance f ac to r  

(SPFh) o r  the coo l i ng  seasonal performance f a c t o r  (SPFcI i s  t o  use a  b i n  

method (see AT M.2) t o  lump the  number o f  hours o f  a  season i n t o  f o r  example 

5 ' ~  dry-bulb temperature b i ns  I n .  hours i n  b i n  I j f o r  outdoor temperature 
J  

T  .I and no t i ng  the  corresponding heat  P(Te, ,). By u t i l i z i n g  t he  steady 
e.J 

s t a t e  (55)  performance curves f o r  heat ing l P h l ,  hea t ing  COP [COPh), ~ 0 0 l i n g  

(PC) and coo l i ng  COP (COPc) f o r  the  respec t ive  b i n  d ry -bu lb  outdoor 

temperatures ( T e n j l  of the  heat ing and lo r  coo l i ng  season. SPFh and lo r  SPFc. 

can be est imated from 

SPFh = seasonal output lseasonal  inpu t  = 
= 1 n. *  PLT . ) I  1 n.*(P(Te,j) lCOPh(Te,j)+ P(Te, j ) -Ph(Te, j )  1 

J  '2.1 J  

where t he  summation index j runs over the  b i n s ,  and s i m i l a r l y  

The d i f f e r e n c e  P-Ph o r  P-PC i s  the  supplementary hea t l coo l  requ i red  

belowlabove the  balance p o i n t .  

For more soph is t i ca ted  c a l c u l a t i o n s ,  the  number o f  b i ns  can be increased o r  
computer programs can be used. The SS performance curves may have t o  be 
modi f ied t o  account f o r  decreased e f f i c i e n c y  a t  p a r t  load opera t ion  o r  due t o  
d e f r o s t i n g  requirements. 
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reco~lended applications: 

C a l c u l a t i o n  o f  e s t i m a t e d  per formance and p o s s i b l e  sav ings  f o r  hea t  pumps and 
c h i l l e r s  o v e r  l o n g  p e r i o d s ,  n o r m a l l y  1 year .  
--...--------------..------ >-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

alternative techniques: 
11 I n t e g r a t i o n  o f  heatpump i n p u t  and o u t p u t  power a l o n g  a  d u r a t i o n  c u r v e  f o r  

t h e  o u t d o o r  tempera tu re  ove r  a  y e a r .  
2) More s o p h i s t i c a t e d  computer s i m u l a t i o n  programs. 
3 )  Simply  n o t e  h e a t  pump COP a t  t h e  average ou tdoor  tempera tu re  d u r i n g  t h e  

h e a t i n g  season [ c o r r e c t  f o r  r e q u i r e d  supplementary  h e a t i n g ) .  

additional information: 

0 18 35 
Outdoor temperature ("C) 

F i g  1 Schematics o f  information necessary for 
determination of seasonal performance factor 
of heat pumps and chillers. The diagram 
describes how the heating or cooling load 
and the comprerror capacity vary with 
outdoor temperature for an outdoor air 
heat pump. A 5  the outdoor temperature 
falls, the cool and heating capacity fall 
until at the balance point in the heat 
pump just matcher the increasing heating 
load. 



App. H Analys is  Techniques (D l  

ana l ys i s  technique: ! a p p l i c a t i o n  area: ! referenced from: 
0.1 ! DUCTVORK ! E C O  0.9. 

t i t l e :  
HEAT TRANSMISSION FROM DUCTVORK 

! re fe rences  to: 
! 
! 

desc r i p t i on :  
The f o l l ow ing  n o t a t i o n  i s  used: 

a.b tml 
1  tml 
u  I m l s l  
D ID1 
T  IK1 

1: I K I  
T, [KJ 

s ide  lengths o f  duc t .  
l eng th  o f  duc t .  
average a i r  v e l o c i t y  i n  duc t .  
hyd rau l i c  diameter = 4abl(Za*Zbl = Zabl(atb1,  
average f l u i d  temperature. 
temperature a t  inner  sur face o f  duc t .  
temperature a t  outer  su r f a te  o f  duct + i n s u l a t i o n  

TD IK1 ex te rna l  temperature. 
d f  ID1 th ickness o f  i n s u l a t i o n .  
A .  IV lm.s I  c a n d u c t i v i t y  o f  i n s u l a t i o n  m a t e r i a l  
0' I V j  heat losses. 
A [ m 1 2  area o f  dbct  = 2*1*(a+bl .  
o I V l r n . K l  = 5 . 7  10 . Stefan-Boltzmann constant .  

e m i s s i v i t y  o f  ou te r  sur face.  

Te Ta Tb 

Fig. 2 Schematics o f  an  a i r  duct and notation 

For I1P L 1  i nsu la ted  duc ts ,  such t h a t  !Tb-Te! < <  !TI-Te!, an upper l i m i t  c 
the heat f low,  q,  i s  obta ined from 
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o r ,  i f  Tb has been measured, from 

i i )  OUm&s, de te rm ine  t h e  c o e f f i c i e n t s  hi, hr,  and hc f rom 

! h .  ! hr ! h  

U n i n s u l a t e d  d u c t s  ! ! 
v e r t i c a l  ! hi = ! ! 7 5 * ( T f - T e ) 1 / 3 / ~ e Z ~ 3  

! ! ! - - - - - - - - - -  ! 1 0 ~ * u 0 ~ 8 / ( ~ f 0 ~ 5 8 ~ 0 0 2 )  ! I _______......______----- 

h o r i z o n t a l !  ! 1 5 . 8 * ( T f - T e ) 1 ~ 4 / i ~ e 0 )  114 
I ! 4*0c*Te ! 

I n s u l a t e d  d u c t s  ! ! 
v e r t i c a l  ! l l h .  = 

1  ! ! ~ s * ( T ~ - T ~ ) ~ ~ ~ / T ~ ~ ~ ~  
! ! ! - - - - - - - - - -  I 1 / i T f  0 ' 5 8 ~ 0 ' 2 / 1 0 4 u 0 ' 8 + d . / A  . ) !  ! ---------..________----- 

h o r i z o n t a l !  1 x 1  ! 

f rom these  va lues  c a l c u l a t e  x  f rom 
0 

U n i n s u l a t e d  d u c t s  v e r t i c a l :  xo= h i /  [h i thr thc+ ( T f - T e l l  Te*13hr/Z-hc/3) 1 

h o r i z o n t a l :  xo= h i /  [hi+hr+hc+ I T f - T e ) /  Te* (3h r /2 -hc /8 )  I 

I n s u l a t e d  d u c t s  v e r t i c a l :  x  = h /  ( h . + h  +h o 1 i r c  

h o r i z o n t a l :  x  = hi/ ih i+hr+hc) 
0 

and c a l c u l a t e  xl f rom 

v e r t i c a l  x1 = hi /  [ h . + h  l r c o  +h *x ' I 3+  xo* (TI-Tell T e *  13hr/2- h c * ~ 0 1 / 3 / 3 )  I 

h o r i z o n t a l  xl : hi/ [hi+h +h *x 'I4+ x o t  I T f - T e l l  Te*  ( 3h r /2 -  hc*xo114/8) 1  
P C 0  

The h e a t  l o s s e s .  O [M I ,  a r e  t h e n  c a l c u l a t e d  f rom 

The e m i s s i v i t y  r can be t a k e n  t o  0.75 f o r  m e t a l s  t h a t  a r e  n o t  c l e a n  and 
p o l i s h e d  and t o  0 . 9  f o r  o t h e r  m a t e r i a l s .  
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a n a l y s i s  techn ique :  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: ECO P.3 
P . l  ! PIPEYORK ! P.6.  5.7. 5 .10 ,  S.11, 

! ! S.15. 5 .16 .  5.23. 

The f o l l o w i n g  n o t a t i o n  i s  used: 
a  [ m l  i n n e r  r a d i u s  o f  p i p e .  
b  i m l  o u t e r  r a d i u s  o f  p i p e  and i n s u l a t i o n .  
1  [ m l  l e n g t h  o f  p i p e .  
d  i m l  d iamete r  = 2b. 
T f  [ K l  average f l u i d  tempera tu re .  

Ta  LK1 temperq tu re  a t  i n n e r  s u r f a c e  o f  p i p e ,  assumed equal  t o  T f .  

Tb [ K I  tempera tu re  a t  o u t e r  s u r f a c e  o f  p i p e  t i n s u l a t i o n .  

A .  tY /m.KI  c o n d u c t i v i t y  o f  i n s u l a t i o n  m a t e r i a l .  
2  A  [ m  I area o f  p i p e  t i n s u l a t i o n  : 2. b  1 .  

Q i Y 1  heat  l osses .  
2  4  

0 [Ylm .K 1 = 5.7 lo - ' ,  S t e f a n  Boltzmann c o n s t a n t .  

r e m i s s i v i t y  o f  o u t e r  su r face .  

Fig. 1 Schematics o f  insulated p i p e .  

5 4 5  
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i )  For  ae l l  i n s u l a t e d  p i p e s ,  such t h a t  !Tb-Te!"!Tf-Te! , an upper  l i m i t  o f  

t h e  hea t  f l o w ,  q ,  i s  o b t a i n e d  f rom 

q < A iA(Tf -Te l / (b  i n  b / a )  

o r ,  if T has been measured, from 
b  

q  < AiA(Tf-Tbl/(b i n  b / a l  

i i )  D t h e r w i s e ,  de te rm ine  t h e  c o e f f i c i e n t s  hi ,  hr ,  hC. from 
I 

hi I hr ! h  
I 

~~ 

U n i n s u l a t e d  p i p e s !  ! ! ! 

v e r t i c a l  ! ! ! 75 * (T f -Te )  / T e  ! 113 213 

h o r i z o n t a l  ! - ! !5.8 * (Tf -Te)1141(~ed1114 ! 
I ! 4oeTeJ ! I 

I n s u l a t e d  p i p e s  ! A i / ( b  l n b l a )  ! ! ! 

v e r t i c a l  ! ! ! 75 * (TI- T e l  113 213 
Te 114 

! 
h o r i z o n t a l  ! ! !S.E * IT  - T ) 1 / 4 1 ( ~ e d )  

f e  

For  y n i n s u l a t a  p i p e s ,  t h e  hea t  l o s s e s  a r e  then  g i v e n  by  

v e r t i c a l  p i p e s :  q  = ( T  -1 l *A* (h r+  h r 3 ( T f - T e ) l ( 2 T e )  t hc - h  (T -1 )1 (3Te1)  f e  c f e  

h o r i z o n t a l  p ipes :q  = (Tf -Te l*A*(hr+ h r 3 ( T f - T e ) l ( 2 T e )  + hc - h  ( 1  -1 l / ( 8 T e ) )  
c f e  

F o r  j n s u l a t e d  ~ i ~ e r ,  c a l c u l a t e  xo  f rom 

x  o  = h i l (h i+  hr+ hC/21  

and then  c a l c u l a t e  x  from 
1  

v e r t i c a l  p i p e s :  x  = h . / ( h . t  h  + h  x  
l i i r c o  + x  o f e  (1 -1 l (3h r12  - hcxo1131311~e l  

h o r i z o n t a l  p i p e s  xl= h i l (h i+  h  + h  x  + x  ( 1  -1 l ( 3 h r 1 2  - hcxo1141811~e l  
r c o  o f e  

which g i v e s  t h e  hea t  l osses  
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accuracy: 15 1 ! re fe rences :  
! 

Pipes w i t h  water  where !TI- Te!  ' 150 K and diameter  < 0 . 3  m and c y l i n d r i c a l  
tanks.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a l t e r n a t i v e  techniques: 

a d d i t i o n a l  in fo rmat ion :  

The e m i s s i v i t y  can be taken  t o  0 .75  f o r  meta ls  except 
and t o  0 . 9  f o r  o t h e r  m a t e r i a l s .  

when c l e a n  and po l ished  
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ana l ys i s  technique: ! a p p l i c a t i o n  area: ! re fe renced from: 
P.2 ! STEAM PIPEYORK ! ECO P.3. P.8. P.13. P.16 

! ! 
............................................................................. 
t i t l e :  ! references t o :  
HEAT TRANSFER I N  STEAM SYSTEMS ! 

! 
-------------------------------------------------------------------------...- 

desc r i p t i on :  
Steam t h a t  has been complete ly  evaporated and conta ins  no d rop le t s  o f  water 
i s  def ined as j l r v  sa tu ra ted  steam. P rope r t i es  of d r y  sa tu ra ted  steam are 
normal ly  g iven  i n  steam tab les .  I n  P rac t i ce  steam i s  r a r e l y  ever i n  t h i s  
p rec i se  s t a t e  f o r  long and i s  u s u a l l y  e i t h e r  i n  a "wet' o r  'superheated' 
s t a te .  

&t 5 t m  conta ins t i n y  d rop le t s  o f  water. The q u a n t i t y  o f  water conta ined i n  
the  steam i s  descr ibed by i t s  dryness f r a c t i o n  x,,  where: 

-red s t w  i s  obta ined when the steam i s  subjected t o  a d d i t i o n a l  
hea t ing  .out  o f  t he  eresence o f  water (so t h a t  no f u r t h e r  steam i s  produced). 
P r o p e r t i e s . o f  superheated steam are  a l so  tabu la ted  i n  steam tab les .  

To ta l  hea t  con ten t  o f  steam o r  enrhalPv i s  composed o f  t h ree  components 
1. Sensib le heat o f  water .  
2. La ten t  heat o f  evaporat ion.  
3. Sensib le heat o f  superheated steam. 

For  most HVAC app l i ca t i ons  the  use o f  superheated steam i s  not  normal ( t h e  
r a t e  o f  energy re lease  from superheated steam a t  heat exchangers whould be 
less  than ' tha t  o f  d r y  sa tu ra ted  steam since the l a t t e r  r e a d i l y  condenses 
g i v i n g  up i t s  l a t e n t  heat component which i s  p ropo r t i ona te l y  f a r  g rea ter  
than the  o ther  components). 

For steam i n  i t s  non-superheated s ta te ,  t o t a l  heat con ten t ,  h i s  g iven  by: 
h = hf + xd f * r  g ' 
g 

where, i f  h  i s  measured i n  [ k J l k g l  
'I 

h f  = s p e c i f i c  enthalpy o f  water a t  i t s  s a t u r a t i o n  temperature [ k J I k g l  

r = h - h f  = s p e c i f i c  enthalpy O f  evaporat ion [ kJ I kg  steam1 
9 

& a t  r e l ease  ( t r a n s f e r 1  a t  hea t  exchanuerr i s  g i ven  by t he  d i f f e r e n c e  i n  
enthalpy between the  i n l e t  and o u t l e t  o f  the heat exchanger: i . e .  
Ahg = h  - h  

g . 1  9.0 
where 

Ahg = heat t r a n s f e r  1kJ I kg l  

h . = enthalpy o f  steam a t  i n l e t  I k J I k g l  
9 .1  
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h g . ~  
= e n t h a l p y  o f  condensate a t  o u t l e t  [ k J I k g l  

Values o f  h  can be found i n  steam t a b l e s  ( a  l i m i t e d  range o f  va lues  a r e  
9  

g i v e n  i n  Table  1 ) .  

The heat  r e q u i r e d  t o  r a i s e  steam, bh,  i s  g i v e n  by 

Ah = h g a o  - hfni 

where 

h  = e n t h a l p y  o f  steam a t  o u t l e t ,  and 
g.0 

h f ,  = e n t h a l p y  o f  b o i l e r  f eed  water  a t  i n l e t .  

Condensate formed w i t h i n  a  heat  exchanger w i l l  be  i n i t i a l l y  a t  t h e  same 
tempera tu re  a n d  p ressu re  as t h e  steam. I f  condensate a t  t h i s  c o n d i t i o n  i s  
d i scharged  t o  a  lower  p r e s s u r e  t h a n  i n  t h e  condensate r e t u r n  system, i t  w i l l  
c o n t a i n  more heat  t h a n  necessary t o  m a i n t a i n  a  l i q u i d  s t a t e  and t h i s  excess 
heat  w i l l  cause some o f  t h e  condensate t o  evapora te  o r  ' f l a s h '  t o  steam. 

The amount o f  f l a s h  steam can be c a l c u l a t e d  by: 
F l a s h  steam [ZI = 100(hf , l  - h f , 2 ) / r 2  

where 

hfnl = e n t h a l p y  o f  l i q u i d  a t  t h e  p ressu re  o f  steam 

h f n 2  = e n t h a l p y  o f  i i q u i d  a t  t h e  condensate r e t u r n  system p r e s s u r e  

r Z  = e n t h a l p y  o f  v a p o r i s a t i o n  a t  t h e  condensate r e t u r n  system p ressu re .  

For  non-superheated steam, t h e  tempera tu re  and p r e s s u r e  o f  steam bear  a  
d i r e c t  r e l a t i o n s h i p  w i t h  one ano the r ,  if one v a r i a b l e  i s  known t h e  o t h e r  can 
be deduced: e .g .  i f  steam p r e s s u r e  i s  known t h e  tempera tu re  can be found by  
l o o k i n g  up t h e  co r respond ing  tempera tu re  i n  t h e  steam t a b l e s .  

T h i s ,  however, i s  o n l y  t r u e  where t h e  steam i s  p u r e  steam and c o n t a i n s  no 
o t h e r  gases such as a i r .  To unders tand  t h e  i m p l i c a t i o n s  o f  t rapped  a i r  i n  a  
steam system one needs t o  r e f e r  back t o  D a l t o n ' s  law o f  p a r t i a l  p ressu res  
which s t a t e s :  ' t h e  t o t a l  p ressu re  o f  a  m i x t u r e  o f  gases i s  equal  t o  t h e  sum 
o f  t h e  p ressu res  o f  t h e  i n d i v i d u a l  c o n s t i t u e n t s ' .  I f  steam c o n t a i n s  some 
p r o p o r t i o n  o f  en t rapped  a i r ,  t h e  p r e s s u r e  i n d i c a t e d  by  a  p ressu re  gauge, p .  
w i l l  be  g i v e n  by: 
P  = Pg + Pa 
where 

p  = t h e  p ressu re  e x e r t e d  by t h e  steam, and 
g  

pa  = t h e  p r e s s u r e  e x e r t e d  by en t rapped  a i r .  
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---------.....------------------------.-------------------------------------- 

recoaended appl icat ions: 
--------------------------------------.-------------------------------------- 

al ternat ivetechniques:  

addi t ional  information: 
TABLE 1. Properties of  water and steam 

3 Phase change 
Tgmp Pressure Volumity t m  /kg1 Enthalpy t k J / k g l  enthalpy 
t C1 [Pal nates vapor waterlh I vaporlh I t k J / k g l  

(*lo  I f r=h-- h. 
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a n a i y s i s  techn ique :  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  f rom:  
5 .1  ! SOLAR SHY SYSTEMS ! ECO 5.20 

! ! 
.---------.--------------------------------..*-..----.----------------------- 

t i t l e :  ! r e f e r e n c e s  t o :  
PERFORMANCE PREOlCTlON FOR SOLAR SHY SYSTEMS ! 

! 
----...---...--..------------------------------------------------------------ 

d e s c r i p t i o n :  
There a r e  s e v e r a l  methods by which t h e  per formance o f  c losed- loop  s o l a r  h o t  
water  systems can be assessed. Th is  method i s  a  s imp le .  workable  and i n  most 
cases s u f f i c i e n t l y  a c c u r a t e m e t h o d  ILunde.  1980) .  

The performance o f  a  s o l a r  SHY system i s  expressed i n  terms of  t h e  f a c t o r  f  
d e f i n e d  as t h e  p r o p o r t i o n  o f  t h e  SHY demand a c t u a l l y  met by s o l a r  energy o r  
f  = qn A IL  

where qn 1s t h e  hea t  f l u x  a c t u a l l y  c o l l e c t e d  
A  i s  t h e  s o l a r  c o l l e c t o r  a rea ,  and 

' load i s  t h e  SHY load.  

The above d e f i n i t i o n  o f  f  i s  n o t  o f  much use f o r  p r a c t i c a l  e s t i m a t e s  o f  f ,  i t  
i s  more f r u i t f u l  t o  express f  as dependent on two f u n c t i o n s ,  f  . t h e  
p o t e n t i a l  s o l a r  p a r t i c i p a t i o n  w i t h  maximum s to rage  and a  c o n s t a n t  skorage 
base tempera tu re ,  and t h e  s to rage  f u n c t i o n  f S .  The f u n c t i o n  f b  i s  d e f i n e d  
f rom 

where: Fi  i s  t h e  c o l l e c t o r  o v e r a l l  f a c t o r  as s p e c i f i e d  by t h e  manu fac tu re r  
( i n  p r a c t i c e  i t  t a k e s  a  va lue  between 0 . 8  and 1).  

F  i s  t h e  heat  exchanger f a c t o r  as s p e c i f i e d  by t h e  manu fac tu re r .  
X 

- 
ra i s  t h e  average o f  t h e  p r o d u c t  o f  t h e  t r a n s m i t t a n c e  and absorbance 

o f  t h e  c o l l e c t o r .  
U L i s  t h e  c o l l e c t o ~  o v e r a l l  l osses  f a c t o r  as s p e c i f i e d  by t h e  

manu fac tu re r  [Ylm .K1 
T.  i s  t h e  base t e m e r a t u r e  o f  t h e  s to raae  r O c l  -~~ 
lD i s  t h e  a i r ~ t e m p e r a t u r e  LOCI 
1; i s  t h e  sum o f  t h e  d a i l y  r a d i a t i o n s  a t  t h e  d e s i r e d  t i l t  and az imu th  

accumulated d u r i n q  t h e  t imes  w h i l e  t h e  ins tan taneous  r a d i a t i o n  i s  
above t h e  a p p r o p i i a t e  t h r e s h o l d  a t  which t h e  c o l l e c t o r  has a  
p o s i t i v e  the rma l  e f f i c i e n c y  ( I T  i s  a  m e t e o r o l o g i c a l  v a r i a b l e ) .  

t i s  t h e  t o t a l  t i m e  p e r i o d  f o r  c o l l e c t o r  o p e r a t i o n  [Ms l .  
T 

The f u n c t i o n  f S  i s  d e f i n e d  f rom 
f S  = F.F U /m 

1 x  L c  

where mc  i s  t h e  s to rage  c a p a c i t y 2 0 f  t h e  tank  per  degree K e l v i n  d i v i d e d  by  
t h e  c o l l e c t o r  a rea  IMJ1K.m I 
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The f ac to r  f can then be est imated from 
2  P=Pb(1.1138-0.271 f b  + 0.006 fb3-  0.01214 f S +  0.000152 f S  I 

----------.--------------------------------------.----------------------.---- 

accuracy: ! references:  
5Z f o r  monthly values.  ! Lunde. 1980. 
1% f o r  y e a r l y  values.  ! 

! 

reconended-applications: 

a l t e r n a t i v e  techniques: 

------------------.------------------------.----------------------.---------- 

a d d i t i o n a l  in fo rmat ion :  

I n  P rac t i ce ,  f i s  u s u a l l y  ca l cu la ted  on a  monthly o r  y e a r l y  bas is .  The 
Parameters x .  T , I and t then have t o  be est imated f o r  the  re l evan t  
per iod.  The p a r i m e d  x i s  dipendent on t he  c o l l e c t o r  phys i ca l  f a c t o r s  and 
c l i m a t i c a l  parameters, i t s  c h a r a c t e r i s t i c s  a re  o f t e n  provided by the  
manufacturer. The equat ion f o r  t he  f ac to r  f  i s  based on a  f i t  t o  monthly 
values.  
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a n a l y s i s  techn ique :  ! a p p l i c a t i o n  area: ! re fe renced  from:ECO 5.1. 
5 .2  ! SHY SYSTEMS ! 5.2. 5 .3 .  5 .5 .  S.E. 

I ! 5 .9 .  S l ,  5.16. S.18. 
! ! 5.19. 5 .21.  P.6 

t i t l e :  
ENERGY SAVINGS I N  SHY SYSTEMS 

! r e f e r e n c e s  t o :  
! RV 5.2 
! 

---------------..-------------------------...----..---.---------------------- 

d e s c r i p t i o n :  

The energy consumption o f  a  SHY system can be c a l c u l a t e d  from: 

where E = energy consumption IMJ I  
AT = temperature d i f f e r e n s e  between SHY and c o l d  feed r a t e r  I K I  
V = r a t e r  consumption tm I 
n = o v e r a l l  SHY p r o d u c t i o n  e f f i c i e n c y  l s e e  RV 5.21. t 

Energy sav ings  can be ach ieved by: 

il Reducing t h e  water  consumption V .  
iil Reducing A T ,  and 
iii) I n c r e a s i n g  t h e  o v e r a l l  e f f i c i e n c y  qt 

lil The.ECOs t h a t  reduce water  consumption a r e  t h e  
- a v o i d  l eaks  (5 .101  
- use c o l d  water  f o r  l aundry  l S . 3 )  
- i n s t a l l  f l ow  r e s t r i c t o r s  15.9) 
- i n s t a l l  m e t e r i n g  dev ices  (5 .19 )  

f o l l o w i n g :  

- i n s t a l l - i m p r o v e  water  tempera tu re  r e g u l a t i o n  15.51. 

I n  t h i s  case, hav ing  e s t i m a t e d  t h e  water  consumpt ion r e d u c t i o n  A V ,  t h e  energy 
saved. ES, i s  

ES = A V  A T  4 . 2 1 ~ ~ .  

lii) A r e d u c t i o n  o f  A T ,  f rom AT t o  AT may be due t o :  
- i n s t a l l a t i o n  o f  water  h e a t e r  exzhanger lS .81  
- r e d u c t i o n  o f  temperature 15.11 
ES = V(AT1- AT2)4.2/nt.  

liii) The improvement o f  SHY p r o d u c t i o n  e f f i c i e n c y  from Q tl t o  nt2 can be 
ach ieved  by:  

- r e d u c t i o n  i n  use o f  pumps ( 5 . 2 1  
- reduction o f  temperature 1 5 . 1 1  
- i n s t a l l a t i o n  o f  c o n t r o l - t i m e r s  t o  reduce use o f  pumps 15.111 
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- i n s u l a t i o n  "parade ( P . 6 )  
- o p t i m l z l n g  s t o r a g e  t a n k  ( S . 1 6 )  
- adding a  b o o s t e r  t o  s t o r a g e  ( S . 1 8 )  

The energy s a v i n g s  a r e  g i v e n  by: 
ES = V * b T * 4 . 2 ( 1 / ~ ~ ~ -  l / q t l l  

Energy c o s t s  can a l s o  be reduced by s w i t c h i n g  t o  a  cheaper energy s o u r c e .  

reconended applications: 

See r e s p e c t i v e  EC0s 
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-------------.------------.------------.-----------.----.---------.---------- 

ana lys i s  technique: ! a p p l i c a t i o n  area: ! referenced from: f C O  L . l  
A T  L . l  ! LIGHTING ! L.2. L.3. L.4. L.5. L.6. 

! ! L.lO.L.12.L.16.L.18 

t i t l e :  ! references t o :  
ESTIMATION OF ENERGY SAVINGS FOR LIGHTING SYSTEMS ! 

! 

descr ip t ion :  
For a l l  L i g h t i n g  ECOs energy saving i s  only achieved: 
- i f  the  opera t ing  t i n e  t of the  l i g h t s  i s  reduced: 
- i f  the e l e c t r i c a l  i n s t a l l e d  power P f o r  l i g h t i n g  i s  reduced. 

Hence, the annual energy savings ES of a set  o f  ECOs can be ca l cu la ted  by: 

ES = P b  tb - P a  ta  [ kUh Iy r i  

where: 

Pb (Pa) = i n s t a l l e d  power be fo re  ( a f t e r )  r e t r o f i t t i n g  [kUI .  

tb I t a )  = opera t ing  t ime per year before ( a f t e r )  r e t r o f i t t i n g  [ h l y r l .  

For d a y l i g h t ,  delamping and improved l i g h t i n g  e f f i c i e n c y  (power r educ t i on  f o r  

constant  i l l um inance ) ,  ta = tb. 

The power r educ t i on  f o r  a constant  i l l uminance l e v e l  f v  can be est imated 

from: 

Pb - Pa = E v  ( l l n b  - l l n a )  

where nb and na are the i n s t a l l e d  e f f i c a c i e s b e f o r e  and a f t e r  r e t r o f i t .  

r e s p e c t i v e l y .  

For d a y l i g h t  sw i tch ing  and reduced opera t ing  t imes.  Pa = Pb. 

accuracy: ! references:  
.---------------------....--------...-.--------.-..------.--..---------..--.. 

recommended app l i ca t i ons :  

a l t e r n a t i v e  techniques: 

a d d i t i o n a l  i n f o r ~ t i o n :  



APP.  H  Analys is  Techniques ( L )  

---------------------------------------------------.---------------.--..----- 

a n a l y s i s  technique: ! a p p l i c a t i o n  area: ! referenced from: 
AT L.2 ! LIGHTING ! ECO o r  A P :  ECO L.5. L.16 

! ! 
-----------------------------------.---------------.----------.----..--.----- 

t i t l e :  ! references t o :  
ESTIMATION OF ENERGY SAVING DUE TO PHOTO- ! A T  L.1, RV L.5 
ELECTRIC CONTROL ! 
-----------------------.-----------------.--------------..--..--------------. 

desc r i p t i on :  

eclrePx: 
Est imat ion  o f  energy saving due t o  the. a p p l i c a t i o n  o f  p h o t o - e l e c t r i c  
c o n t r o l s :  ~ ~ ~ - -  

i )  Pho to -e l ec t r i c  o n l o f f  sw i tch ing  c o n t r o l .  
ill Continuous p h o t o - e l e c t r i c  dimming. 

PrPcedure: 
1. Ca lcu la te  o r  determine the  d a y l i g h t  f ac to r .  (For  d a y l i g h t  f a c t o r  

c a l c u l a t i o n  methods. see reference RSI. 1982). . ~ 

2. Est imate what the  se t  p o i n t  i l l uminance w i l l  be when the  p h o t o - e l e c t r i c  
c o n t r o l s  w i l l  be i n s t a l l e d .  

3 .  Est imate from the  d a y l i g h t  f a c t o r  and the  se t  p o i n t  i l l uminance t he  
number o f  working hours per  year  dur ing  which lumina i res  w i l l  be switched 
o f f  I f o r  an example see RV L .5 ) .  

4 .  Ca lcu la te  energy saving using A T  L.1. 

-----.---.---------------..--------------------.--.-..-------------------..-~ 

accuracy: ! references: 

----------.---------------.----.------------------------..------------------- 

a l t e r n a t i v e  techniques: 
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analysis technique: ! application area: ! referenced from: 
AT E L . l  ! ELECTRICITY ! ECO EL.4. AP EL.3. 

! ! AT EL.3 

title: ! references to: 
SAVINGS FROM ELECTRICAL EQUIPMENT CHANGES ! 

! 
-----.----..----.-.....------------------------------------------------------ 

description: 

I n  c a l c u l a t i n g  t h e  impact o f  changes i n v o l v i n g  e l e c t r i c a l  equipment,  i t  i s  
impor tan t  t o  take  i n t o  account b o t h  t h e  D i r e c t  E f f e c t ,  and where p r e s e n t ,  t h e  
I n d i r e c t  E f f e c t .  

The 'ILLRECT EFFECT' i s  concerned w i t h  t h e  a c t u a l  e f f e c t  observed i n  t h e  p i e c e  
o f  equipment b e i n g  changed. E.g. t h e  change i n  e l e c t r i c a l ' e n e r g y  consumption 
o f  a  l i g h t i n g  f i x t u r e  a f t e r  deJamping. 

The 'JMIIRECT EFFECT' i s  concerned w i t h  t h e  e f f e c t  o f  t h e  change on o t h e r  
equipment:  i . e .  n o t  t h e  equipment d i r e c t l y  i n v o l v e d  i n  the  r e t r o f i t .  To 
con t inue  t h e  above example, t h e  ' i n d i r e c t  e f f e c t '  o f  delamping might  be 
inc reased  use o f  h e a t i n g  and a  r e d u c t i o n  o f  c o o l i n g  energy. T h i s  i n d i r e c t  
e f f e c t  m igh t  be observed i n  t h e  same f u e l  source o r  i n  a  d i f f e r e n t  f u e l  
source.  

T h i s  AT desc r ibes  t h e  c a l c u l a t i o n  o f  t h e  i n d i r e c t  and d i r e c t  e f f e c t s  o f  
r e t r o f i t t i n g  on e l e c t r i c a l  energy c o s t s .  E l e c t r i c a l  Energy Costs may be 
comprised o f  c o s t s  assoc ia ted  w i t h  one o r  more o f  t h e  f o l l o w i n g :  
il m r a v  c o n s u m P t i o ~ .  Charges f o r  pe r  u n i t  (kwh1 consumption, which may 

v a r y  w i t h  amount used o r  t ime  o f  day. 
i i )  hwav demand. E i t h e r  kY o r  kVA maximum demand migh t  be used as a  b a s i s  

f o r  b i l l i n g .  
iiil Power f a c t o r  (PFI. Charges f o r  poor power f a c t o r  might  be s e p a r a t e l y  

made on t h e  b a s i s  o f  measured power f a c t o r  ( u s u a l l y  below some minimum 
accepted v a l u e .  t y p i c a l l y  0 .85  t o  0.91 o r  covered by t h e  kVA demand 
charge.  

R e t r o f i t s  m igh t  c r e a t e  sav ings  ( o r  i nc reases)  i n  one o r  more o f  these areas. 

Changes t o  e l e c t r i c a l  equipment w i l l  i n e v i t a b l y  r e s u l t  i n  a  d rop  i n  
consumption and t h e r e  i s  a  s t r o n g  chance t h a t  they  w i l l  a f f e c t  t h e  demand. 
Changes i n v o l v i n g  motors may, i n  a d d i t i o n  t o  p r o v i d i n g  consumption and 
p o s s i b l y  demand v a r i a t i o n s ,  a f f e c t  t h e  o v e r a l l  system power f a c t o r .  J u s t  how 
the  changes a f f e c t  cos t  w i l l  depend upon t h e  a c t u a l  t a r i f f  arrangement which 
must be read  and f u l l y  understood b e f o r e  u n d e r t a k i n g  es t ima tes  o f  u t i l i t y  
sav ings .  

AS a  f i r s t  s t e p  t h e  d i r e c t  e f f e c t  o f  t h e  r e t r o f i t  on consumption, demand and 
power f a c t o r  can be c a l c u l a t e d :  i n  s imp le  terms: 
1 1  Consumption = A * (hours  o f  o p e r a t i o n ]  * ( u n i t  charge ] ,  

where A = change i n  e l e c t r i c a l  demand i n  kY. 
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Yhere u n i t  c o s t s  v a r y  w i t h  amount consumed t a k e  c a r e  t o  use t h e  c o r r e c t  
u n i t  r a t e  wh ich  w i l l  r e q u i r e  t h a t  t h e  o v e r a l l  u n i t  consumpt ion p a t t e r n  
be cons ide red .  

iil Demand = A '  * ( u n i t  demand charge ) .  
where A '  = e f f e c t  o f  t h e  A  on t h e  t o t a l  b u i l d i n g  d& which i s  n o t  
n e c e s s a r i l y  equa l  t o  A. The c o i n c i d e n c e  o f  t h e  equipment o p e r a t i o n  w i t h  
t h e  t i m e  o f  peak l o a d  occu r rence  must be checked i n  o r d e r  t o  de te rm ine  
A ' .  A  and A '  may be i n  kY o r  kVA depending upon t h e  p a r t i c u l a r  u t i l i t y  
p r a c t i c e s  and t a r i f f  agreement.  

iii) Power f a c t o r  = whichever  i s  t h e  l owes t  o f  
IPFl - PF21 * power f a c t o r  u n i t  c o s t ,  o r  

IPF1 - PF31 * power f a c t o r  u n i t  c o s t .  

where PF, i s  t h e  power f a c t o r  b e f o r e  and PF7 t h e  power f a c t o r  a f t e r  - 
r e t r o f i t  and PF3 t h e  power f a c t o r  be low which PF charges a r e  Jncurred. 

Obv ious ly  v a r y i n g  loads  caused by  occupant  use 1e.g. i n  l i g h t i n g  systems o r  
m o d u l a t i o n  o f  o u t p u t  1e.g. motor  speed c o n t r o l 1  r e q u i r e  more d e t a i l e d  and 
c a r e f u l  a n a l y s i s .  
C a l c u l a t i o n s  r i l l  need t o  be c a r r i e d  o u t  on a  m o n t h l y ,  q u a r t e r l y  o r  annual  
b a s i s  as demanded by  t h e  p a r t i c u l a r  t a r i f f  agreement.  

The c a l c u l a t i o n  o f  i n d i r e c t  e f f e c t s  i s  i n e v i t a b l y  more d i f f i c u l t  and 
approx ima te  i n  n a t u r e  u n l e s s  d e t a i l e d  h o u r l y  computer models a r e  used which 
can account  f o r  i n t e r a c t i o n s  i n  a  more p r e c i s e  manner. These i n d i r e c t  c o s t s  
can be c a l c u l a t e d  f o l l o w i n g  t h e  c a l c u l a t i o n  o f  d i r e c t  c o s t ,  o r  t h e  o v e r a l l  
n e t  A  and APF's can be c a l c u l a t e d  p r i o r  t o  work ing  o u t  t h e  a c t u a l  d o l l a r  
c o s t .  A  and APF b e i n g  t h e  n e t  e f f e c t s  o f  t h e  ' d i r e c t '  and ' i n d i r e c t '  
e l e c t r i c a l  equipment changes. The d i f f i c u l t  p a r t  o f  t h e  process i s  
d e t e r m i n i n g  on what o t h e r  systems and t o  what e x t e n t  t h e  e f f e c t  o f  a  
P a r t i c u l a r  r e t r o f i t  w i l l  be f e l t .  The answer t o  t h e  f i r s t  p a r t  o f  t h e  p rob lem 
can. f o r  t h e  l a r g e  p a r t ,  be found on t h e  ECO d e s c r i p t i o n s  (Appendix  D l  a n d l o r  
on t h e  worksheets  (Appendix  E l .  For  t h e  second p a r t  s p e c i f i c  a d v i s e  i s  
g e n e r a l l y  g i v e n  on A n a l y s i s  Techniques address ing  t h e  e v a l u a t i o n  o f  a  
s p e c i f i c  ECO o r  range o f  s i m i l a r  ECO types .  

O e t a i l e d  Computer Models.  
------------------..-..-------------.--.----------------.-------------------- 

a d d i t i o n a l  i n f o r m a t i o n :  
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analysis technique: ! application area: ! referenced from: 
A T  EL.2 ! ELECTRIC ROTORS ! ECO R.1.2. AP EL.1. EL.2 

! ! 

t i t l e :  ! references to: 
CALCULATING THE REQUIRED REACTIVE POWER FOR POWER ! 
FACTORS CORRECTION ! 

Wi th  r e f e r e n c e  t o  F i g .  1: 

Requi red kVA IBCI  t o  b r i n g  power f a c t o r  f rom cos rl t o  Cos 92. 

where cos rl : e x i s t i n g  power f a c t o r  

and cos 9 - d e s i r e d  power f a c t o r ,  i s  g i v e n  by:  IAC-AE). 2  - 
where 

AC = O A  t a n  9 
1  ' 

AE = O A  t a n  w2, 
- 

i . e . ;  

BC = O A ( t a n r l - t a n " ) .  

where: 
2 

t a n  o  - I (1 - lPF1 l  I .  1  - 
and 

2 
t a n  w2 = I 11-PF21 I, 

O A  = Real Power I kYh) . , ,  

PF, I n i t i a l  Power F a c t o r .  

PF 2 
: Requi red Power F a c t o r .  

Real 
- power j 

Fig.1 Vec to r  d i a g r a m .  

accuracy: ! references: 
! 
! 
! 
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A l t e r n a t i v e l y ,  use Tab le  1  ( s e e  below)  as f o l l o w s :  
R e a c t i v e  Power (kVa1 = Rea l  Power ( k Y )  * M u l t i p l i e r  ( T a b l e  11 

TABLE 1 .  M u l t i p l i e r s  fo r  power f a c t o r  c o r r e c t i o n  

O r i g i n a l  D e s i r e d  power f a c t o r  
power 
f a c t o r  0 . 8 5  0 . 9 0  0 . 9 5  0 . 9 8  1 . 0  
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analysis technique: ! appl icat ion area: ! referenced from: 
AT EL.3 ! ELECTRIC MOTORS ! ECO EL.6.  P.15 R.32 

! ! R.22. R.5 
-------------..-....--------------------.-.-.-.....-------------------------~ 

t i t l e :  ! references to:  
EVALUATION OF MOTOR SPEED CONTROL DEVICES ! RV EL.1. AP EL.3.AT EL . l  

! 

description: 

I t  i s  f i r s t  necessary t o  deve lop  an annual  o p e r a t i n g  p r o f i l e  f o r  t h e  
p i e c e  of  d r i v e n  equipment.  The most s u i t a b l e  form o f  t h i s  p r o f i l e  i s  t h e  
number o f  hours  o f  o p e r a t i o n  ove r  v a r i o u s  l o a d  r a n g e s ( ' b i n s . 1  (see F i g .  
1 ) .  T h i s  l o a d  p r o f i l e  w i l l  depend upon t h e  annual  v a r i a t i o n  o f  l o a d  f o r  
wh ich , the  d r i v e n  equipment i s  meet ing and methods o f  c a l c u l a t i n g  t h i s  a r e  
d e s c r i b e d  i n  those a n a l y s i s  techn iques  a s s o c i a t e d  w i t h  t h e  v a r i o u s  ECO 
o p t i o n s  (P.15.  R.22. R.5 and EL.61. Yhere t h e  motor o p e r a t i o n  e f f e c t s  
maximum demand and t h e  maximum demand charge i s  made mon th l y  o r  
b i m o n t h l y ,  i t  i s  d e s i r a b l e  t o  l i s t  t h e  maximum va lues  o f  l o a d  on t h e  
equipment i n  each month. 

2. For  each o f  t h e  l o a d  ranges used i n  t h e  above, de te rm ine  t h e  moto r l speed  
c o n t r o l l e r  combined e f f i c i e n c y  and power f a c t o r .  Use manu fac tu re rs '  da ta  
f o r  t h e  equipment under c o n s i d e r a t i o n  o r  use da ta  p r o v i d e d  on RV E L . l .  

3. C a l c u l a t e  t h e  ' D i r e c t  E f f e c t s ' .  These may i n v o l v e  sav ings  i n  e l e c t r i c a l  
consumption, demand and power f a c t o r  (see AT EL.31 r e s u l t i n g  f rom t h e  
d i f f e r e n c e  i n  t h e  cons tan t  speed d e v i c e  o p e r a t i n g  a t  whatever l o a d  i s  
imposed upon i t  ( u s u a l l y  t h e  frame power1 and t h e  v a r i a b l e  speed 
d e v i c e  o p e r a t i n g  ove r  a  range of  c o n d i t i o n s .  
For  an example (see F i g .  11. 

Energy sav ings  = (kYc tcl - ~ 2 = ~  (kYi t i ) ,  

where kYc = c o n s t a n t  speed d e v i c e  e l e c t r i c a l  demand. 

tc = c o n s t a n t  speed d e v i c e  t o t a l  o p e r a t i n g  t i m e  [ h l .  

kYi = v a r i a b l e  speed d e v i c e  e l e c t r i c a l  demand i n  b i n  'i'. 

t i  = v a r i a b l e  speed d e v i c e  o p e r a t i n g  t i m e  i n  b i n  " i '  [ h l  

Demand c a l c u l a t i o n s  a r e  based on t h e  X f u l l  l o a d  i n  each month ( o r  demand 
b i l l i n g  p e r i o d )  and t h e  a c t u a l  motor l o a d  i k Y  o r  kVA1 a t  t h e  p a r t i c u l a r  
o p e r a t i n g  p o i n t .  

4 .  C a l c u l a t e  t h e  " M r e c t  E f f e c t " .  T h e r e  w i l l  be  i n d i r e c t  sav ings  i n  
c o o l i n g  and inc reases  i n  h e a t i n g  i f  t h e  motor i s  i n  a  heated o r  coo led  space 
o r  i n  a  c o n d i t i o n e d  a i r s t r e a m  ( e x c l u d i n g  exhaust  f a n s ) .  See i t e m  4 on AP EL.3 
and AT EL . l  f o r  gu idance on how these  i n d i r e c t  e f f e c t s  m igh t  be c a l c u l a t e d .  
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------------------------------------------------------------..--------------- 

accuracy: ! references: 
! E l e c t r i c a l  Const ruc t ion  and Main- 
! tenance. 1983. 
! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

reconended applications: 

a l ternat ive techniques: 

D e t a i l e d  h o u r l y  method. 

Load [%I 

F i g .  1 Hourly b in  load  data and e f f i c i e n c y  o f  
speed c o n t r o l  d e v i c e  a t  various loads  
r e l a t i v e  t o  f u l l  l o a d .  
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~- ~ 

analysis technique: ! application area: ! referenced from: 
11.1 ! HEATING. REGULATION AND ! Severa l  p laces .  

! SURVEILLANCE OF ENERGY ! 
! CONSUMPTION ! 

-----------------...-- -----.-----------------------------...----------------- 

title: 
ENERGY SIGNATURE 

! references to: 
! 
! 

, . ------.--------------------------------.-.----------------------------------- 

description: 

The energy s i g n a t u r e  t e c h n i q u e  i s  a  s i n g l e  measure model (see Ch. 7)  
exp ress ing  t h e  dependence o f  energy consumption on t h e  ou tdoor  a i r  
t empera tu re  o r  t h e  indoor -ou tdoor  temperature d i f f e r e n c e .  Energy i s  m o s t l y  t o  
be i n t e r p r e t e d  as energy f o r  hea ing o r ,  i f  no d i s a g g r e g a t i o n  o f  end use o f  
energy has been performed. as t h e  combined energy consumption f o r  h e a t i n g  and 
some o t h e r  end-use (e .g  SHY p r o d u c t i o n ) .  

I t  i s  g e n e r a l l y  assumed t h a t  f o r  a  range o f  ou tdoor  tempera tu res  o r  i ndoor -  
ou tdoor  tempera tu re  d i f f e r e n c e s  t h e r e  i s  a  l i n e a r  r e l a t i o n  between energy and 
temperature.  Ou ts ide  o f  t h i s  range i t  i s  g e n e r a l l y  assumed t h a t  one can 
d e f i n e  e i t h e r  

il an ou tdoor  temperature above which no h e a t i n g  i s  r e q u i r e d  (ba lance  P o i n t  
temperature1 f o r  t h e  case when energy i s  i d e n t i f i e d  as energy f o r  
h e a t i n g ,  o r  

iil an ou tdoor  tempera tu re  ( o r  temperature d i f f e r e n c e )  above ( o r  be low)  which 
energy consumption i s  c o n s t a n t  (base l o a d ) .  

These assumptions a r e  shown g r a p h i c a l l y  i n  F i g .  1 

i h e n  a p p l y i n g  t h e  energy s i g n a t u r e  techn ique  i t  i s  common t o  use d a i l y ,  
weekly o r  mon th l y  averages of  energy consumption and tempera tu re .  H o u r l y  
va lues  have been used f o r  assess ing  s i t u a t i o n s  w i t h  temperature setback o r  
i n t e r m i t t e n t  h e a t i n g  (see F i g .  21. 

The dependence o f  energy on temperature i s  i n  g e n e r a l  determined by l i n e a r  
r e g r e s s i o n  t o  measured d a t a .  

The energy s i g n a t u r e  techn ique  i s  i n  g e n e r a l  t o o  s imp le  t o  be a p p l i e d  t o  
c o o l i n g  s i t u a t i o n s  (see Ch. 71 excep t  where h e a t i n g  and c o o l i n g  p e r i o d s  a r e  

I w e l l  d e f i n e d  and separated.  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
recorended applications: - Con t ro l  o f  energy consumption. - Inst rumented energy a u d i t i n g  f o r  sho r t  term ana l ys i s .  
- Ana lys is  o f  hea t ing  p l a n t  and r e g u l a t i o n  e f f i c i e n c y .  

alternative techniques: 
------------------------------------------------------------------------.---- 

additional information: . 
Using the  energy s i gna tu re  technique,  i t  i s  poss i b l e  t o  analyse t h e  energy 
consumption o f  a  b u i l d i n g  us ing  d a i l y  data from a  pe r i od  o f  two o r  t h ree  
weeks, us ing  weekly data from t h r e e - o r  f ou r  months, o r  us ing  monthly data 
from a  year .  The energy s i gna tu re  technique i s  a  t o o l  f o r  improved ope ra t i on  
and s u r v e i l l e n c e  o f  hea t i ng  p l a n t s .  See a l s o  chapter  6. 

ENERGY SIGNATURE 

F i g .  I 
The energy s i g m t u r e  model.  

Out door temperature PC] 

Base load 

20 
Indmr-autdmr temperature diflerence 

. '. (0-5 e.m.1 F i g .  2 
Example o f  use  o f  energy s i g n a t u r e  
f o r  temperature s e t - b a c k .  

1 - 5  0 5 10 1 5  20 

Out door temperature PC] 
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The way i n  which d i f f e r e n t  energy components add up t o  produce t h e  energy 
s i g n a t u r e  i s  i l l u s t r a t e d  i n  F i g .  3. I t  i s  a l s o  shown how, f o r  m i l d  weather 
c o n d i t i o n s .  t h e  c u r v e  mav bend due t o .  e.9. Door low l oad  b o i l e r  performance. . - .  
s imu l taneous  h e a t i n g  a n d - c o o l i n g  o r  window opening. 

I Average external temperature 

I a1 Enve lope l o s s e s  can be con- 
s i d e r e d  l i n e a r .  

-5 0 12 20 

I Average external temperature 

I 0 
c1 I n  t h e  range  o f  10 t o  15 C 
o u t s i d e  t e m w r a t u r e ,  t h e  n e t  h e a t  

Average external temperature 

b l  S o l a r  f r e e  h e a t  g a i n s  f rom 
e l e c t r i c i t y  and t h e  p resence  o f  
occupan ts  cove r  a p a r t  o f  t h e  
enve lope  l o s s e s .  The remainder  
i s  t h e  n e t  space h e a t  r e q u i r e m e n t  
w h i c h  has t o  be s u p p l i e d  by t h e  
hea t  p l a n t .  

I . 
0 12 ' 18 
Average exlernal temperature 

d l  E x p e r i e n c e  has shown t h a t  t h e  
c u r v e  o f  f u e l  consumpt ion i n  a 
n o r m a l  case can be expressed by a  
l i n e a r  r e l a t i o n s h i p .  P o i n t s  l y i n g  
o u t s i d e  o f  a c e r t a i n  range  show 
abnormal  s i t u a t i o n s  w h i c h  have t o  
be c o n s i d e r e d  s e p a r a t e l y .  

r e q u i r e m e n t  w i l l  f a l l  t o  z e r o  and 
t h e  b o i l e r  p l a n t  can be shu t  o f f .  
T h i s  i 9  t h e  seasona l  h e a t i n g  
l i m i t .  The b o i l e r  p l a n t  and t h e  
d i s t r i b u t i o n  sys tem a l s o  have 
l o s s e s  and t h e r e  must be added t o  
t h e  n e t  space h e a t  r e q u i r e m e n t .  
The r e s u l t  is t h e  c u r v e  o f  f u e l  
consumpt ion.  

F i g .  3 
1 1 1 ~ s t r a t i o n  o f  energy  s i g n a t u r e  
models f o r  a b u i l d i n g  w i t h  a b a i l e r  
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analysis technique: ! application area: ! referenced from: 
M.2 ! GENERAL ! 

! ! 

The p r i n c i p l e  o f  a l l  b i n  t y p e  a n a l y s i s  methods i s  t h e  a n a l y s i s  o f  t h e  
b u i l d i n g ,  systems o r  equipment as a  s e r i e s  o f  separa te  i n d i v i d u a l  
c a l c u l a t i o n s  o r  models, each c a l c u l a t i o n  o r  model r e p r e s e n t i n g  a  d i f f e r e n t  
s e t  o f  c o n d i t i o n s .  The models a r e  based on t h e  average c o n d i t i o n  ove r  each o f  
t h e  s e p a r a t e l y  i d e n t i f i e d  o p e r a t i n g  c o n d i t i o n s .  

The d e f i n i t i o n  o f  these models must be d e t a i l e d  enough t o  d i s t i n g u i s h  between 
s i g n i f i c a n t l y  d i f f e r e n t  o p e r a t i n g  c o n d i t i o n s ,  y e t  be o f  a  manageable number 
t o  make hand c a l c u l a t i o n s  p r a c t i c a b l e .  (As t h e  ext reme i l l u s t r a t i o n  an hour  
by hour  a n a l y s i s  c o u l d  be though t  o f  as a  b i n  method w i t h  8 .760 separa te  b i n s  
o r . m o d e l s . 1  

The separa te  models can be se tup  on t h e  b a s i s  o f  a  number o f  d i f f e r e n t  b i n  
t ypes  as d e t a i l e d  below: 

1. OUTDOOR DRY BULB TEMPERATURE - T h i s  i s  perhaps t h e  most f a m i l i a r  use 
where hea t  g a i n s  and losses a r e  c a l c u l a t e d  f o r  a  number o f  ou tdoor  a i r  
t empera tu re  ranges.  Equipment t h a t  o p e r a t e s  w i t h i n  a  c e r t a i n  range o f  
ou tdoor  tempera tu res ,  e.g. h e a t i n g  o r  c h i l l e d  water  pumps, can a l s o  be 
accommodated by a r r a n g i n g  b i n s  t o  c o i n c i d e  w i t h  equipment o p e r a t i n g  
ranges.  T y p i c a l l y  b i n  tempera tu re  d a t a  a r e  a v a i l a b l e  f rom m e t e o r o l o g i c a l  
o r g a n i s a t i o n s .  Methods o f  d e r i v i n g  b i n  d a t a  f rom mon th l y  average 
tempera tu res  a r e  a v a i l a b l e  ( E r b s .  19831. 

2. OUTDOOR YET BULB TEMPERATURE - Norma l l y  c o i n c i d e n t  wet b u l b :  i . e .  
c o i n c i d e n t  w i t h  t h e  d r y  b u l b  d a t a ,  a r e  used t o  account  f o r  h u m i d i f i c a t i o n  
and l a t e n t  c o o l i n g  e f f e c t s .  

3.  OCCUPANCY - o f t e n  i t  i s  i m p o r t a n t  t o  d i s t i n g u i s h  between occupancy s t a t e s  
o f  t h e  b u i l d i n g  t o  accommodate d i f f e r e n t  i n t e r n a l  g a i n  p r o f i l e s .  
v e n t i l a t i o n  requ i remen ts  and tempera tu re  s e t p o i n t s .  

4 .  PART LOAD EFFICIENCY - P a r t  l oad  performance o f  equipment can be 
c a l c u l a t e d  on t h e  b a s i s  o f  i t s  performance o v e r  a  number o f  ranges o f  
p a r t  l oad .  

5 .  SOLAR GAINS - Can be approx ima te l y  handled by u s i n g  d i f f e r e n t  va lues  on 
t h e  b a s i s  o f  t h e  co inc idence  between s o l a r  g a i n s  and ou tdoor  tempera tu re .  
t i m e  o f  day o r  t ime  o f  y e a r .  
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For  t h e  s i m p l e  cases t h e  a c t u a l  energy consumption i s  c a l c u l a t e d  by 
summing the,  p roduc ts  o f  t h e  average l o a d  and t h e  number o f  o p e r a t i n g  
hours  i n  each o f  t h e  v a r i o u s  b i n s .  

F u r t h e r ,  t h e  r e s u l t s  o f  one s e r i e s  o f  c a l c u l a t i o n s ,  say c a l c u l a t i n g  space 
h e a t i n g  loads on t h e  b a s i s  o f  ou tdoor  d r y  b u l b  temperature b i n s  and 
occupancy c o u l d  be o rgan ised  i n t o  b i n s  o f  hours  f o r  v a r i o u s  l o a d  ranges 
which c o u l d  then  be used f o r  t h e  purposes o f  e s t i m a t i n g  b o i l e r  f u e l  
consumption. 

6 .  MlSCELLANEOUS - Many o t h e r  ways of  i d e n t i f y i n g  s i g n i f i c a n t l y  d i f f e r e n t  
o p e r a t i n g  c o n d i t i o n s  m igh t  e x i s t ,  e s p e c i a l l y  i n  complex HVAC systems and 
t h e  c a l c u l a t i o n  method can become q u i t e  i n v o l v e d :  e .g .  'The M o d i f i e d  B i n  
Method" (ASHRAE Fundamentals.  Ch. 2. 19851, and a  m o d i f i e d  b i n  method f o r  
heat  pump a p p l i c a t i o n  (Cane. 1979) .  

An example o f  b i n  t y p e  techn iques  i s  g i v e n  below as an i l l u s t r a t i o n  

E x a m ~ l e :  Es t ima te  t h e  annual  f u e l  consumption f o r  a  b u i l d i n g  w i t h  an o v e r a l l  
enve lope l o s s  ( c o n d u c t i o n  and i n f i l t r a t i o n 1  o f  1 kYlK:  c o n s t a n t  v e n t i l a t i o n  
l o a d  o f  0 .5  kY/K: c o n s t a n t  i n t e r n a l  g a i n  o f  7.5 kY, a  c o n s t a n t  ma in ta ined  
temperature o f  20 '~ :  and a  70 kY gas fu rnace  w i t h  da ta  as shown i n  Table  1. 

For t h e  - 3 3 ' ~  b i n :  

Frequency = 3  h  
Envelope l o s s  + V e n t i l a t i o n  l o a d  = (53 .0 t26 .5 )  kV= 79.5 kY. 
Head l o a d  : Heat l o s s  - hea t  g a i n s  = 72.0 kY. 
Percentage F u l l  l oad  = 801. 
E f f i c i e n c y  I n )  a t  t h i s  l o a d  = .72. 
C a l o r i f i c  va lue  o f  gas = 38 M J / ~ ~  
Gas consumption = 
(Heat Load*Number oP ~ o u r s l / ( q * C a l o r i f i c  Va lue*3.6  kYh/MJ)= 

(72  k V l * l 3  h ) / 0 . 7 2 / 1 3 8  M~/m!)/136 kYh/MJ) = 3  2  m o f  gas 

The c a l c u l a t i o n  i s  repea ted  f o r  t h e  o t h e r  temperature b i n s  and t h e  r e s u l t s  
summed f o r  t h e  annual  consumption. The r e s u l t s  a r e  g i v e n  i n  Table  1. 
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TABLE 1. Summary o f  data. 

Bin Frequency Envelope Vent Internal Heat Part n Gas 
loss load gains load load Cogsumption 

[OCI [hl [ kV1 [kVI [kYl [kVl fraction [m I 
-----------------------------------------------------------.---------------- 

accuracy: ! references: 
! 

--------------.---..-------...-.....-...--.----.----------------------------- 

alternative techniques: 

1. Simpler: Oegree Oay. 
2. More complex: Hourly 

............................................................................. 

additional information: 
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--------------..-...-----------......--------------...--------------...------ 

a n a l y s i s  technique:  ! a p p l i c a t i o n  area: ! re fe renced  from: 
11.3 ! GENERAL ! 

! ! 
.--..---------------------.-------------------------------------------------- 

t i t l e :  ! re fe rences  t o :  
EFFECT OF CHANGES I N  SPACE GAINS ! 

! 

d e s c r i p t i o n :  

Many ECOs, i f  implemented, w o u l d r e s u l t  i n  a  change t o  t h e  r a t e  a t  which heat  
i s  i n a d v e r t a n t l y  o r  i n d i r e c t l y  added t o  t h e  space. 

Examples i n c l u d e :  

i) I n s u l a t i o n  o f  p i p e v o r k .  
ii) I n s t a l l a t i o n  o f  s m a l l e r  e l e c t r i c  motors .  
iiil Equipment schedu l ing .  
i v l  Changing window t o  w a l l s ,  and 
VI L i g h t i n g  changes. 

The changes i n  heat  r e l e a s e  w i l l  i n d i r e c t l y  a f f e c t  t h e  h e a t i n g  a n d l o r  c o o l i n g  
r e q u i r e d  f o r  t h e  space and these i n d i r e c t  e f f e c t s  need t o  be e v a l u a t e d  when 
e s t i m a t i n g  d i r e c t  energy sav ings .  

For  d e t e r m i n i n g  t h e  ne t  e f f e c t  o f  space hea t  ga ins ,  one can proceed as 
f o l l o w s :  

1. As a  f i r s t  app rox ima t ion  t h e  i n d i r e c t  e f f e c t s  o f  a  change i n  heat  g a i n  
( 0 1  can be taken  as :  

where: 
COP = seasonal  e f f i c i e n c y  o f  t h e  c o o l i n g  p l a n t .  
q = seasonal e f f i c i e n c y  o f  t h e  h e a t i n g  p l a n t .  
Aq = change i n  h o u r l y  hea t  g a i n  r a t e  t o  space d u r i n g  c o o l i n g  season. 
bqc - change i n  h o u r l y  heat  g a i n  r a t e  t o  space d u r i n g  h e a t i n g  season. 
t i number o f  hours  c o o l i n g  r e q u i r e d .  

t i  = number o f  hours  h e a t i n g  r e q u i r e d .  

The number o f  hours  t h a t  t h e  h e a t i n g  and c o o l i n g  must o p e r a t e  can be taken  
f rom norms f o r  t h e  l o c a t i o n ,  o r  f o r  more accuracy can be taken  as t h e  number 
o f  hours  below t h e  h e a t i n g  ba lance p o i n t  and number o f  hours  above t h e  
c o o l i n g  ba lance p o i n t  f o r  h e a t i n g  and c o o l i n g  r e s p e c t i v e l y .  

The h e a t i n g  and c o o l i n g  ba lance s e t p o i n t s  can be c a l c u l a t e d  f rom f u e l  b i l l s  
o r  mon i to red  d a t a  u s i n g  r e g r e s s i o n  techn iques  (see  A T  M.11. L o c a l  meteoro- 
l o g i c a l  r e c o r d s  o f t e n  p r o v i d e  temperature f requency d a t a  f rom which t h e  
number o f  hours  above o r  below a  s p e c i f i c  temperature can be found. 
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Uhere t h e  change i n  r a t e  o f  i n t e r n a l  g a i n s  i s  l a r g e ,  e.g. i n  a  major  
de lamping e x e r c i s e ,  i t  would  be w o r t h w h i l e  t o  estimate t h e  e f f e c t  on t h e  
h e a t i n g  and c o o l i n g  ba lance p o i n t s  and hence any changes t o  t h e  number o f  
h e a t i n g  and c o o l i n g  hours .  

2 .  CAUTION shou ld  be e x e r c i s e d  where zon ing  and HVAC system c h a r a c t e r i s t i c s  
may be such t h a t  t h e  e f f e c t  i s  n o t  f e l t  on t h e  system energy consumption. For  
example, t h e  r e d u c t i o n  i n  space hea t  g a i n  i n  a  zone o f  a  t e r m i n a l  r e - h e a t  
system may r e s u l t  i n  e x t r a  r e - h e a t  b e i n g  r e q u i r e d  d u r i n g  c o o l i n g ,  the reby  
c a n c e l l i n g  t h e  h e a t  g a i n  sav ings  ( r e b a l a n c i n g  c o u l d  o f  cou rse  e l i m i n a t e  o r  
m i n i m i s e  t h i s  e f f e c t . )  

............................................................................. 

a l t e r n a t i v e  techn iques :  

-----~-------~---~~-~-------~----~-~~~~----~~~~~~~~~..~.~..~..~.-~~..--~----- 

a d d i t i o n a l  i n f o r m a t i o n :  
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analysis technique: ! applicat ion area: ! referenced from: 
11.4 ! ! 

! ! 

T h i s  method p r o v i d e s  a  measure o f  t h e  comfo r t  l e v e l  compared t o  t h e  energy 
consumption (=per formance l e v e l  I .  

Data a r e  c o l l e c t e d  by i n q u i r i e s .  The diagrams have t o  be used l a n d  d a t a  
c o l l e c t e d )  w i t h  t h e  ' i n s t r u c t i o n s  f o r  use' as desc r ibed  be low.  S imple 
diagrams a r e  used. (See F i g .  1 . )  The method can be used f o r  assess ing  t h e  
performance l e v e l  o f  il m o b i l i t y ,  i i )  equipment and iiil c o n d i t i o n i n g .  Here 
we d e s c r i b e  how t h e  method i s  a p p l i e d  f o r  assess ing  t h e  performance l e v e l  o f  
c o n d i t i o n i n g .  For  f u l l  d e t a i l s ,  see r e f .  The example g i v e n  r e f e r s  t o  Swiss 
c o n d i t i o n s .  

D i r e c t i o n  f o r  use o f  t h e  diaurams: 

THE DIAGRAM l i n k s  t h e  energy consumed. t h e  equipment and t h e  way i t  i s  used. 
These l i n k s  can be rep resen ted  f o r  t h e  t h r e e  groups:  EOUIPMENT ( f i t t i n g s ) .  
MOBILITY and CONOITIONING. 

The purpose o f  t h e  d iagram i s  t h e  a l l o w  you:  
i )  t o  know t h e  s p e c i f i c  consumption f o r  each o f  t h e  t h r e e  groups.  
i i )  t o  know t h e  p o s i t i o n  r e l a t i v e  t o  t h e  average consumption ( t h e  r e l a t i o n s  

p resen ted  he re  r e f e r s - t o  Swiss c o n d i t i o n s ) .  

R e s c r i p t i o n  o f  t h e  d iarams 

Each d iagram c o n s i s t s  o f  2 v e r t i c a l  h a l f - a x e s  ( 1  and 21 and o f  2 h o r i z o n t a l  
h a l f - a x e s  ( 3  and 41. V e r t i c a l  axes s tand  f o r  a v a i l a b i l i t y  and h o r i z o n t a l  axes 
s tand  f o r  use. Each v a r i a b l e  cor responds t o  a  c o e f f i c i e n t  which v a r i e s  
between 0.5 t o  1 .5 ,  t h e  norm b e i n g  1 .  Each d iagram i n d i c a t e s  a  g l o b a l  
consumption. f o r  hous ing  equipment ( f i t t i n g s ) .  She a l o b a l  consumPtion has t o  
be w r i t t e n  down under t h i s  i n d i c a t i o n .  

Example: CONDITIONING 

Each o f  t h e  4  main v a r i a b l e s  f o r  c o n d i t i o n i n g  performance i s  made o u t  o f  many 
components. Work o u t  t h e  mean t o  o b t a i n  o n i y u  f i n a l  c o e f f i c i e n t  f o r  each 
h a l f  a x i s  (see F i g .  2 ) .  

1. A v a i l a b i l i t y  - ( b u i l d i n g 1  

I l a .  I n s u l a t i o n  and l b .  A r c h i t e c t u r e  
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Process:  

a1 W r i t e  down t h e  c o e f f i c i e n t  co r respond ing  t o  t h e  t y p e  o f  i n s u l a t i o n  and 
a r c h i t e c t u r e  o f  y o u r  b u i l d i n g  ( a c c o r d i n g  t o  t y p e s  i n d i c a t e d  on t h e  
d iag rams) .  

b )  Work o u t  t h e  mean o f  t h e s e  c o e f f i c i e n t s  and w r i t e  i t  down on h a l f - a x i s  1 .  

2. A v a i l a b i l i t y  - ( l o c a l  c l i m a t e ) .  

2a. Number o f  h e a t i n g  days and 2b. Mean w i n t e r  tempera tu re .  

Process:  

a )  W r i t e  down on t h e  s c a l e  t h e  number o f  days pe r  w i n t e r  d u r i n g  which t h e  
h e a t i n g  i s  on ( i f  t h e  number o f  sunny days w i t h o u t  wind d u r i n g  t h i s  
p e r i o d  i s  known t h e y  can be deducted f o r  t h e  t o t a l ) .  

b )  Same f o r  mean o u t s i d e  w i n t e r  tempera tu re .  
c )  W r i t e  down t h e  mean of  a )  and b )  on h a l f - a x i s  2. 

3. Uses: c o m f o r t  l e v e l  

3a. L l v i n g  rooms and 3b. S l q e p i n g  rooms. 

3a. 
i )  Determine t h e  tempera tu re  i n s i d e  t h e  l i v i n g  rooms i n  w i n t e r .  
i i )  Determine t h e  k i n d  o f  i n s u l a t i o n  i n s i d e  t h e  l i v i n g  rooms: c o n c r e t e .  

m e t a l ,  p l a s t e r .  
i i i ) U r i t e  down t h e  p o i n t  co r respond ing  t o  t h e  answers t o  a )  and b l  on t h e  

s c a l e  3a) e .g .6  if t h e  tempera tu re  i s  20°c and p l a s t e r  i n s u l a t i o n .  mark a  
c r o s s  under 20 C:  

c o n c r e t e  - meta l  
.Lbs&t 20°c 

X 
wood o 

0  I f  you have 20 C and wood i n s u l a t i o n ,  w r i t e  a  c r o s s  be low,  on t h e  l e f t  o f  
20°c 

20°c 
llMg . .. . ,. . 

3b) 
i v )  Determine t h e  number o f  s l e e p i n g  romms per  l i v i n g  room ( 1 .  2  and 3 ) .  
v l  Determine t h e  tempera tu re  i n s i d e  t h e  s l e e p i n g  room(s ) .  
v i )  W r i t e  down these  r e s u l t s  on s c a l e  3b. 
v i i ) W o r k  o u t  t h e  mean o f  r e s u l t  3a)  and 3b) and w r i t e  i t  down on h a l f - a x i s  3. 

4 .  Uses - Others  

4a)  Renewed s e r v i c a b l e  volume and 4b)  Number o f  presence hours  

a )  Work o u t  
b l  Work o u t  

t h e  
t h e  

3  
number o f  s e r v i c a b l e  m . p e r  person 
a i r - r e n e w a l  l e v e l  (0 .5 .  1  o r  2  ACHI. 

t h e  house f l a t .  



APP. H A n a l y s i s  Techniques (MI 

c l  M u l t i p l y  r e s u l t s  a1 and b l  and w r i t e  down on s c a l e  4a 

Conc lus ion :  

A c o e f f i c i e n t  o f  more than  1 means t h a t  r a t i o  between eerformance and 
u n s u r n o t i o n  i s  r a t h e r  good. Less than 1 means t h a t  t h e  r a t i o  i s  r a t h e r  bad. 
t h a t  i s :  y o u r  energy consumption i s  t o o  l a r g e ,  compared t o  t h e  way i t  i s  
u s e f u l  f o r  you. I f  a  c o e f f i c i e n t  shows bad v a l u e s ,  i t  w i l l  be i m p o r t a n t  t o  
know why by i n q u i r i n g  f u r t h e r  about i t .  

Measure i n t e r p r e t a t i o n :  

The l a s t  c o n c l u s i o n  a l r e a d y  g i v e s  t h e  f i r s t  e lements  f o r  t h e  i n t e r p r e t a t i o n  
o l  t h e  diagrams. The performance r u l e r  shows t h e  p o s s i b i l i t i e s  f o r  t h e  
f o l l o w i n g  energy economies. 

- Lower per formance l e v e l  t h rough  lower comfo r t  l e v e l .  
- Lower performance l e v e l  o f  f i t t i n g s  by improv ing  t h e  envelope q u a l i t y .  
- Performances improved by lower  consumption due t o  a  b e t t e r  q u a l i t y  o f  

equipment.  

S t i l l ,  t h e  energy a v a i l a b i l i t y  can be r e g u l a t e d  acco rd ing  t o  t h e  performance 
l e v e l  o r  adapted thanks t o  adequat ion o f  t h e  equipment.  The performance 
d iagram g i v e s  means t o  d e s c r i b e  t h e  k i n d  o f  uses and i t  makes i t  e a s i e r  t o  
choose t h e  r i g h t  equipment.  
- ----~~~.~~.~~----~---~-------~~~~~~~~----~~--~-~------------~--------------- 

accuracy: ! references: Saugy. 1985 

recommended applications: 
The diagrams a l l o w  comparisons between performances and comfor t  l e v e l s  i n  
d i f f e r e n t  b u i l d i n g s .  They show t h e  p laces  where t h e  energy consumption i s  t o o  
h i g h  compared t o  t h e  c o m l o r t  l e v e l .  
--------------------............-----------------------------.--------------- 

al ternat ive techniques: 

------..-.------......---...-..------------.-.--------...-------------------- 

additional information: 

Performances a re  analysed i n  3 groups:  

1. MOBILITY ( p e o p l e ,  o b j e c t s ,  i n f o r m a t i o n ) :  T h i s  group takes  i n t o  account 
t h e  i n s i d e  a r c h i t e c t u r e  o f  t h e  b u i l d i n g  and i t s  s i t u a t i o n  towards work ing  
p l a c e s ,  schools ,  e t c .  

2.  EQUIPMENT: F i t t i n g s  f o r  food supply  ( c o o k i n g ,  r e f r i g e r a t i n g ,  e t c . 1 .  
l e i s u r e ,  e t c .  

3 .  CONDITIONING: d e a l s  w i t h  t h e  c l i m a t e  r e a l i s e d  i n s i d e  t h e  b u i l d i n g  
( h e a t i n g ,  a i r  c o n d i t i o n e d ,  e t c l .  

Performance i s  t h e  r a t i o  between a v a i l a b i l i t y  o f  equipment,  t empera tu re ,  e t c .  
and used made of  these.  
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Usual envelope Solar house Uninsulated house 

Fig. 1 Example3 of envelope performance 

architecture insulation 

n o r m a l  b u ~ l a ~ n g  . normal buildins 

air volume renewed 

.-.- 
" . I l l .  . 0 

1 local climate 

Fig. 2 D i a g r a m  f o r  arrerring s p a c e  
conditioning performance. 
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ana l ys i s  technique: ! a p p l i c a t i o n  area: ! referenced from: 
M.5 ! ECONOMIC EVALUATION ! 

! ! 

t i t l e :  ! references t o :  
SIMPLE PAYBACK TIME OF AN INVESTMENT ! 

! 

desc r i p t i on :  

Simple payback t ime [years ] .  P E T ,  can be ca l cu la ted  from PET = AIIAE 
where 
A1 = cos t  o f  the investment, expressed i n  cu r ren t  value ( o f  the  year 0 )  

[ C O S t l .  
AE = annual cos t  saving corresponding t o  the investment, expressed i n  cu r ren t  

value ( o f  the  year 0 )  [ c o s t l y e a r l .  

The PBT i s  t o  be compared w i t h  the  est imated l i f e t i m e  o f  the investment. This 
i n d i c a t o r  tends t o  favor  shor t  term investment ECOs. 

The simple PBT i s  easy t o  evaluate,  bu t  has some disadvantages: 

i )  The simple PET does no t  take i n t o  account the e f f e c t  o f  the cu r ren t  
d iscount  r a t e .  This means f o r  the PET t o  be accurate t h a t  the  sponsor 
must no t  borrow money t o  pay the investment. 

i i )  The simple PBT does not  take i n t o  account the  e f f e c t  of the  esca la t i on  
r a t e  o f  p r i ces ,  espec ia l l y  as f a r  as energy p r i ces  are concerned. 

i i i )  The simple PBT does no t  take i n t o  account the l i f e - t i m e  o f  the  
investment. For example two r e t r o f i t s  w i t h  the  same payback b u t  w i t h  
d i f f e r e n t  l i f e  expectances are c l e a r l y  & equal investments. 

............................................................................. 
accuracy: ! references: 

! 
............................................................................. 
recommended app l i ca t i ons :  

a l t e r n a t i v e  techniques: A T  M.6 through 9 

a d d i t i o n a l  in fo rmat ion :  

I 
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analysis technique: ! application area: ! referenced from: 
W.6 ! ECONOMIC EVALUATION ! 

! ! 

t i t l e :  ! references to: 
OISCOUNTED PAYBACK T I M E  OF AN INVESTMENT ! 

! 
~ - ~ ~ ~ ~ ~ - - ~ - - - - - - ~ - ~ ~ ~ - ~ ~ ~ ~ ~ ~ . ~ - - - - - ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ - - - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ - - - - - - - ~ ~  

description: 

Discounted payback t ime [years]  can be ca l cu la ted  from 

Discounted PBT = In [  b l * ( R - l I l ( b E * R ) + l l l  l n t R l  
where 

R - I l t j l l l + i l  
A1 = cos t  o f  the investment expressed i n  cu r ren t  value (year  0 )  t c o s t l  
hE = t o t a l  annual cos t  saving corresponding t o  t he  investment ,  expressed i n  

cu r ren t  value (year  0 )  [ c o s t l y e a r l .  
i = cu r ren t  d iscount  r a t e  [ f r a c t i o n ] .  
j = r e a l  esca la t i on  r a t e  o f  energy p r i ces  [ f r a c t i o n ] .  

Un l i ke  simple payback t ime,  the d iscounted PBT takes i n t o  account the e f f e c t s  
o f  the  cu r ren t  d iscount  r a t e  and o f  the  esca la t i on  r a t e  o f  energy p r i c e s .  

This i n d i c a t o r .  however, g ives  no weight t o  the cos t  savings occur ing  a f t e r  
the  payback pe r i od .  Thus, i t  g i ves  a shor t  term v i s i o n  o f  the  p r o f i t - e a r n i n g  
capac i t y  of an investment. 

- - - - - - - - - .~-~--- - -~--- - -~~~~~~~~-~~-~~---- - -~-~~~---- - - - - -~~~~~-~~~---- - - - - - -  

accuracy: ! references: 
! 

--.---------------------.--.----..------------------------..--.-------------- 

al ternat ive techniques: AT.M.5.M.7, M.8. M.9 

-------------......--.-------------.-.-..--..--------------------..---------- 

addit ional information: 
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ana l ys i s  technique: ! a p p l i c a t i o n  area: ! referenced from: 
M.7 ! ECONOMIC EVALUATION ! 

! ! 
. . .~-~~~~~~-~~~.-~..~-~--~-----~~-~~-------~~~-~--------------~~------------- 

t i t l e :  ! references t o :  
'PRESENT VALUE' OR 'NET-LIFE CYCLE SAVINGS' ! 
OF AN INVESTMENT ! 

desc r i p t i on :  

Present value o r  ne t  l i f e  cyc l e  savings of the  investment [ c o s t l .  PV, can be 
ca l cu la ted  from 

PV = -A1 + ~ ~ * ~ * ( ~ ~ - 1 1 / 1 ~ - 1 1 - ~ * ~ * ~ ~ ~ - 1 1 1 l ~ - 1 1  
where 
R : l l + j l / l l + i l  and P = l l + m l l ( l + i l .  
A1 : cost  of the investment, i n  cur ren t  value (year  01 [ c o s t l .  
AE : annual cos t  saving corresponding t o  the investment, i n  cu r ren t  value 

(year  01 ~ c o s t l y e a r l .  
&I = annual maintenance cos t ,  i n  cur ren t  value (year  01 t c o s t l y e a r l .  
i = cur ren t  d iscount  r a t e  l f r a c t i o n l .  
j = r e a l  esca la t i on  r a t e  o f  energy p r i ces  [ f r a c t i o n ] .  
m = r e a l  esca la t i on  r a t e  o f  maintenance costs [ f r a c t i o n ] .  
n : l i f e t i m e  of the investment [ y e a r s l .  

The h igher  the Present Value o f  an investment, the h igher i t s  p r o f i t  earn ing 
capac i ty  f o r  a g iven d iscount  r a t e .  

This i s  the most complete i n d i c a t o r  t o  measure the p r o f i t - e a r n i n g  capac i ty  of 
an investment over i t s  whole l i f e t i m e ,  tak ing  i n t o  account the investment 
cos t ,  bu t  i t  has some disadvantages: 

il The l i f e t i m e  o f  the investment must be est imated. 
iil An hypothesis i s  necessary on the  e v o l u t i o n  of energy p r i ces .  
iiil A value o f  the  cur ren t  d iscount  r a t e  must be chosen i n  order  t o  per form 

the  eva lua t ion .  Th is  value must take i n t o  account the f i n a n c i a l  r i s k  
associated t o  the investment, which i s  genera l l y  d i f f i c u l t  t o  quan t i f y .  

i v l  The use o f  the  Present Value as an economic i n d i c a t o r  i s  based on the 
assumption t h a t  the Present Value decreases exponen t i a l l y  as f unc t i on  o f  
the cur ren t  d iscount  r a te .  Th is  assumption i s  t r u e  f o r  most Energy 
Conservation investments. It may no t  be t r u e  when d i f f e r e n t  p r o j e c t s  
i nvo l v i ng  d i f f e r e n t  energy sources are t o  be compared. 

accuracy: ! references: 
.~..~..~.~~-~~~~----~-------.----..-...----------.-.-..------.-----..-------- 

recommended app l i ca t ions :  
~..........~~....-~~~~~-~~~~~~~~..~~----~---~~~~~-~---------~~-~-----------~~ 

a l t e r n a t i v e  techniques: AT H . 5 .  M . 6 ,  M.8, H . 9  

a d d i t i o n a l  in format ion:  
~--.~~~~~...... . .~~.~~~~~~~~~~~....~----~---~~~~~~~-----------~~------------- 
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analysis technique: ! appl icat ion area: ! referenced from: 
M.8 ! ECONOMIC EVALUATION ! 

! ! 
....--.-------------------------.---...-....--...---------------------------- 

t i t l e :  ! references t o :  
'INTERNAL RATE OF RETURN' OF AN INVESTMENT ! 

! 

descript ion:  

The i n t e r n a l  r a t e  o f  r e t u r n  [ f r a c t i o n ] .  I R R ,  may be c a l c u l a t e d  as f o l l o w s :  
F i r s t  c a l c u l a t e  t h e  v a l u e  o f  R which s a t i s f i e s  t h e  f o l l o w i n g  equa t ion : .  

Present  Value = 0  o r  AI = A E * R * ( R " ~ ) I ( R - ~ ) ,  o r  

Second c a l c u l a t e  t h e  co r respond ing  v a l u e  o f  i = IRR from t h e  r e l a t i o n :  
R = ( l + ~ ) l ( l t I R R ) ,  o r  
IRR = [ ( l t j ) I R l  - 1 [21  
where 
AI = c o s t  o f  t h e  i nves tmen t ,  i n  c u r r e n t  v a l u e  ( y e a r  0 )  [ c o s t ] .  
AE = annual  c o s t  sav ing  co r respond ing  t o  t h e  inves tmen t .  i n  c u r r e n t  v a l u e  

( y e a r  0 )  [ c o s t l y e a r l .  
j = r e a l  e s c a l a t i o n  r a t e  o f  energy p r i c e s  [ f r a c t i o n ] .  
n  = l i f e t i m e  o f  t h e  investment  [ y e a r s ]  

The IRR may be compared w i t h  t h e  b o r r o w i n g  r a t e ;  i f  t h e  IRR < b o r r o w i n g  r a t e .  
t h e  i nves tmen t  i s  n o t  p r o f i t  e a r n i n g .  

The e v a l u a t i o n  o f  t h e  IRR o f  an investment  does n o t  r e q u i r e  t h e  c h o i c e  o f  a  
d i s c o u n t  r a t e  when comparing two inves tmen ts  and i t  g i v e s  a  range o f  d i s c o u n t  
r a t e s  i n  which t h e  investment  keeps i t s  p r o f i t  e a r n i n g  c a p a c i t y .  

The use o f  t h i s  i n d i c a t o r  has some draw-backs: 
i )  The IRR i s  i n f l u e n c e d  by t h e  d i s t r i b u t i o n  law o f  t h e  sav ings  as f u n c t i o n  

o f  t h e  t i m e  and tends t o  o n l y  be a p p l i c a b l e  t o  s h o r t  term e a r n i n g  
inves tmen ts .  

i i )  The use o f  t h e  IRR t o  compare d i f f e r e n t  i nves tmen ts  w i t h  each o t h e r  ( t h e  
g r e a t e r  t h e  IRR, t h e  more p r o f i t  e a r n i n g  t h e  i n v e s t m e n t ) ,  i s  based on t h e  
assumpt ion t h a t  t h e  P resen t  Value decreases e x p o n e n t i a l l y  as f u n c t i o n  o f  
t h e  c u r r e n t  d i s c o u n t  r a t e  so t h a t  e q u a t i o n  [11  has o n l y  one r o o t .  T h i s  
assumpt ion may n o t  be t r u e  i n  c e r t a i n  cases as exp laned  i n  AT M.7 4 ) .  

accuracy: ! references: 
-..---.---.-------------------.---..--------------..------------------------- 

recomended appl icat ions: 

a l t e r n a t i v e  techniques: AT M.5. M . 6 ,  M.7, M.9 
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ana l ys i s  technique: ! a p p l i c a t i o n  area: ! re fe renced i r o n :  
M.9 ! ECONOMIC EVALUATION ! 

! ! 
............................................................................. 
t i t l e :  ! references to :  
'COST FOR SAVINGS' OF AN INVESTMENT ! 

! 
............................................................................. 
desc r i p t i on :  

The cos t  f o r  savings. C S ,  can be ca l cu la ted  from 

where 

A1 = cos t  o f  the investment, i n  cu r ren t  value l year  0 )  [ c o s t ) .  
AE = annual cos t  saving corresponding t o  the investment, i n  cu r ren t  value 

l year  01 t c o s t l y e a r l .  
W = annual maintenance cos t ,  i n  cu r ren t  value l yea r  0 )  [ c o s t l y e a r l .  
i = cur ren t  d iscount  r a t e  [ f r a c t i o n ) .  
j = r e a l  esca la t i on  r a t e  o f  energy p r i ces  [ f r a c t i o n ] .  
m = r e a l  esca la t i on  r a t e  o f  maintenance cos ts  [ f r a c t i o n ] .  
n = l i f e t i m e  o f  the investment [ yea rs ] .  

The p r o f i t  earn ing capac i ty  of the investment i s  d i r e c t l y  est imated by 
comparing the cos t  f o r  savings w i t h  1: 

CS)1 = the investment i s  not  p r o f i t  earn ing.  
CS=l : the ' t o t a l  savings over the whole l i f e t i m e  are j u s t  equal t o  the 

t o t a l  cos t .  
O < C S < l  = the  lower the C S ,  the h igher the  p r o f i t  earn ing capac i ty  o f  the 

investment. 

............................................................................. 
accuracy: ! references: 

! 

recommended app l i ca t i ons :  

a l t e r n a t i v e  techniques: AT M . 5  through 8 

a d d i t i o n a l  in format ion:  

............................................................................. 
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APPEIDIX I REFEREKE VALUES 

INTRODUCTION TO APP. [ 

A  fundamental  p a r t  o f  any a u d i t  s t e p  i s  t h e  comparison o f  measured va lues  o f  
i n d i c a t o r s  w i t h  r e q u i r e d  o r  d e s i r e d  va lues  o f  t h e  same i n d i c a t o r s .  T h i s  
appendix i s  i n t e n d e d  t o  be a  c o l l e c t i o n  o f  t h e  most f r e q u e n t l y  used 
r e f e r e n c e ,  l e g a l  and t a r g e t  va lues  a g a i n s t  which va lues  o b t a i n e d  f rom 
b u i l d i n g  a u d i t s  may be compared. 

Such va lues  may r e f e r  t o  t h e  whole b u i l d i n g  1e.g. energy i n d i c a t o r s )  o r  t o  
component performance. I t  must be remembered, however, t h a t  o f t e n  t h e  
Reference Values IRVI a re  c o u n t r y  dependent.  I n  f a c t ,  t h e  average 
performances and t h e  d e s i r e d  t a r g e t s  v a r y  w i t h  t e c h n o l o g i c a l  l e v e l ,  c l i m a t e .  
occupan ts '  h a b i t s  and b e h a v i o r ,  e t c .  Even v a l u e s ,  which shou ld  be i n v a r i a n t .  
such as f u e l  heat  c o n t e n t  o r  m a t e r i a l  c o n d u c t i v i t i e s ,  a r e  found t o  v a r y  f rom 
c o u n t r y  t o  c o u n t r y .  

The t e x t  has,  t h e r e f o r e ,  been w r i t t e n  w i t h  t h e  i n t e n t i o n  o f  p r o v i d i n g  t h e  
reader  w i t h  a  l i s t  o f  va lues  t h a t  shou ld  be adapted t o  t h e  a p p r o p r i a t e  
n a t i o n a l  (and r e g i o n a l )  s i t u a t i o n .  The va lues  s u p p l i e d  shou ld  o n l y  be 
regarded  as exanples o f  i n d i c a t o r s  o r  parameters .  

The Reference Values a r e  p resen ted  i n  s tandard  forms. The a p p l i c a t i o n  area.  
t h e  a u d i t  s t e p ,  t h e  a u d i t  procedures and t h e  s p e c i f i c  ECOs. where t h e  
Reference Values a r e  used, a r e  h i g h l i g h t e d .  

The concep tua l  g u i d e l i n e  f o r  t h e  c o m p i l a t i o n  o f  t h i s  Appendix was n o t  o n l y  t o  
p r o v i d e  example va lues  b u t  a l s o  b r i e f  i n f o r m a t i o n  on how t o  o b t a i n  and use 
them. I t  i s  n o t  always p o s s i b l e  t o  d i s t i n g u i s h  t h e  l e g a l  f rom t a r g e t  va lues .  
I n  some cases they  c o i n c i d e .  T h i s  i s  p a r t i c u l a r l y  t r u e  when new, advanced 
l e g a l  s tandards  have been i n t r o d u c e d  by n a t i o n a l  governments i n  t h e  framework 
o f  an energy c o n s e r v a t i o n  p o l i c y .  The advance performance o f  a  new component 
( e . g .  condensat ion gas b o i l e r ,  hea t  pump) can be cons ide red  as 'des ign '  and 
' t a r g e t '  v a l u e  a t  t h e  same t ime .  

F0.r a  d i s c u s s i o n  o f  Reference Values,  see Ch. 2.  A  l i s t  o f  Reference Values 
i s  g i v e n  be low.  
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LIST OF REFERENCE VALUES (RV) 

u 
ENVELOPE (E)  

E.I H e a t i n g  degree-days. 
E.2 V o l u m e t r i c  heat  l o s s  c o e f f i c i e n t .  
E.3 B u i l d i n g  component U-va lues.  
E.4 V e n t i l a t i o n  r a t e s  and v e n t i l a t i o n  openings.  
E.5 B u i l d i n g  a i r  t i g h t n e s s .  
E.6 B u i l d i n g  component a i r  t i g h t n e s s .  

REGULATION I R )  

R . l  Thermal c o m f o r t .  
R.2 T o l e r a b l e  contaminant  c o n c e n t r a t i o n s .  
R.3 P l a n t  p r e h e a t i n g  (and p r e c o o l i n g )  r e l a t i o n s h i p s  
R.4 Exhaust hood ~ e r f o r m a n c e  d a t a .  -~~~ ~ 

R . S  i y p l c a ~  damper leakage d a t a .  
17.6 T y p ~ c a l  V A V  f a n  c o n t r o l l e r  c h a r a c t e r l s t l c s  
R . 7  em iss ion  and garage v e n t i l a t i o n  r e q u i r e m e n t s .  
R.8 T y p i c a l  e v a p o r a t i v e  c o o l i n g  equipment per formance.  
R.9 E f f e c t  o f  poor  maintenance on t h e  e f f i c i e n c y  o f  a  r e c i p r o c a t i n g  

compressor.  
R.10 Occupancy and v e n t i l a t i o n  r a t e s .  
R . l l  HVAC equipment s e r v i c e  l i f e t i m e  e x p e c t a t i o n s .  
R.12 Swimming p o o l s  r e f e r e n c e ' d a t a .  

HEATING I H )  

H . l  Hea t ing  p l a n t  combust ion e f f i c i e n c y .  
H.2 B o i l e r  t h e r m a l  e f f i c i e n c y  and s tand-by losses  
H.3 H e a t i n g  p l a n t  l i f e  f a c t o r s .  
H.4 Performance o f  f i r e - p l a c e s .  

HIC.1 Performance i n d i c e s  o f  h e a t i n g  and c o o l i n g  d e v i c e s .  
HlC.2 A i r  t o  a i r  heat  r e c o v e r y ,  t y p i c a l  e f l i c i e n c i e s .  

COOLING (C) 

E f f e c t  o f  c h i l l e d  wa te r  tempera tu re  on c h i l l e r  COP. 
E f f e c t  o f  condenser tempera tu re  on c h i l l e r  COP. 
P a r t  l o a d  c h i l l e r  performance. 
E f f e c t  o f  condenser f o u l i n g  on c h i l l e r  per formance.  

T a r g e t  va lues  f o r  d u c t  i n s u l a t i o n  and leakage 
A i r  f i l t e r  per formances.  
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P.1 Recommended i n s u l a t i o n  th i cknesses  f o r  h o t  p i p e s .  
P.2 Steam t r a p  a p p l i c a t i o n  gu ide  and losses e v a l u a t i o n .  

SERVICE HOT WATER ( 5 )  

5 . 1  Ya te r  and SHY consumption. 
5 .2  E f f i c i e n c i e s  f o r  SHY systems. 
5 .3  SHY f l o w  r a t e s  and temperatures.  
5.4 Makeup water supp ly  tempera tu res .  
5.5 S o l a r  SHY h e a t e r .  
5.6 Water Q u a l i t y  , 

LIGHTING ( L )  

L . l  I l l u m i n a n c e  l e v e l s ,  i n s t a l l e d  power. 
L . 2  I n s t a l l e d  e f f i c a c v  o f  l i a h t i n a  eauioment.  
L . 3  Luminous e f f i c a c y - f o r  d i j f e r e i t  i a m i  t ypes  
L . 4  L i g h t  l o s s  f a c t o r s .  

ELECTRICAL SYSTEMS (EL I  

EL .1  T y p i c a l  c h a r a c t e r i s t i c s  o f  v a r i o u s  motor speed c o n t r o l  o p t i o n s  
EL.2 T y p i c a l  h i g h  e f f i c i e n c y  motor improvements. 
EL.3 V a r i a t i o n  o f  e f f i c i e n c y  and power f a c t o r  w i t h  p a r t  l oad .  
EL.4 V a r i a t i o n  o f  motor e f f i c i e n c y  w i t h  motor s i z e .  
EL.5 E l e c t r i c a l  system equipment l i f e .  
EL.6 E l e c t r i c  motors  - maximum k v a r  f o r  PF c o r r e c t i o n  and 

moment o f  i n e r t i a  c a p a b i l i t i e s .  
EL,, T V " ~ , - > I  ----*-:-,I aoo l iance  loads and usage. 
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re fe rence values: ! a p p l i c a t i o n  area: ! re fe renced from: 
E . l  ! ENVELOPE ! AP E.1. A T  E . l  

! ! 

t i t l e :  ! references t o :  
HEATING DEGREE-DAYS ! 

! 
----------------------------.-------------------------------------.---------- 

a u d i t  stage: 
Disaggregation/ECO De ta i l ed  Eva lua t ion .  
--------------.----.-----------------------------.---.-----------...-*.------ 

desc r i p t i on :  

I n  Table 1 are g iven some base and reference temperatures f o r  hea t ing  degree- 
day c a l c u l a t i o n s  (see A T  E.1). 

TABLE 1. Degree-day base and reference temperatures 

Base Reference 
Country temperature LOCI ' temperature [OCI 
----------------------------..-------------------------------..------------- 

Canada: 18.0 
France: poo r l y  i nsu la ted  b u i l d i n g s  18.8 

h i g h l y  i nsu la ted  b u i l d i n g s  16.0 
FR Germany and I t a l y :  19.0 12.0 
The Nether lands:  18.0 
Sweden: 17,.0 
U K :  (Gas Counci l  Standard) 15.5 

Other i n s t i t u t e s  - working days 18.3 
Other i n s t i t u t e s  - n i g h t .  week-ends 12.8 

USA: 18.3 

The annual hea t ing  requirements are u s u a l l y  ca l cu la ted  from the degree-days 
f o r  a con t inuous ly  heated b u i l d i n g .  

For an i n t e r m i t t e n t l y  heated b u i l d i n g  the heat ing  requirement w i l l  be 
reduced. The magnitude o f  t h i s  r educ t i on  w i l l  depend on th ree  f a c t o r s :  

1. the  leng th  o f  the  occupat ion pe r i od  (bo th  number of days p$r week and 
number o f  hours per working day) .  

2. the  thermal mass o f  the  b u i l d i n g  ( s t o r e d  heat i s  d i ss i pa ted  and must be 
replaced du r i ng  the  heating-up pe r i od ) .  

3.  response c h a r a c t e r i s t i c s  o f  the  heat ing  system. 

The IHVE Guide 119701 suggests the  use o f  th ree  c o r r e c t i o n  f a c t o r s :  
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1 )  - f o r  l e n g t h  o f  work ing week 

7 days  

5 days i r e e k - e n d  shut-down) 
massive  b u i l d i n g s  
l i g h t w e i g h t  b u i l d i n g s  

21  - f o r  l e n g t h  o f  work ing ( h e a t i n g )  day 
i f  b l d g .  mass 

l i g h t  heavy 

occupied  p e r i o d  4 h  
8 h  

12 h  
16 h  
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----------.-...----------------...-----------------------...----------------- 

reference values: ! a p p l i c a t i o n  area: ! re fe renced from: 
E.2 ! ENVELOPE TRANSMISSION ! 

! ! 

t i t l e :  
VOLUMETRIC HEAT LOSS COEFFICIENT 

! re fe rences  t o :  
! 
! 

-.-.-----------.---..-------------------..---.---------------------.--------- 

a u d i t  stage: 
B u i l d i n g  R a t i n g t O i s a g g r e g a t i o n l P r e l i m i n a r y  Aud i t .  
--...-..---.------------...-.----------------.---.-.---.--------------------- 

desc r i p t i on :  

The vo lumet r i c  heat l oss  c o e f f i c i e n t  i s  de f ined  as ( B u i l d i n g  t r a n S l i ~ S i 0 n  
l o s s e s ) l l B u i l d i n g  heated volume). 

F i g .  1 shows the  vo lumet r i c  heat  loss  c o e f f i c i e n t  r equ i red  by I t a l i a n  law, as 
a f unc t i on  o f  the number o f  degree-days and o f  the  shape f ac to r  Envelope 
Areatvolume lAe /V) .  - 

2 3 Typ i ca l  va lues o f  shape f a c t o r s  are i m  /m I 
- fo r  apartment b u i l d i n g s  0.30 - 0.55 
- f o r  m id- te r race  houses 0.50 - 0.60 
- f o r  semi-detached houses 0.60 - 0.75 
- f o r  detached houses 0.79 - 0.90 

Fig. 1 Example of legal v a l u e r  for 
volumetric heat loss coefficient 
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re fe rence values: ! a p p l i c a t i o n  area: ! referenced from:ECO E.8. 
E.3 ! ENVELOPE - TRANSMISSlON ! E.9. E . l O .  E.11. E.12. 

! LOSSES ! E.13. E.14. E.15. E.16. 
! ! E.17. E.20. E.28. 

~~ - -~~~~-~~-~~~~~- . . .~~~~~~. . . . . .~~ . . . . - - - - - - -~~- - - - - - - - -~~~~~- - -~ -~-~- - - - -~~  

t i t l e :  
BUlLDlNG COMPONENT U-VALUES 

! references t o :  
! 

a u d i t  stage: 
ECO Iden t i f i ca t ion IECO De ta i l ed  Eva lua t ion  

desc r i p t i on :  

Several count r ies  have norms imposing maximum l i m i t s o n  the U-values f o r  the  
s t r u c t u r a l  components of new b u i l d i n g s .  

Reference and t a r g e t  values f o r  b u i l d i n g  s t r u c t u r a l  components are usua l l y  
issued by t echn i ca l  i n s t i t u t e s ,  such as ASHRAE f o r  USA o r  S[A f o r  
Swi tzer land.  Such standards are o f t en  adopted by governments. 

The maximum permi t ted  heat t r a n s f e r  c o e f f i c i e n t s  o f  b u i l d i n g  elements i n  
var ious  count r ies  are quoted i n  Table 1. 
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2  TABLE 1. Maximum p e r m i t t e d  hea t  t r a n s f e r  c o e f f i c i e n t s .  U-values tYIm . K 1 .  

Roof Exp. Exp. F l o o r  F l o o r  F l o o r  Y in -  Doors Max. B ldg  
o u t -  f l o o r  s t r u c -  s t r u c -  s t r u c -  dows win- aver .  
s i d e  s t r u c -  t u r e  t u r e  t u r e  dow wa 11 

t u r e s  above on above area 
c r a w l -  e a r t h  c e l l a r  
space 

1 Canada 0.14 - 
1978 0.40 

Denmark 0.20, 
1979 

Ne ther -  0.78 
lands  
1978 

Norway 0 .23  
1980 

Sweden 0.17'- 
1980 . 0.20 

Swi tze r -0 .50  
land 
1980 

U n i t e d  0 .35  
Kingdom 
1982 

1 U n i t e d  0.14 - 
S t a t e s  0.28 

1 F i g u r e s  v a r y  depending on c l i m a t e  zones (Sweden) o r  number o f  h e a t i n g  
degree days ( U n i t e d  S t a t e s .  Canada). 

2  Per ime te r  i n s u l a t i o n  r e q u i r e d  i f  f l o o r  (600 mm below ground l e v e l .  
3  Depends on w a l l  d e n s i t y .  t h e  h i g h e r  demand on l i g h t w e i g h t  w a l l s .  
4  Only i n  l i v i n g  room and k i t c h e n .  
5 Of ' e x t e r n a l '  f l o o r  area ( + 3  % o f  i n t e r n a l  f l o o r  a r e a l .  
6  Values f o r  mean c o n d i t i o n s ,  t h e  l o n e r  v a l u e  f o r  s i n g l e - f a m i l y  house. 
7  F i g u r e  shown i s  percentage o f  p e r i m e t e r  w a l l  area ( i n c l u d i n g  p a r t y  w a l l s ) .  

Grea te r  percentage i s  p o s s i b l e  by u s i n g  double o r  t r i p l e  g l a z i n g .  
8  I n c l u d e s  windows and doors.  
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[n Tabie 2 are given thermal conductivities for some common building 
materials. 

TABLE 2. Thermal conductivity of building materials [U/m.Kl. 

Asbestos-cement 
Brickwork, common 
Cellular glass 
Compressed straw slabs 
Concrete: 

ballast 
cellular 
clinker 
foamed slag 
vermiculite 

Cork board 
Fibreboard 
Glass 
Glass fibre 
Glass wool 
Hardboard 
Perlite, expanded 
Plasterboard 
Plaster, dense 
Plywood 
Polyisocyanurate, cellular 
Polystyrene, expanded 
Polyurethane. cellular 
~ o l y u r e t h a n e ;  foam 
Stone 
Tiles. roof 
Timber, softwood 
Ureaformaldehyde foam 

Cellulosic insulation 
Cement plaster 

Vermiculite 
Uood wool slabs , 
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re fe rence values: ! a p p l i c a t i o n  area: ! re fe renced from: A T  E.4. 
E.4 ! ENVELOPE - VENTILATION ! 

! ! 
.-..----....----------------------------------------------------------------- 

t i t l e :  ! re fe rences  t o :  
VENTILATION R A T E S  AND VENTILATION OPENINGS ! 
............................................................................. 
a u d i t  stage: Disaggregat ion.  

desc r i p t i on :  

A summary o f  minimal v e n t i l a t i o n  (outdoor a i r  supply1 r a t e s  s p e c i f i e d  i n  
var ious  coun t r i es  i s  presented i n  Table 1. Comparison i s  d i f f i c u l t  because 
the r a t e s  are va r i ous l y  expressed, e i t h e r  i n  terms o f  a i r  changes per hour 
LACH3, minimal f low r a t e  O / s l  o r  f low r a t e  per square meter o f  f l o o r  area 
l l / m  . s l  o r  per person [ I / s . p l .  I n  those coun t r i es  where mechanical 
v e n t i l a t i o n  i s  no t  mandatory i n  dwe l l ings ,  v e n t i l a t i o n  requirements a re  a l so  
s p e c i f i e d  i n  terms o f  the  minimum area o f  v e n t i l a t i o n  openings (see Table 21. 

TABLE 1. Minimal v e n t i l a t i o n  r a t e s .  

R e s i d e n t i a l  B u i l d i n u s  Qffi€€5 

Whole L i v i n g  Bed Bath No 
Country dwe l l i ng  room room K i tchen room smoking Smoking 

Canada 

Denmark 

F in l and  

I t a l y  

Netherlands 

Norway 

Sweden 0.35 
[ l / s . m  I 

Swi tzer land .  

Scot land 3-8 
[ I / S . P l  

USA 0.35 1.5 
[ ACHI 1 1 l s . p l  

European 
Community 

l I / S l  
22 
11/s1 
10 
11/51 
23-33 
1  I l s l  
6 
1  ACHI 
50 
[TI51 

- - - - - -. 



App. I R e f e r e n c e  V a l u e s  I E )  

TABLE 2 .  Minimum v e n t i l a t i o n  o p e n i n g s  f o r  r e s i d e n t i a l  b u i l d i n g s .  

Denmark N e t h e r l a n d s  E n g l a n d  Norway Sweden . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L i v i n g  room 

Bedroom 

K i t c h e n  

Bathroom 0 . 0 1 5  m2 0 . 0 1  m 0 . 5 '  0 . 0 1 5  m2 0 . 0 1 5  m2 

* p e r  c e n t  o f  f l o o r  a r e a .  
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reference values: ! application area: ! referenced from: 
E.5 I ! ECO E.18. AP E.6. E.7 

! ! 

title: 
BUILDING AIR TIGHTNESS 

! references to: 
! AP E.5 
! 

audit stage: 
D e t a i l e d  ECO E v a l u a t i o n .  

description: 

Measurements o f  b u i l d i n g  a i r  t i g h t n e s s  a r e  u s u a l l y  c a r r i e d  o u t  by  
p r e s s u r i s a t i o n  ( see  AP E.51. C u r r e n t l y .  Sweden and Norway a r e  t h e  o n l y  
c o u n t r i e s  t h a t  have a i r - t i g h t n e s s  norms f o r  whole b u i l d i n g s .  Table  1  shows 
such l e g a l  v a l u e s ,  i n  terms o f  t h e  P e r m i t t e d  a i r  changes pe r  hour  IACHI a t  a  
p r e s s u r e  d i f f e r e n c e  o f  50 Pa. 

TABLE 1. Acceptab le  maximum leakage f a c t o r s  f o r  houses 

Type o f  b u i l d i n g  
Leakage (ACHI a t  50 Pa 
Sweden Norway 

Detached and l i n k e d  houses 3 .0  4 .0  
O the r  houses, max. 2  s t o r e y s  2.0 3.0 
Houses w i t h  3  o r  more s t o r e y s  1.0 1 .5  



APP. I Reference Values ( E l  

reference values: ! application area: ! referenced from: 
E.6 ! ENVELOPE - INFILTRATION ! ECO E.7, E.18, E.28. 

! ! E.29. AP E.12. AT E.4. 
---------.-. ~----------....-.------...-----------.....-------.-..~~-.------.. 

title: ! references to: AT E.4. 
BUILDING COMPONENT AIR TIGHTNESS ! 

! 
....------.. ................................................................. 

audit stage: 
D e t a i l e d  ECO E v a l u a t i o n .  

description: 

I n  some c o u n t r i e s  t a r g e t  va lues  f o r  the  a i r  t i g h t n e s s  o f  b u i l d i n g  components 
a r e  p r o v i d e d  by b u i l d i n g  norms. Table 1  shows l e g a l  va lues  of  Swedish Norms 
(SBN 19751. 

TABLE 1.  Maximum accepted a i r  leakage a t  a  d i f f e r e n c e  i n  a i r  p ressure  
o f  50 Pa. 

B u i l d i n g  element 3 2  Acceptable a i r  leakage tm /m . h l  
2  s to reys  o r  l e s s  3 s to reys  o r  more 

-.-..-..----------..------------..---------...------------.~.~~~~.-.-- 

E x t e r n a l  w a l l  0 . 4  0.2 

E x t e r n a l  window and door * 1.7 1.7 

E x t e r n a l  r o o f ,  f l o o r  between a  0.2 
d w e l l i n g  and the  e x t e r n a l  a i r  
o r  a  v e n t i l a t e d  space. 

* Refers  t o  the  a i r  t i g h t n e s s  o f  the  j o i n t  between the  frame and window 
sash o r  door l e a f  r e s p e c t i v e l y .  

Many c o u n t r i e s  have i ssued  s tandards and norms f o r  window t e s t  methods and 
maximal leakage r a t e s .  Standard va lues  a r $  u s u a l l y  g i v e n  i n  terms o f  leakage 
r a t e  per metre of  opening j o i n t  o r  per m o f  t o t a l  window area.  Windows a r e  
o f t e n  d i v i d e d  i n t o  v a r i o u s  c lasses .  

F jgu res  1  and 2  show t h e  window a i r  leakage r a t e s  per m j o i n t  l e n g t h  and per 
m window area,  r e s p e c t i v e l y ,  as a  f u n c t i o n  o f  p ressure  d i l r e r e n c e  f o r  
d i f f e r e n t  c lasses  o f  windows, as d e f i n e d  i n  v a r i o u s  c o u n t r i e s .  

I n  Table 2  a r e  shown leakage areas (see AT E.41 f o r  d i f f e r e n t  b u i l d i n g  
components. The va lues  a r e  average va lues  from measurements i n  houses. 

T y p i c a l  i n f i l t r a t i o n  r a t e s  through doors i s  p resen ted  i n  F i g .  3 



App.  I Reference Values ( € 1  

Infiltration rates for windows are given in F i g .  4. 

CA = Canada NZ = Newzealand 
CH = Switzerland UK = United Kingdom 

Fig. 1 
L e gal values f o r  
window leakage 
per meter o f  
joint length. 

Air leakage [Ils per mj 

Fig. 2 
Legal valuer f o r  
window leakage 
per square meter 
o f  window surface 
a r e a .  

10 
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Fig. 3 
Infiltration 
through doors. 

WOOD AVG. 
NO 

DBL. HUNG STEEL 
AVG. 

NO AVG. 

WOOD YES LOOSE 
YES AVG .. 

W A S E M E M  STEEL NO AVG. 

WOOD NO LOOSE 

Fig. 4 Infiltration through 
window framer. 
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TABLE 2. Component leakage areas 

Component Est imate 
~ - - - - - - - - - - - - - - - - - ~ ~ - - - - - ~ ~ ~ - ~ - - ~ ~ ~ ~ ~ - ~ ~ . . ~ . ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ . . . ~ ~ ~ - . . . . - ~ ~ ~ ~  " 
S I ~ L  caulked - ~ - -  

no t  caulked 
JOINTS [no t  taped. no vapor b a r r i e r )  
CASEMENT weather s t r i ~ o e d  
o r  AWNING n o t  w e a t h e r ' k r i p p e d  
SINGLE HUNG YINDOY weather s t r i p p e d  

n o t  weather s t r i pped  
DOUBLE HUNG WINDOW weather s t r i p p e d  

no t  weather s t r i p p e d  
SINGLE SLIDER weather s t r i p p e d  

no t  weather s t r i p p e d  
DOUBLE SLIDER weather s t r i p p e d  

no t  weather s t r i p p e d  
SINGLE DOOR weather s t r i p p e d  

no t  weather s t r i p p e d  
DOUBLE DOOR weather s t r i p p e d  

no t  weather s t r i p p e d  
ACCESS TO ATTIC OR CRAYL SPACE 

not  weather s t r i p p e d  
MOOD FRAME YALL-YINDOY cau l k i ng  

no cau l k i ng  
MASONRY MALL-YINDOY cau l k i ng  

no cau lk ina  - 
MOOD MALL-DOOR FRAME cau l k i ng  

no cau l k i ng  
GAS WATER HEATER [ i n  cond i t ioned soace1 
ELECTRIC OUTLETS AND SYITCHES n o t b a s k e t e d  
RECESSED LIGHT FIXTURES 
PIPE PENETRATIONS caulked o r  sealed ~ ~ ~ ~~ ~- 

no t  caulked 
DUCT PENETRATION sealed o r  vapor b a r r i e r  

unsealed o r  no vapor b a r r i e r  
FIREPLACE YIO lNSERRT damper c losed 

damper open 
FIREPLACE YlTH INSERT damper c losed 

damper open 
KITCHEN FAN damper c losed 

damper open 
BATHROOM FAN damper c losed 

damper open 
DRYER VENT damper c losed 
A I R  CONDITIONER [ w a l l  o r  window u n i t 1  

0.8 tcmLlm o f  per imeter1  
, 4  t  I 

1.5 i c m ~ l m 2 w a l l  j o i n t  I 
0.8 tcm I m  wmdow a r e a l  
1.6 [ I 
2.2 1 I 

[ 2  I Icm/m o f  door a r e a l  

2 2 :  I 
tcm /m window a r e a l  
t I 
[ I 

[ 2 2  ' I tcm I n  door area I 
I 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
re fe rence values: ! a p p l i c a t i o n  area: ! referenced from: 
R . l  ! REGULATION ! ECO R . 1 .  

! ! 
--------------------------------------------------------------------------..- 

t i t l e :  ! references to :  
THERMAL COMFORT ! MT R.3. 

! 

a u d i t  stage: 
ECO IdentificationlEvaluation, 

desc r i p t i on :  

1. L i g h t  main ly  sedentary a c t i v i t y  dur ing  w in te r  cond i t ions  (heat ing  
pe r i od ) .  
a )  The opera t i ve  temperature (see MT R.3) should be.between 20 and 24 '~ .  

b l  The v e r t i c a l  a i r  temperature d i f f e rence  between 1.1 m and 0.1 m above 
f l o o r  (head and ankle l eve l1  should be less than 3  K.  

C )  The surface temperature of the  f l o o r  should normal ly  be bgtween 19 
and 26 O C .  bu t  f l o o r  heat ing systems may be designed f o r  29 C .  

d l  The mean a i r  v e l o c i t y  should be less than 0.15 mls. 

e )  The rad ian t  temperature asymmetry from windows o r  other  c o l d  v e r t i c a l  
surfaces- should be less  than 10 K ( i n  r e l a t i o n  t o  a  small  v e r t i c a l  
p lane 0.6 m above the f l o o r ) .  

f )  The r a d i a n t  temperature asymmetry from a  warm (heated) c e i l i n g  should 
be less than 5  K ( i n  r e l a t i o n  t o  a  small  h o r i z o n t a l  plane 0.6 m above 
the  f l o o r ) .  

2. L i g h t ,  main ly  sedentary a c t i v i t y  dur ing  summer cond i t ions  ( coo l i ng  
p e r i o d ) .  

a )  The opera t i ve  temperature should be between 23 and 26'~.  

b )  The mean a i r  v e l o c i t y  should be less than 0.25 mls. 

Mean metabol ic  r a tes  per square meter o f  body area f o r  d i f f e r e n t  a c t i v i t i e s  
are g iven i n  Table 1  ( IS0  7730-19841. The mean body sur face area f o r  males i s  
1.7 t o  1.8 square meters, and f o r  females from 1.5 t o  1.6 square meters ( i n  
Europe and Northern America. see Fracastoro-Lyberg 19831. 



App. I R e f e r e n c e  V a l u e s  ( R )  

TABLE 1. M e t a b o l i c  r a t e s  o f  d i f f e r e n t  a c t i v i t y  l e v e l s  

y e t a b o l i c  r a t e  
A c t i v i t y  [ Y l m  body s u r f a c e  a r e a l  
---------------------........----------------------------------------- 

R e c l i n i n g  4 6  
S e a t e d .  R e l a x e d  5 8  
S t a n d i n g .  Relaxed 70 
Sedentary  a c t i v i t y  70 

( o f f i c e .  d u e l l i n a .  s c h o o l ,  l a b o r a t o r v )  - .  
s t a n d i n g  a c t i v i t y  

( s h o p p i n g .  l a b o r a t o r y ,  l i g h t  i n d u s t r y )  
S t a n d i n g  a c t i v i t v  

(shop a s s i s t e n t ,  domest ic  work .  machine u o r k )  
Medium a c t i v i t y  1 6 5  
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re fe rence  va lues:  ! a p p l i c a t i o n  area: ! re fe renced  from: 
R.2 ! REGULATION ! 

! ! 
............................................................................. 
t i t l e :  ! r e f e r e n c e s  t o :  
TOLERABLE CONTAMINANT CONCENTRATIONS ! 

............................................................................. 
a u d i t  stage: 
E C O  ldentification/Evaluation. 
............................................................................. 
d e s c r i p t i o n :  

Accepted l e v e l  o f  c o n t a m i n a t i o n  f o r  d i f f e r e n t  examples o f  contaminants  a r e  
g i v e n  i n  Table  1. (AFS. 1984 and SEN. 1980) 

TABLE 1 T o l e r a b l e  contaminant  c o n c e n t r a t i o n s  

Contaminant Source Accepted 
24 h average 15 min average 

Acetone 
Benspy'rene 
Benzene 
Carbon d i o x i d e  

0 .  R 250 ppm 500 P P ~  
C .  ES. TS 0.005 mg/m3 0.03 mg/m 
C .  ES 5 P P ~  10 P P ~  
0  5000 ppm 10000 P D ~  

Carbon monoxide E S .  C .  T S  35' ppm 100 P P ~ '  
E thano l  0  1000 ppm 
Formaldehyde EM. TS 0 . 8  ppm 
N i t r o g e n d i o x i d e  C .  ES 2 PPm 
Ni t rogenmonoxide t E S  25 P P ~  50 P P ~  
Radon ( o l d  b u i l d i n a s )  EM. ES 400 Bq/m. 

( r e b u i l d )  
(new b u i l d i n g s )  

Gamma r a d i a t i o n  EM. ES 50 11R/h 
Toluene EM. C .  ES 80 P P ~  100 P P ~  
Xylene EM 80 P P ~  100 ppm 
............................................................... 
EM = b u i l d i n g  m a t e r i a l s .  C = combustion:ES = e x t e r n a l  source.  
0  = occupants .  R = r e p a i r  work.TS = tobacco smoke. 
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............................................................................. 
reference values: ! a p p l i c a t i o n  area: ! referenced from: 
R.3 ! REGULATION ! E C O  R.2. 

! ! 
............................................................................. 
t i t l e :  ! re fe rences  t o :  
PLANT PREHEATING (AN0 PRECOOLING) RELATIONSHIPS ! 

I 

. . ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ - - - - - ~ ~ ~ - ~ ~ ~ ~ ~ ~ - ~ ~ - - ~ - - ~ ~ ~ ~ ~ ~ - - - - - - - - - - - - - - -  

a u d i t  stage: ECO Identification/Evaluationn 

desc r i p t i on :  
TABLE 1. Allowances f o r  i n t e r m i t t e n t  hea t ing  

IU.K. design c o n d i t i o n s ) .  a f t e r  IHVE Guide Book A.  1970) 

P lan t  
c h a r a c t e r i s t i c s  - l a c  ou ts ide  5 ' ~  ou ts ide  

..................................................................... 
Response P lan t  Preheat ing Fuel Preheat ing Fuel 

s i ze  t ime consumption t ime consumption 
r a t i o  [ h l  1x1 h l  [%I 

..................................................................... 
Heavyweight b u i l d i n g :  

1.2 v .  long 96 5.0 89 
1 . 5  6.5 91 2.8 84 ... ~ ~ 

Shor t  2.0 3 .'3 
2.5 1.8 
3.0 1.1 

..................................................................... 
1.2 v. long 96 5.9 90 
1.5 6.5 9 1 4.2 88 

~ o n g  2.0 4.4 89 3.0 87 
2.5 3.4 87 2.3 86 
3.0 2.8 86 1.9 85 

1.2 7.0 7 5 1.5 56 
1.5 3.0 60 0 .8  53 

Short  2.0 0.9 54 0.5 52 
2.5 0.6 53 0.4 5 1 
3.0 0.4 52 0.3 50 

1.2 long 80 3.5 66 
1.5 4.0 69 2.3 62 

~ o n g  2.0 2.4 62 1.8 58 
2.5 1.9 59 1 .6  57 
3.0 1.7 58 1.5 56 



Notes:  
1. The Tab le  i s  based on an indoor -ou tdoor  tempera tu re  d i f f e r e n c e  o f  20 K 

and an occup ied  p e r i o d  o f  8 h ,  f o r  a  7 day week. 
2 .  P l a n t  s i z e  r a t i o  =(Normal max p l a n t  o u t p u t l l l D e s i g n  l o a d  f o r  20 K r i s e 1  
3 .  Examples o f  s h o r t  response p l a n t  - d i r e c t  warm a i r  h e a t i n g ,  f o r c e d  

c o n v e c t i o n :  gas o r  e l e c t r i c  r a d i a n t  pane ls .  Examples o f  long-response 
p l a n t  - h o t  water  systems w i t h  r a d i a t o r s .  convec to rs  o r  r a d i a n t  pane ls .  
Embedded pane ls  have t i m e  c o n s t a n t s  o f  s e v e r a l  hours ,  and i n t e r m i t t e n t  
o p e r a t i o n  leads t o  v e r v l i t t l e  economv i n  f u e l .  

4 .  Heavy s t r u c t u r e :  c u r t a i n  w a l l i n g ,  maionry  o r  c o n c r e t e  ( e s p e c i a l l y  m u l t  1- 
s t o r e y ) ,  s u b d l v l d e d  w i t h  heavy p a r t i t i o n s  o r  f l o o r s .  

5 .  L i g h t  s t r u c t u r e :  s i n g l e - s t o r e y ,  f a c t o r y  t ype  c o n s t r u c t i o n :  l i t t l e  o r  no 
s o l i d  p a r t i t i o n :  s t r u c t u r e s  l i n e d  w i t h  i n s u l a t i n g  m a t e r i a l s .  

6 .  Fue l  consumption i s  expressed as a  percentage o f  f u e l  . needed f o r  
con t inuous  o p e r a t i o n .  

-," 
Furnace output 

Design conditions capacity, 
- Insulation walls: 92 mm over 

Insulation ceiling: 152 mm 

Outdoor design 
. 2.0 

temperature: -29°C 

2.8"C setback --- 

0' 10 
17 22 28 33 39 44 50 

Temperature difference between indoor 
and outdoor [K] 

'Fig. 1 Time required far furnace t o  
pick UP space temperature 
after night set-back. 



--------..--------...---------..----.---------..---------------.------------- 

reference values: ! a p p l i c a t i o n  area: ! referenced from: 
R.4 ! REGULATION ! ECO R.20 .  R.21. 

! ! 

t i t l e :  
TYPICAL EXHAUST HOOD PERFORMANCE D A T A  

re fe rences  to :  
! 

............................................................................. 

a u d i t  stage: 
ECO IdentificationIEvaluation. 
-.....------------....-.------------.---------.---....---------..------------ 

d e s c r i p t i o n :  
Some exhaust hood performance data f o r  k i t c h e n  v e n t i l a t i o n  a re  d isp layed 
b e l o r  (Dubin. 19751. For i n d u s t r i a l  v e n t i l a t i o n  see ACGIH. 1986. 

TYPE SKETCH C R I T E R I A  COMMENTS 

0.38 t o  0.51 mls 
recommended face 
v e l o c i t y .  Absolute 
minimum 0.3 mls. 

S l o t  q 230 t o  310 11s per Can s u b s t a n t i a l l y  p l i n e a r  metre reduce volume o f  
recommended ve lo -  exhaust a i r  r equ i red  

(as compared t o  
Canopy). 

v e l o c i t y  c i t y  alona the  hood 
Fi- e' per imeter  as f o r  

canopy. 

Hish velmnyaxhaust 
hrargh slot W v d u m a )  

............................................................................ 

Push Untemprersd sir Can reduce amount o f  
P u l l  cond i t ioned a i r  ex- 

hausted by 70 t o  85%. 

8 R o m e i r  - - - - - - - - -~ .~ . . . .~~~~~~~-- - -~~~~~~~-- - - - - - - - -~ . . . .~~~~~-~~~~~~-- - - - - - - - - - - - - -  

Comments: 
1. Use o f  low end o f  range i f  l a rge  hoods and constant  a i r  movement, use 

h i g h  end o f  d i s t u r b i n g  room a i r  c u r r e n t ,  e.g. i s l a n d  canopies. 
2.  Ma in ta i n  s u i t a b l y  h i gh  duct  a i r  v e l o c i t i e s  ( 9  t o  12 mls)  t o  l i m i t  t he  

s e t t l i n g  o f  grease p a r t i c l e s .  



r e f e r e n c e  va lues:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
R . 5  ! REGULATION AND A I R  ! ECO R . l l .  

! O l S T R I B U T l O N  ! ............................................................................. 
t i t l e :  ! r e f e r e n c e s  t o :  
TYPICAL  DAMPER LEAKAGE DATA ! 

! 

Damper leakage f o r  d i f f e r e n t  damper s t y l e s  and p ressu res  a r e  shown i n  F i g .  1 
( a f t e r  Honeywel l ,  u n d a t e d ) .  

Leakage r a t e  v a r i a t i o n s  w i t h  s i z e  f o r  a  low leakage damper w i t h o u t  edge s e a l s  
i s  p resen ted  i n  F i g .  2  (CAM. 1982).  

Leakage through closed damper [I Is] 

F i g .  1 Damper l e a k a g e  f o r  d i f f e r e n t  
damper styles and p r e s s u r e s .  

Note: Var ia  
I see 
ava i 1  

~ t i o n s  can v a r y  g r e a t l y  between d i f f e r e n t  manu fac tu re rs  and s i z e s  
nex t  f i g u r e ) .  Leakage da ta  f o r  s tandard  dampers i s  n o t  n o r m a l l y  

a b l e  and depending on t h e  q u a l i t y  o f  t h e  p roduc t  and maintenance. 
leakage can be s e v e r a l  t imes  g r e a t e r  than t h a t  shown. 



f 0.8 ma damper face area 

0 L  
0 0:2 0:4 016 018 1 .O 

Damper leakage at 1000 Pa 
[I/s.m2 damper face area] 

Fig. 2 Leakage rate variations with s i z e  for 
a low leakage damper without edge seals. 

Mote:  I f  dpmpers r i t h o u t  edge ;eats a r e  c o n t e m p l a t e d  t h e r e  i s  some advantage 
t o  u s i n g  o f f  square  c o n f i g u r a t i o n s  t o  m i n i m i s e  edge l e a k a g e .  

For d u a l  d u c t  and v a r i a b l e  volume boxes t h e  d e s i g n  l e a k a g e  i s  2 1 a t  0 . 7 5  Pa 
s t a t i c  p r e s s u r e .  



reference values: ! appl icat ion area: ! referenced from: 
R . 6  ! R E G U L A T I O N  ! ECO R . 3 2 .  

! ! 

VAV fan controller characteristics are displayed in Fig. 1 IHoneywell. 19761 

Typical system dampers 

0 20 40 60 80 100% 

Flow 1% of full flow] 

Fig. 1 V A V  fan controller characteristic%. 



reference values: ! application area: ! referenced from: 
R . 7  ! HVAC ! ECO E.16. AT R.4. 

title: ! references to: 
CO EMISSION AND GARAGE VENTILATION REQUIREMENTS ! 

! 

audit stage: 
ECO Identificati~nIEvaluation. 
............................................................................. 

description: 

I n  Table  1 a r e  shown some t y p i c a l  CO emiss ions  w i t h i n  p a r k i n g  garages (ASHRAE 
Fundamentals.  Ch. 13.  1985) .  The assumed v e h i c l e  speed i s  8 kmlh.  

TABLE 1. P r e d i c t e d  CO emiss ion  w i t h i n  p a r k i n g  garages.  

Hot Emiss ions 
( S t a b i l i z e d )  

Co ld  Emiss ions 
[ g l m i n l  

L o c a t i o n  [ g l m i n l  
1980 1985 1980 1985 

...-...---.--.-.-..-...-------------------------------------------- 

Sea L e v e l  
Summer 12.3 3.6 25.0 
Win te r  12.3 3.6 59.4 

H i g h  A l t i t u d e  
Summer 13.3 3.9 34.3 11.5 
Win te r  13.3  3 .9  83.1 24.7 

C a l i f o r n i a  
Summer 9.3 2 .6  22.9 9.7 
Win te r  9.3 2.6 42 .1  1 6 . 1  

P a r k i n g  Garage Maximal c o n c e n t r a t i o n  100 ppm f o r  one hour  o r  l o n g e r  (measured 
between 900 and 200 mm f rom f l g o r )  400 ppm a t  any t i m e . 2 T h i s  i s  deemed t o  be 
s a t i s f i e d  by s u p p l y i n g  14 m I h  o f  o u t s i d e  f o r  each m o f  f l o o r  a rea  (DBC. 
1984) .  

REPAIR GARAGES Time weighted average f o r  a3hour  day o r  40 hour  week n o t  t o  
exceed 35 pgm. T a i l  p i p e  exhaust  o f  340 m l h  pe r  v e h i c l e s  ugder 6.5 l i t r e  
eng ine .  68 m I h  i f  l a r g e r .  . U s  g e n e r a l  v e n t i l a t i o n  o f  2.550 m l h  pe r  r e p a i r  
bay (OML. 1982) .  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
r e f e r e n c e  va lues:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
R.8 ! REGULATION ! ECO R.19. AT R.5. 

! ! 

t i t l e :  ! r e f e r e n c e s  t o :  
TYPICAL EVAPORATIVE COOLING EQUIPMENT PERFORMANCE ! 

! 
- - - - - - - - - - - - - - - - - - ~ - - ~ ~ - ~ ~ ~ ~ ~ - ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

a u d i t  stage: 
ECO IdentificationlEvaluation. 
............................................................................. 

d e s c r i p t i o n :  
Some da ta  on e v a p o r a t i v e  c o o l i n g  equipment performance a r e  shown i n  Tables 1 
and 2 and i n  F i g .  1. Table 1 d i s p l a y s  energy consumption f o r  i n d i r e c t l d i r e c t  
combinat ions. .  Table 2 e f f e c t i v e n e s s  o f  d i r e c t  equipment (Supple,  19821 and 
F i g .  1 e f f e c t i v e n e s s  o f  i n d i r e c t e q u i p m e n t .  

TABLE 1. Energy use i n d i r e c t l d i r e c t  combinat ions 

1 X  Mean-Coincident Yet * 
Bulb Design Temperature Energy Use o f  Equipment 

1 0 : ~  and lower 0 .06 kY l e l e c t r i c a 1 ) l k Y  c o o l i n g  
23 C and h i g h e r  0.23 kY l e l e c t r i c a 1 ) l k Y  c o o l i n g  

By comparison, r e f r i g e r a t i o n  system w i t h  a i r  coo led  con- 
denser has consumption norma l l y  g r e a t e r  than  0.28 kY1kY. 

loo 7 

5 Cn 40 >I 250 200 -;a a 

C .- - P 
0 150 2 
6 V) 

100 2 
50 

0 
0 200 400 600 800 1000 

Primary (dry) air flow [Its per cell] 

Fig. 1 Effectiveness o f  indirect 
evaporative cooling equipment. 



Fan Power ckW1 
4720 11s 
a t  2 . 5  mls 

Recommended 
Spray Water 
Flow 
I l s  wa te r  

3 5 m IS a i r  

Pump Power I kWl 
pe r  4 7 2 0  11s 
[Head, kPa i  

S a t u r a t i o n  
E f f i c i e n c y  
Percen t  

Washer Leng th  
i n  D i r e c t i o n  
o f  A i r  Flow t m l  

R e l a t i v e  
F i r s t  Cost  

Low H iqh  H iqh  Low 

S a t u r a t i o n  e f f i c i e n c y  can be p i c t u r e d  as t h e  a b i l i t y  o f  t h e  washer t o  chanae 
t h e  l e a v i n u  a i r  q u a l i t v  t o  a ~ p r o a c h  t h e  s a t u r a t i o n  c u r v e  on t h e  wet b u l b  l i n e  
o f  a  psychomet r i c  c h a r t .  

S a t u r a t i o n  E f f i c i e n c v  111 = DB ( i n )  - DB ( o u t )  
DB ( i n 1  - WB ( i n 1  



App. 1  Reference Values I R I  

reference values: ! appl icat ion area: ! referenced from: 
R.9 ! REGULATION AND ! ECO R.12. 

! COOLING PLANT ! 

t i t l e :  EFFECT O f  POOR MAINTENANCE ON THE 
EFFICIENCY O f  A  RECIPROCATING COMPRESSOR 

! References to:  
! 

-------.-.--------.-.-..---------...---------------------------------....---- 

audit  stage: 
P r e l i m i n a r y  ECO E v a l u a t i o n .  
---...---------....-.-----------..-..------------------.--------------------- 

description: I n  Table  1  i s  shown t h e  e f f e c t  o f  poor maintenance on a 5  t o n  
c a p a c i t y  r e c i p r o c a t i n g  compressor ( K o r t e .  19761. 

TABLE 1. E f f e c t  o f  poor  maintenance on compressor e f f i c i e n c y .  
C o n d i t i o n  
Normal D i r t y  D i r t y  D i r t y  

Evapora to r  Condenser Evapora to r  
Condenser 

Temperature [OCI  4.4 

Gauge 
Pressure [ kPal I 1 1  476 

i 
ye:$:%e 1 O ~ 1  48.9 48.9 54.4- 54.4 

60.0 

Gauge 1810 1807 2063- 2063 
Pressure  [ kPa l  2352 

C o m ~ r p ~ f i o n  3 .31  
R a t i o  

Compression 18.2 17 .1  17.3- 14.7  
Capac i t y  [ k Y I  15.1 

Power 
( 3l 6.5 

I n p u t  [ ~ Y I  

Capac i t y  
Reduct ion [ X I  

( 1 1  R e f r i g e r a n t  22 
( 2 1  R a t i o  o f  a b s o l u t e  d i scharge  and s u c t i o n  p ressu res  
131 Three phase power 
( 4 1  Energy e f f i c i e n c y  r a t i o  



App. I Reference Values ( R l  

re fe rence values: ! a p p l i c a t i o n  area: ! referenced from: 
R.10 ! REGULATION ! ECO R.5. 

! ! 

t i t l e :  ! re fe rences  t o :  
OCCUPANCY AND VENTILATION RATES ! R V  E.4. 

! 
............................................................................. 
a u d i t  stage: 
E C O  Identification/Evaluation. 
............................................................................. 
desc r i p t i on :  
Occupancy and requ i red  v e n t i l a t i o n  ra tes  f o r  commercial f a c i l i t i e s  are shorn 
i n  Table 1 ( f o r  r e s i d e n t i a l  b u i l d i n g  v e n t i l a t i o n  requirements,  see R V  E.41. 
I n  F i g .  1 are shorn some t y p i c a l  occupancy d e n s i t i e s  f o r  d i f f e r e n t  t imes o f  
the day. 

Weekend 

SCh001lCIsSSr0OmS 

With 
evening 

I I classes 
g 40 

I I 

' 0 M 1 2 3 4 5 6 7 8 9 1 0 1 1 N 1 2 3 4 5 6 7 6 9 1 0 1 1 M  

H ~ t e l l m ~ t e l  guest roams 
Fig. 1 Examples of occupancy for 

some building categories. 

20 



A P P .  I Refe rence  Va lues ( R I  

TABLE 1. Occupancy and r e q u i r e d  v e n t i l a t i o n  r a t e s  f o r  commerc ia l  f a c i l i t i e s .  

Occupancy2 Outdoor  a i r  r e q u i r e m e n t s  
I p e r s o n l m  [ l l s . p e r s o n l  
f l o o r  a r e a l  Smoking Non-smoking 

............................................................................ 

Food and Beverage D i n i n g  rooms 0.7 17 .5  3 . 5  
S e r v i c e s :  C a f e t e r i a l ,  f a s t  1 17 .5  3.5 

food f a c i l i t i e s  
Ba rs  and c o c k t a i l  1 2  5  5  

lounges 

H o t e l s ,  M o t e l s .  Re- Bedrooms ( s i n g l e .  0.05 15 7 . 5  
s o r t s .  D o r m i t o r i e s  d o u b l e )  
and C o r r e c t i o n a l  
F a c i l i t i e s :  

O f f i c e s :  

R e t a i l e d  s t o r e s :  

E d u c a t i o n a l  
f a c i l i t i e s :  

H o s p i t a l s :  

L i v i n g  rooms 
( s u i t e s 1  

Ba ths ,  t o i l e t s  
( a t t a c h e d  t o  bed-  
rooms1 

Lobb ies  
Conference rooms 

( s m a l l )  
Assembly rooms 

O f f i c e  space 
Mee t i ng  and w a i t -  

i n g  spaces 
C o r r i d o r s  and 

u t i l i t y  rooms 
Locke r  and d r e s s -  

i n g  rooms 

Basement and s t r e e t  
f l o o r s  

Upper f l o o r s  
S to rage  a reas  

( s e r v i n g  s a l e s  and 
s torerooms1 

M a l l s  and arcades 
Sh iPu ing  and r e c e i v -  . . 

i n g  a reas  
Yarehouses 

Classrooms 
L a b o r a t o r i e s  
T r a i n i n g  shops 
Mus ic  rooms 
L i b r a r i e s  

P a t i e n t  rooms 
P u b l i c  a reas  



App. I Reference Values ( R l  

reference values: ! application area: ! referenced from: 
R.11 ! REGULATION ! ECO R.43. 

! ! 
--------------------------.--..--.----------------------.....-..--.---------- 

title: ! references to: 
EQUIPMENT SERVICE LIFETIME EXPECTATIONS ! 

! 
............................................................................. 

audit stage: 
ECO Identification/Evaluation. 
-----------------.--.--.-...--.-------------------.--..-..------------------- 

description: 

TABLE 1. Regu la t ion  equipment s e r v i c e  l i f e t i m e  e x p e c t a t i o n s .  

Lauioment  
Roof top  c o n d i t i o n i n g  
u n i t s :  

Heat pumps ( s m a l l l :  

Y indor  and t h r u  the  
w a l l  u n i t s :  

Condensing equipment: 

Valves and c o n t r o l s :  

Terminal  u n i t s :  

Ir: oected l i f e t i m e  r v e a r s l  
Compressors 15-20 
Motors  15-20 
Fan bear ings  
Heat and c o o l  c o i l s  

Condenser - Cleanable 
Non-cleanable 

A i r  t o  Air R e s i d e n t i a l  
A i r  t o  Air Commercial 
A i r  t o  Ya te r  Commercial 

O v e r a l l  

Computer and sma l l  
condensers ( s p l i t  s y h e m l  
Valves Ac tua to rs  , 

- H y d r a u l i c  
- Pneumatic 
- S e l f - c o n t a i n e d  
Dampers 
C o n t r o l s  
- Pneumatic 
- E l e c t r i c  
- E l e c t r o n i c  
( a )  Fan c o i l s ,  induc-  

t i o n  u n i t  
O v e r a l l  
Motors  
C o i l  

( b l  U n i t  hea te rs  
Gas and e l e c t r i c  
Hot water  and steam 

10 
15-20 DX.rater  o r  

steam 
15 e l e c t r i c  
20 
10 

10 R e s i d e n t i a l  
Grade 

15 Commercial 
Grade 

15 



APP.  I Reference Values ( R l  

title: 
SYIRHING POOL HALL REFERENCEDATA 

! references to: 
! 

audit stage: 
ECO ldentificationl~valuation. 
---------.---------------------.-.--.--.---------..----.--------------------. 

description: 

P o o l - w a t e r  temperature Swimming poo l  h a l l  a i r  temperature 

Pleasure 24 t o  2 7 ' ~  
Therapeut ic  29 t o  3 5 ' ~  
Compet i t i on  22 t o  2 4 ' ~  

Swimming p o o l  H a l l  h u m i d i t y :  50 t o  601 

2 TABLE I Swimming p o o l  evapora t ion  r a t e s  [ k g l s  pe r  m o f  boo1 a r e a l  
(occupancy f a c t o r  = I, poo l  r a t e r  temperature 25 C ,  a i r  
v e l o c i t y  0.5 t o  1.5 mIs.1 

Tem e r a t u r e  R e l a t i v e  h u m i d i t y  I [ C I  . 501  601  

Occupancy f a c t o r s  i f 1  
(To account f o r  v a r i a t i o n s  i n  p o o l  water evapora t ion  r a t e  w i t h  poo l  usage1 

P r i v a t e  poo ls  Oesign 1 .0  Average 1 .0  
P u b l i c  and I n s t i t u t i o n a l  Design 2.0 Average 1.0 t o  2.0 depending on use 
Y i t h  poo l  covers 0 . 1  t o  0 .15  



App. I Reference Values ( H I  

r e f e r e n c e  va lues :  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  f r o a :  
H. 1  ! CONTROL HEATING PLANT ! ECO H.4. H.8. H.11. 

t i t l e :  
.HEATING PLANT COMBUSTION EFFICIENCY 

! r e f e r e n c e s  t o :  
! 
! 

----.---------------------------------------.--.--.-.-----.------------------ 

a u d i t  s tage :  
D e t a i l e d  ECO E v a l u a t i o n .  

., .- 
d e s c r i p t i o n :  

The i n c l u s i o n  o f  l a t e n t  hea t  i n  t h e  c a l c u l a t i o n  o f  t h e  combust ion e f f i c i e n c y  
(see  App. C.4 and AP H.11 g i v e s  t h e  combust ion e f f i c i e n c y  whereas 
n e g l e c t i n g  i t  g i v e s  t h e  combust ion e f f i c i e n c y .  The d i f f e r e n c e  between t h e  
two e f f i c i e n c i e s  i s  6Z f o r  gas o i l .  3Z f o r  heavy o i l .  11Z f o r  n a t u r a l  gas and 
3Z f o r  c o a l .  

The c a l o r i f i c  v a l u e s  used f o r  t h e  hea t  c o n t e n t s  o f  t h e  v a r i o u s  f u e l s  may a l s o  
be g ross  o r  n e t  ( i n  many c o u n t r i e s  these a r e  r e f e r e d  t o  as t h e  upper and 
lower  h e a t i n g  powers) .  The g ross  hea t  c o n t e n t  o f  v a r i o u s  f u e l s  i s  g i v e n  i n  
Table  1  LASHRAE. 1985) .  The r a t i o  o f  Gross t o  Net C a l o r i f i c  Values i s  1.11 
f o r  n a t u r a l  gas. 1.09 f o r  l i q u i d  p e t r o l  gas and 1.07 f o r  o i l .  Unburnt  
p a r t i c l e s  can be n e g l e c t e d  i n a  p r o p e r l y  work ing  b o i l e r .  

TABLE 1. Gross h e a t i n g  v a l u e s  f o r  some f u e l s .  

F u e l  3  D e n s i t y  [ kg lm I H e a t i n g  Value I k J l k g l  
--------------------------------------------------.------------------.------- 

N a t u r a l  gases H igh  i n e r t  t y p e  0.80 t o  0.85 44.8 t o  46.0 
H igh  methane t y p e  0.71 t o  0 .74 52.9 t o  54.0 
High k J  t y p e  0.75 t o  0.87 53.5 t o  48.4  

L i q u i f i e d  gases Commercial propane 2.65 50 .1  
Commercial bu tane  1.99 49.0 

F u e l  o i l s  Grade 1 0.83 t o  0 .80 45.8 t o  46.3  
2  0.87 t o  0 .83 45.2 t o  45.8 
4  0.93 t o  0 .89 44 .2  t o  45.0 
5L 0.95 t o  0 .92 44.0 t o  44.4 

U s u a l l y ,  t h e  d e f i n i t i o n  o f  combust ion e f f i c i e n c y  takes  i n t o  account  o n l y  t h e  
d r y  s t a c k  l o s s e s  (see App. C . 4 ) .  F i g .  1  shows ranges o f  d r y  s t a c k  l o s s e s  f o r  
l i g h t  o i l  and n a t u r a l  gas b o i l e r s  as a  f u n c t i o n  o f  t h e . t e m p e r a t u r e  d i f f e r e n c e  
(between exhaust  gas and b o i l e r  room tempera tu res )  and t h e  Cop c o n t e n t .  



APP.  I Reference Values (H I  

Con t inuous ly  r e a d i n g ,  f u l l y  au tomat i c  combust ion t e s t e r s  measure t h e  oxygen 
c o n t e n t  o f  f l u e  gases r a t h e r  than  t h e  C O  c o n t e n t .  However, t h e r e  i s  a  c l o s e  
r e l a t i o n s h i p  between t h e  two c o n c z n t r a t i o n s .  Table  2 p r o v i d e s  t h e  
correspondance between oxygen and CO c o n c e n t r a t i o n  and o p t i m a l  ranges a r e  
i n d i c a t e d .  2  

TRRCE 2. R e l a t i o n  between O2 and C02 c o n t e n t  i n  f l u e  gases. 

E q u i v a l e n t  C02 c o n t e n t  [ZI 
Oxygen [ZJ . Excess A i r  [ZI Gas O i l  Coa 1  

.........-----. 
Oxygen r e l a t e d  
i n l e a t a g e l .  

. - - . - - - - - . - - - - . 
t o  excess a i r  

2.8 3.7 4.2 

and C O  (Dry  b a s i s  assuming no a i r  
2 

I n  many European c o u n t r i e s  l e g a l  and t a r a e t  va lues  f o r  t h e  combust ion 
parameters  and b o i l e r  minimum e f f i c i e n c y  a r e  d e f i n e d  o r  recommended i n  norms 
and r e g u l a t i o n s .  

T y p i c a l  t a r g e t  v a l u e s  o f  combust ion e f f i c i e n c y  f o r  modern equipment a r e  g i v e n  
i n  Table  3 .  

TABLE 3. Combustion e f f i c i e n c y  f o r  modern b o i l e r s .  

I 
Heat ing  equipment Combustion e f f i c i e n c y  

Burner  w i t h  one r u n n i n g  speed: 0.92-0.93 
Burner  w i t h  two r u n n i n g  speed: low f i r e  0.95-0.96 

h i g h  f i r e  0 .92-0.93 
Gas condensa t ion  b o i l e r s :  1.00-1.05 

I*) Values r e f e r  t o  f u e l  Net C a l o r i f i c  Value 
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Stack losses for light oil 

Stack losses [%I 

- 
0' 

0 5 10 15 
co, [%vo~] 

obtainable with a good 
boiler 

Stack losses for natural gas 

Stack losses [%] 

Fig. I S t a c k  losses f o r  various flue-gas 
t e m p e r a t u r e s  and content o f  CO 

2 .  



App. I Reference Values ( H I  

reference values: ! appl icat ion area: ! referenced from: 
H.2 ! HEATING PLANTS ! ECO H . l ,  H . 3 .  H .20 .  

! ! 

t i t l e :  ! references to: 
BOILER THERMAL EFFICIENCY AND STAND-BY LOSSES ! AP H.2 

! 
............................................................................. 

audi t  stage: 
ECO I d e n t i f i c a t i o n  and D e t a i l e d  E v a l u a t i o n .  

description: 

The b o i l e r  t he rma l  e f f i c i e n c y  (see App. C.4 and AP H.21 can be e s t i m a t e d  i n  
v a r i o u s  ways. I t  i s  sometimes assumed t h a t  env i ronmenta l  losses c o n s t i t u t e  a  
c e r t a i n  f r a c t i o n  o f  t h e  s tand-by losses (e .g .  i n  S w i t z e r l a n d  where 213  i s  
assumed). o r  t h a t  t h e  b o i l e r  e f f i c i e n c y  i s  equal  t o  t h e  combust ion e f f i c i e n c y  
reduced by a  c e r t a i n  percentage ( i n  France and Belg ium a percentage between 2  
and 6 i s  assumed d e p e n d i n g o n  b o i l e r  i n s u l a t i o n ) .  I n  some cases norms r e q u i r e  
a  min imal  b o i l e r  e f f i c i e n c y .  An example i s  shown i n  F i g .  1 ( f r o m  t h e  
Ne the r lands ) .  

85 

- 
25 

80 
C 
a, .- 
U 5 

75 

1 2 5 10. 20 50 100 200 500 
Rated capacity [kWl 

~ i g .  1 Example of boiler efficiencies 
requ i red  by n o r m s .  
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B o i l e r  s tand-by  losses  i n c l u d e  a l l  t h e  hea t  l osses  of  a  b o i l e r  d u r i n g  t h e  OFF 
p e r i o d  o f  t h e  b u r n e r  ( see  App. C.4 and AP H .2 ) .  Some r e f e r e n c e  va lues  a r e  
g i v e n  i n  Tab le  t .  

TABLE 1. Reference v a l u e s  f o r  b o i l e r  s tand-by l o s s e s .  

B o i l e r  c a p a c i t y  ~ 1 0 0  kY ,100 kY 
~~...-..-..~-~---~~~~-~-~--~----------~~~~-~~~~--~~------~-------------- 

O l d  c a s t  i r o n  b o i l e r  w i t h  poor  o r  no i n s u l a t i o n  0.04-0.06 0.03 
P r e s s u r i s e d  s t e e l  o r  c a s t  i r o n  b o i l e r s '  0.02 0 .02 
Modern b o i l e r s  w i t h  good i s u l a t i o n  O . O t  0 . 0 1  

T a r g e t  v a l u e s  f o r  s tand-by  l o s s e s  can a l s o  be r e l a t e d  t o  t h e  u n i t  hea ted  
f l o o r  a rea  of  t h e  b u i l d i n g ,  f o r  example t h e  f o l l o w i n g  t a r g e t  v a l u e s  have been 
proposed ( S w i t z e r l a n d 1  f o r  

j a c k e t  l o s s e s  2  0 . 3  Ylm2. 
d raugh t  l osses  0.2 Ylm2. 
Other  h e a t i n g  p l a n t  l osses  0.7 YIP . 

Stand-by l o s s e s  can be reduced by c a r e f u l  i n s u l a t i o n  o f  t h e  b o i l e r  w a l l s  
Ta rge t  va lues  f o r  b o i l e r  i n s u l a t i o n  t h i c k n e s s  a r e :  , 
- f o r  h i g h  tempera tu re  h o t  water  and steam systems 120 mm. 
- f o r  medium tempera tu re  h o t  wa te r  systems 100 mm. 
- f o r  low tempera tu re  h o t  wa te r  systems 80 mm. 



App. 1  Reference Values [HI  

re fe rence values: ! a p p l i c a t i o n  area: ! referenced from: 
H.3 ! HEATING PLANTS ! ECO H.24. 

! ! 
------~--~~---------~~--~--~--~~~~~....-------~---------~----~--~.~-~--~~---- 

t i t l e :  ! re fe rences  to :  
HEATING PLANT LIFE FACTORS ! 

! 
-------.-----------------....-----------.-.------------...---------------*--- 

a u d i t  stage: 
ECO I d e n t i f i c a t i o n  and ECO De ta i l ed  Eva lua t ion  
- - - - - -~ - - -~ - - - - - - - - - - - - -~~~~~~~~- - -~ . . . .~~~~~~~~- - - - - - -~ -~~-~ -~~~~~-~- - - - - - -~  

desc r i p t i on :  
Reference value f o r  the expected l i f e  t ime o f  hea t ing  equipment are g iven i n  
Table 1. It must be st ressed t h a t  these values can varv considerablv 
according t o  the cons t ruc t i on  q u a l i t y  l e v e l i ~ i d e p e n d i n g  on the  i anu fac tu re r l :  
the  type o f  f ue l  used and the p l a n t  capac i ty  and opera t ion  mode. 

TABLE 1. L i f e  f ac to r s  f o r  hea t ing  equipment 

Type 1 tern 
- - - - - - - - - -~ - - - - - - - - - - - - - - - - - -~~~~~~~ . .~~ -~~ -~~~~ -~ -~ -~~ -~ - -~ . .  

Steam and HTHY b o i l e r  p l a n t  She l l  and tube b o i l e r s  
Yater tube b o i l e r s  

Medium and low pressure S tee l  b o i l e r s  
b o i l e r  p l a n t  Sectional c a s t - i r o n  b o i l e r s  

Electrode b o i l e r s  
B o i l e r  p l a n t  a u x i l i a r i e s  combustion con t ro l s  

B o i l e r  e lectrodes 
Feed pumps 
Feed treatment p l a n t  
F i r i n g  equipment 
Fuel handl ing p l a n t  ( s o l i d 1  
Fans 
Ins t rumenta t ion  

S tee l  chimneys 
Heat ing i n s t a l l a t i o n s  C a l o r i f i e r s  and heat exchangers 

Cont ro l  equipment 
Pipework i n s t a l l a t i o n s  
Pumps 
Radiators,  cas t  i r o n  
Radiators,  s t e e l  
Suspended c e i l i n g  heaat ing 
Tanks (depends on ma te r i a l  and 

l o c a t i o n )  
Valves 
I nc i ne ra to r s  

Typ i ca l  
economic 
l i f e  
[years ]  



App. I Reference Values (H) 

r e f e r e n c e  va lues :  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
H.4 ! REGULATION ! ECO H.26 

t i t l e :  
TYPICAL IREPLACE EFFECTIVENESS 

! r e f e r e n c e s  t o :  
! 
! 

---------------------.--.....--.--------------------------------------------- 

a u d i t  stage: 
ECO IdentificationIEvaluation. 

d e s c r i p t i o n :  

T y p i c a l  va lues  f o r ,  f i r e p l a c e  e f f e c t i v e n e s s  a r e  g i v e n  i n  Table  1  (Ashrae.  
Ch.26. 19831. 

TABLE 1  T y p i c a l  va lues  f o r  f i r e p l a c e  e f f e c t i v e n e s s .  

Approximate 
TvDe 

. . 
i c i e n c v  Notes 

S imple F i r e p l a c e s .  -101  t o  + l o 1  Rad ia tes  h e a t  i n  one d i r e c t i o n  o n l y .  
Masonry o r  Heats  o n l y  s m a l l  area.  

H igh  E f f i c i e n c y  251  t o  4 5 1  Heats  l a r g e r  a reas .  Long s e r v i c e  
F i r e p l a c e s  l i f e .  Max. s a f e t y .  

Box Stoves 

A i r t i g h t  
Stoves 

201  t o  40 1 Rad ia tes  hea t  i n  a l l  d i r e c t i o n s .  Low 
i n i t i a l  c o s t .  Heats  l a r g e  areas.  
F i r e  h a r d  t o  c o n t r o l .  S h o r t  l i f e .  
Wastes f u e l .  

4 0 1  t o  551  Rad ia tes  h e a t  i n  a l l  d i r e c t i o n s .  
Long b u r n  t imes .  h i g h  hea t  o u t p u t  
Longer s e r v i c e  l i f e .  Can c r e a t e  
c r e o s o t e  prob lems.  

H igh  E f f i c i e n c y  501  t o  651  Rad ia tes  h e a t  i n  a l l  d i r e c t i o n s .  
A i r t i g h t  Stoves Long b u r n  t i m e s ,  h i g h  h e a t  o u t p u t .  

Long l i f e .  Creosote problems. H igb  
purchase p r i c e s .  



App. I Reference Va lues (H IC)  

r e f e r e n c e  v a l u e s :  ! a p p l i c a t i o n  area:  ! r e f e r e n c e d  f rom:  
H I C . l  ! HEATING AND COOLING ! ECO HlC.16. 

a u d i t  s tage:  
D i s a g g r e g a t i o n  and ECD D e t a i l e d  E v a l u a t i o n .  

d e s c r i p t i o n :  

Seasona l  per formance i n d i c e s  and t y p i c a l  v a l u e s  f o r  h e a t i n g  and c o o l i n g  
equ ipment  and ma jo r  a p p l i a n c e s  a r e  shown i n  Tab le  1. 

The pe r fo rmance  i n d i c e s  used a re :  

il The AFUE (Annua l  F u e l  U t i l i z a t i o n  E f f i c i e n c y 1  i ndex  wh ich  i s  used f o r  
gas and o i l  f u r n a c e s  and b o i l e r s .  I t  i s  t h e  seasona l  average f r a c t i o n  o f  
chemica l  energy  i n  t h e  f u e l  a v a i l a b l e  as hea t  a t  t h e  f u r n a c e  plenum o r  
b o i l e r  o u t l e t .  

i i )  The SPFh ( H e a t i n g  season per formance f a c t o r ) .  T h i s  i s  e q u a l  t o  t h e  
seasona l  average r a t i o  o f  hea t  ene rgy  o u t p u t  t o  e l e c t r i c a l  energy  i n p u t .  
and 

i i i )  The SPFc ( C o o l i n g  season pe r fo rmance  f a c t o r )  e q u a l  t o  t h e  r a t i o  o f  
c o o l i n g  energy  d e l i v e r e d  t o  e l e c t r i c a l  energy  used w h i c h  i s  a  
d i m e n s i o n l e s s  q u a n t i t y .  

Tes t  p rocedu res  f o r  t hese  i n d i c e s  have been d e f i n e d  i n  t h e  U.S.. f o r  example 
by  t h e  Depar tment  o f  Energy .  



App. I R e f e r e n c e  V a l u e s  I H I C )  

TABLE 1 .  S e a s o n a l  e n e r g y  p e r f o r m a n c e  c h a r a c t e r i s t i c s  f o r  e n e r g y - i n t e n s i v e  
d e v i c e s .  

E l e c t r i c  h e a t  pump 12 
H e a t i n g  SPFh 
C o o l i n g  SPFc 

C e n t r a l  A IC  1 2  SPFc 1 . 9  4 . 1  

Room AIC 1 5  SPFc 1 . 9  3 . 2  

Gas r a t e r  h e a t e r  13 
S t a n d  a l o n e  O v e r a l l  e f f i c i e n c y  0 . 4 4  0 . 6 2  
F u r n a c e  add-on O v e r a l l  e f f i c i e n c y  0 . 8 3  



APP. I Reference Values IHIC)  

I n  T a b l e  -2 .  a r e  g i v e n  requ i rements  f o r  min imal  c o e f f i c i e n t  o f  performance 
[COP) f o r  h e a t i n g  and c o o l i n g  equipment IASHRAE 90A-1980). 

TABLE. 2 M in ima l  r e q u i r e d  COP, f o r  h e a t i n g  and c o o l i n g  equipment. 

Equipment M in ima l  COP 

Outdoor Ambient 
-8.3DBI-9.4WB 

Coo l ing  Equipment 
E l e c t r i c a l l y  D r i v e n  
< 19KW 

A i r  2.28 
Water 2.58 

----------------.----------------.-.-----..-------...-----...-...------- 

E l e c t r i c a l l y  D r i v e n  A i r  2.40 
) 19KW Water 2.69 

DB = Outdoor d r y  b u l b  temperature 
W8 = Outdoor wet b u l b  temperature 



App. I Reference Values I H I C I  

-..------------..--------.-.------------------------------------------------- 

r e f e r e n c e  va lues :  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
HlC.2 ! REGULATION ! ECO HlC.17 

! ! 

.---------.....-------......-------..---.------.---.------------------------- 

a u d i t  stage: 
ECO ldentificationlEvaluation 
--..------------------------------------------------------------------------- 

d e s c r i p t i o n :  
TABLE 1 T y p i c a l  V e l o c i t y l P r e s s u r e  Drops 

Face 
E f f i c -  I n s t a l l a t i o n  V e l o c i t y  

.SCHEMATIC Tvoe iencv  C r i t e r i a  [mls I 

R o t a t i n g  65-901 Supply & exhaust  2 .5  t o  4 
hea t  most d u c t s  need t o  be 
exchanger 70-801 near  t o  one ano ther  

S t e a d y - s t a t e  50-801 Supply L exhaust 
exchange d u c t s  need t o  be 
beds w i t h  near one another  
v a l v e  
ad justment  

Two element about Supply 6 exhaust 
systems. 601  d u c t s  need n o t  t o  be 
open t ype  near one another  

A i r - t o  60-801 Supply & exhaust d u c t s  
A i r  F i x e d  most need t o  be near  one 
P l a t e  65-701 another  

Runaround 40-651 Supply L exhaust d u c t s  
C o l l s  need n o t  be near  one 

another  

Hea t -p ipe  40-801 Supply 6 exhaust  duc ts  2 t o  4 
heat  need t o  be near 
exchanger one another 

Heat-pump Supply 6 exhaust d u c t s  
need n o t  be near  one 
another  



App. I Reference Values (HICI  

Pressure Cross C o n t r o l  and 
Drop Temperapre  Contamin- S p e c i a l  P r o p e r t i e s  
BPnse Ranqe 1 CI a t i o n  and C~mrnents 

100 t o  175 -60 t o  800 Yes 
a t  2.5 m/s 

Yes 

100 t o  175 
a t  2  mls 

Yes 

UD t o  80 L i t t l e  

None 

None 

None 

C o n t r o l  o f  number o f  
r e v o l u t i o n s ;  hea t  6 water  
vapor recovery  p o s s i b l e .  
T y p i c a l  maximum u n i t  s i z e  
32.000 11s; 4.25 m d iamete r .  

C o n t r o l  o f  s w i t c h  f requency:  
heat  6 water  vapor recovery  
p o s s i b l e :  some leakage 
i n e v i t a b l e .  

C o n t r o l  by f l o w  r a t e  o f  c i r c u -  
l a t i n g  f l u i d :  b a c t e r i c i d a l  
a c t i o n :  cap tu re  o f  d u s t :  o n l y  
heat  6 water  vapor r e c o v e r y .  

C o n t r o l  by a i r  bypass: 
s i m p l i c i t y ;  r e l i a b i l i t y  o f  
o p e r a t i o n .  T y p i c a l  s i z e  0.5 t o  
1.0 m  per 1000 1 1 s .  

Shunt c o n t r o l  o f  c i r c u l a t i n g  
f l u i d  

C o n t r o l  by a i r  bypass o r  
v a r y i n g  i n c l i n a t i o n  

C o n t r o l  by compressor pe r -  
formance; i n t e g r a t i o n  w i t h  
rema in ing  p a r t s  o f  t h e  a i r  
c o n d i t i o n i n g  system 



A P P .  I Reference Values I C I  

reference values: ! appl icat ion area: ! referenced from: 
C . l  !CENTRAL COOLING PLANT ! ECO C . l  

! ! 
.-.------------------.------------------.-------------------------.---------- 

t i t l e :  ! references to :  
EFFECT OF CHILLED UATER TEMPERATURE ON ! 
CHILLER COP ! 

audit  stage: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
description: 

The increase i n  c h i l l e r  COP when ra is ing  the c h i l l e d  water temperature i s  
displayed i n  F ig .  1 (Dubin. 19751. 

" 
5 6 7 8 9 10 
Leaving chilled water temperature ["Cl 

F i g .  1 Increase i n  c h i l l e r  COP v e r r u o  
t e m p e r a t u r e  o f  l e a v i n g  c h i l l e d  w a t e r .  



App. I R e f e r e n c e  V a l u e s  LC1 

reference values: ! appl icat ion area: ! referenced from: 
C . 2  ! CENTRAL COOLING PLANT ! ECO C . 2  

! ! 

t i t l e :  ! references to: 
EFFECT OF CONDENSER TEMPERATURE ON CHILLER COP ! 

audi t  stage: 

description: 

The d e c r e a s e  i n  c h i l l e r  COP r h e n  l o w e r i n g  t h e  condensing  t e m p e r a t u r e  i s  
d i s p l a y e d  i n  F i g .  1 ( D u b i n .  1975) .  

Reduction in condensing temperature [K] 

Fig. 1 I n c r e a s e  in chiller COP versus 
reduction i n  condensing temperature 

629 



App. I Reference Values (C) 

r e f e r e n c e  va lues :  ! a p p l i c a t i o n  area:  ! r e f e r e n c e d  from: 
C.3 ! CENTRAL COOLING PLANT ! ECO HlC.13 

! ! 
- -~-~-~--- - - - -~.~-~~--- -~~~-~--- - - - -~---~-~-~~~~~~---- - - - - - -~~--- - -~~--- - - - - -  

t i t l e :  ! r e f e r e n c e s  t o :  
PART LOAD CHILLER PERFORMANCE ! 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
d e s c r i p t i o n :  

The p a r t  l o a d  c h i l l e r  performance w i t h  v a r i o u s  c a p a c i t y  c o n t r o l  methods i s  
d i s p l a y e d  i n  F i g .  1, a b s o r p t i o n  c h i l l e r s ,  i n  F i g .  2 ,  r e c i p r o c a t i n g  p rocessors  
and i n  F i g .  3, c e n t r i f u g a l  compressors. 

Absorption chiller 

F i g .  1 F n c t i o m l  energy i n p u t  v e r s u s  f r a c t i o n a l .  
ou tput  f o r  a b s o r p t i o n  c h i l l e r . .  

630 
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. . 
Capacity [% of full load capacity] 

F i g .  2 F r a c t i o n a l  l o a d  versus f r a c t i o n a l  
c a p a c i t y  f o r  r e c i p r o c a t i n g  compres sors .  

Centrifugal compressors 

I I 
100 40 - 

E 
a 

Fl 30 - 
& 

80 .- 
2 

20 - 
E 
5 60 
a 
C .- 
2 
s 
0 

a 40 

wound rotor motor 

20 variable inlet vane 

0 
20 40 60 80 100 

Load [%] 

F i g .  3 F r a c t i o n a l  power input  versus l o a d  
f r a c t i o n  f o r  c e n t r i f u g a l  compressors  





App. I Reference Values ( D l  

r e f e r e n c e  va lues:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
0 . 1  ! DUCTUORK ! ECO 0 . 4 .  0.9. AP 0 .2  

t i t l e :  ! r e f e r e n c e s  t o :  
TARGET VALUES FOR DUCT INSULATION AND LEAKAGE ! 

a u d i t  stage: 

Ta rge t  Values f o r  d u c t  i n s u l a t i o n  and d u c t  leakage IASHRAE Standard 90.75.  
1980) a r e :  

2 Duct I n s u l a t i o n :  U-va lue:  47.3161 IY1K.m I. 
where 
AT = temperature d i f f e r e n c e  between a i r  i n  d u c t  and 

env i ronment .  

Note:  Ta rge t  Value may be i n f l u e n c e d  by degree o f  hea t  
losses c o n t r i b u t i n g  t o  space h e a t i n g .  

TABLE 1  Targe t  va lues  f o r  d u c t  leakage 

Systems o p e r a t i n g  a t  ! H ighes t  p e r m i s s i b l e  
s t a t i c  p ressu re  ! leakage a t  1 .25 * des ign  p ressu re  

! 
< 500 pa ! 51 o f  d e s i g n  f l o w  

500 Pa ! 11 of  des ign  f l o w  
1 



App. I Reference Values ( D l  

r e f e r e n c e  va lues:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
D.2 ! VENTILATION ! ECO D.7. 

! ! 

t i t l e :  ! r e f e r e n c e s  t o :  
AIR FILTER PERFORMANCES ! 

! 

a u d i t  stage: 
ECO I d e n t i f i c a t i o n I E C O  D e t a i l e d  E v a l u a t i o n  
............................................................................. 

d e s c r i p t i o n :  

The d i f f e r e n c e  between the  p ressure  drop across t h e  f i l t e r  when c l e a n  and 
d u r i n g  o p e r a t i n g  l i f e  can g i v e  i n f o r m a t i o n  on t h e  fan c a p a c i t y  v a r i a t i o n .  

TABLE 1. A i r  f i l t e r  comparison 

F i . l ter  t ype  Cleanable Throwaway Automat ic  P l e a t e d  
5  cm t h i c k  5  cm t h i c k  r o l l  5  cm t h i c k  

5 i z e  o f  F i l t e r  Bank 
H e i g h t  * Width tcm*cml 120 * 180 120 * 300 170 * 150 120 "40 

Averaae E f f i c i e n c y  
Dust Spot 8 t o  102 10 t o  152 20 t o  252 362 

F i l t e r  L i f e  
Hours 

h s s u r e  Drop [Pa l  
I n i t i a l  20 25 100 3 5  
F i n a l  100 7  5  100 150 
Average 60 50 100 92 



App. I Reference Values (P )  

r e f e r e n c e  va lues :  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
P . l  ! PIPEWORK ! ECO P.3. P.6. 

! ! 

t i t l e :  ! re fe rences  t o :  
RECOMMENDED INSULATION lHlCKNESSES FOR HOT PIPES ! 

! 
--------------------------....--....--..-..--..-.-------------------.------.. 

a u d i t  s tage:  

Thermal i n s u l a t i o n  l e v e l s  o f  p i p e r o r k  systems a r e  s p e c i f i e d  norms i n  v a r i o u s  
c o u n t r i e s .  
The c u r r e n t  codes u s u a l l y  i n d i c a t e  t h a t  a l l  p i p e r o r k  f o r  h e a t i n g l c o o l i n g  must 
be i n s u l a t e d  ( i n c l u d i n g  p i p e s  pass ing  i n s i d e  c a v i t y  w a l l s ) .  The minimum 
va lues  o f  i n s u l a t i o n  t h i c k n e s s  a r e  g i v e n ,  as a  f u n c t i o n  o f  p i p e  d iamete r  and 
f l u i d  i n l e t  t empera tu re .  Examples o f  such va lues  a r e  g i v e n  i n  Table  1 
(ASHRAE. 10-751 and Table  2  (Energy E f f i c i e n c y  O f f i c e .  Book le t  8. 19841. 

TABLE 1. Min ima l  p i p i n g  i n s u l a t i o n .  

System ! F l u i d  Te 
0 

muerature 1 C1 ! I n s u l a t i o n  t h i c k n e s s  [ m m l  
Hea t ing :  ! ! 

H igh  Pressure Steam ! 150-230 ! 40-90 
Medium Pressure Steam ! 120-150 ! 40-75 
Low Pressure Steam ! < I 5 0  ! 25-50 
Condensate ! 90-105 ! 35-50 
Hot Water ! <95 ! 15-40 
Hot Water ! >95 ! 25-50 

C o o l i n g :  ! ! 
C h i l l e d  Water ! 5-15 ! 15-25 
R e f r i g e r a n t  and B r i n e  ! < 0  ! 25-50 

I I 

Comments: Values a r e  based on an heat  c o n d u c t i v i t y  o f  t h e  i n s u l a t i n p  
2  m a t e r i a l  f rom 0.08 t o  0.07 r W / m  , K l  and an average env i ronmetna l  

temperature o f  25 C .  Lower l e v e l s  can be used f o r  p i p e  d iamete rs  
(25 am and h i g h e r  l e v e l s  f o r  p i p e  d iamete rs  ,100 mm ( a f t e r  ASHRAE 
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TABLE 2. Th ickness o f  t h e r m a l  i n s u l a t i o n  f o r  h e a t i n g  i n s t a l l a t i o n s .  

System ! p i p e  ! M o i s t u r e  c o n t e n t  o f  i n s u l a t i o n  [ X  o f  d r v  w e i q h U  
! d i a m e t e r !  ~ 2 . 5  2 .5 -4  4 - 5 . 5  5.5-7 

M in ima l  i n s u l a t i o n  t h i c k n e s s  [ ! [mml ! mml 
LTHU ! I 

(Low tempera tu re  ! 
h o t  water  system) ! 
F l u a d  tempera tu re  ! 
~ 9 5  C .  System n o t  ! 
p a r t  o f  MTHU o r  ! 
HTHU i n j e c t i o n  ! 
system. ! 

I 

! 
! 

MTHU ! 
(Medium tempera tu re  ! 
h o t  water  system1 ! 
P r e s s u r i z e d  system ! 
open o r  c l o s e d  t o  ! 
t h p  atmosphere. ! 
9 5  C c f l u i d  hemp- ! 
e r a t u r e  < 1 2 0  C.  ! 
Max gauge p r e s s u r e  ! 
3 5 0  kPa ! 

! 
! 
! 
! 

I 

! I M o i m  c o n t e n t  
I 2 5  2 . 5 - 4 . 1  4 . 1 - 5 . 5  5 . 5 - 7  
I M in ima l  i n s u l a t i o n  t h i c k n e s s  
I 
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!P ipe  ! M o i s t u r e  c o n t e n t  
! d i a m e t e r ! < 2 . 5  2.5-4.4 4 .4 -5 .8  5.8-7 

Svstem tJm, I 
. . 
i n i m a l  i n s u l a t i o n  t h i c k n e s s  tam1 

HTHY ! ! 
( H i g h  temperature ! 15 ! 38 50 
h o t  r a t e r  system]  ! 20 ! 38 50 
P r e s s u r i z e d  system ! 25 ! 38 50 
c l o s e d  t o  t h e  ! 32 ! 50 50 
atmosphere. F l u i  ! 40 ! 50 50 
t e m ~ e r a t u r e  ,120 C.  ! 50 ! SO 5n . ~ ~ ~ - - ~  ~. . .~ . .. - - 
Gauge p ressu re  ! 65 ! 50 63 
< I 0 0 0  kPa ! 80 ! 50 63 

Values a r e  based on an env i ronmenta l  temperature o f  2 0 ' ~  and d r y  ambient a i r .  
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re fe rence values: ! a p p l i c a t i o n  area: ! referenced from: 
P.2 ! PIPEYORK ! E C O  P.8. P.16. AP P.4. 

! ! 
..---.--.---------------......-----------------.----.--...------------------- 

t i t l e :  ! re fe rences  to :  
S T E A M  T R A P  APPLICATION GUIDE AND LOSSES EVALUATION ! 

! 

a u d i t  stage: 
ECO ldentification/Evaluation. 
............................................................................. 

desc r i p t i on :  

STEAM TRAP CLASSIFICATION: Steam t raps  are c l a s s i f i e d  by t h e i r  method of 
opera t ion :  
i l  Thermostat ic  t raps  r e a c t  t o  the  d i f f e rence  i n  temperature between steam 

and condensate ( inc ludes  bel lows thermosta t i c ,  b i m e t a l l i c  and 
t he rmos ta t i c ) .  ~ -~ ~~~~~ ~ 

i i )  Mechanical t raps  a re  buoyancy operated by the  d i f f e rence  i n  dens i t y  
between steam and condensate ( i nc l udes  f l o a t  and thermosta t i c ,  open 
bucket and i nve r t ed  bucke t ) .  

iii) Kinetit t raps  r e l y  on the d i f f e rence  i n  f l ow  c h a r a c t e r i s t i c s  o f  steam 
and condensate ( inc ludes  thermodynamic d i s c ,  impulse p i s t o n  and 
o r i f i c e ) .  

Steam t raps  s u i t a b l e  f o r  d i f f e r e n t  app l i ca t i ons  a re  l i s t e d  i n  Table 1. Annual 
steam t rap  heat losses f o r  var ious  ho le  s izes  and pressures a re  g iven  i n  F i g .  

F i g .  1 
S t e m  t r a p  
h e a t  loss. 
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TABLE 1 S u i t a b l e  steam t r a p s  

A p p l i c a t i o n  F i r s t  c h o i c e  Second cho ice  
---------------------..-----------------------------------------....--------- 

A i r  h e a t i n g  c o i l s :  Low p ressu re  FT 
Medium L h i g h  p ressu re  FT T D  
Make-up a i r  
P ipe  c o i l s  

Convectors  .3 w a l l - l i n  
Hea t ing  L v e n t i l a t i o n  
~ a d i a t i r s  
U n i t  hea te rs :  Suspended 

Cab ine t  
A b s o r p t i o n  c h i l l e r s  
Evapora to rs  
Fue l  o i l  p r e h e a t e r s  
I r o n e r s  
Jacke ted  v e s s e l s .  k e t t l e s  
K i l n s  - b r i c k  L p l o c k  
Laundry, s h i r t  presses 
L i q u i d  h e a t i n g  p i p e  c o i l s  
Main d r i p s :  Low p ressu re  

Medium p ressu re  F  T 
H igh  p ressu re  TO 
Outdoors  T O  

P l a t i n g  tanks  T O  
P resses -p la ten  T O  
R o t a t i n g  c y l i n d e r s  F  T 
S h e l l  .3 t ube  hea t  exchangers F  T 
Separa to rs  FT 
Storage tanks -ou tdoor  BM 
Tracer  l i n e s  T O  
Tumble d r y e r s  FT 
Ya te r  h e a t e r s :  I ns tan taneous  FT 

Storage FT .................................................... 
FT = F l o a t  L Thermos ta t i c  
I B  = I n v e r t e d  bucket  
T O  = Thermodynamic d i s c  
BT = Be l l ows  t h e r m o s t a t i c  
BM = B i m e t a l  t h e r m o s t a t i c  
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r e f e r e n c e  va lues :  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
5 .1  ! SHY SYSTEMS ! ECO 5.17. AP 5.1  

! ! 

The water  use i n  res idences  v a r i e s  w i d e l y  (see AP 5.11. I n  most 
i n v e s t i g a t i o n s  i n  wes te rn  c o u n t r i e s  t h e  average use o f  SHY has been found t o  
l i e  i n  t h e  range o f  30-60 l t d a y  pe r  c a p i t a ,  co r respond ing  t o  a  n e t  o r  u s e f u l  
energy consumpt ion o f  3  t o  6  GJ lyea r  and c a p i t a  (see F racas to ro -Lyberg ,  
19831. 

F o r  n o n - r e s i d e n t i a l  use t h e  v a l u e s  i n  Table  1 can be used [ a f t e r  EAR. 19841. 

TABLE 1. N o n - r e s i d e n t i a l  wa te r  use.  

B u i l d i n g  c a t e g o r y  Y a t e r  use lday  111 SHY use lday  111 Supply  
o t  o r  c o l d  r a t u r e  LJJ 0  ........................ 1  ...................... fnmee 

O f f i c e  b u i l d i n g s :  1 0 1 c a p i t a  8  45-65 

Department s t o r e s  ( w i t h o u t  
k i t c h e n  o r  c a f e t e r i a ) :  5 l cus tomer  4  45-65 

K i t c h e n s  and c a f e t e r i a s :  lO lmea l  8  45-80 

Schools  ( w i t h o u t  c a f e t e r i a  
o r  a t h l e t i c  f a c i l i t i e s ) :  l o l c a p i t a  8  45-80 

H o s p i t a l s  M e d i c a l :  1ZOlcap i ta  44-65 
S u r g i c a l :  ZOOlcapita [ k i t c h e n  a t  801 
M a t e r n i t y :  2 0 0 l c a p i t a  100-150 
M e n t a l :  1OOlcapi ta  

H o t e l s :  1 2 O l c a p i t a  100 45-65 

Laundry :  ZOlkg d r y  l a u n d r y  13 70 
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t i t l e :  
EFFICIENCIES FOR SHY SYSTEMS 

! references to:  
! 

audi t  stage: 
Disaggregat ionIECO I d e n t i f i c a t i o n I E C O  D e t a i l e d  E v a l u a t i o n .  

description: 

I n  Table  1  i s  g i v e n  d i s t r i b u t i o n ,  s t o r a g e ,  g e n e r a t i o n  and o v e r a l l  
e f f i c i e n c i e s  f o r  v a r i o u s  SHY systems. I n  Table  2  i s  g i v e n  a  more d e t a i l e d  
p i c t u r e  o f  d i s t r i b u t i o n  e f f i c i e n c i e s  i n  r e s i d e n t i a l  b u i l d i n g s .  

TABLE 1. E f f i c i e n c i e s  f o r  SHY systems 

Genera t ion  Storage D i s t r i b u t i o n  O v e r a l l  
SHW Sv stem E f f i c i e n c v  E f f i  c i e n c v  E f f i c i e n c v  E f f i c i e n c y  

. . 

n d i v i d u a l  E l .  w i t h  s to rage  1.0  0.75 0.85 0.64 
n d i v i d u a l  Gas w i t h  s to rage  0.65 0.75 0.85 0.41 
n d i v i d u a l  Gas i n s t a n t .  1.0 0.85 0.55 : 1.0 n d i v i d u a l  D i s t r i c t  Hea t ing  0 .85b)  0 .85  

: e n t r a l  system 0.65') 0.90 O.3Ob, 0 .18 
0.65:) 0 .90 0.80..  0.47 

D i s t r i c t  Hea t ing  

a )  D i s t r i b u t i o n  l osses  o u t s i d e  b u i l d i n g  n o t  i n c l u d e d .  
b l  0.30 v e r y  low v a l u e .  0.80 v e r y  h i g h  v a l u e  (see Table  21. Low va lues  a r e  

t y p i c a l  i n  l a r g e  w i d e l y  d i spe rsed  systems o r  where water  use i s  l i g h t  o r  
i n t e r m i t t e n t  (Jones.  1980) .  

c l  Average o f  w i n t e r  I 8  months1 e f f i c i e n c y  0.80 and summer 14 months1 
e f f i c i e n c y  0.40. 
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TABLE 2.  D i s t r i b u t i o n  e f f i c i e n c y  f o r  SHY systems i n  r e s i d e n t i a l  b u i l d i n g s  

SHY consumpt ion I l l d a y  and c a p i t a l  
B u i l d i n a  t v p e  20 30 40 50 

S i n g l e  f a m i l y  house .30-.65 .35-.70 .40-.75 ,513-.85 
(no SHY c i r c u l a t i o n )  

Apartment b l d g .  .40-.70 .45-.75 ,555.80 .65-.85 
18-16 d w e l l i n g s )  

Apartment b l d g .  .30-. 60 .35-. 65 ,413-.70 .SO-.75 
140-100 dw.. 3-4 f l o o r s )  

H igh  r i s e  apart.. b l d g .  .35-.70 .45-.75 .50-. 80 .55-.85 
(40-100 d w e l l i n g s )  

The lower  v a l u e  r e f e r s  t o  a  b u i l d i n g  w i t h  u n - i n s u l a t e d  p i p e s  and c o n t i n u o u s  
SHY c i r c u l a t i o n ,  t h e  h i g h e r  v a l u e  t o  a  b u i l d i n n  -;+h n n n d  i n s u l a t i o n  and SHY 
c i r c u l a t i o n  t i m e - c o n t r o l .  
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r e f e r e n c e  va lues:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  f rom:  
5.3 ! SHY SYSTEMS ! ECO S.1. 5 .14.  

! ! 

t i t l e :  ! r e f e r e n c e s  t o :  
SHY FLOW RATES AND TEMPERATURES ! 

! 

The f l ow  r a t e  from f a u c e t s  can v a r y  c o n s i d e r a b l y  depending on t h e  l i n e  
p ressu re  and f a u c e t  t voe .  Reference and Taraet  va lues  a r e  a i v e n  ii Table 1 
IASHRAE 9OA-80). ~ e p r e s i n t a t i v e  h o t  water  u t i i i i a t i o n  temperatures a r e  g i v e "  
i n T a b l e  2  IASHRAE Systems. Ch. 34. 19841. 

TABLE 1. Reference and Targe t  va lues  f o r  f l ow  r a t e s  

f l o w  d e v i c e  Reference v a b s  t l l m i n l  Ta rae t  va lues  I l l r n i n l  

S ink  Faucet :  20 
Shower Head: 20-30 

Targe t  r e d u c t i o n  due t o  % r a t o r %  can range between 113 and 213 o f  normal  
r e f e r e n c e  v a l u e .  The co r respond ing  energy sav ings  can be e v a l u a t e d  from F i g .  
1. 

The d e s i r a b l e  yate ' r  l i n e  p r e s s u r e  l i e s  i n  t h e  range 150-250 kPa. Pressure 
reducers  shou ld  be a p p l i e d  when water p ressu re  i s  above t h i s  range .  The f l o w  
r a t e  r e d u c t i o n  can be o b t a i n e d  from F i g .  2. 

TABLE 2. Represen ta t i ve  Hot Water U t i l i z a t i o n  Temperatures 

L a v a t o r y :  Hand washing 
Shaving 

Showers and tubs  
Therapeu t i c  ba ths  
Commercial d ishwashing:  Wash 

S a n i t i z i n g  r i n s e  
Commercial and i n s t i t u t i o n a l  l aundry  
R e s i d e n t i a l  d ishwashing and laundry  
S u r g i c a l  sc rubb ing  
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Fig. 1 Hot w a t e r  savings from use of aerators. 

200 400 600 

Line pressure [kPal 

Fig. 2 Restricted f l o w  shower head 
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..-..-----------------------------------------------------....--------------- 

reference values: ! a p p l i c a t i o n  area: ! referenced from: 
5.4 ! SHY SYSTEMS ! 

! ! 
----.------------------------------------------------------------------------ 

t i t l e :  ! references to :  
MAKE-UP WATER SUPPLY TEMPERATURES ! 

! 
---.---....----------........----------------.-------.----------------------- 

a u d i t  stage: 
ECO De ta i l ed  Evaluat ion.  
.--------------------...-------------..-----------.-..---------------.------- 

desc r i p t i on :  

The average temperature o f  c o l d  feed r a t e r  e n t e r i n g  a  b u i l d i n g  i s  i n  general  
c lose  t o  the average a i r  temperature o f  a  year ,  except i n  c o l d  areas where 
spec ia l  precaut ions have been taken t o  avo id  f reez ing ,  such as bury ing  pipes 
deeply, i n s u l a t i n g  p ipes o r  p l ac i ng  the pipes so t ha t  the sewage water can 
heat the  c o l d  water. 

An example o f  the  a i r  temperature and the make-up water temperature ou ts ide  
and i ns i de  a  b u i l d i n g  i s  shown i n  F ig .  1 (Jones. 19801. The l o r  l i n e  o f  the 
temperature p r o f i l e  represents the  water temperature i n  the  bu r i ed  p iperork  
system. The h i gh  l i n e  i s  a  r e s u l t  o f  the water i n  the  p i p i n g  system w i t h i n  
the  b u i l d i n g  being heated by i t s  surroundings and i s  t y p i c a l l y  what happens 
dur ing  per iods o f  l o r  o r  no water use. 

-- 
OCT NOV DEC JAN FEB MAR APR MAY JUNE 

Month 

F i g .  1 S e a s o n a l  v a r i a t i o n  o f  c o l d  
Water supply temperature. 
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re fe rence values: ! a p p l i c a t i o n  area: ! re fe renced from: 
S.5 ! SHY SYSTEMS ! E C O  5.20 

! ! 
----....----.....---.-.------------------------------------------------------ 

t i t l e :  ! re fe rences  t o :  
SOLAR SHY HEATER ! 

! 

a u d i t  stage: 
DisaggregationlECO Iden t i f i ca t i on IECO De ta i l ed  Eva lua t ion  
............................................................................. 

desc r i p t i on :  
Qu ick  eva lua t i on  o f  t he  poss ib le  energy savings due t o  the  i n s t a l l a t i o n  o f  a 
so la r  SHY heater  can be ca r r i ed -ou t  w i t h  the  he lp  o f  i n d i c a t o r s  o f  SHY 
produc t ion  o f  so l a r  c o l l e c t o r s ,  as shorn i n  the  example o f  Table 1  f o r  some 
I t a l i a n  reg ions .  

2  TABLE 1. Oa i l y  p roduc t ion  o f  SHY .at 5 0 ' ~  from 1  m so la r  c o l l e c t o r  

Global annu21 SHY prgduc t ion  hergypsaved 
r a d i a t i o n l m  ( a t  50 C l  [kYhlm . y r l  

Loca t ion  h o r i z  n t a l  sur face [ l l d a y l  9 1kYlm . y r l  

Lombardv 1060 31 - -  - -  -- 
T u s c a n ~  i210 
Cent ra l  I t a l y  1310 
S i c i l y .  Sard in ia  1400 

The proper s i z i n g  o f  the  so la r .sys tem can be checked aga ins t  standards: f o r  
example, f o r  Southern I t a l y  the  proper s i z i n g  o f  t he  tank i s  about 60 1  per 
square meter o f  so l a r  c o l l e c t o r L  and the  proper s i z i n g  of t he  so la r  
c o l l e c c t o r  i s  from 0.45 t o  0.60 m per  occupant i n  m u l t i - f a m i l y  r e s i d e n t i a l  
b u i l d i n g s .  
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------------.....~~~~~~~~----------......--------------..-..----.---------.-- 

reference values: ! application area: ! referenced from: 
5.6 ! SHY AND PIPEUORK SYSTEM ! ECO P.9. 5.12. 

! ! 

title: ! references to: 
WATER QUALITY ! 

! 
- - - - - . - - - . - - - - - - - - - - - - - - - - - - . - - - . - - - - - - 7 - - - - - . - . - - - - - - - - - - . - - - - - - - - - - - - - - . - . .  

audit stage: E v a l u a t i o n  

description: 

I n  Tab le  1  a r e  g i v e n  l i m i t s  f o r  some acceptable feedwater  and b o i l e r  water  
p r o p e r t i e s  (Standard UNI-CTI 8065) .  

TABLE 1. Acceptable l i m i t  o f  feedwater and b o i l e r  water  p r o p e r t i e s .  

!l2WX.U Feedwater B o i l e r  w a t a  

DH > 7 9  - 11.5 
OH i o n s  conc. < 800 gpm CaC03 
Hardness < 0 . 5   OF^ < 0 . 5  F r  
Copper < 0.002 pprn Cu 
I r o n  < 0.3 ppm Fe < 0.5 ppm Fe 
C l o r i d e s  < 200 ppm NaCl ( 3000 ppm NaCl 
Organic  compunds < 5 ppm KMn04 
O i l s  < 1 P P ~  
Conc. o f  A l i p h a t i c  
Polyammines , 20 ppm 
T o t a l  s a l i n i t y  < 4000 ppm NaCl 
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reference values: ! application area: ! referenced, from: ' , 
RV L.l ! LIGHTING ! ECO L.4. L.6. L.13. L.18 

title: 
ILLUMINANCE LEVELS, INSTALLED POWER 

! references to: 
! 
! 

----------------------------.------....-------------------------------------- 

audit stage: 
All steps. 
------------------...---.--...-.--------------------------------------------- 

description: 

Table 1 gives a n  example o f  recommended values for average illuminance levels 
(CIBS. 1984. Part 2). and Table 2 gives recommended values for the installed 
power for lighting (ASHRAE Standard 9 0  IP). 

For more extended lists o r  specific national recommendations, see the 
appropriate national publications. 

TABLE 1. Average 'illuminance levels 

Buildinfl type Mean illuminance 

Office 5 0 0  
Shop 500 
Factory (Rough work) 3 0 0  
Factory (General) 500 
Factory (Fine work) 750 
Warehouse 300 
Residential 100 
Hotel 100 
Hospital' 100 
Educational 300 
............................ 
Values IN Table 2 are based on the folloiing hypotheses: 

1- Lighting is by fluorescent lamps having a luminous efficacy of 5 5  ImIY. 
2- Illuminance. power loading..and occupancy hours are standard values taken 

from ClBS codes. 
3- It is assumed that 90% of liahtina fixtures are simultaneously o n  for ~ ~ 

industrial and commercial buildings. 75% for other buildings. 
4- Room index is taken t o  be 5 for industrial buildings and 2 for other 

buildings. 
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TABLE 2. I n s t a l l e d  power f o r  l i g h t i n g  [Y/m2] 

Food s e r v i c e s :  
Fas t  f o o d l c a f e t e r i a  15 14 13 13 13 
L e i s u r e  d i n i n g l l a r  22 20 16 14 14 

O f f i c e s :  
Based on 113 open p l a n  20 19 18 17 16 
R e t a i l  ( i n c l .  D i s p l a y 1  
Department and s p e c i -  35 32 26 24 22 
a l i t y  s t o r e s  
S e r v i c e  es tab l i shmen ts  32 28 23 2 1  20 
and supermarkets 

Garages 3 3  2  2  2  

Schools :  
P re lE lemen ta ry  18 18 17 16 15 
H igh  School 20 20 20 19 18 
T e c h n i c a l  25 25 22 20 18 

F a c t o r y  and workshop 20 20 18 17 17 
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r e f e r e n c e  va lues:  ! a p p l i c a t i o n  area: ! r e f e r e n c e d  from: 
R V  L.2 ! LIGHTING ! ECO L.8. L.13. L.14. 

t i t l e :  
INSTALLED EFFICACY OF LIGHTING EQUIPMENT 

! r e f e r e n c e s  t o :  
! 
! 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a u d i t  s tage:  
A l l  s t e p s .  
--------------------.-----------------------...-..-------..------.-----...-.- 

d e s c r i p t i o n :  

The i n s t a l l a t i o n  e f f i c a c y  o f  a  l i g h t i n g  i n s t a l l a t i o n  i s  d e f i n e d  i n  AP L . 1  

Ranges o f  recommended i n s t a l l e d  e f f i c a c i e s  f o r  d i f f e r e n t  a p p l i c a t i o n  areas 
a r e  g i v e n  i n  Table 1. Values a r e  grouped accord ing  t o :  

A ~ ~ l i c a t i o n  area 
Room Index .  R I .  wh ich i s  d e f i n e d  as: 
R I  = I * w / l h * l l t w ) ) .  
where 1,  w a r e  t h e  room l e n g t h  and w i d t h  and h  i s  t h e  h e i g h t  of t h e  
l u m i n a i r e s  above t h e  work ing  p lane .  
Lamp c o l o r  r e n d e r i n g  group. as d e f i n e d  i n  Table 2 .  

When c o n s i d e r i n g  the  recommended ranges o f  i n s t a l l e d  e f f i c a c y  the  f o l l o w i n g  
p o i n t s  shou ld  be borne i n  mind: 

A  range o f  i n s t a l l e d  e f f i c a c i e s  r a t h e r  than  a  s i n g l e  va lue  i s  recommended 
because the  i n s t a l l e d  e f f i c a c y  f o r  each s p e c i f i c  a p p l i c a t i o n  r i l l '  vary  
w i t h  t h e  r e f l e c t a n c e  o f  t h e  room s u r f a c e s  and t h e  c l e a n l i n e s s  o f  t h e  
i n t e r i o r .  A  ve ry  d i r t y  i n t e r i o r  w i l l  have an i n s t a l l e d  e f f i c a c y  towards 
t h e  l o r  end o f  t h e  range because the  r e f l e c t a n c e s  o f  su r faces  w i t h i n  t h e  
i n t e r i o r  w i l l  i n e v i t a b l y  be low. Converse lv .  a  v e r v  c l e a n  i n t e r i o r  can 
have an i n s t a l l e d  e f f i c a c y t o w a r d s  the  t o p  e n T o f  the - range ,  p r o v i d e d  t h e  
r e f l e c t a n c e s  o f  su r faces  i n  the  i n t e r i o r  a r e  h i g h .  

- The ranges o f  i n s t a l l e d  e f f i c a c i e s  app ly  t o  g e n e r a l  l i g h t i n g  
i n s t a l l a t i o n s ,  i . e .  t h e  same i l l u m i n a n c e  i s  p r o v i d e d  over  t h e  whole 
work ing  p lane.  They shou ld  n o t  be a p p l i e d  t o  l o c a l i s e d  o r  l o c a l  l i g h t i n g  
systems. 

- Where s p e c i a l  l u m i n a i r e s ,  e.g. e x p l o s i o n  p r o o f  l u m i n a i r e s ,  a r e  r e q u i r e d .  
the  range o f  i n s t a l l e d  e f f i c a c i e s  shou ld  be d e r a t e d  by a  f a c t o r  0 .7 .  

- Where a  G la re  index I IES G la re  index )  o f  l e s s  than  19 i s  r e q u i r e d  f o r  
commercial  and r e t a i l  premises o r  a  G l a r e  Index o f  l e s s  than  22  i s  
r e q u i r e d  f o r  i n d u s t r i a l  purposes, t h e  range o f  i n s t a l l e d  e f f i c a c i e s  shou ld  
be d e r a t e d  by a  f a c t o r  0.7. 

- Where c o n s i d e r a b l e  o b s t r u c t i o n  t o  t h e  l i g h t i n g  i s  l i k e l y  t o  occur ,  t h e  
range o f  i n s t a l l e d  e f f i c a c i e s  may be d e r a t e d  c o n s i d e r a b l y .  
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TABLE 1. Installed efficacy range targets for uniform lighting 
installation (lm/Yl. 

----------------------------------.--..------------------.-.--- 
Application area ' Room Lamp Color Rendering Group 

lnder--_-L-L 

High bay industrial 1 
2 

Industrial 1 14-23  14-23 1 4 - 2 3  1 9 - 3 1  
(not high bay) 2 1 8 - 2 9  1 8 - 2 9  1 8 - 2 9  23-37  

5 20 -32  20-32  20-32  2 6 - 4 2  

Commercial 
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TABLE 2. C o r r e l a t e d  c o l o r  tempera tu re  c l a s s e s  and c o l o r  r e n d e r i n g  
groups.  

C o l o r  TemDeratUre (CCTI CCT Class 
CCT < 3300K Warm 

3300K CCT < 5300K I n t e r m e d i a t e *  
5300K C C T  Co ld  

C o l o r  r e n d e r i n g  CIE g e n e r a l  c o l o r  T y p i c a l  a p p l i c a t i o n  
groups r e n d e r i n g  index (R I 

Wherever a c c u r a t e  c o l o r  match ing i s  
r e q u i r e d ,  e.g. c o l o r  p r i n t i n g  i n s p e c t i o n .  

1 B 80 < Ra < 90 Wherever a c c u r a t e  c o l o r  judgements a r e  
necessary a n d l o r  good c o l o r  r e n d e r i n g  i s  
r e q u i r e d  f o r  reasons o f  appearance, e.g. 
shops and o t h e r  commercial  premises.  

2 60 < R a  < 80 Wherever moderate c o l o r  r e n d e r i n g  i s  
r e q u i r e d .  

3 40 < R a  < 60 Wherever c o l o r  r e n d e r i n g  i s  o f  l i t t l e  
s i g n i f i c a n c e  b u t  marked d i s t o r t i o n  o f  
c o l o r  i s  unaccep tab le .  

4 20 < R a  < 40 Wherever c o l o r  r e n d e r i n g  i s  o f  
no impor tance a t  a l l  and marked d i s t o r t i o n  
o f  c o l o r  i s  accep tab le .  

-------------------------~~-~----------~----~~~~~~..~~~~.....~~~----~-------- 

* T h i s  c l a s s  covers  a  l a r g e  range o f  c o r r e l a t e d  c o l o r  tempera tu res .  
Exper ience i n  t h e  U.K. suggests  t h a t  l i g h t  sources w i t h  c o r r e l a t e d  c o l o r  
tempera tu res  approaching t h e  5300K end o f  t h e  range w i l l  u s u a l l y  be 
cons ide red  t o  have a  ' coo l '  c o l o r  appearance. 
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----------...------------.--------------..-..~~~~~~--.-...~-~-~--~~~~~...~~-~ 

reference values: ! a p p l i c a t i o n  area: ! referenced from: 
R V  L.3 ! LIGHTING ! ECO L.12. L.18 

! ! 

a u d i t  stage: 
A l l  s teps.  
............................................................................. 

desc r i p t i on :  

The purpose o f  these data i s  t o  permi t  est imates o f  p o t e n t i a l  energy savings 
associated w i t h  sw i tch ing  lamp type. The data below inc lude b a l l a s t  losses. 

The aud i t o r  should a lso  be aware of the  co lo r  render ing p rope r t i es  ( c o l o r  
render ing index. Ra :  see R V  L .2 ) .  

Lamp type Ra-index 
A Incandescent (inert filling) 100 
B Incandescent (halogen) 100 
C High-pressure Mercury Fluorescent (HPL-N) 96-47 
D High-pressure Mercury t Metal Halide (HPI) 67-86 
E High-pressure Sodium (SON) 25 
F Low-pressure Sodium (SOX) 5 

1 2 6 10 50 100 
Lumen Output [klm] 

F ig .  1 E f f i c a c y  versus Lumen output  f o r  d i f f e r e n t  lamp 
types ( a f t e r  P h i l i p s .  Eindhoven. The Nether lands) .  
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reference values: ! appl icat ion area: ! referenced from: 
R V  L.4 ! LIGHTING ! ECO L.7 

! ! 
......----------------------.-.---------------------------------------------- 

t i t l e :  ! references t o :  
LIGHT LOSS FACTORS ! 

! 
---------........------------------------------------------------------------ 

audi t  stage: 
Deta i l ed  ECO Eva lua t ion .  

descript ion:  

The purpose o f  R V  L.4 i s  t o  p rov ide  i n fo rma t i on  enab l ing  an est imate of the  
performance reduc t i on  o r  l i g h t i n g  i n s t a l l a t i o n s  as a  consequence o f  lamp 
aging and d i r t  depos i t i on  on the l um ina i r e  and w a l l  sur faces.  and t o  a l low 
eva lua t i on  o f  the  p o t e n t i a l  o f  ECOs associated w i t h  lumina i re  maintenance. 
lamp replacement and w a l l  c lean ing .  

F i g .  I shows the  percentage reduc t i on  o f  i l l uminance as a  f unc t i on  o f  type i n  
a  l i g h t i n g  i n s t a l l a t i o n  subjected t o  p e r i o d i c a l  c lean ing  and relamping. 

TO eva lua te  the loss o f  l i g h t  ou tpu t  w i t h  t ime i n  use, the L i g h t  Loss Factor  
(LLF) i s  used. which i s  de f ined  as the r a t i o  o f  the i l l uminance produced by 
the  l i g h t i n g  i n s t a l l a t i o n  a t  some s p e c i f i e d  t ime t o  the i l l uminance produced 
by the  same i . n s t a l l a t i o n  when new. 

Since the reduc t i on  i n  l i g h t i n g  depends on t h ree  d i s t i n c t  f a c t o r s .  LLF c a n b e  
ca l cu la ted  as the  product  o f  th ree  c o e f f i c i e n t s :  

LLF = LLMF * LMF * RSMF 

where 

LLMF = Lamp Lumen Maintenance Fac tor .  
LMF : Luminaire Maintenance Fac tor .  
RSMF = Room Surface Maintenance Fac tor .  

LLMF depends on the lamp type,  and should be determined from manufacturer 's  
data.  

LMF values are shown i n  F ig .  2 f o r  a,number o f  luminaire/activityllocation 
ca tegor ies ,  which are spec i r i ed  i n  Table I .  

RSMF values a re  shown i n  F ig .  3 ,  f o r  th ree  ca tegor ies  o f  room: very  c lean .  
average c l ean l i ness ,  and very  d i r t y .  
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t st vear 2and vear 3rd year 

I Hours of use 

70 

' - 4 5 5  
50- lurninaire soiling 

do - Lurninaire 
Lurninaire Cleaned once 

30 - cleaned 

lob0 2000 ~ O O  5000 hobo 7000 8000 , P / ~ ~  

" 

I Hours of use 

I I Hours of use 
I 

" 60- 
0 

50- 

- - - 
30 - 

Lurninaire a Year and 
! ,lamped relarnped after 

2 years 
2 0 ~  1000 20'00 moo moo 5 d ~  moo 7000 a&o POOO 

F i g .  1 Changes i n  i l l u n i m n c e  
w i t h  t ime  f o r  d i f f e r e n t  
maintenance rchsduleo.  

Hours of use 
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TABLE 1. Luminaire / activity / location categories 

All air- Clean City or City or Dirty 
conditioned country torn torn industrial 
buildings area outsksirts centre area 

~ ~ ~ ~ - - - ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ . ~ . . . - - - - - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . . . . . - - - - - - - - - - - - - - - - - -  

Barelamp A A/B B B/C C 
batten 

Open ventilated A A/B B B/C C 
reflector 

Dusttight, dust- A A/B B B/C B/C 
proof or reflec- 
tor lamp 

Open nonventi- A/B B C C/O D 
lated reflector. 
enclosed dif- 
fuser/controller 

Open base dif- A/B B B/C C C D 
fuser or louver 

Recessed dif- A A/B B B/C C 
fuser or louver. 
diffusing or lou- 
vered luminous 
ceiling 

Indirect B C/O E FIG G 
cornice 

Elapsed time (months) 

Fig. 2 Light output from a luminaire versus 
elapsed time for different lurninaire/ 
activity/locstion categories lTable 1 1 .  
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Semi-direct .- 
"i .- I Indirect / - 

a % category = very clean 
C .- 
E 

0- 
0 12 24 36 

Elapsed time (months) 

0 12 24 36 
Elapsed time (months) 

- - ,bob Room category = very i i r ty  

5 
E 20 

0- 
0 12 24 36 

Elapsed time (months) 

Fig. 3 
Fraction of initial illuminance 
from an installation vsrsun 
elapeed time for luminaires of 
different light distribution 
in rooms of different clean- 
liness. 
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----..--..-.----------------------------------------------------------------- 

reference values: ! application area: ! referenced from: 
L.5 ! Lighting control ! AT L.2 

! ! 

title: ! references to: 
OPERATING REDUCTION FOR PHOTO ELECTRIC CONTROL ! 

! 

description: 
Examples o f  reduction in operating time when photo-electric control is used 
can be found in Fig. 1 and 2. The presented values are valid for Great 
Britain (CIBS. 19841. but can be used for latitudes close to 50 degrees. 

Fig. 1 Reduction in operating time for photo-electric 
Switching Control (left1 and reduction in operating 
time for photo-electric Dimming Control (right]. 
In the case of dimming control, the effect of 
decreasing lamps efficacy as a lamp is dimmed has 
been taken into account. 
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--------------------.-..------------..-------------.-.--------...------------ 

r e f e r e n c e  va lues :  ! appl icat ion area:  ! r e f e r e n c e d  f rom:  
R V  EL.1 ! ! E C O  EL.3. EL.6 .  AT EL.3. 

! ELECTRIC MOTORS ! I+ d i s t r i b u t i o n  ECOs) 

t i t l e :  ! r e f e r e n c e s  to :  
TYPICAL CHARACTERlSTlCS OF VARlOUS MOTOR SPEED ! 
CONTROL OPTIONS ! 

a u d i t  s tage:  
ECO I d e n t i f i c a t i o n I E C O  D e l a i l e d  E v a l u a t i o n  

d e s c r i p t i o n :  

I n  F i g .  1 t h r o u g h  3 i s  g i v e n  t h e  power v e r s u s  t h e  f l o w  f o r  f ans ,  c e n t r i f u g a l  
pumps and p o s i t i v e  d i s p l a c e m e n t  pumps ( a f t e r  E l e c t r i c a l  C o n s t r u c t i o n  and 
Main tenance.  19831. 

Fan energy cansumption 
120 

loo 
.- +. 
2 80 z 

60 
0 

8 40 
b 

20 
a 

O 
20 40 60 80 100 

Flow 1% of maximum] 

Centrifugal pump 
120 

100 

80 

60 

40 

20 

O 
20 40 60 80 100 

Flow I% of maximum] 

A Fonvard curved fans 8 A Adjustable frequency AC 
discharge dampers motor control 

B Airfoil fanslvariable inlet B Throttling control valve 
vanes C Hydrostatic control 

C Fan controlleddy current D Mechanical control 
clutch E Eddy-current clutch 

D Adjustable frequency AC F No-flow control valve 
motor control 

E Theoretical fan curve 

. F i 9 .  1 Fan energy  F i g .  2 C e n t r i f u g a l  
conrumption.  pump. 

20 40 60 80 100 
Flow [% of maximum] 

A Eddy-current clutch 
B Bypass control valve 
C Hydrostatic control 
D Mechanical control 
E Adjustable-frequency AC 

motor control 

F i g .  3 P o s i t i v e  
a i s p h c e m e n t  
pump. 
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r e f e r e n c e  va lues :  ! a p p l i c a t i o n  a rea :  ! re fe renced  from: 
RV EL.2 ! ! ECO EL.9 .  AP EL.3 

! ELECTRIC MOTORS ! 
-----------------------------------------------------------.-..-------------- 

t i t l e :  ! r e f e r e n c e s  t o :  
TYPICAL HIGH EFFICIENCY MOTOR IMPROVEMENTS ! 

I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a u d i t  s tage:  
ECO l d e n t i f i c a t i o n l E C 0  D e t a i l e d  E v a l u a t i o n  
-------------------------------------------------------------....-..-......-- 

d e s c r i p t i o n :  

T y p i c a l  e f f i c i e n c i e s  f o r  e l e c t r i c  motors a r e  shown i n  F i g .  1 and F i g .  2 .  

. , 
..: .. 

0 
0 50 100 150 200 [hp] Fig. 1 Typical efficiency improvemen 

of high efficiency motors. 
Power [kW and hp] 

Fig. 2 Typical efficiency and Dower factor differences for 
small size range of high and normal efficiency motors. 
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re fe rence values: ! a p p l i c a t i o n  area: ! referenced from: 
R V  EL.3 I ! E C O  EL.lO. AP EL.3 

! ELECTRIC MOTORS ! 

t i t l e :  ! references t o :  
VARIATION OF EFFICIENCY AND POWER FACTOR ! 
WITH PART LOAD I 
............................................................................. 

a u d i t  stage: 
ECO I den t i f i ca t i on IECO De ta i l ed  Eva lua t ion  
............................................................................. 

desc r i p t i on :  Some t y p i c a l  motor c h a r a c t e r i s t i c s  are shown i n  Table 1 
(Tinpone. 1982). 
TABLE 1 Typ ica l  motor c h a r a c t e r i s t i c s  f o r  four  motor s izes  

Amperes a t  460V 
Locked E f f i c i e n c v  Power f ac to r  

Power F u l l  load F u l l  load r o t o r  F u l l  314 112 F u l l  314 112 
kY l rpml  (maximum) load load load load load load 

Typ ica l  e f f i c i e n c i e s  f o r  
IFreund. 1982). 

e l e c t r i c  motors versus load are shown i n  F ig .  1 

Fig. 1 
T y p i c a l  variation of 
m o t o r  e f f i c i e n c y  with 
l o a d  for t h r e e  motor 
s i z e s .  

Rated load [%I 
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re fe rence values: ! a p p l i c a t i o n  area: ! re fe renced from: 
R V  EL.4 ! ! AP EL.3 

! ELECTRIC MOTORS ! 

t i t l e :  ! references t o :  
VARIATION OF MOTOR EFFICIENCY YlTH MOTOR SIZE ! 

! 

a u d i t  stage: 
ECO I den t i f i ca t i on IECO De ta i l ed  Eva lua t ion  
............................................................................. 

desc r i p t i on :  

V a r i a t i o n  o f  motor e f f i c i a n c y  versus motor s i z e  i s  shown i n  F ig .  1  (ASHRAE 
Standard 100.3Pl. 

TABLE 1. Suggested minimum motor e f f i c i e n c i e s  ( 3  phase1 

Power 
I k Y l h p l  

Minimum E f f i c i e n c y  
1x1 

( o r  g rea te r )  

Efficiency of electrical motors 

I 

Shaded pole (1500) 11 , , , , < , , , , , , , , , , , , , , 

0.02 0.05 0.1 0.2 0.5 1 2 5 10 20 M 1W 

Rated power [kWJ 

~ i g .  1 Typ ica l  v a r i a t i o n  o f  e f f i c i e n c y  
w i t h  motor s ize .  Numbers i n  
brackets g i ve  t he  nominal rpm. 
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~ ~ ~ ~ . . - - ~ ~ - - ~ ~ ~ ~ ~ ~ ~ - - ~ - - - ~ ~ ~ ~ - ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ - - - - ~ ~ ~ ~ - ~ ~ ~ ~ - - - ~ - ~ ~ ~ ~ ~ ~ - - - - ~ ~ ~ - ~ ~  

reference values: ! application area: ! referenced from: 
R V  EL.5 ! ! 

! ! 

title: 
ELECTRICAL SYSTEM EQUIPMENT LIFE 

! references to: 
! 
! 

audit stage: 
ECO I d e n t i f i c a t i o n / E C O  D e t a i l e d  E v a l u a t i o n  

description: 

T y p i c a l  equipment l i f e - t i n e s  f o r  e l e c t r i c  equipment a r e  g i v e n  i n  Tab le  1. 
Values o f  moment o f  i n e r t i a  f o r  e l e c t r i c  motors a r e  g i v e n  i n  Table 2. B e l l  
and Hes te r .  1980: B a r r y  Blower C O . .  1981. 

TABLE 1. T y p i c a l  equipment l i f e .  

edium 1 ---- i f e  v r s  ,-....--- 
! ! 
I Motors  except i n  ! 18-25 y r s .  ! 
! f a n  c o i l s  ! 10 y r s .  ! 
! Motor  s t a r t e r s  ! 17-20 ! 
! Transformers ! 30 ! 
! Generators  ! 25-30 ! 
! Main cab les  ! 25-30 ! 
! Swi tchgear  and d i s t r i b u t i o n  ! 25-30 ! 
! equipment ! ! 
I Branch c i r c u i t  cab les  and o u t l e t s  ! 20-25 I 

! L i g h t i n g  ! 20-25 ! 
! C o n t r o l s  e l e c t r i c  ! 16 ! 
! C o n t r o l s  e l e c t r o n i c  ! 15 ! 
! Capac i to rs  ! 10-20 ! 
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TABLE 2 .  Approximate range o f  moment o r  i n e r t l a  
c d p d b l l l t y  o f  e l e c t r i c  mo to rs .  

2 Note: P o l a r  moment o f  i n e r t i a  = mr . 
where: m = mass of  wheel [ k g ] .  

r = r a d i u s  o f  g y r a t i o n  [ m l .  

For  f a n s ,  where t h e  moment o f  i n e r t i a  i s  n o t  g i v e n  i n  c a t a l o g u e ,  use 65 t o  
7 5 1  o f  t h e  t i p  r a d i u s  d imension.  
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reference values: ! appl icat ion area: ! referenced from: 
RV E L . 6  ! ELECTRICAL ! ECO E L . 5 .  E L . 1 0  and 

t i t l e :  ! references to:  
ELECTRIC MOTORS - MAXIMUM KVAR FOR PF CORRECTION . ! 
AND MOMENT OF INERTIA  CAPABIL IT IES  ! 

audi t  stage: 
ECO Identificaion/Evaluation 

descript ion:  

TABLE 1. T y p i c a l  maximum c o r r e c t i o n  c a p a c i t o r  k v a r  
f o r  a  r a n g e  o i  m o t o r  s i z e s .  
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--------------.----------------------...-..---------------------------------- 

reference values: ! application area: ! referenced from: 
R V  EL.7 ! ! 

! ! 
----.------------------------------....-..----------------------------------- 

title: ! references to: 
TYPICAL ELECTRICAL APPLIANCE LOADS AND USAGE ! 

! 
.----------------------..-.------------........---.-----------..------------- 

audit stage: 
DisaggregationlECO I d e n t i f i c a t i o n  
............................................................................. 

description: 
Energy consumption f o r  domestic appl iances v a r i e s  w ide ly  depending on age o f  
equipment, hab i t s  o f  r es i den t s ,  e t c .  The examples g iven  here should on ly  
serve as an i n c l i n a t i o n  o f  the  magnitud o f  energy consumption by va r i ous  
appl iances (Penner. 19741. For f u r t h e r  examples o f  compi la t ions  o f  t h i s  k ind .  
see Fracastoro-Lyberg. 1983. 

TABLE 1. Typ i ca l  power consumption, average annual use t ime,  and average 
annual e l e c t r i c a l  energy consumption by appl iances (based on U.S. 
usage). 

! ! !Assumed ! Energy use! 
! !Average !use ! per year .  ! 
! !power. [ Y I  ! [ h / y r l  ! [ k Y h l y r l  ! 

!FOOD Deep f r y e r  ! 1.448 
! Dishwasher ! 1.200 
! Freezer l f r o s t l e s s .  ! 440 
! 450 1 o r  15 c f t l  ! 
! Microwave oven ! 1.500 
! Se l f - c l ean ing  oven ! 4,800 
! Range ! 8.200 
! Re f r i ge ra to r  ( f r o s t l e s s  ! 321 
! 350 1 o r  12 c f t l *  ! 
!LAUNDRY Clothes d ryer  ! 4.856 
! I r o n  (hand1 ! 1.008 
! Yashina mashine ! 512 

INMENT c o l o r  ! 200 
--------------- ! 

* Energy use by re f r igera to r1Preezers :  660 kYh1yr f o r  a s ing le -door ,  manual- 
d e f r o s t  model I250 t o  400 1 o r  9 t o  13 c f t l :  1.180 kYh1yr f o r  a two-door. 
c vc l e -de f ros t  u n i t  (350 t o  450 1 o r  12 t o  15 c f t l :  1.8 MYhIyr f o r  a two-door. 
t ap - f r eeze r ,  f r o s t - f r e e  model I350 t o  600 1 o r  12 t o  20 c f t l ;  2.200 kYh1yr 
f o r  a s ide-by-s ide ,  f r o s t - f r e e  u n i t  (450 t o  750 1 o r  16 t o  25 c f t l .  
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Present  v a l u e  
Pressure  d rop ,  i n  d u c t s  
Pressure d rop .  - i n  p ipes  
P r e s s u r i z a t i o n ,  o f  system 
P r e s s u r i z a t i o n ,  o f  components 
P r e s s u r i z a t i o n ,  o f  b u i l d i n g s  
P r e s s u r i z a t i o n ,  and thermography 
Pr imary  energy 
Process e f f i c i e n c y ,  c o o l i n g  
Process e f f i c i e n c y .  heat  pumps 
P r o d u c t i o n  losses .  SHY 
Pumping losses  
pumps 
Pumps 

Rad ian t  h e a t i n g  
Radiant  t e m p e r a t u r e .  
R a d i a t i o n  
R a d i a t i o n ,  s o l a r  
R a d i a t o r  
Rad ia to r  t h e r m o s t a t i c  v a l v e s  
R a t i n g  b u i l d i n g s  f o r  a u d i t  
Reac t i ve  power 
Reference v a l u e  
R e f r a c t o r y  

: R e f r i g e r a n t  
' R e f r i g e r a t o r  
Regress ion techn iques  

488 
see T r i m  c o n i  

see C o n t r o l  
250 
224. 269 

i i i .  404. 408. 488. 
545. 635 
380 

.~ . 
600 
205 
see L i f e  c y c l e  sav ings  
253. 475 
488 
226 
226. 362. 364 

141  
see a l s o  Motors  
141,  258. 262. 265. 268 



A n a l y t i c a l  Index 

Regress ion,  based on s i t e  measurements 
R e g u l a t i o n  
Reset s t r a t e g i e s 5  
R e t r o f i t ,  e v a l u a t i o n  o f  
Re-use s t r a t e g i e s  
Res is tance ,  the rma l  
R o l l  s h u t t e r  cases 
Roof spray 
Roof t o p  a i r  c o n d i t i o n i n g  u n i t  
Roofs 
Room h e i g h t  
Running t i m e  

Sankey d iagram 
Sca le  and soo t  
Screens 
Sea ls  
Seasonal e f f i c i e n c y  
Sequencing 
S e r v i c e  h o t  wa te r  (SHY1 
SHY e f f i c i e n c y  
SHY hea t  pumps 
SHY h e a t i n g  
SHY losses  
SHY requ i remen ts  
SHY sav ings  
SHY s o l a r  systems 
SHY s t o r a g e  
Setback,  se tup  
S e t o o i n t s  
Shabes, drapes and s h u t t e r s  
S h a f t s  
Shor t  t e rm e f f e c t s  o f  energy use 
S h u t o f f ,  o f  c o i l s  
S ide e f f e c t s  
S i t e  measurements and Regress ion 
Smoke p e n c i l s  
S o l a r  r a d i a t i o n  
S o l a r  svstems. and SHY 
Sound sources.and leakage s i t e s  
Space g a i n s  
Space s e t p o i n t s  
Stach losses  
Stand-by l o s s e s  
S teady -s ta te .  h e a t . f l o r s  . 
Steam systems 
Steam t r a p s  , . 
S torage l o s s e s .  , 

- S t r a t i f i c a t i o n  ' , 

Subs id ies .  

4 1 
1 0 2  
see Setback,  setup 
5 7 
1 2 2  
3 7 0  
1 9 8  
2 0 1  

R a d i a t i o n  
4 2 0 .  5 5 1 .  646  

see' ~ n e r g y  f l ows  
518  
1 4 8 .  2 6 0 .  2 6 3 .  410 .  6 3 8  

see Gran ts  



A n a l y t i c a l  Index 

Swimming p o o l s  

Taps 
Targe t  v a l u e  
T a r i f f s ,  o f  f u e l  
Temperature 
Temperature g r a d i e n t  
Temperature, o f  s u r f a c e s  

T e r m i n a l ,  exhaust  
T e r m i n a l ,  h e a t  
T e r m i n a l ,  hea t  
Te rm ina l ,  supp ly  
Test-Reference exper iment  
Thermal b r i d g e s  
Thermal o f f i c i a n c y  
Thermal l osses  
Thermal r e s i s t a n c e  
Thermal responce,  and b u i l d i n g  mass 
Thermography 

' Thermostats 
Three-phase systems 
Time-dependency o f  energy use 
Time c o n s t a n t  o f  b u i l d i n g  
Trace h e a t i n g  
Tracer  gas 
Tracer  gas techn ique .  m u l t i p l e  
T race r  aas,  and a i r  f l o w  
~ r a n s i e n t  hea t  f l ows  

' T r i m  c o n t r o l  
T u r b u l a t o r  

U n i t  Power D e n s i t y  
Upgrad ing o f  i n s u l a t i o n  
U s e f u l  energy 
U t i l i s a t i o n  f a c t o r  o f  l i g h t i n g  
U t i l i s a t i o n  l o s s e s .  SHY 
U t i l i t i e s  
U t i l i t y  r e c o r d s  o f  energy use 
U-va lue,  o f  components 
U-va lue,  and i n f i l t r a t i o n  

Valves 
V a r i a b l e  a i r  volume (VAV) 

2 0 .  2 2 .  79 
1 7 7 .  4 3 0  
see a l s o  A i r .  F l u i d  

a l s o  R a d i a t o r  
4 1 3  
4 8 0 - 4 8 2  
5 8  
1 9 6 .  3 6 6  
3 8 7 .  6 1 9  
see r e s p e c t i v e  components 
see Res is tance  
9 8  
see I n f r a r e d  thermography 
2 0 3 .  2 1 0 .  2 1 4 .  377  
1 6 5  

see Energy f l ows  
1 2 7 .  2 3 2  
2 2 9  



A n a l y t i c a l  Index 

V e g e t a t i o n  
V e n t i l a t i o n ,  o f  a t t i c s  
V e n t i l a t i o n  c o n t r o l ,  au tomat i c  
V e n t i l a t i o n  equipment 
V e n t i l a t i o n ,  l o a d  
V e n t i l a t i o n ,  n i g h t t i m e  c o o l i n g  
V e n t i l a t i o n  r a t e s  
V e n t i l a t i o n ,  r e d u c t i o n  o f  
Vo l tage  
V o l u m e t r i c  hea t  l o s s  c o e f f i c i e n t  

Wa l l s  
Water,  c h i l l e d  
Water,  condens ing 
Water q u a l i t y  
Water s o f t e n e r  
Weather dependency, o f  energy use 
W e a t h e r s t r i p p i n g  
W i n d  4 4 b  
Wind p r e s s u r e  
Windows 
Working space 

Zone excess hea t  
Zone pumping 
Zoning 




