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INTERNATIONAL ENERGY AGENCY

Effective cooperation amongst nations and development of new technologies to reduce dependence on fossil fuels are
critically important elements of a sound energy future. Agreement by 21 countries to cooperate on energy policy is em-
bodied in an International Energy Program, developed in the wake of the 1973/74 energy crisis and administered by the
International Energy Agency (IEA), an autonomous body within the OECD.

ENERGY CONSERVATION IN BUILDINGS AND COMMUNITY SYSTEMS

As one element of the energy program, the IEA sponsors research and development in a number of areas related to energy.
Inone of these areas, energy conservation in buildings, the IEA is spansoring various exercises to predict more accura-
tely the energy use of buildings, including comparison of existing computer programs, building monitering, comparison
of calculation metheds, as well as air quality and studies of occupancy.

17 countries have elecled to paricipate in this area and have designated contracting parties to the implementing
Agreement covering collaborative researchin this area. The designation by governments of a number of private organi-
sations, as well as universities and government laboratories, as contracting parties have provided a broader range of
expertise to tackle the projects in the different technology areas than would have been the case if participation was re-
stricted to governments. The importance of associating industry with government sponsored energy RD&D is recogni-
sed in the IEA, and every effort is made to encourage this trend.

THE EXECUTIVE COMMITTEE

Overall control of the programme is maintained by an Executive Committee, which not only monitors existing projects
but identifies new areas where collaborative efiort may be beneficial. The Executive Committee ensures thet all projects
fit into a predetermined strategy, without unnecessary overiap or duplication but with effective liaison and communica-
tion. The Executive Committee has initiated the following projects to date (completed projects are identified by +):

[, LoadEnergy Determination of Buildings VIIl. Inhabitart Behaviour with regard to Ventilation
W,  Ekistics & Advanced Community Energy Systems « iX.  Minimum Ventilation Rates

1.  Energy Conservation In Residential Buildings X.  Building HVAC Systems Simulation

IV. Glasgow Commercial Building Monitoring + Xl Energy Auditing

V. Airlnfiltration Centre XI. Windows and Fenestration

VI. EnergySystems & Design of Communities » XlIl. Energy Management in Hospitals

Vil. LocatGovernment Energy Planning XIv. Condensation

TASK X! ENERGY AUDITING

In order to increase the efficiency of energy saving programmes many |EA countries are using or developing energy au-
dits. An energy audit is a series of actions, aiming at breaking down into component parts and quantitying the energy
used in a building, analyzing the applicability, cost and value of measures to reduce energy consumption, and recom-
mending what measures to take. A variety of audits have been used, for different purposes, with different complexity and
different audit scope.

The objectives of the Task have been 1o develop means, methods and strategies for auditing, and contribute to an
implementation of the knowledge accumulated during the work on the Task. The work has been directed towards larger
buildings, with a certain complexity of energy supply systems and energy use, exemplified by apartment buildings, com-
mercial buildings, schools, administration buildings, etc. The intention has been that resuits of the Task should be useful
for energy auditors, helping them to increase the efficiency and the cost-effectiveness of their work. Also, the results
should be useful for building owners and those in charge of energy planning or management for a building, although en-
ergy planning or management has not been dealt with in the Task. The subject of national or regionat energy planning
or management has been outside the scope of the project.

The results are presented as this " Source Book for Energy Auditors”.

The content is based on the collective knowledge and experience of the patrticipating experts, and may be characte-
rized as a common basis from which more specific information may be developed. The need for this development is
obvious. Building codes and normal building construction vary from one country or region to another, and from time to
time. These variations — in addition to local variations of climate, living habits, etc — must atways be considered when
execuling and analyzing an energy audit. In most cases, therefore, the information in this book has to be reviewed and
adapted before being used in the field.

PARTICIPANTS IN TASK XI

Belgium The Science Policy Office of Belgium Norway Norges Teknisk-Naturvitenskapelige
Canada  TheNational Research Council of Canada Forskningsrad

CEC The Commission of the European Communities Sweden Swedish Council for Building Research
Italy Consiglio Nazionale defle Ricerche Switzerland | 'Office Fédéral de I'Energie

The Nether- U.K. Building Research Establishment
lands TNO Institute of Applied Physics (TPD) U.S.A The Departmentof Energy

The Swedish Council for Building Research has been responsible for the operation of this Task. Operating Agent has
been Mr Ame Boysen, Bengt Hidemark-Gosta Danielsson Arkitektkontor, Stockholm.
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App. F Audit Procedures

APPENDIX F AUDIT PROCEDURES

INTRODUCTION TO APP. F

The

format of the Audit Procedures (AP) contained in this Appendix is

described by means of an example below.

1.

AUDIT PROCEDURE NUMBER: Each procedure is numbered identifying its area
of application to aid its location and filing and to allow easy reference
to specific procedures throughout the text. The first letter refers to
the building component category classification {See Introduction p. 10)
used in this Source Book. In the example, this 4is Lighting. The
subsequent number identifies the AP number within a category.

APPLICATION AREA: Identifies the application area (for example the
component category or a subcategory).

TITLE: Descriptive title of the procedure.

REFERENCED FROM: Indicates ECO, AP, NT, AT and RV where this Audit
Procedure is referenced.

'REFERENCES TO: Indicates ECO, AP, MT, AT or RV referenced in this Audit

Procedure.

DESCRIPTION OF PROCEDURE: Provides a brief but complete description of,
for example, the data collection and data evaluation methods. '

The "data collection" activity may demand the use of certain common
measurement techniques and, rather than repeat such techniques in detail
here and on other procedures, they are described in Appendix G.
Measurement techniques are only described here where the technique is
upique to the audit procedure. :

In the example shown, the measurements required involve the use of a
light meter to measure illuminance. Since such measurements are common to
other procedures, a description of illuminanca measurement is in this
case described as a measurement technique and only referenced here.

Those auditors familiar with illuminance techniques need not reference
the additional material, however, those unfamiliar with such techniques
have a ready source of information.

In a similar manner, the "data evaluatijon" activity may demand certain
common analysis techniques. These are to be found in Appendix H instead
of being described 1in detail in each procedure. Calculation techniques
unique to the procedure are described directly as in the particular
example chosen. In some cases a combination might be appropriate, 1.e. a
specific analysis method might be given to translate some site measured
data to a design value, followed by guidance, with specific reference to
an analysis technique, on how this might be used to generate annpual
energy information. !

Appropriate Reference Values (App. I} may also be given,

333



10.

11.

12.

13.

Al

App. F Audit Procedures

COSTS: Details of costs that can be expected in using the procedure are
given here, 1if known. Costs are broken down inte labor costs, expressed
in manhours, equipment costs, and consumables which are given in U.S.
dollars {1985).

EASE OF USE: Gives guidance on the complexity of the procedure which may
be helpful in selecting appropriate audit personnel or .using other
alternative procedures where sufficiently qualified personnel are not
available. '

ACCURACY: Expected measurements and calculation accuracy are given where

possible. This is given in order to

i) That any subsequent calculation methods required may be selected on
the basis of a similar degree of accuracy which, where procedures are
not particularly accurate, may permit simple calculation methods to
be utilised as opposed to carrying out a detailed, possibly hourly
analysis. .

i1} Indicate the possible range of paybacks that might be expected. given
the accuracy range of the procedure.

Furthermore, uncertainty of the calculations of the expected accuracy can
be used to give an indication of the energy savings or payback, thereby
providing the building owner with some idea of the financial risk
involved in proceeding with a particular retrofit.

REFERENCES: Publications giving greater details of the procedure or
background information are identified. The actual references are listed
in the reference list.

RECOMMENDED  APPLICATION: Gives some guidance as t¢ the area of
applicability of the procedure.

ALTERNATIVE PROCEDURES: Gives alternative procedures which may be either
of differing cost or differing accuracy allowing the energy auditor to
choose whichever method most closely matches his budget, staff and
instrumentation limitations.

ADDITIONAL INFORMATION: The space is used for additional information such
as figures, photographs or tables and charts or to accomodate lengthy
procedure descriptions.

the above headings are contained in the Audit Procedure description even

if there is no content. A list of all Audit Procedures is given below.
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App. F Audit Procedures

App. F Audit Procedures (L)

audit procedure: @ application area: @rereranced from: ECC

LIGHTING /
' ]
] 1

Te: ESTIMATION OF DAYLIGHT (::)rcfereﬂces to: AP L.2, NIL.1
ENTIAL USING AN [LLUMINANCE ,
ER !
cription:
data collection consists of:
Choose a day with a relatively unchanging sky illuminance on which to
carry out weasvurements. Choose type of sky ‘“overcast® or "clear’
depending on the preponderance of this type of sky in your area.

L.10, L.5, L.16

Measure the outdoor and indoor i)luminance simultaneously, as daylight
levels vary wvery quickly. If this is not possible, measure the outside
11luminance immediately prior to starting indoor measurements and at
frequent intervals throughout the internal measuring procedure described
in 3. below. If the measuresent of outside illuminance shows significant
variations, increase the frequency of ocutdoor measurement, repeat before
and  after gaCh ToOn measurement if significant variation noted. Outdoor
peasurements should be wade for an unobstructed sky and no direct
sunlight.

) For those areas thought to have some daylight potential, measure
illuminance with the etectric 1lights OFF at a1l those areas where
¢ritical visua) tasks are performed, e.9.. in an office, this would be a
desk top, filing cabinet, Measurement Jpcations should 2l1sp be made
cognizant of any potential lighting switching possibilities.

11 the room is provided with shades or drapes, repeat the indoor
illuminance wmeasurements with these devices closed and adjusted as they
might be to wminimise glare from the sky or to minimise unwanted solar
gains.

Guidelinmes and precautions for carrying cut illuminance measurements are
given in MT L.T.

data evaluation consists of

The daylight factoer can be caiculated using the formula:
Paylight Factor - ‘dfiside Horizontal [lluminance)

ayhg acTOr = (Qutside Horizontal 11luminance)

Strictly speaking the measurement should be made at the same instant:hence
the need to cheose days with above mentioned sky conditions (no direct
sunlight).

. Construct average.dai1y curves of inside daylight illuminance levels for a

representative s5ix months of the year {assuming approximately symmetrical
throughcut the year about June) from national or locally recorded gutside
iliuminance levels (without direct sunlight) and site measured daylight
factors - see Figure under "Additional Information®. .

428
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App. F Audit Procedures

App. FAudit Procedures (L)

3. Superimpose required-illuminance level and lighting requirement prafile on
diagram d{based on estimated or observed wse of building or fros lighting
use survey, see AP L.2.

4. Make allowances for increases in heating energy and reductions in coeling
energy brought about by a reduced lighting load. As a first approximation,
assume that all the lighting reducttens during the heating season must be
made wup from the heating plant - remember to add & boiler efficiency if |
fuel-fired plant and-that savings during the cooling season divided by a
refrigeration plant C.0.P. can be subtracted from the A/C load.

5. ¥here blinds or dJrapes are provided, sope allowance for use of blinds
should be made based on measured daylight factors and estimates of use.
@ cost:Equipment - $100+ use of use: Data Collection simple, calculations
for illuminance meter more involved,
Data Cotlection - 10 to ! '
15 minutes per unrkplace !

@ accuracy: Ieasureaent @ references:
accuracy 15%.

@ recomsended applications:
- where daylight potential has been positively identified.
@ alternative procedures:
i) More accurate and expensive but time-saving -use dayllqht factor ameter.
11]  Calculate daylight factor,
11i) Other calculation techniques are given in the references, alternatives,
for n:re accuracy detailed hourly analysis methods such as DOE 2 could
be used.

@ additional information:

1600 ™ 1600

5 1400 Juby day 5 1400 Jaruary Oay
b S

g 1200 2 1200

& =

% 1000 g

a i)

* =

& goo £

5 600 Hours saving E

] Requiredbghtlng §

£t 4 all by daylight E

s @ v F]
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3 6 9 12 15 18 21 3 6 9 12 15 @ 2
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FIG, 1 Examples of daylight potential.
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App. F Audit Procedures

LIST OF AUDIT PROCEDURES (AP)

TIILE

ENVELOPE (E)

.9
.10

mm

.11
.12
.13
14
.15-
.16

mMmMmmmmMm

.17
.18
.19

mMmm

Global heat loss coefficient determined by the coheating method.
Global heat 1loss coefficient determined by the net energy input
method.

Air infiltration rate using tracer gas.

Building envelope air infiltration and interzone air flow using the
multiple tracer gas technique.

Overall building tightness wusing pressurization/depressurization
techniques.

Building envelope ‘air leakage using building mechanical systems for
pressurization. .

Building envelope air leakage using a special large fan brought to the
site. :

Air leakage .in individual zonés  or apartments using fan
pressurization. :
Detection of leakage sites using infrared thermography/pressurization.
Detection of leakage sites using smoke pencils, or velocity
measurement. .

Detection of leakage sites using sound sources and receivers.
Component leakage using local pressurization methods.

Building component leakage using complete building pressurization.
Detection of thermal bridges and air leakage using IR-thermography.
Component U-value using heat flow meter,

Thermal resistance measurements using portable calerimeter and heat
flow meters.

Wood moisture and mould growth audit for structural integrity.
Investigation of hidden parts of buildings using fibre optics.
Detection of moisture and mould growth.

REGULATION (R}

Dm0 O
N g CJ g

In situ thermostat checking.

Temperature setback and setup effects.
Pollutant concentraticn in exhaust air.
Evaluation of damper leakage.

Analysis of vertical temperature gradients.

HEATING (H}

-
PRI

Combustion efficiency.

Thermal losses and efficiencies for a boiler.
Electric boiler seasonal efficiency (total).
Evaluation of boiler oversizing.

HEATING/COCLING (H/C)

HiC.1
HiL.2

Performance of heat pumps and chillers.
Heat exchanger efficiency and output {without change of phase).
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App. F Audit Procedures

H/C.3 Air leakage of heat pumps and heat recovery units.
H/C.4 Heat pump expansion device.
H/C.5 Evaluation of defrost system.

DUCTWORK (D)

D.1 Evaluation of air leakage in distribution systems.
0.2 Evaluation of duct heat loss.
D.3 Evaluation of air flow balancing.

PIPEWORK {P)

P.1 Checking of balance of pipework system.
P.2 Pipework distribution efficiency.

P.3 Energy flow in heat distribution systems.
P.4 Steam trap inspection.

P.5 Heat emission from radiators.

SERVICE HOT WATER (5)

SHY requirements,

SHY storage capacity.

Evaluation of storage losses from SHW tank,
Performance check of a solar SHW system.
Use of heat pumps.

VAV LK WL
Lo - TR N

LIGHTING - (L) .

L.1 Overall lighting efficiency.
L.2 Lighting energy monitoring.
L.3 Estimation of daylight potential using an illuminance meter.

ELECTRICAL SYSTEMS {EL)

EL.1 Evaluation of power factor correction for charges based on measured
power factor.

EL.? Evaluation of power factor correction when reactive power is charged
through k¥a demand.

£1.3 Evaluation of motor efficiency improvement.

EL.4 Evaluation of the potential for load shedding contraols.
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App. F Audit Procedures (E)

audit procedure: ! application area: - 1 referenced from:

E.1 ! ! ECO E.20, E.26, AP E.1.
i !

title: ! references to:

GLOBAL HEAT (0SS COEFFICEENT VAP E.2., RV E.J

DETERMINED BY THE COHEATING METHOD = !

description:

Determine the wall global heat loss coefficient characterizing the building

thermal losses due to transmission through the walls and ventilation losses.

i) Substitute electric radiators equipped with thermostats for the real
heating system of the building, in all the heated roonms;:

i1} Measure and record continuously all the radiator heat oputputs at the
same time as the other electricity consumptions in the house (if the
house is occupied), and the corresponding inside and outside climatic
data (indoor temperatures in all rooms, outdoor air temperature and
solar radiation};

i31) Measure the data every minute and compute the hourly average values of
the wvariables. . The measurement period lasts 5 days, preferably in
winter. The length of the period may be shortened if the temperature set
point prevailing before the test is measured and maintained during the
test perioed

jv) The global heat loss coefficient, K'. is given by
Ky = Ot Qgqt Qpr Oy Ly 2/AT

where

AT = average indoor-outdoor air temperature differences,

Oh = total heat output from electric radiators,

0e1 = casual heat gains from 1ighting and electric equipments,

Dm = metabolic heat gains from occupants,

050] = solar heat gains calculated from recorded solar intensities.

1f the global heat loss coefficient is much higher than design values, either
the insulation Jlevel is too low or the ventilation rate too high: to make a
choice between those two alternatives, a measurement of the infiltration
losses is necessary in aorder to quantify the relative importance of
transmission versus ventilation losses. '
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App. F Audit Procedures (E}

cost: Electric radiators: $35/unit. Thermostats: ! ease of use:

1
$10/unit. Electricity meters: $10/unit. Therma? ! Complex.
probes: $20/unit. Data acquisition device: $800 !
min. Solarimeter: $650. Outdoor probe + fan: $90. !
Time to set up the equipment: one day, 2 persons [
per house. !
accuracy: ! .references:
Increases with the length of the measurements. ! Sonderegger, 1980

recomsended applications:

The test is useful to control the quality of execution of a whole building.
alternative procedures: AP E.2. .-
Lower cost, Tlower accuracy: calculate the building transmission losses from
standard data on material conductivities.

additional information:
The results are more accurate if the building is not occupied during the

experiment, because the casual heat gains from occupants and equipments are
difficult to estimate with accuracy.
THE COHEATING TEST EQUIPMENT

Anemometear

Thermostat ¢ Windvane

Elettrical

radiator Globe

temparsturg

Elactrical i }
meter /

g OI:;‘ |0i'::I
Special circuit . Microcomputer
for coheating Elactrical meters

' IMS )
SCANNER

Fig. 1 Sketch of instrumentation arrangement
for the co-heating measurement method.

Air
temperature

Electrical distribution
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App. F Audit Procedures (E)

audit procedure: | application area:. ! referenced froms:

E.2

! ENVELOPE - HEAT LOSSES ! ECO E.20, E.26, AP E.1.

title: GLOBAL AND ENVELOPE HEAT LOSS | references to:
COEFFICIENT DETERMINED BY THE NET | AP E. L.
ENERGY INPUT METHOD !

description:
bDetermine the global heat loss coefficient characterizing the thermal losses

due

to conduction, convection, radiation and ventilation {(note transmission

losses through windows included.

i)

1)

¥}

iv}

V)

Measure and record daily the accumulated net energy input to the

'bu11d1ng. Enet'

During the heating season, the net energy input to the building can be
estimated from the sum of ’

*~ the energy output from the heat distribution system, Oh.

- solar heat gains, 0

sol’
- casual heat gains from lighting and appliances, Oel‘
- metabolic heat gains from occupants, Om‘
Eret = % * Qo1+ Qg * Op:

Measure and recerd daily the accumulated indeor-outdoor temperature
difference, aAT.

Plot the accumulated net energy input, Enet‘ versus the accumulated
temperature difference, AT (see Fig. 1).

The slope of the best linear fit through the measurement points and the
origin is an estimate of the envelope giobal heat loss coefficient.

Compare this valde te the corresponding design value calculated from the
areas and U-values of the envelope components and from the design
ventilation rate.

The measurement period should be 5 to 10 days.

accuracy: ! references:
Depending on accuracy of measurements, temperature |
difference and length of measurement period. An !
accuracy of 10% is achievable. i
i
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App. F Audit Procedures (E)

recomsended applications:

Check of envelope performance.

additional information:

The greatest accuracy is obtained if the measurements are performed under
conditions such that the major contribution to the net energy input comes
from the heating system and electricity from lighting and appliances, i.e. in
general when the temperature difference is rather large and solar and
occupancy gains are small.

In buildings with mechanical ventilation this method can be used to calculate
the coefficient characterizing transmission heat losses by subtracting the

35t1mated ventilation losses, Ovent' from the net energy input, i.e. Enet -

The slope 1is then an estimate of the heat losses through the envelope, the
envelope heat loss coefficient.
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Fig. 1 Example of results using
the net energy method.
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audit procedure: ! application area: ! referenced froa:
E.3 ! BUTLDING ENVELOPE - AIR ! ECO E.2, E.4, E.18,
! EXCHANGE | AP E.5, E.6, E.10, E.12.
title: | references to:
AIR INFILTRATION RATE USING TRACER ! AT E.2.
GAS !
description:

Quantify the air infiltration rate in the building under audit fer the
weather conditions at the time of the test. Use these data to estimate air
infiltration component of energy use and indoor air quality.

i) Determine if building can be treated as a éingle cell, i.e., zanes
intercommunicate and the building behaves the same in all locations from
and infiltration standpoint.

11} Introduce (seed) tracer gas into the building in such a way as to ensure

uniferm concentration of the tracer gas. Good mixing is necessary for
this to take place and may require fans to circulate the air.

iiilalDecay Method) Measure the concentration of the tracer gas over time and
determine the air exchange rate from the decay rate by plotting the
tracer gas concentration versus time {see AT E.2).

jiilb(Constant Concentration Method) Measure the amount of tracer gas to
maintain the same concentration. This allows individual zones to be
monitored for individual air change rate. For determination of air
change rate see AT E.2.

tii)c(Constant Injection Method) Measure concentratien while maintaining
constant injection of tracer gas.

ivl Calgulate flow rates of air into building. Use guidelines (ASHRAE
Standard 62 or the Nordic Standard) for appropriate flow rates needed .
for that building situation.

v) Air infiltration wvalues can be compared to simple criterion such as
achieving air exchange rates of 0.5 ACH.

~vi) Data from testing periods representing weather periods of interest can
be used to calculate a representative air infiltration pattern.
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! ease of use:

1
) !
Highiy dependent upon measurement | Again depending upon the measurement
choice. A portable gas chromato- | choice one can take container samples
graphic system for SF. measurement is ! with little training (residents often
$ 6600. Automated cong. systems start | take samples). Automated equipment
at $20000. Container or passive PFT ! can almost run itself. Because of the
sampling is $100-%$200 per test. ! variability no time value is stated.
Consumables: Tracer and Carrier gas. ! Proper installation is important.

I

accuracy: | references:

| ASHRAE Standard 62, 1981

Using approved techniques accuracy in !

the 10-15% range is normal. !
i

recommended applications:

Best method for obtaining quantitative air exchange data provided measurement
criteria are met. This means a uniform concentration of tracer gas brought

about by proper mixing in the building.

alternative procedures:
Use of the pressurization/depressurization method also allows one to gather
quantitative information on building tightness and related air exchange

rates. Unlike the tracer gas method air exchange rates are calculated rather
than measured. The pressurization method is less costly and less accurate.
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additional information: srg Injection {

AUTCMATED AIR INFILTRATION UNIT

SFg Detection Unit

i SFg Injection SFg Congentration
]
Recorder

IFumace Oueting {1 Week of data)

8Fg Injection System

Argon Flush

Fig. 1 Automated air infiltration unit.
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audit procedure: ! application area: ! referenced from:
E.4 ! BUILDING ENVELOPE - ! AT E.5.

! INFILTRATION' !
title: ! 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:

Evaluate air infiltration through the building envelope as well as interzone
air flows wusing multiple tracer gases. The evaluation will provide key
information on energy use and possible indoor air quality problems. The data
collection consists of: '

i) Determine major zones to be measured.

ii) Place tracer gas source (either active or passive) in each zone, one
tracer per zone. If using central system, tubes must be run to analyze
recording unit.

1i1) Place air sampling apparatus {(either active or passive, see Fig. 2 and
Ref.) in the zones.

iv) Continue to collect data over the désired test period.

v) Depending on constant output source, inject-decay, or constant
concentration the data evaluation takes on a different character. The
simplest arrangement 1is with constant concentration, where the makeup
tracer gas to maintain each chosen Zzone at proper concentration is
directly proporticnal to the outside air reaching that zone. {(See AT
E.2.) Evaluation using decay methods is iimited by number of unknown and
zone movement.

cost: Multi-tracer analysis equipment is expensive ! ease of use:

with prices of $20000 or more the norm. Setup time ! Depending on whether

for field equipment time can vary from a few hours ! passive system or tubing
of running tubing to less than one hour deploying arrays difficulty of
passive sensors and sources. procedure vaies.

accuracy: ! references:
107 accuracy is achiev- ! Dietz, 1885
able. !
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recoamended applications:
This procedure should be reserved for those instances where interzone

problems are suspected of raising energy use or causing comfort problems.
alternative procedures:

The detail provided by this procedure cannot be duplicated by other
procedures. However, the detail on air infiltration to individual zones can
be obtained from AP E.3 tracer gas using the constant concentration approach.

additional information: WHOLE BLDG: 0.55 ACH
Fig. 1 Zona 1 (NW) | Zone 2 (SE}
. 3 3
Example of results (47709 m) (47709 m?)
using multiple tracer 4-151lrs
techni .
gas techniques 62371 q—— 1.07 ACH D.49ACH__+ 17412
—1» 39587
46726 d—t—
51111 —1p 41— 23365
6327 8160
v | v |
18246 €—— 2206 6974
0.50 ACH
Zone 3 <4—— 23553
(47079 m3
G-3flrs

PORTLAND BUILDING
(alt flow rates in m¥h)

Fig. 2
Example of air
sampling apparatus.
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" audit procedure: ! application area: ! referenced from:
E.S ! BUILDING ENVELOPE - AIR ! ECO E.18, AP E.6, E.7,
{ TIGHTNESS ' £.10, E.12, E.13.
title: ! references to:

OVERALL BUILOING TIGHTNESS USING PRESSURIZATION/ ! AP E.3, E.4, E.B, E.9.
DEPRESSURIZATION TECHNIQUES !

description:
Measure overall building tightness so that comparison with other buildings

will

i)

11)

it}

iv)

cost: Equipment dedicated to building pressuriza-

tion

is approximately $4000. Large building pressuriza-

serve as a guide for ECO implementation, The procedure is as follows:

Evaluation building as to possibilities for application of
pressurization technique:

a) buildings with supply and exhaust ventilation systems which can be
used to pressurize the building.

b) buildings where only portions of the building can be pressurized even
to the point of individual apartment pressurization (recognizing there
may be sizeable air leakage contributions from adjacent apartments).
Representative apartments may be chosen for such tests.

Use building fans or blowers (known flow rates or tracer gas calibrated)
or dedicated equipment {whole building or smaller fan systems such as
blower doors) to pressurize or depressurize the interior in steps, such
as 10 Pa, to 50 Pa or higher. This will establish a pressure profile for
the building. This procedure of pressurization is useful in AP E.3.

In large buildings measure pressure difference (inside-to-cutside) in
several locations to take into account pressure variations at different
ftoors or wings of the building.

Use of Leakage per unit Envelope Area at a Reference Pressure is one
method to rate building tightness. Extrapolation to air infiltration
rates is 1in general not possible. Examples are given in Table 1 (Shaw,
1981}. '

! ease of use:

! This depends on whether
{ blower door or building

such as a calibrated blower door (see Fig. 1)

1

1

i
tion equipment may easily reach $20000. Use of ! equipment is used.
building supply and exhaust costs nothing. ! Single house test take
Time: Dne hour up to a day depending on building ! less than one hour in-
size. ! stallation time. Train-

! ing 15 needed for proper

! data interpretation.
accuracy: references:

Calibration of the pressurization equipment is the :

|
i
key but 5% can be achieved. !
1
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recommended. applications: Fundamental test to place air infiltration in
proper perspective with other building energy~losses. Procedure may be used
on a variety of housing. .

alternative procedures: Use of the Tracer Gas Technique: AP E.3 and E. 4. The
tracer gas method will tend to be more expensive, more accurate and weather
sensitive {contrasted to pressurization tests which except for wind
velocities >5 m/s can be accomplished year round!}.

additionad information: TABLE 1. Examples of wall leakage at 50 Pa I]Is,mzj

Building cateqory Low Average Hiah

Supermarket and Shopping Mall 13 20

3
Schools 5 7 10
High Rise Office Building 1

3 5

Fig. t Sketch of instrumentation
arrangement for pressurisation test.
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audit procedure: ! application area: | referenced from:

E.6 ! BUILDING ENVELOPE - | ECO E.18, AP E.10.
1 AIR LEAKAGE !

title: | references to:

BUILDING ENVELOPE AIR LEAKAGE USING BUILDING ! AP E.5, E.3, LE.7,

MECHANICAL SYSTEMS FOR PRESSURIZATION ! RV E.5, MT D.5.

description:

Evaluate air Tleakage through the building envelope using the central
ventilation system of the building to supply the required pressurization so
that comparisons with desired performance can be made and energy use
evaluated. The.procedure is as follows:

i) Alter the central ventilation system so that the building may be
pressurized/depressurized. This means closing exhaust vents or supply
vents and operating the system to provide pressure imbalance.

i1) Open interior doors to allow Ffor pressure equalization to the best
degree possible.

ii%) Measure the volumetric flow rates. If the air flow rate is small, use
tracer gas procedure (MT D.35).

iv) Following AP E.5, the building would be pressurized/depressurized in
steps, fan control permitting.

v} Results can be compared against standards for airtightness where
applicable (RY E.S5).

vi} Depending on evaluation from {5) will determine that {a) little or no
benefit would be available from pursuing building tightness ECOs or (b)
that such ECOs hold promise for energy reduction and possible comfort
improvement.

cost: Instruments:Accurate differential pressure ! ease of use:

gauges <$100 each. Must also account for tracer ! Availability of tracer
gas instrumentation and consumption.¥ime: Prepar- | gas test apparatus.
ation 2-4 hours, test time, 3 hours. !

accuracy: ! references:

10%. similar to other pressurization tests. !
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recommended applications:

alternative procedures:

(i) Higher cost, similar accuracy, compliete building test performed by
separate mechanical fan system, see AP E.7 that could incorporate flow
measurement and thus not require tracer gas method.

(ii) Same cost, determines air infiltration rates under normal building
operation using tracer gas methods, see AP E.3. '

additional information:

Larger buildings often rely upon central ventilating systems to move air
through the buildings. These same fan systems can be used to pressurize the
building to determine building envelope tightness. The technique relies upon
knowledge of how to effectively control supply and exhaust vents. The
technique can use supply fans to pressurize the building by closing all but
the air supply vents louvers. Exhaust systems may be used depressurize the
buiiding by allowing only exhaust vents to be open.

Details of the method include knowing where supply vents are located in the
building and making certain they are functioning 1in a way to allow the
pressurization, depressurization test. This may mean disabling linkages which
automatically open or close the vents. Central fan systems are then operated
to provide one or more (de)pressurization steps with flows measured using
tracer gas techniques (see AP E.3). The tracer gas techniques require
equipment described in AP -£.3.
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audit procedure: ! application area: ! referenced from:

E.7 ! BUILDING ENVELOPE - | ECO E,18, AP E.6, E.10.
! AIR LEAKAGE !

title: . ! references to:

BUILDING ENVELOPE ALR LEAKAGE USING A SPECIAL ! AP E.5, RV E.5.

LARGE FAN BROUGHT TO THE SITE !

description:

Evaluate air leakage through the building envelope uéing a special targe fan
brough to the site to supply pres;urizationidepressurization.

i)

i)

i)

iv)

V)

vi)

viil

cost: Special large fans have cost up to $20000.
Consumables: (Tracer-gas i1f that flow measurement
is required). Time: Up to a one day preparation.

Transport special large fan to building site - depending upon size of
fan this may require a flatbed truck.

Provide power access from building or ‘dedicated power supply and attach
fan ‘' to buiilding interior through an appropriate size opening, e.g.
large double doors to central hallway.

Open interior doors to allow for pressure equalization to the best
degree possible.

Measure the wvolumetric flow rate from the precalibrated fan system rpn
or use tracer gas procedures to make measurements.

Following AP E.5 the building ‘would be pressur1zedldépressurized in
steps by adjusting air flow within the limits of the fan capacity.

Results can be compared against standards for airtightnéss: where
appliicable (RV E.5).

Depending on evaluation from (vi) will determine that {a) l1ittle or no
benefit would be available from pursuing building tightness ECOs or (b)
that such ECOs hold promise for energy reduction and possible comfort
improvement.

! ease of use:Difficult
I - this is a task for a
! dedicated crew to

! to the building and

|
]
|
Transportation cost can be considerable. { attach the system
I
1

accuracy:
Previgus measurements have shown 10% accuracy.

! operate the fan properly

references:
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recommended applications:

Designed for buildings where no central ventilation exists and total building

air leakage values using pressurization/dépressurization are desired. Fan
size is clearly dependent on size of the building as well as the leakiness of
the building.” [t is desired that several pressure steps can be achieved to
better define the envelope air leakage.

alternative procedures:

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

additional infermation:
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audit procedure: ! application area: ! referenced from:

E.8 ! BUILDING ENVELOPE - ¢ ECO E.18, AP E.10.
I AIR LEAKAGE !

title: ! references to:

AIR LEAKAGE [N INDIVIDUAL ZONES OR APARTMENTS ! AP £.4, E.5.

USING FAN PRESSURIZATION

description:

The purpose can be to 1) quantify air leakage through all components with a
given zone or apartment, or to 2) evaluate air leakage interaction with
adjacent zones or apartments.

i} Provide additional fan pressurization to adjacent zones or apartments so
that thgse volumes can be adjusted to the same pressures to avoid
interzone leakage. For the second purpose adjacent 2one or apartment fan
pressurization systems would be turned off sequentially to evaluate
severity of interzone leakage. Test data would be collected as in AP E.S
with the added requirement that each pressure step would be
simultaneously achieved in adjacent zones/apartments. Communication must
be maintained via "walkie-talkie", telephone, etc. to achieve this goal.

ii} Procedures identical to AP E.5 would be employed for the first purpose.

iii) With non-zero pressure differentials between adjacent zones f(other
pressurization equipment turned off or operated at a different pressure
level) qualitative evaluation of interzone 1leakage can be made (see
second purpose). Quantitative evaluation under natural conditions should
use multiple tracer gases, see AP E.4,

cost: Depending on building complexity 3 to 6 ! ease of use:
blower doors would be required at $4000 each. !
Personnel are needed for each. Time: 1-2 hours t
per zone is estimated.
I
accuracy: references:

1
Measurements would be in the 15% range because of !
summing blower door accuracies. !
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reconsended applications:

carry out test only when simpler procedures prove inadequate.

alternative procedures:

{1) Possibly lower ceost, improved accuracy in  that

it measures actual
apartment and interzone leakage use AP £.4, multi-tracer.

(i1) Lower equipment cost, fewer gperators on site. lower accuracy: evaluate
interzone leakage using differential pressure readings between test
zone/apartment and adjacent rones while following AP E.5.

additional infcrmation:

Schematic of
multiple blowsr "~
door tachnique
in multifamily
building

Fig. 1 Schematics of multiple blower door
techniques in multi-family building.
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audit procedure: ! application area: ! referenced from:

E.9 ! BUILDING ENVELCPE - I ECO E.18, AP E.10.
' AIR LEAKAGE SITES !

title: ! references to:

DETECTION OF LEAKAGE SITES USING INFRARED ! AP E.5, E.10, E.11.

THERMOGRAPHY /PRESSURIZATION . !

description:

Locate teakage sites to evaluate requirements for ECO implementation.

i}

ii)

iii)

iv)

v)

Determine areas of building to be surveyed for leakagé sites and ensure
visual access to surfaces of interest.

Preferred method 1is to use the overall building pressurization methods
employed in AP E.5 to depressurize the building so that outside air will
flow in through 1leakage site thereby cooling or heating adjacent
surfaces allowing infrared equipment to evaluate such temperature
differences.

For the infrared method to work effectively the temperature difference
inside to outside should be 5 K or greater.

Data on leakage sites is obtained from the surface temperature patterns
observed  with infrared scanning equipment when outside air of different
temperature reaches the interior of the building. records may be in the
form of notes as to location or thermal pictures, thermograms, of the
wall surfaces and leakage sites.

Results may be compared to standard thermograms which represent air

leakage versus thermal patterns due to heat conduction variations im the
wall materials. '

cost: Instrument: $10000-$50000. Comsumables: De- | ease of use: Method re-
pending on [R Scanner, unit may work on electrici- ! quires well-trained
ty, high pressure gas or liguid nitrogen. ! personnel and appropri-

Time: Two minutes per room.

accuracy:

| ate choice of equipment
! and techniques.

Surface temperature measurements are 0.2%¢ for

loecator accuracy is good but qualitative.

;
!
good equipment, however, used as a leakage site !
I
I
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recommended applications:

AP E.5 (Measurement of overall building tightness) should be used as the
criterign for wusing £.9. Also to be considered is comfort of occupants who
may be experiencing drafts which suggests leakage site documentations.

This method is very effective in searching out leakage sites over building
surfaces without prior knowledge of where these sites are likely to be
located. Quickness of the methed allows immediate movement to regions of
interest. Documentation via thermograms permits after visit analysis.

alternative procedures:

1. Lower equipment cost, similar accuracy, AP E.10, smoke tracers or
velocity probes,

2. Low cost, 1less accurate: use sound source and sound detection system to
evaluate leakage sites (see AP E.11).

3. Lowest cost, less accurate, use wool tuft of paper streamer on wire wand
to test for leakage sites (same general method as using candle flame}.

additional information:
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audit procedure: ! application area: ! referenced from:

E.10 ! BUILDING ENVELOPE - ! ECO E.4, E.6, E.7, E.18,
! ATR LEAKAGE SITES ! AP E.9, E.11, E.12.

title: DETECTION OF LEAKAGE { references to:

SITES USING SMOKE PENCILS, OR ! AP E.3, E.5, E.6, E.7, E.G, E.9, £E.11

VELOCITY MEASUREMENT {

description:

Locate leakage sites to evaluate requirements for ECO implementation.

i) Determine areas of building to be surveyed for leakage sites and ensure
access to surfaces of interest.

ii} Select method of Jleak detection, e.g. smoke pencils, smoke gun, or
velocity measurement, e.g. a heated wire or thermistor.

ii1) Move detection device over those surface areas of interest looking for
incoming air {infiltration) or outgeing air (exfiltration).

iv} Preferred method is to use the overall building pressurization methods
employed in AP E.5 through E.8 to aid 'in leak site detection outlined in
this procedure. This is achieved by pressurizing the building so that
all air leakage is from inside-to-outside, causing the smoke to be drawn
to the 1leakage site. For best results the smoke source should be close
to the 1leakage site (order 15 cm or less), If the building is
depressurized, air jets will be present at the leakage sites allowing
for easy detection by the velocity probe. Smoke will be blown away by
the jets.

v) where the building is not pressurized/depressurized or where the
pressurization is not large, condiserations of the naturally induced
pressure across the envelope should be made, e.g. consider wind and
stach effects when choosing test locations.

This procedure yields qualitative data in the case of the smoke tracer, and
somewhat quantitative for the velocity probes. Judgement on the part of the
auditor 1is necessary to determine what constitutes an air leakage site that
is excessive and requires retrofit action; what is marginal and may require
action: and what is acceptable and requires no action, Proximity of the air
leakage sites to the location of building occupants may also influence the
auditor's judgement.

cost: Instruments: Smoke sticks $10; ! ease of use:

smoke gun $50; velocity probe $50-500 ! Simple to use but can be time con-
Consumables: smoke generation ! suming based upon previous knowledge
materials, Time: depends on building ! of what building surfaces and com-
size, approx. 10 minutes or less per ! ponents be surveyed.
room could be used as a guide. !
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recommended applications:

Conduct tests if there are complaints of drafts, or if there are questions as

to

where ECQ actions should be focused to control envelope leakage. Suggest

using AP E.3 to justify this procedure.

alternative procedures:

1.

Lowest cast, less accurate: use wool tuft of paper streamer on 2 wire
wand to test for Jleakage sites (same general method as using candle
flame). ; '

Lower auditor cost {personnel}, comparable accuracy; use AP E.9 for
detection of leakage sites using infrared thermography. This methed
involves only one or two minutes per room but equipment costs are high.
Requires proper inside-outside temperature difference (order 5 K or more)
for method to work.

Low cost, Tless accurate: use sound source and sound detection system to

evaluate leakage sites, AP E£.11.

additional inforsation:

Pressurized Interior Depressurized Interior

(_+_ ) ( "')
Smoke is |
drawn to leak
site P ek
i [fﬁj E::::j>>
v Smoke

Stick or
Smoke gun

Velocity probe measures
leakage air jet velocity

Fig. 1 Sketch of use of smoke pencils.
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audit procedure: ! application area: ! referenced from:

E.11 ! BUILDING ENVELOPE - ! ECO E.7, E.28, AP E.9,
! LEAK SITES 1, E.10.

title: T references to:

DETECTION OF LEAKAGE SITES USING i AP E.10.

SOUND SOURCES AND RECEIVERS !

description:
Locate leakage sites to evaluate requirements for ECO implementation.

i) Method requires use of sound source on aone side of building envelope and
sound detection system on the other. Scund source can be a tape cassette
of white noise or a rising and falling tone. Sound detection can be as
simple as a stethoscope or earphones attached to a2 microphone and inline
amplifier,

i) Low-rise buildings can employ sound sources inside or outside., High-rise
buildings would require exterior sound unless access to the outside
surface of the building could be achieved economically.

111} Sound is generated and intensity detected on the opposite side of the
envelope and is directly related to the air leakage potential. Detection
is achieved by moving the stethoscope or microphone across the wall
surface. :

ivy Complex air paths through the structure may result in sound decay making
detection less certain,

This procedure yields qualitative data which is wuseful for Jleak site
detection. Experience on the part of the auditor is necessary to evaluate
what constitutes excessive leakage. Used to evaluate a door seal it is
immediately evident applying this technique which portions of the seal have

not been properly fitted.

cost: The cost of the sound source ease of use:

can easily be less than 350 using a Method is extremely easy to use but
portable tape player and sound tape. can be time consuming unless sites
Stethescope is $10 whereas the to be investigated and limited.
better electronic sensing could be
assembled for $75.
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recommended applications:

This method is useful to evaluate seals around doors and windows. As with AP
E.10 leak site location of a more general nature is also achieved using this
process.

alternative procedures:

1. Low cost, more accurate: use smoke pencils or velocity probes to evaluate
leak sites {(see AP E.10).

2. Lower auditor cost (personnel), more accurate: use AP E.9 (Detection of
leakage sites using infrared thermography}. This method invelves only one
or two minutes per room but equipment costs are high. Requires proper
inside-outside temperature difference (order 5 K or more) for method teo
work, .

3. Lowest cost, Tless accurate: use wool tuft of paper streamer on a wire
wand to test for leakage sites (same general method as using candle
flame},

additional information:

Battery-powered
headphones-

attery-powered
microphone plus optional
end filting

Cable
connector

Fig. 1 Listening system used for
most field investigations.
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audit procedure: ! application area: ! referenced from:

E.12 ! BUILDING ENVELOPE - { ECO E.7, E.2B, E.29,
I AIR LEAKAGE ' AP E.13.

title: ' ! references to:

COMPONENT LEAKAGE USING LOCAL ! RY E£.6, AP E.3, E.5, £.10.

PRESSURIZATION METHODS !

description:

Quantify air leakage through components such as windows, doors, vents,
moldings, etc.

i) lsolate area to be tested using plastic sheeting,

ii) Connect test equipment and develop air flow versus pressure relationship

(see standard measurement and instrumentation techniques App. G, see
also next page}.

i1i) Measurements are best carried out when there is little natural pressure
difference across component. To minimize this effect, testing should be
done over a range of pressure differences significantly higher than the
natural one.

ivl Flow s given by: § = Ctnpl" where C is the air flow coefficient, Ap Js
the pressure difference and n is the flow exponent (e.g. n=0.65).
Equivalent Leahage Area, A, is given by:

Az C* (ap) /! J{ 2 aplg)
where ¢ is the air density and aAp is the reference pressure, e.g9., 4 Pa

v) Results can be compared against standards for air tightness (RY E.6). If

component meets desired standard, retrofit is probably ngt justified and
no further action recommended.

vi) If components are much Teakier than standards, a cost benefit analysis
is required.

vii) 1f ECO is relatively low cost, do simple analysis.

viii)If ECO is relativeiy high cost, careful cost benefit is required.

cost: Instrument: approx. $500. Con- ! ease of use: Average.

sumables: negligible (tape). Time: ! Sealing component if not a flat sur-
less than one hour per component ! face can be tricky, perfect air seal
(e.g., window]. ! is necessary.

accuracy:Measurement 5%. Measurement inherently !
more accurate than calculation of cost benefit !
owing to difficulty of predicting annual infiltra- !
tion effect. !
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recommended applications:

. First Priority: Carry out test only if noticeable leakage (see AP E.10)
complaints of draughts or if overall leakage testing AP E.5, and AP E.2
reveal need for retrofitting. ¢
Second Priority: Conduct test to supply background information to determine
what are the best component choices thereby aiding future projects.

alternative procedures:

(1) Lower cost, Jlower accuracy: If a complete building pressurization test
is being carried out use AP E.13.

{(i1) Lower cost. low accuracy: Estimate or measure crack size. This approach
has limited appiicability. ’

additional informaticn:

Inside Qutside

Sensitive low Tape

pressure gauge to

A Plastic
~ 1 Paincrements

Ap=0 s
Window
Room condition &
Plastic
hoses
“R. wall
section
Industrial
vacuum
cleaner (as meter '

Fig. ' Sketch of instrumentation arrangement
for component leakage tests,
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audit procedure: ! application area: ! referenced from:
E.13 ! ENVELOPE - ! ECO E.28, E.29, AP E.12.
" AIR LEAKAGE !
titfé: ! references to:
BUILDING COMPONENT LEAKAGE USING COMPLETE !
BUILDING PRESSURIZATION
description:
Quantify air Tleakage through components such as

mouldings, etc.

windows, doors, vents,

i} Using the method outlined in AP E.5, conduct individual component tests
as in AP E.12. )

ii) Isolate area or component to be tested with plastic sheeting or
comparable arrangement,

iii) Record whole building (or apartment} pressurization data with and
without sheeting in place. The air Teakage associated with the component
or area is the difference of the two readings.

ivl] Observe the same cautions and make use of the same flow relationships as
in AP E.12.

v) As stated, leakage 1is the difference between two flow readings,
therefore, calibration is critical and the difference in two large

numbers always presents problems.

vi) ~Follow items v)-viii) in AP E.12.

cost:

Since whole building pressuriz- ! ease of use:

ation is involved, costs may include
blower doors ($4000) etc..
building ventilation systems at no
.cost (see AP £.5). May be very time-
consuming for instance if it 1is re-
quired to seal off all windows,

accuracy:
It is doubtful that accuracy better
than 10% can be achieved for even
larger air leakage values.

or may use !

Difficulty may be encountered in
sealing off certain components and
in remote readout of resulting
pressure changes.
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recommended applications:

¥hen whole building pressurization is already part of the audit procedure,
adding information on major component leakage rates is easily justified. The

leakage breakdown may be started by merely closing off parts of the building,
closing doors, etc.

alternative procedures:
(i) Higher cost, higher accuracy: Use AP E.12.

(i1) Low cost, low accuracy: Estimate or measure crack size. This approach
has limited applicability. '

additional information:
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audit procedure: ! application area: referenced from:ECO E.B,

] ]
E.14 ! ENVELOPE - CONDUCTION, ! E.10, E.I11, E.13, E.14,
I AIR LEAKAGE, MOISTURE ' E.17, E.23, E.24,
! ! AP E.17, E.1B, E,19.
title: | references to:

DETECTION OF THERMAL BRIDGES AND AIR LEAKAGE USING !
[R-THERMOGRAPHY !

description:

An infrared camera that 1is sensitive to radiation from building surfaces
gives the information. in two types of pictures - so called thermograms.

i} Grey scale thermograms where the picture shading is due to the relative
difference in infrared radiation density which is related to the surface
temperature. Normally dark areas are colder than light areas.

ii) Thermograms with isotherms indicating points, lines or areas leaving the
same infrared radiation density {(i.e. the same.temperature for the same
materiall.

The emissivity of the surface material covering the object influencies the
radiation density as well as the surface-temperature itself and therefore,
for proper ‘interpretation, emissivity values are needed. Many building
surface materials fall in a narrow emissivity range.

By using an infrared camera Grey scale thermograms and thermograms with
isotherms are produced. The following measurements are made:

outdoor ¢limatic conditions (defined Vimits for IR-sensing),
ambient and reference surface temperatures,

pressure drop across the envelope,

air velocity (in case air leakage is suspected),

estimation of emissivity,

U’\J:-_(-J D -

The evaluations should be carried out accbrding to standards or manuals (see
IS0 6781 and Pettersson-Axén, 1982).

cost: | ease of use:

Equipment $20000-$40000. I Special thermal conditions are
Methods involving significantly ! required.

cheaper instrumentation are usually ! Special training for the operator is
unsatisfactory. ! needed.

accuracy: ! references:

10% or 0.5 K whichever is the greater for a ' 150 6761

high resolution system, ! Pettersson-Axén, 1982

............................. o e L e P = T = = = = e A AR i m
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recommended applications:

.Detection of insulation voids in the envelope.

Detection of thermal bridges, where heat flows are abnormaliy high.
Detection of air leakage in joints and jupctions.

Identification of parts influenced by moisture.

alternative procedures:

Infrared thermography covers large areas but is qualitative. A second
technique, giving a quantitative information but for very smail areas, is the
measurement of wall U-values and resistances using temperatures and heat flux
sensors (AP E.15)., Measure surface temperature variations, many measurements
are required to insure that e.g. small thermal bridges are not lost.

This method is complementary to the thermography techmique.

additional information:

The data collection can be done either from the inside or from the outside of
the building. For complex view high quality envelopes it is recommended that
the IR-sensing is dome from the inside. -

The method 1is 4qualitative and includes interpretation based on personal

knowledge and experience.

R

)

a)

Construction as shown on plans Actual construction

Fig. 1 Example of envelope performance
detectable by IR-thermography.
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audit procedure: ! appiication area: ! referenced from:ECO E.8,
£.15 ! ENVELOPE - CONDUCTION ! E.10, E.11, E.12, E.15,
! ! E.16, E.17, E.23.
title: ! references to:
COMPONENT U-VALUE USING HEAT FLOW METER ! AP E.16, E.18
!
description:

A heat flow meter consists of a thermo-electrical circuit embedded in an
insulating layer (typically 3 mm thick, 100 mm in diameter). The principle is
based on detecting and amplifying the temperature difference across the heat
flow meter.

i)

i)

i)

iv)

v)

vf)

cost: Datalogger: $1700-$9200..
Thermal probes: $20 per unit. Heat

the equipment is 1-3 hours for

Locate a place where the heat flow is one dimensional {for example, the
middle of the wall surface and away from thermal bridges); .

To measure the wall U-value, install two thermal probes on both sides of
the wall and a heat-flow meter on the wall outdoor surface and connect
those equipments to a data logger;

Measure the temperatures and the heat flew through the wall every 1, 2
or 5 minutes, and compute the hourly average values of the three
variables. The measurement period is 3 to 20 days depending on the wall
thermal inertia; )

The U-value is given by:

AT = average indoor-outdoor temperature difference;

Results can be compared against standard for U-values. If the wall meets
desired standard, retrofit is probably not justified;

If the wall is much less insulated than standards, an improvement of the
wall insulation must be evaluated {cost/benefit analysis). lUse a careful
cost benefit analysis, as the envelope insulation is generally a high
investment ECO, -which may lead to a significant oversizing of the
existing heating equipment.

| ease of use: .
i In general easy, but dynamic effects

I quite difficult.

1
i
flow meter: $170-%360. Time to set up ! can make.this kind of measurement
1
]

several walls in a house.

accuracy: The accuracy is improved

for long measurement periods, large

|
!
temperature differences and stable !
|

conditions.
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alternative procedures: AP E.16.
Lower cost, lower accuracy: Calcutate U-values from the knowledge of the wall

composition (AP E.18)} (thicknesses and materials of the layers) and with
standard values of material conductivities. .

additional inforsation:

The use of heat flow sensors involves some specific problems, such as:

- additigonal 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 of the sensor and the wall;

- response depends on the properties of the wall.

In Out
/ Heat flow meter

Q

S, i

Datalogger

Fig. 1 Measurement of component
U~ value using heat flow
meter.
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audit procedure: ! application area: ! referenced from:ECO E.8,

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

title: ! references to:

THERMAL RESISTANCE MEASUREMENT USING I AP E.15.

A PORTABLE CALORIMETER AND HEAT FLOW METERS !

description:

The purpose is to guantify thermal resistance of the building envelope.

i}

1)

iii)

iv)

v)

vi)

cost: Portable calorimeter: $1000-$1500.
Micro-computer: $3000-$4000.

Representative location on the interior side of the building envelope
are chosen,

A metal stud finder is wused to ensure that measurements are over
insulation-filled cavities. A measurement system is used to monitor the
signals from the portable calerimeter, the electric use meter and the
thermistors,

The portable calorimeter is suitably installed.

The calorimeter 1is operated so that all the heat generated within the
calorimeter is forced to flow through the wall to be measured, i.e.,
internal calerimeter temperatures are matched to Toom temperature.

Temperatures of interior and exterior air are measured by thermistors.

Microcomputer-based data acquistion is used to average data over a 24-
hour period to 1limit thermal effects. Cumulative averages of daily
thermal resistance values are calculated for representative wall
section. Measurements up to 15 days have been found useful.

The thermal resistance, R, is defined as the ratio of the average air-
to-air temperature difference across a section of exterior wail to the
average heat flow rate and is calculated from R = AT/q where AT is the
average interior-exterior temperature difference, and q is the average
heat flow rate. '

| ease of use:
! Dynamic effects may make

b quite difficult.

i
)
Setup-time: 2-4 hours. Consumables: Negligible. ! this kind of measurement
1
]
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recommended applications:

Desirable test for determining the thermal resistance of building envelopes
where there is question as to wall component thermal contributions.
Verification of new building specifications.

alternative procedures: AP E.15

Spot radiometer survey method, however, has low accuracy (40%), Thermography
with systematic measurements over 24-hours, less accurate but covers more
surface area, in development stage at present time,

additional information:

Safety
l_ thermostat

Heater

Wy

Temperature
probe
(thermistor) \ Watt-hour
r meter
1
| To electronic
1 : L----3 counter/micro-
i Portable calorimeter computer
| Thermopile signals
————
zo )Controller
= \~/
Electric '
power

Fig. 1 Sketch of measurement/control
system for portable calorimeter.
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audit procedure: ! application area: ! referenced from:
E.17 ! ENVELOPE - MOISTURE ! ECO E.2.

i 1
title: ! references to:
¥WOOD MOISTURE ANO MOULO GROWTH AUDIT FOR ! AP E.14, E.19.

STRUCTURAL INTEGRITY !

description:
The following steps are made to identify the cause of moisture damage:
i) The theoretical moisture condition must be determined. This can be done

by theoretical calculations or by using experience from similar building
constructions.

ii} The relative humidity and temperature should be measured in the in- and
outdoor air and in several points on different levels in the building
element.

ii1) If the building has severe mould growth or smells of mould, samples for
mycolegic analysis should be taken from organic materials in damp
surroundings.

jv) Calculate the absolute humidity from the relative humidity and
temperature for each measuring point and determine in which direction
the moisture is moving.

v) Compare the measured moisture condition with the theoretical moisture
condition. By this comparison and by knowing the direction of the
moisture transfer, one can assess the cause of damage and recommend
measures. .

cost: ! ease of use:
Equipment: $5000. | Special training is needed for operator.
Investigations: $500. !

accuracy: ! references:
2% RH (Relative Humidity). !

0.2 K (Temperature). !
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recommended applications:

A1 kinds of moisture damage in buildings and building parts.

alternative procedures:

-~ Low cost, less accurate use walk through audit AP E.11.
- IR sensing procedures (AP E.14) are an alternate way to observe moisture
damage and water leaks on flat roof buildings.

additional infermation:

The importance of moisture problems can be directly related to ECO actions.
Upgraded ceiling insulation can result in reduced roof deck temperatures with
moisture condensation. Moisture sources include inside air carrying moisture
upwards. Depending upon the material involved serious damage can take place,
such as the corrosion of metal supports or wood rot or plywood delamination
(because of repeated moisture cycling). In the upper parts of the building
moisture levels peak in winter with rapid drying cccurring during warm, sunny
weather. Lower parts of the building tend to have moisture peaks according to
local climate and ground moisture condition. Floor joists, floor materials
and sill plates are subject to moisture damage.

. Damage - walls stained

R by damp

Lt - wallpaper
~. unstuck

_e=gh Lirements,
. :;:;_//

|

0 N Y WL ‘. AL '.’.
Y-SRI, LI L L, S
. . Py .

fig. 1 Example of measurement
of wood moisture.
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audit procedure: ! application area: ! referenced from:

£.18 ! ENVELOPE ! ECO E.10, E.16, AP E.15
! ! .

titl;: ! references to: AP E.14.

INVESTIGATION OF HIDDEN PARTS OF BUILDINGS USING ! .

FIBRE QPTICS !

description:

To get 1information about the existence, quality, amount, Jlocation of
materials and their conditions inside a building component or a part of the
construction a boroscope can be used. It consists of Fibre optics with cold
light supply to which can be connected a camera or a TV-camera.

il Prill a hole, diameter 12 mm (if the boroscope has the size 10 mm) at
the spot of interest. Use the type of drill that gives you a sample from
the hole and which is normally used in order to find out about material
quality.

i1) Examine the sample.

iii} Choose fibre optic mirror top depending on desired viewing-angle.

iv) Insert the boroscope and switch on the cold light supply.

v) Connect camera if documentation is required.-

cost: ! ease of use:
Equipment: $2000 or more ! Very easy to use.

recomnended applications:

A1l types of buildings except those which are of a solid construction.

alternative procedures:
IR sensing procedures (AP E.11) can give some information about differencies

in material, quality or thickness if there is a temperature drop over the
construction. '
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audit procedure: | application area: ! referenced from:
E.19 ! ENVELOPE - MOISTURE ! AP E.17.
! !
title: 1 references to:
DETECTION OF MOISTURE AND MOULD ! AP £.14, E.17.
GROWTH 1
description:

A walk through audit to observe mould growth, oﬂor. moisture damaged wood,
staining of facades, efflorence etc.

il Concentrate on attic and basement/crawl space areas with secondary
interest in wall systems.

ii) Take 1into account seasonal aspect of moisture damage; mid-winter problem
in attics and mid-summer problems in basement/crawl spaces.

i1} Instrumentation for direct moisture measurement in wood uses the
principle of electrical resistance changes between two metal prongs
driven into the wood (Delmhorst probe}. Readout is -immediate and
expressed in % moisture. .

iv) At 40X moisture content the water is running on the wood surface. At 20%
moisture content one is at the marginal moisture level for wood damage
and mould growth. Wood moisture >20% and temperatures above freezing,
mould will grow. At moisture levels above 30% rot fungi will grow
attacking the inside of wood structure. Moisture cycling can damage
olvwand at the 20% moisture level.

cost: ! ease of use:

Probe is of the order of ! Very easy.

$500 and is completely !

portable and rugged. !

accuracy: !

Wood moisture x2%. !
|
]
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recommended applications:

Recommended as part of the energy audit to make sure roof .members or
supporting wood members are not experiencing moisture problems and possible
major building damage.

alternative procedures:

For a better accuracy AP E.17.

IR sensing procedures (AP E.14) are an alternate way to observe moisture
damage, and water leaks on flat roof buildings.

additional information:

The importance of moisture problems can be directly related to ECO actions.
Upgraded ceiling insutation can result in reduced roof deck temperatures with
moisture condensation. Moisture sources include ifside air carrying moisture
upwards. ODepending upon the material involved serious damage can take place,
such as the corrosion of metal supports or wood rot or plywood delamination
(because of repeated moisture cycling). In the upper parts of the building
moisture levels peak in winter with rapid drying occurring during warm, sunny
weather. Lower parts of the building tend to have moisture peaks according to
tocal climate  and ground moisture condition. Floor joists, floor materials
and sill plates are subject to moisture damage.
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audit procedure£ ! application area: ! referenced from: ECO R.1
R.1 ! HVAC-CONTROL !
! !
title: ! references to:
[N S{TU THERMOSTAT CHECKING ! NT H.1, R.2.
!
description:

Record indoor air temperature 1in the room under consideration for several
days (one full week) e.g., with a thermograph {see MT R.2}.

Ensure that:

i) The outdoor climate is cold enough, that there is a significant amount
of heat delivered by the heating system,
i1} There is no influence from occupancy behavior (e.g. window opening).

Evaluate from the time-temperature diagram the average indoor temperature in
steady-state conditions (no over-heating by the sun). This temperature should
be close to the thermostat set-point. The range of oscillations should be
reviewed to see if the maintained temperatures are within the acceptable
comfort range.

If a simultaneous recording of burner on-off time is available (see MT H.1)
check further that the burner is stopped and started at the appropriate time,
e.g. started before the thermal inertia of the space and heating system
allows the space temperature to drop below the minimum acceptable comfort
temperature.

recommended applications:

In all buildings with feedback control on indoor air whenever there is some
doubt about the thermostat capability to inform the heating system about the
dynamic behavior of the building.
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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.
!
description:

Energy savings and cost savings are derived from:

i) Temperature setback for one or more periods each day (heating},
it) Temperature setup for one or more periocds each day (cooling),and
iii} Precooling building (cooling).

Energy flow across the building envelope is directly proportional to the
inside-outside temperature difference under steady-state conditions (see
section C€.3.2). If the conditioned periods are brief compared to the thermal
inertia of the structure (see MT R.1), the building envelope will be in a
dynamic state, i.e.. the typical linear change in temperature from inside to
outside will be altered. This can be advantageous from an emergy savings
standpoint and 1is the reason to setback the temperature of the conditioned
spaces for one or more periods during the 24 hour cycle, and/or setup the
temperature for cooling situations.

Determination of the energy saving effect from temperature setback/setup, can
be made by making a comparison of the energy consumption during periods when
the temperature setback/setup 1is operating {on-periods) and when it is not
(off-periods). One has to measure energy consumption, average indoor
temperature (MT R.2) and average ocutdoor temperature (MT E.1}.

The energy consumption for the on-periods and the off-periods, respectively,
are plotted versus the indoor-outdoor temperature difference or the outdoor
temperature, and the energy signatures {(see AT M.1} for the two periods are
determined,

In the case of cooling, this relation may not be valid if significant amounts
of moisture are transferred to the interior during the off cooling cycie.
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recommended applications:

Post retrofit evaluation of the installation of setback/setup controls,

additional information:

The accuracy of this procedure depends on what variation in temperature
difference is obtained in the measurements,.

One can use weekly averages and let on; and off-periods alternate. To
determine the energy signature one will in general need 5-10 on-off perieds,
which means that the measurements have to go on for 10-20 weeks. -

An alternative is to use daily averages. This will increase the scatter in
data due to dynamic effects, but instead one may obtain a larger span of
temperature differences. One can still use alternating on-off periods of one
week, but exclude from the data set the first one or two days of each period
to reduce dynamic effects resulting from the building time constant.

An example of the results one may obtain in the case of night setback is
shown below.

. Energy signaiures o without night set back
10 |- ’
o with night set back
!
2 -,
= . -
o) . .
= 08} ¢
=
a
E 5
=1
[
5
co06-
[}
@
I =
04 L ] 1 | L u| 1 | L ] 1 ]
-6 -4 -2 -0 +2 +4 +6

Cutdoor temperature [°C]

Fig. 1 Example of energy signatures with
and without night set-back.
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audit procedure: ! application area: ! referenced from:
R.3 ! REGULATION, SPECIFI- ! ECO R.16.
! CALLY, VENTILATION !
I SYSTEMS !
title: - ! references to:
POLLUTANT CONCENTRATION IN EXHAUST T AT R.4, RV E.A4.
AIR !
description: ;

i) Measurement of volatile grganic compounds.
Air from the duct 1is sucked by a low-flow pump through an impinger

containing a chemical solution or through a passive sampler containing a
chemical collector (e.g. charcoal). The details and the exposure time,
up to one week, will vary with the campound being evaluated.

The content of the sampler then- has to be amalyzed at a laboratory
using, e.g. chromatographic methods. These measurements cannot be
performed without specific expertise and equipment,

ii} Measurement of respirable suspendid particulates.

For this measurement there are available portable instruments. The
exposure time is of the order of minutes.

iii) Radon., not radon progeny, are normally measured either in the occupied
building zones or 1in the exhaust air. Control of radon controls the
progeny which are the actual cause of the health hazard. Passive
measurement methods include charcoal canisters (4-5 day periods), alpha
track average measurements {(several weeks duration) or continuous radon
monitors for seven-day averages. Averages higher than national
guidelines mean action should be taken immediately "~ or during a
prescribed period depending on the radon levels measured.

ivl Measurement of carbon monoxide (CO) content can be made with dedicated
instruments which directly read parts per million. These are low cost
instruments, ' v -

cost: ! ease of use:

Expensive. 11, Complex.

1 2. Easy.

|
accuracy: ! references:
Good. t
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recomsended applications: °

Buildings where contaminant level can be expected to be high.

additional information:

The measurement of respirable suspended particles 1is relatively easy to
perform, even though the instruments are expeqsive.

The measurement of volative organic compounds is not too complex or expensive
in itself, but costly all the same as there may be several hundreds of
compounds to search for, if one does not know what to look for, and the final
analysis has to be carried out at a laboratory.

Typical recommended minimum ventilation rates and maximum tolerable levels
for various pollutants are given in RY E.4.

Methods of calculating time weighted average values are described in AT R.4.
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audit procedure: ! application area: ! referenced from:
R.4 ! VENTILATION SYSTEMS ! ECO R.11.

! !
title: | references to:

EVALUATION OF DAMPER LEAKAGE !

description:

The purpose is to evaluate air leakage through dampers in ventilation systems
with connection to outside air in order to determine the amount of unwanted
ventilation in shut off periods.

Check the ventilation system for dampers. There should be a shut-off damper
for each fan, also in systems with common intake- or exhaust-chamber. Check
that the dampers really close when the fans are turned off.

Note if any fan rotates when it is turned off due to draught through the
system. Check also the normal running time per day and week, preferably
checking the time controller,

If the ventilation system is QK, further investigation is normally not -needed
if "the building height is lower than 8-10 storeys and the building is not
highly exposed to wind.

If pressure measurements have to be carried out, stop the fan and check that
the shut-off damper cioses. Measure the pressure difference across the closed
damper ({see AT D.6.}. Wait 1/2 hour to establish stable temperatures before
measuring. This should preferably be done on a day with outside temperature
near the average for the heating season. Measure the indoor and outdoor
temperature and the damper gross area.

Find a suitable part of the main duct and measure the air flow with a hot-
wire anemometer (see MT D.3). Expected velocity is less than 1 m/s with
closed damper.

It is not recommended to measure on intake- or exhaust grilles.

A first estimate of the leakage during the heating season can be calculated
from

9, = A J(Ap+ 0.045*[Te- Tels)*h]l J(2ip)

where 3

9 = average seasonal leakage [m"/s],

A = damper area [mzl.

Ap = measured pressure difference across dampeg [Pal,
Te.s = average seasonal outdoor temperature [OCI.
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Te = measured outdoor temperature [OC].
h = height difference between intake and exhaust opening [ml,
e = density of air (= 1.2 kglm3).
cost: ! ease of use: Data col-
Liquid filled inclined manometer: From $50. ! lection simple, for mea-
Hot-wire anemcometer: From $500. Data collection: ! surement of air flow
1/2-1 h/damper. ! more training is necess-
! ary.
i

accuracy: ! references:
About 50%, air flow measurement !
about 25%. - i

recommended applications:

¥here damper leakage may be part of the overall building leakage.

alternative procedures:
More accurate and more expensive: use AP D.1. The procedure has to be
adjusted for the actual use. The duct on one side of the damper must be

sealed off near the damper. The main problem is to make a complete airtight
sealing barrier.

additional inforsation:
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audit procedure: . | application area: ! referenced from:
R.5 ! REGULATION Y ECD R.17
! . !
title: ! references to:
ANALYSIS OF VERTICAL TEMPERATURE 1 AT M. 2.
GRADIENTS !
description:

Use, e.9., a portable pyrometer with air measuring probe to measure air
temperatures (see MT R.2) 200 mm below the ceiling and 1 metre above the
floor and midway between ceiling and floor. Record temperature differences,
AT, on a floor plan sketch at various locations. In large open unpartitioned
spaces a small number of measurements will normally be sufficient. More
measurements should be made where there are high partitions formed by walls,
storage or equipment, in order to check uniformity.

Take measurements on or near design. day conditions and if possible 1in
additien over a range of outside conditions. Avoid measurements near open
doors and near air supply or exhaust locations.

[f AT is greater than 6 K, retrofit will almost 2lways be justified, between
2 and 6 K an analysis should be required as laid out below; below 2 K there
is little opportunity for savings.

If AT measurements are available for one outside temperature only, use degree
day method to estimate potential heating savings. Estimate heating energy use
before retrofit by dividing building horizontally in 2 or 3 zones and
calculating energy consumption through these =zones on the basis of the
different inside air temperatures measured. Ventilation losses should be
accommodated in a similar way, i.e. air exhausted or leaving at the roof wiil
be at a higher temperature than air leaving at the flow level, The after
retrofit situation can be estimated in a similar manner using reduced
temperature gradients.

If temperature gradients were measured at various outside conditions, a bin
method {see AT M.2) can be used (in a similar way to explaned above} for a
better estimate. (This is because the temperature gradient will be affected
by outside conditions).

additional inforsation:
When estimating average room temperatures, it should be noted that the room
temperature gradient is highly dependent on the heating system (see App. C.2)
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audit procedure: ! application area: ! referenced from:
H.1 ! HEATING PLANT ! ECO H.4, H.8, H.11, H. 21
! 1 H.24, AP H.2, AT H.1
title: . ! references to:
COMBUSTION EFFICIENCY " VAP P
!
description:

The data collection is carried out in three steps:

i)  Measure the flue gas temperature T, (MY H.2).

f
ii) Measure the CO2 (or 02) content {%) of the flue gases (MT H.3).

i1i) Measure the temperature of the combustion air Ta'

Repeat the steps i)-iii} for every burning mode (hi/low fire).

The combustion efficiency {or dry combustion efficiency. see App. C.4) of the
burner "c {%1 is given by
n.= 100 - ¢ * (Tf—Ta)ICO

5 2

where cg = Siegert constant = 0.5
0.48 for natural gas
0.67-0.75 for coal
0.53 for coke.

cost: $1000-$1500 auto- ! ease of use:
matic efficiency meter. ! Easy.

Labor: 15 minutes (5 t

min. automatic). {

accuracy: references:
High.
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recomsended applications:

Repeat measurement 1 or 2 times per year.

alternative procedures:

Several automatic instruments are availablie which allow to carry out steps 1-
3 above by inserting a probe into the exhaust gas pipe. A display and/for a
print-off of the efficiency parameters is provided. This makes an on-line
readjustment of the burner in order to improve the efficiency easier. The
time for carrying out this AP is considerably reduced.

additional information:

The duration of the prepurging {(gas burners) must be short for minimizing the
off-cycle stack 1losses, but it cannot be reduced beyond a certain minimum
value for safety reasons. Prepurging time should not exceed 10X of the
average running time of the burner.

The number of start-ups should be kept as low as possible. Each start of an
0il boiler produces soot, which decreases the heat transfer to the heating
fluid. The Bacharach soot number has to.be 0 or 1.°

It may be advisable to measure also the CO content in the exhaust gases to
check not only the completeness of the combustion but also the air pollution.
Compare the combustion efficiency value with standards and with target
efficiency values of advanced burners. -

Compare the stack draft with reference depressurisation value of the specific
boiler and burner type.
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audit procedure: ! application area: | referenced from: ECO H.l
H.2 ! ! H.3, H.16, H.20, H.4,

! . ! H.18, AT H.1, RV H.2
title: ‘ ! references to:
THERMAL LOSSES AND EFFICIENCIES FOR ! AP H.1, RY H.1
A BOILER !
description:

Boiler stand-by Josses include jacket and off-cycle stack losses. Steraqe
Josses are heat losses from a storage between the hqijer and the distribution

network {see Fig. 1). The boiler thermal efficiency 1is defined as the
fraction of the heat content of the fuel received by the heated fluid when
the burner is on. The heat plant thermal efficiency is the fraction of the

heat content of the fue) delivered to the heat distribution network.
For oil and gas-fired boilers, four measurements are required:

i) The boiler operating temperature, T _,

ii} The fractional burner on-cycle tiRe. ¥ when the distribution network
valves are closed,

iii) The fractional burner on-cycle time, LY when the valve at the boiler
outlet is closed, and

iv) The combustion efficiency, e (%) (see AP H.1).

The losses, given in per cent of the heat content of the fuel, are then given
by:
- 1 - = 4
the fractional stand-by losses st(Tb) N, uolTbi,

- 1 - x -
the fractional storage, losses Lsth) =N, (ul uo)

- the fractional jacket losses, Lj. and fractional off cycle losses, L

- oc
by Lj + an = st.

The boiler full load thermal efficiency. ny, t%1. is given by

Ay = nc* [1-le100).

As a rule of thumb, the jacket losses are 2/3 of the total stand-by losses.
¥e then have

ny = nc* (1-2uol3).
The heat plant (boiler and storage) thermal efficiency, np (%1, is given by
np = nc* (l-ull.

A1l Josses [%] can be converted to power [kWl by ﬁu1tip1ying by the fuel mass
flow rate [kg/s]l (see MT H.4) and by the heat content of the fuel {kd/kgl
(see RY H.1).

as7
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For solid fuels one has to measure the energy flow from the boiler or from
the tank (see AP P.3} and then divide by the heat content of the fuel to
obtain Ny and np respectively.

cost:5ee AP H.1 for cost ! ease of use:

1
"of combustion efficiency ! Simple.
measurement. Small cost !
for recorder. !
accuracy: ! references:

alternative procedures:

If no recorder is available, use a simple clock in well defined test periods.
Alternative procedures for measuring stand-by losses can be to measure the
temperature, the area of wet and dry boiler surfaces and the room temperature
to calculate the heat losses (see AT P.1).

additional information:

- Compare with stand-by losses standards for new boilers (see RV H.1).

- Analyze the oversizing of the boiler.

- Also take into account distribution losses (AT P.1) and regulation losses.

Heat
distribution
groups

e |

Boiler _ \r Y
* Storage : :
| |

e mad e —

oK

Fig. 1 Schematics of heating plant and heat 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, MT P.5, P.6, AT P.1.

description: This AP can be applied to systems utilising off peak electricity
and thermal storage.
The measurements are carried out in three steps:

i) Measure the temperature of the boiler, storage and pipes in the heating
plant, (see NT P.5 and P.8), .

i1) Measure the energy consumption during a few hours, without delivering
any heat to the building {stand-by losses). This measurement should be
repeated once with storage, once without storage,

111) Measure the energy consumption for each period during which the tariff
for the price of the kWh is different.

The measurement is carried out by reading the electricity counter or by
measuring the on-off time.

The seasonal efficiency can be obtained in the following manner:

1. Calculate the stand-by losses with and without storage and compare with
the full power of the boiler (see AT P.1 and AP $.3}.

2. Determine the stand-by losses of the storage alone and compare with the
storage capacity {see AT P.1 and AP P.3).

3. The seasonal efficiency, n, is given by

n=(P . -Q_ /P
where el sb’ el
P&1 (kW] = average electric energy consumption in one heating season,
Osb {kW1 = stand-by losses {at the average heating plant temperature).

4. Compare the obtained wvalues with target values and evaluate the energy
saving potential. '
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audit procedure: ! application area: ! referenced froi:
H.4 | HEATING PLANT ! ECO H.15, H.1, R.2,
! ! AP §.5

title: ! references to:
EVALUATION OF BOILER OVERSIZING I AT M.1

‘ !
description:
il Determine the energy signature of the building, see AT M.1 and plot the

results - average boiler load versus outdoor temperature. The average
boiler load is given by the energy consumption divided by the time
pericd for which the energy consumpticn was recorded (for a burner it is
suitable to record the fractional power on time) for a range of outdoor
temperatures.

ii) Extrapolate the relationship back to the value of the design temperature
appropriate to the Jlocation to Ffind the actual steady state design
heating demand,

iii) Compare the value obtained in i1} with the installed boiler capacity to
determine the degree of oversizing,

iv) For intermittant heating or setback the required boiler size will be
higher than that regquired to meet the steady state load and there is a

i tradp of f between shortness of pre-heating time and boiler oversizing,

v) To determine. the suitability of the present pre-heating period with
respect to installed boiler power, it is necessary to track the interior
temperature or heating demand during the pre-heating period under
conditions as close as possiblé’to the design point. 1f the inside air
temperature reaches comfort level before the end of the pre-heating
period or if the boiler does not operate at 100 per cent output over the
pre-heating pericd, then the pre-heating period has been set too long.

vi) Note ideal setback strategies include an optimum start sequence in which
the pre-heat time is shortened as cutside conditions become milder.

cost: ! ease of use:

$50 to $200 for the !

measurements. !

accuracy: | references:
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App. F

recomsended applications

-
H

alternative procedures

additional inforsation

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

(] o) o Q Q
O s} [{=] - N
..|

[

(9] swn-uc Jsuing

12am. 6p.m. 12p.m. 6am. 12am. 6p.m. 12p.m.

Ba.m.

Example of variations in load
for a house during two days.

1

Fig.

N



App. F Audit Procedures {H/()

audit procedure: ! application area: ! referenced from:
H/iC.1 ! HEATING AND COOLING t ECO H/C.16.
! !
title: | references to:
PERFORMANCE OF HEAT PUMPS ANO CHILLERS I MT £L.4
!
description:

Carry out the following measurements:

i)

1)

iii)

iv)

vi

vil

viil

Operate the unit with a stable load for half an hour.

Measure the electric power for the compressor, Pk' and if possible for
the whole unit, Pt. See MT EL.4

Measure condensing and evaporating pressures with built-in manometer or
with test manometers if pressure tappings are fitted. Read the
corresponding saturated condensing and evaporating temperatures, T__ and
Tev' of the refrigerant from tables, or measure these temperatures:

Measure the volumetric flow rates and temperatures of the heated and the
cooled fluid at the intets and the outlets (for notation, see Fig. 1).
Use MT from categeories D and P. For liquids the flow rate can alse be
obtained by measuring the pressure drop across the pump and the repm and
reading the wvotlume flow from the pump characteristic. For gases the
volume flow can also be obtained from the rpm and the fan
characteristics.

Calculate the difference in energy flow between the inlet and the outlet
for the heated, Ph.,and the cooled, Pc' fluid from

p SR LR

h= qv,h

= x -
PC qV.C (TC.O

h.o p.h

T %

x

¢ Sp.c

where ¢ is the density and c¢_ the specific heat at constant pressure
of the fluids. The indifes o and i refer to outlet and inlet,

respectively.

c,i

Calculate the twoe entities COP, = P /P, which 1is equal to the
compressor coefficient of perfor“ance i“ tﬁe case of heating, and COP
=P /P, , which is equal to the compressor coefficient of performance iﬁ
thé c§se of cooling.

For consistency, compare COP, to COP_+1. These should be identical. If
they deviate by more than 20R%, use mor& accurate measuring equipment.

viii)Compare the relevant COP to target values for the measured working

pressure range.



App. F Audit Procedures (H/C)

cost: $100-3500 depending on pre- | ease of use:

sence of prepared measurement ! Equipment is simple to handle, but

facilities. 2 to 4 hours for data ! requires experienced staff if
| accurate results are required.

accuracy: | references: : :

15%. | ASHRAE, 1984; SP MET, 1485

recommended applications:

Performance check of heat pumps and chillers.

alternative procedures: )
Implicit deductions of performance from measurement of surface temperatures
and refrigerant pressures. This is not recommended practice.

additional informsation:
As a further check, calculate the Carnot COP given by
Tco’(TconTev)'

The ratic of COP_ to the Carnot COP should 1ie between 0.4 and 0.7, depending
on  cOmpressor Pype and operating conditions. As a check of the operating
conditions:

1. Compare the flow rates of the heated and cooled fluids to design values,
2. Typical temperature differences are:

Tco - Th.o 0-5 K; Th,o“ Th.i 5-15 K: Tc,ih Tc.o 5 K; Tc.o*
These values will greatly depend on type of unit and application, and
should always be checked against design data. [f there are deviations for

a circuit, check for fouling.
3. Compare refrigerant temperatures with design values.

[ ],

Cooled fluid 9 o

Tev 5-10 K.

Heated fluid

qM,C Fig. 1
Notation used
for heat pumps.
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audit procedure: | application area: | referenced from:
HIC,2 ! HEATING PLANT, DISTRI- ! ECO H/C.17
! BUTION SYSTEM !
title: ! references to:
HEAT EXCHANGER EFFICIENCY AND QUTPUT ! AP H/C.3.

(WITH

OUT CHANGE OF PHASE) !

description: The procedure consists of:

i)

ii)

iii)
iv)

v)

vil

vii)
viii)

ix)

cost:
$100-
512z

Tevel

accuracy: Oepends great- !
ly on operating condi- !
tions, but typically !
i
|

0.05

Operate heat exchanger until stable conditions have been maintained for
0.5 hours,

Measure at 1least 2 parameters on each side of the heat exchanger (see
diagram under additiona) information), for example.

Thi Th2 O Thgr 9y 2nd Ty Tp o Teye @

Preferably all 3 parameters are determined on both sides.

Measure pressure drop and working pressure on both sides.

For airfair heat exchangers determine external leakage and cross over
leakage (AP H/C.3).

Calculate the heat input (Pc) and the heat output (PhJ

¢

Ph

Pe= Uem Tt 9k e * c

Thim Thod® 95% ep* €

p.C

where ¢ is the density and ¢_ the specific heat at constant pressure.
Depending on heat exchanger Ese calculate the efficiency n=P /P .

If the volumetric flow rate is the same and the fluids are the game, the
efficiency is given by

T The ey -Tep?

This is often used as a definition of efficiency, temperature
efficiency, even if the flow rates are not the same.
Compare pressure drop with design values and calculate required pump or
fan power.

For air/air heat exchangers check that external leakage is less than 4%
and cross over leakage less than B%.

Estimate the heat Toss AP = Ph- PC

! ease of use:

$2000 depending on | Expert required.

of exchanger and |

of testing. !
I references:
! Nordtest, 1983; Eurovent, 1977.

for temperature

. efficiency.
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recommended applications:

Guarantee tests of Tlarge heat exchangers or whenever degradation of
performance is suspected.

additional information:

Higher than design pressure drops suggests clogging or fouling. Correct this
by c¢leaning. )
Leakage tests should always be performed on air to air heat exchangers before

performance tests are carried out. Excessive leakage will render performance
measurements meaningless.

Cooled fluid
+/A Tc 2
T 1
c,1
-T—B— Th.1
B

9c Heated fluid

I 4

\
—— Th2

Fig. 1
Notation used for
heat exchanger.
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audit procedure: ! application area: HEAT- ! referenced from:

WiL.3 I ING 'AND COOLING PLANTS, ! ECO H/C.4, AP WIC. 2.
! HEAT RECOVERY UNITS !

title: | references to:

AIR LEAKAGE OF HEAT PUMPS AND HEAT !

RECOVERY UNITS !

description:

The cahinet exterior gir leakage of a heat pump or heat recovery unit to the
atmosphere is determined by creating a difference in pressure. Units with two
air systems in the same cabinet {e.g. outdoor air and circulated indocor air
or exhaust air and fresh air) are tested with two fans. The heat recovery
unit and the measuring equipment are set up as shown in Fig. 1. The static
pressures are set with the adjustable fan(s} in the normal pressure range of
the tested unit. If two fans are used, the two pressures should be the same.
The pressures are measured with a differential pressure gauge.

The total leakage at each test point is calculated as the sum of the measured
flows. The leakage should not exceed 4% of the nominal operating flow rate of
the unit.

The ‘grggg-gyg[ air leakage between two air systems of a heat pump or. heat
recovery unit 1is determined by putting one air system of the unit under

pressure. The pressure in the other systeem of the unit is brought to zero.
Two fans have to be used (see Fig. 2). For each pressure in the first system,
the flow which passes the second system with zero pressure is measured with
an air fliow measuring tube. This air flow is of the same magnitude as the air
leakage between the two systems. It js compared with the nominal flow rates
of the air systems. The leakage should not exceed 8% of the nominal flow
rate.

tost: $50-$200 depending ! ease of use:
on size and number of ! Easy to use.
duct connections. !

accuracy: Depends on ! references:

method of measurement ! Nordtest VVS 021-022.
used for pressure and !

flow rate. !
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recommended applications:

Heat pumps, air conditigning units or heat recovery units with , duct
connections where external air leakage or cross-over leakage is suspected.

alternative procedures:
Tracer gas techniques {(mere complex and expensive equipment).

For air/air heat recovery units one fan is sufficient in the case of exterior
leakage if the heat exchanger element can be removed.

additional information:

The duct between the fans and the unit should have a hydraulic diameter D
corresponding to that of the coupling of the unit and this duct should have a
length of at least 10 0. Static pressures should be measured at a distance
from the unit exceeding 5 0D. Not used couplings are closed with covers.
Passages for drainage are sealed with airtight tape.

Cross-over leakage -]- Exterior leakage ‘I'
F Heatpump or Fy Heatpump or
! P1 | heat D P L heat
—@—'— recovery [ —(|§_®—'— recovery —
unit unit
P2 Fo P2 Fy
%P %

Fy, Fo adjustable fans
Q4. Gy air flow measuring tubes
p4. Py static pressure relative to the atmosphere

Fig. 1 Arrangement for test of cabinet exterior air
leakage {(right) and cross-over leakage (left}.



App. F Audit Procedures (H/C)

audit procedure: ! application area: ! referenced from:
H/C.4 ! HEATING AND COOLING I ECO H/C.9.
title: ! references to:

HEAT PUMP EXPANSION DEVICE } MT P.5, P.6.

description:

Operate the heat pump at different conditions and capacities:

ik

i)

il

iv)

Use
of

Determine the amount of refrigerant superheat, after the evaporator by
measuring the refrigerant temperature (see MT P.5 and P.6), at the
location of the TEV {(thermostatic expansion valve) bulb.
Determine the length of the cycie period if the refrigerant temperature
is oscillating.

) Compare measured values with design values. Normal values of superheat
are between 4 and 8 K.
If the refrigerant temperature is oscillating with a period of a few
minutes, this is probably due te too little superheat for stable control
of the TEV.

the MSS (Minimum Stable Signal) procedure to check sizing and operation
TEVs.

. If there are no oscillations, decrease the static superheat (5S) until

oscillatiens appear. If this is not possible increase the size of the TEV
nozzie. 1If oscillations cannot be prevented with minimum SS then decrease
the size of the TEV nozzle.

If TEV dees not seem to operate at all this may be caused by lost bulb
charge, poor contact between bulb and refrigerant pipe, damaged membrane
or frozen water droplets in the refrigerant.

Check that the amount of refrigerant superheat does not vary for different
operating conditions. If it does, this may be due to an unsuitable type of
bulb charge, improper sizing or incorrect adjustment of the TEV.

cost: $20-3$100. _ ! ease of use:

! Measurements are easily performed but care and
! skill is needed in the application of transducers
! and in analyzing results,

accuracy: If care is exercised and ! references:

acc

urate measuring equipment s used, ! ASHRAE,1979 (Ch. 43); ASHRAE, 17-75;

superheat can be determined within 1K ! ASHRAE, 1983 (Ch. 200, = ----------

recommended applications:

Hea

t pumps, air conditioning units, chillers with refrigerant flow control by

means of thermostatic expansion valves or capillary tubes.
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audit procedure: ! application area: ! referenced from:
H/C.5 !, Heating and cooling I ECO H/C.7
} plant ! ’
title: ! references to:
EVALUATION OF DEFROST SYSTEM ! MT EL.6, EL.7
description:

For optimum performance of air source heat pumps or air conditioners,

efficient defrost systems are needed for evaporating temperatures below 0 C.

The procedure consists of:

i) Measure the nugber of defrosts per hour at ambient temperatures of about
+7, #2 and -7 "C (MT EL.7). Compare with manufacturers recommendations.

ii) Measure duration of defrost period {(MT EL.7}.

jii) Measure energy consumption during defrost (MT EL.6). Estimate savings if
more efficient defrost system is used. .

iv} Visually inspect evaporator surface for frost accumulation and location
just before and just after defrosting. It should be free from frost.

v) Note set points for controllers or software programs if defrost
initiation and duration are operator adjustable. Compare with
manufacturers recommendations,

vil Check that sufficient frost has accumulated to warrant initiation of a
defrost (visually and ‘by recording a significant decrease in evaporating
temperature}.

vii) Check that water from thawed 1ice is disposed of threugh the proper
drains (no ice should accumulate in the drain pan).

viiilFor reversing umits estimate the power 1lost for defrosting by
calculating power taken from the heating system, electric power absorbed
during defrost and heat that could have been produced if a defrost was
not needed. For other types of systems only the last two items apply.
For temperatures below the balance point cost of the supplementary heat
used during the defrosting period must be considered.

cost: $100-1000 dependending on | ease of use:
complexity of the evaluated defrost | Easy to use but experience is needed
system I for the evaluation

accuracy: As stated for the respective MTs used. ! references:
Accuracy for calculated savings depends greatly ! Merritl, 1981.
on assumed utilization of the heating/cociing !

equipment. !
recompended applications: To evaluate the performance of air source heat
pumps or air conditioning units when the defrosting system is malfunctioning
or is suspected to operate inefficiently.
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audit procedure: ! application area: t referenced from:
0.1 | DUCTWORK 1.ECO D.4, H/C.4

! 1
title: ’ | references to:

EVALUATION OF AIR LEAKAGE IN QISTRI- !
BUTION SYSTEMS !

description:
There are several simple methods to use when.air leakages are suspected:

i) Evaluate the air flow in the most distant air terminals. Little or no
air flow can be a signal for either leakage or unbalance, '

ii) Stop all other noisy activities in the building (if necessary) and
listen as you go aleng the duct. Some leaks give detectable noise.

$111) Inspect the duct and its surroundings. Leakage often causes dust {(dirt)
to settle down around openings and on surrounding walls,

Some leaks (especially in structural ducts) can be difficult to locate. [f
these simple methods conclude with suspicion of considerable air leakage,
measurements should be done,

Survey the ventilation system of the building and choose a representative
test samplels). A test sample is a section of the system which can be sealed
off from the rest of the system and from the surroundings. The area of the
chosen sample shall be suffiEiently large for measurement with the available
test equipment, at least 10 m“of duct surface area. As a means of tightening,
various sizes of rubber balloons can be used. The area of the sample and the
total length of the joints of the sample are measured. A fan with a flow
measuring tube is used to pressurize the system in steps from 100 Pa to 1000
Pa (see Fig. 1).

The leakage factor is calculated as the quotient between air leakage rate and
the surface area of the sample. The leakage factor is compared with the
permitted leakage rate for the system.

cost: Equipment incl.fan ! ease of use:
pressure control and ! Depends on the accessibility of the system. 1f it
means of flow measure- is insulated, the duct area is difficult to

'
]
ment appr. $2000. Time: | measure.
1-3 hr/test dep. on the !
accessibility of the !
system. !
accuracy: ! references: Eurovent 2/2

5% can be achieved. !
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recommsended 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 or
similar, but this can not give a guantitative measure,

additional information:

Test equipment

Ductwork
—|
—
Manometers
Flexible tube
:.] Fan control
P e—

Flow measuring tube

Fig. 1 Equipment for measuring
air leakage in ducts.
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audit procedure: ! application area: ! referenced from:
D.2 ! DUCTWORK ! ECO D.8.
' ! !
title: ! references to:
EVALUATIGN QF DUCT HEAT LGSS ! AT D.1, MT D.2 through 0.5, 0.7, P.5.
! RV D.1
description:

In systems where the ventilation air is used to provide heating or cooling,
the duct heat 1loss will reduce the performance of the system in extreme
situations. The duct heat loss is proportional to the temperature difference
between: the conditioned air in the duct and the surroundings. The procedure
is carried out in three steps:

i) Study the system {or the drawings of the system} in order to locate
parts of the duct's surroundings where the heat loss can be
considerable, e.g. wuninsulated ducts passing through unconditioned
areas.

ii) Measure the air temperature in both ends of the duct system (see MT
D.7). Be sure to avoid the effect of possible temperature cycling.

i11) The temperature difference, AT, and the volumetric air flow, q ., give

the approximate heat loss, 01055, with the following formula if hﬂmidity

can be neglected:

01055 = const. ¥ q, x AT

where the constant takes the value 1.26 x 10“3, if Q s is measured in
k¥ and q, in 1/s, (For measurements of air flaﬁ Fate, see MT 0.2
through D.5%). See also AT 0.1

cost: ! ease of use:
Thermometer: $100-%200. ! Easy.

Time: 30-60 minutes. %

accuracy: ! references:
Depends on temperature !

difference. }

alternative procedures:

Measurement of duct surface temperature, and calculating heat loss (see MT
P.5 and AT 0.1, respectively). See also RV D.1.
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audit procedure: ! application area: | referenced from:
D.3 I DUCTWORK ! ECO D.1.
! !
title: | references to: .
EVALUATION OF AIR FLOW BALANCING { MT D.8 through D.11.
!
description:

An unbalanced ventilation system can cause an unsatisfactory indoor climate,
because it will not respond to regulation as intended. Good results of ECOs
on ventilation systems depend on a well balanced system.

The procedure is carried out in three steps:

i) Ask the occupants to point out rooms/places with:
- strong ventilation/draughts,
- no air movements/poor air quality.

ii) Check the system drawings to point out the most distant and the
terminals close to the plant.

iii) Evaluate the air flow in the different terminals. A simple relative
measurement may be necessary (see MT D.8 through D.11}.

The evaluation of the measurements taken should lead to a decision whether:
- the system needs balancing,

- better air flow measurements must be taken,
- the air flow balance is acceptable.

cost: Air flow measure- { ease of use:
ment: See MT D.2 through ! Easy, although some experience is needed.
D.5. Time: 1-2 hrs, H

additional information:

WARNING! Some terminals may be (deliberately or not) blinded by the
occupants. This can cause disturbances in the evaluation.
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audit procedure: ! application area: ! referenced from:
P.1 ! PIPEWORK ! ECO P.1
! HVAC-CONTROL !
title: ! references to:
CHECKING OF BALANCE OF PIPEWORK | MT R.2
SYSTEMS ! -
description:

I[f a hydronic heat distribution system is to function properly, from an
energy point of view, it must be baltanced, i.e. every radiator must receive
exactly the water flow required to keep the wanted indoor temperature.
Radiators receiving too much water will give off toc much heat which will
rajse the room temperature. If a radiator receives too small a flow, this
will result in too low a room temperature, which can be compensated for by
raising the feed water temperature, resulting in even higher room
temperatures where the temperature level was already too high,

i) The first check of the balancing can be made by measuring the indoor
temperature in a number of rooms. The most common indication of an unbalanced
system, assuming one wants to keep the same temperature everywhere, is that
rooms with large heat losses, e.g. rooms on the top floor or at the gables,
are colder than rooms close to the heat plant. This measurement is best
performed on an overcast, cold day, the colder the better. The temperature
variation should be at most 1 or 2 K for a properly balanced system,

i) If the variation is larger, it does not necessarily mean that the heat
distribution system 1is unbatanced. It can be due to, e.g. wrongly sized
radiators, uncertainties in the calculated heat 1losses, neglection of
infiltration losses, .internal ({e.g. electric loads) or external ({e.g.
insolation) heat sources of wvarying size, etc. If large variations are
detected, the reason for this should be checked by a measurement of the
temperature difference between feed and return water for various circulation
loops.

iii} If there is a large variation also in this temperature difference, this
is an indication that the water flows are not what they should be in a
balanced system.



App. F Audit Procedures (P)

recomsended applications:

additional information:

This procedure requires accurate and fast response temperature sensors. Be
sure that temperatures are measured in the same way in all raooms, i.e., at
the center of room, 1.5 m above the floor, and that the sensor is shielded
from radiation sources (complaints about temperature in rooms very often are
influenced by surface temperatures). (See MT R.2.)
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audit procedure: ! application area: t referenced from:
P.2 ! PIPEWORK SYSTEMS t ECO P.6
! !
title: ! references to:
PIPEWORK DISTRIBUTION EFFECIENCY { MT P.5, P.&
|
description:

Distribution efficiency N4 is defined as:

_ fotal heat output from radiators
N4 = total heat provided to the water by the boiler

As an estimation of the distribution-efficiency using this definition would
invalve measurements on all radiators in the system, it is common to select
one radiator to represent the radiators of the system. This radiator should
be chosen so that the corresponding circulation loop has a length 1 given by

where the summation 1is over the radiators of the system, q., and 1, are the
flow rate and the length of the circulation lcop for one raaiator. and q is
the total flow rate from the heat generator.

The distribution efficiency can then be estimated from
(AT5 + ATr)IAT

where AT5 = temperature difference between the boiler outlet and the
radiator inlet (supply water.
nTr = temperature difference between ratiator outlet and boiler inlet
(return water).
AT = temperature difference between supply and return water at the.
boiler.

The temperature differences should be measured simultaneously (see MT P.5,
P.6).

cost: ! ease of use:
Depends on cost of ! Requires trained personnel for selecting the most
thermometer. ! suitable radiator circuit.

accuracy: Depends on !
both the thermometer and !
the choice of the radi- !
ator circuit. : !
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recosmended applications:

when excessive fuel consumption cannot be attributed to building envelope
heat losses or poor boiler performance. Should not be applied when pipes are
well insulated.

additional information:
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audit procedure: ! application area: ! referenced fron:

P.3 ! PIPEWORK ! ECO P.3, P.10, AP S.2.
! l .

title: ! references to:

ENERGY FLOW IN HEAT DISTRIBUTION ! MT P.2 through ?P.6.

SYSTEMS ]

description:

The total heat supply to the pipes can be derived by measuring the water
volume flow and the "temperature increase across the boiler. Measuring
equipment may already be included in some installations. Techniques for
measuring volume flow and temperature separately are described in MT P.2
through P.4, and in MT P.5 and P.6, respectively.

For wvolume flow measurements, volume flow meters inserted in the water
distribution imply an extra flow resistance which reduces the water flow
rate. To 1limit this effect a type of fFlow meter with low resistance should
chosen. It 1is possible, however, to compensate the pressure loss due to the
volume Flow meter by increasing the pump speed. One may then proceed as
follows:

i) Measure the water temperature difference (AT} across the boiler and the
supply water temperature (T ) f{e.g., by a thermometer placed in the
boiler) when the boiler is on,

ii) Fit the volume flow meter in the return pipe upstream of the pump, and

iii) Keep the boiler on until the water temperature has reached the value T
again. Measure AT once more and regqulate the pump output by varying it

speed or by bypass regulation, until the pressure reaches the same value
as before. ~

! ease of use:

! Requires skilled personnel.
]

]

408



App. F Audit Procedures (P)

additional information:

By wusing this procedure the pressure loss over the flow meter is compensated
only for one given volume flow. Different water flow rates cause different
pressure losses and, consequently, require a different pump speed. By setting
the radiator valves in the normal positions, the measuring error due to
pressure loss across the flow meter is minimized. In order to compensate such
pressure loss correctly in all circumstances, a second pump connected in
series with the volume flow meter may be used (see Fig. 1). The number of
revolutions of the pump should be controlled in such a way that the pressure
difference across flow meter and pump remains zero.

Since the water distribution system is often very dirty, it should be
possible to clean the volume flow meter during operation of the heating plant
or to install a filter upstream the measuring device.

The flow rate of the heating medium can be considered as a constant if the
hydraulic circuit contains a pump and if the pressure drop remains constant.

controller
4 N\

Fig. 1 volume flow meter with
pressure compensation
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audit procedure: I application area: ! referenced from:
P.4 ! STEAM DISTRIBUTION ! ECO P.8, P.16
| PIPEWORK !
title: ! references to:
STEAM TRAP INSPECTION ! RV P.2
!
description:

An initial indication of steam trap malfunction is given by the flow of steam
from system vents {e.g. condensate receiver vents).

Data collection can take a number of forms depending on the tevel of
information one would tike to know about the performance of a particular
steam trap. The various types of tests (data collection activities) and the
kind of information they can yield are shown in Table 1.

As a minimum for auditing and maintenance it is desirable to test for trap
failure ({open or closed), leakage, and backing up of condensate. Testing for
steam 1o0ss at the end of the open cycle and the quantification of total) steam
loss f{and trap efficiency) can be economically justified in some instances
{see RY P.2).

A description of temperature, aural and visual testing methodologies is given
below.

i) [emperature. Surface temperatures can be measured at or close te the
steam trap by a wvariety of techniques (see MT P.5)}, The method has
limitations since temperatures immediately before and after the trap
tend to be similar, except for thermostatic type traps which should,
when correctly operating, discharge steam somewhat below the steam
saturation temperatures. Even in this case accuracy is limited by the
accuracy of the surface temperature measurements and its ability to
truly represent what is happening inside the pipe.

i} Listening. The sound made by a steam trap is often a more reliable
indication of its operation and the sound can be observed too by using a
stethoscope or an ultrasonic device. The difficulty of such a method is
that there are many traps without a distinctive signal. Table 2
characterises sounds of some common types of traps.

ii1i) ¥isual.

1. SIGHT GLASS METHOD - applicable where a sight glass has been fitted
in the downstream side of the trap. It should be possible to see if
the trap 1is discharging condensate and/or passing steam although it
is not always clear what one is seeing.

2. SIGHT CHECK - correct operation is indicated by the regular lifting

~and closing of a visible ball check.

3. PET COCK METHOD - if the trap is provided with a test valve (a pet
cock or small globe valve) and shut-off valve downstream {(see Fig.
1):
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a. Shut off downstream valve, and open test valve. The trap is
faulty if there is a continuous stream of steam. Do not mistake
flash steam (condensate that evaporates on exposure to normal
atmospheric conditions) for a steam leak. Leaking steam will blow
out continuousily and have a bluish cast; flash steam appears
whitish and will drift out.

b. - Condensate should be observed to flow intermittantly or
continuously according to the type of traps particular
characteristics - see Table 2.

A recent device which is permanently installed upstream of the trap makes use
of the difference in electrical conductivity between condensate and steam to
detect the presence, or absence of condensate. A portable plug-in tester is
required.

In all cases steam trap malfunction requires corrective action. The faulty
steam trap should be stripped, cieaned and serviced, or replaced.

¥here there is reason to suspect fhat a particular trap is not a good chgice
and s not operating efficiently, it may be desirable to quantify its actual
performance.

See also App. C.6 and RV P.2 for estimating steam and heat losses from steam
systems for those occasions where it is felt necessary to have an idea of the
cost of steam leakage.

Test valve
Shutoff
valve I
. _‘,__-UHMn
Dirt pocket Fig. 1
Test valve method of
Union ?:'3;fo testing steam traps.
cost: | gase of use:
Low ! Ranges from easy to requiring some expertise and
| familiarity with different steam trap character-
I jstics.
accuracy: | references:

|
Varies with method used ! Batherman, 1982; Spirax-Sarco, 1985.
and experience of !

auditor, !
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recommended applications:

Audit Procedures {P)

Routine maintenance on all steam systems containing traps.

additional information:

TABLE 1. Trap testing methods.

Trap failed open conditional* conditional yes yes yes
Trap failed closed yes yes yes yes yes
Leaking during closed conditional* yes yes yes yes
cycle ’

Loss at end of open na no no no yes
cycle

Backing up condensate conditional* no yes conditionalx yes
Total steam loss no no no no yes
Trap efficiency no no no . no yes
Convenient yes yes yes no no

* Conditional depending on type of trap and size of load.

.

TABLE 2. Characteristic discharge pattern of a number of generic trap types.

TRAP

USUAL DISCHARGE PATTERN

Thermodynamic Disc.
Thermodynamic Piston

Balanced Pressure Thermostatic
Liquid Expansion

Bimetal

Float Traps

Inverted Bucket

Blast action. Tight closure between
discharges.

Blast action. Continuous teakage through
"bleed” orifice when main valve is closed.
Blast action. Tight closure between
discharges.

Continuous dribble . discharge on steady,
normal or heavy loads.

Continuous dribble discharge varying with the
amount of condensate.

Continuous discharge varying with the amount
of condensate.

Biast action with tight closure between
discharges, except on light loads when there
is a tendency to dribble,
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ot e e R R L o o " L o A

audit procedure: ! application area: ! referenced from:
P.5 _ ! HEAT DISTRIBUTION ! ECO P.1

i [
title: ! references to:

HEAT EMISSION FROM HEAT TERMINALS ! MT P.2 through P.6, R.2,
I

description:

When measuring the heat emission from heat terminals, the following general
relation holds:

- ]
0-00*9
where

= q Al X cp : (1)

8 = difference between ‘the mean terminal temperature and the room
temperature {see MT P.5, P.6 and R.2).

¢ = mass flow through terminal (see MT P.Z through P.6)

AT = temperature difference between supply and return water (see MT P.5 and
P.6). : ‘

Cp = specific heat capacity of water

0 = heat emission

0. = nominal heat emission for termina! (HIKﬂ)

B = exponent, usually taking a value arcund 1.3, for radiatoers, 1.5 for
thermal convectors and 1.1 for floor heating and ceiling heating,

For 0 we may use

6 = (TS + Tr)IZ - Ta if (Tr - Ta)I(TS -Ta) » 0.7
and

5 = (TS - Tr)i1nlth - Tr)flTr - Ta)) if (Tr— Ta)l(15~ Ta) < 0.7
where )

Ts = temperature of supply water

Tr = temperature of return water

Ta = temperature of room air.

From eg. (1) it follows that the mass flow and the heat emission of the
terminal can be derived from the room temperature and the temperature of the
supply and return water if 00 is known,
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recommended applications:

Hydronic heat distribution systems.

alternative procedures:

For the determination of the heat distribution in a dwelling over a long
period, heat emission meters are also used. The amount of evaporated liquid
in a capsule placed on the radiator is a measure of the total amount of heat
emitted 1in a given period. The accuracy is 10 to 15%. Depending on the
measuring period desired, a more rapidly evaporating fluid may be used, which
at the same time increases the accuracy. Even if no heat is emitted by the
radiator there will be evaporation, the extent of which is determined by the
room temperature, This “"background” evaporation must be deduced from the
figure given by the evaporation meter.

additional informsation:

This measurement only gives an approximate result, because, due to different
terminal heat emission, the value of {_ may in practice be different from the
given value, if this one has been detgrmined in the laboratory. If the total
heat emission 1is determined separately, however, the heat distribution over
the different terminals can also be found from the total heat supplied by the
boiler, (see AP P.3) which is equal to the total heat emission of all
terminals, Otot‘ determined from the relation:

) B B
0 = Qg% 83/ 0Q % ) * 0y

where index i refers to a single terminal.

As in this approximation it is assumed that all radiators have the same heat
out-put, it is implicitly assumed that the heat emission of the pipes is also
evenly distributed. In some special cases, the heat putput will change, for

lower water temperatures, to
0= 06* 87, where 00'15 a new value of 0o and v may take a value up to 1.5,
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audit procedure: | application area: | referenced from:
S.1 I SHW SYSTEMS ! ECO S.18, S.19, 5.20
! !
title: | references to: AP S.3, MT P.2
SWK REQUIREMENTS | through P&, AT P.1, RV S.1
! .
description:

The hot water demand varies much between buildings belonging to the same
buitding category. This demand is dependent on country or region, size of
building, number of occupants, type of SHW production, storage capacity,
storage losses and distribution losses.

The SHW consumption can be expressed either in terms of the volume of hot
water required or in terms of the required energy for hot water generation.
The net energy for hot water demand is obtained By multiplying the required
volume 1in cubic meters by 4.2 AT, where 4.2 [(kJ/m” ,K) is the volumetric heat
capacity of water and AT is the temperature difference between the cold feed
water and the SHW supply water. [f to the net energy is added storage and
distribution losses, one obtains the total energy demand for hot water
generation.

Examples of volumetric consumptions are found in RV S.1, typical
distribution, storage and generation efficiencies in RV 5.2, storage losses
and pipe losses are treated in AP $.3, AT P.1 and MT P.2 through P.6,.

accuracy: ! references:
| Fracastoro-Lyberg, 1983

alternative procedures:

In many cases data on domestic SH¥ demand have been compiled at a national,
regional or municipal level. The SHW demand is often expressed as dependent
on a variable x as
a + bx

where a and b are constants and the variable x can be, for example, the

number of occupants on a dwelling, the heated floor area or the number of
reoms, .

)
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audit procedure: | application area: SHW ! referenced from:
5.2 ! SYSTEMS IN MULTI-FAMILY ! ECO S.16
! AND COMMUNAL DWELLINGS !
title: ! references to:
SHY STORAGE CAPACITY I AP P,3, MT P.2 through P.6, AT P.1
!
description:

A simple graphical technique can be used to determine the optimum SH¥W storage
capacity when system boiler output is fixed (t.e. boiler replacement is not
being considered). The procedure is carried out in six steps:

i}
ii)
ii1)
iv}

v)

vi)

vii)

Monitor SH¥ consumption to obtain daily demand patterns. (See AP P.3 and
MT P.2 through P6.)

Draw up cumulative consumption graphs (as Fig. 1) from the data
cbtained.

Draw on the graph a line AB representing the cumulative volume flow
{convert beoiler rating from energy to wvolume flow at storage
temperature).

The consumption below line AB will be met by the boiler.

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

The wvalue S (the maximum distance between the demand curve and AB),
represents the maximum storage volume required at any one time in the

day.

Compare the values with actual storage capacity.

-As SH¥ demand can vary markedly from day to day, a more accurate value of §
wouid be obtained from a cumulative consumption graph generated from daily

data

averaged over a week or month. Extra storage (20-25%) is necessary to

account for mixing of cold feed water with hot stored water.

cost: { ease of use:

$100-$200 dependent on ! The method is relatively straightforward but
the cost of monitoring ! accurate consumption data are necessary.

SHY usage. !

‘accuracy: : ! references:

10% ! British Gas, 1983.
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recommended applications:

SH¥ generated by boiler in commercial premises, schools, apartment blocks,
etc.

alternative procedures:

AT P.1

Compare actual storage capacities with those from standard design (e.g CIBS
Guide B4-7, Table B4.9).

additional inforsation:

Accumulated volume flow

P
o

6 12 18
Hours

Fig. 1 Cumulative consumption graph.
For notation, see text.



App. F Audit Procedures (S}

audit procedure: { application area: ‘t referenced froa:

s.3 ! ELECTRIC RESISTIVE ! ECO 5.7, 5.10, 5.22
I STORAGE SHW SYSTEMS 1 AP P.1

title: | references to:

EVALUATION OF STORAGE LOSSES FROM ! MT R.2, P.5, AT P.1

SHW TANK !

description:

Storage losses are largely the result of conduction of heat through the walls
of the storage tank.

The rate of heat loss will be dependent on tank shape. size and material,
storage temperature, ambient temperature, and level of insulation.

This procedure uses the measured power input to the tank necessary to
maintain a particular air/water temperature difference to calculate the
standing loss.

i) Measure the ambient air temperature {(see MT R.2).

ii) Measure the surface temperature of the tank (underneath the insulation}
at a position corresponding to halfway down the heating element/coil
{see MT P.9).

jii) Connect the sensor to a 80ntrol1er capable of maintaining a constant
difference {e.g. 50 +- 1°C)} between the storage temperature and the
ambient air.

iv) Provision should be made to measure the power input to the storage tank;
a kwWwh meter should be sufficient.

v Allow the tank to come up to the design storage temperature {(e.g. 60%¢C) .

vi) Monitor the energy consumed in maintaining a fixed air/water temperature
difference.

vii) After a 24 hour stabilisation period, note the energy consumed, (. for a
certain time, t. Standing loss = Q/t.

cost: | ease of use:

$100 ! Qualified technical staff required.
i
!

accuracy: ! references:

5% using k¥h meters. 1
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recosmended applications:

alternative procedures:

AT P.1. See also CIBS Guide B4-7, 1986.

additional inforsation:

At least 2 days should be allowed to carry out this procedure.
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audit procedure: ! application area: ! referenced from:-
S.4 | SOLAR SHW-SYSTEMS FOR ! ECO §.22
! APARTMENT BUILDINGS !
title: ! references to:
PERFORMANCE CHECK OF A SOLAR SHW !
SYSTEM . !
description:

Collect the following data:
il Tetal selar irradiation in the plane of the solar collectors,
i1} Total auxiltiary energy used,

111) Average SHW consumption.

The minimum duration should be one fortnight collecting values daily. The
measurement period could be shorter or longer depending on whether or not
different climatic conditicns occur.

Having determined the SHY load, this must be compared with the existing SHW
storage capacity: 1if the storage volume 1is 1larger than the SHW daily
consumption, the procedure described below should make use of data averaged
over periods longer than cone day.

Make a plot of the daily auxiliary energy, ( , 85 2 function of the daily

solar radiation in the plane of the co1]ectors,uﬁsol.

[t 1is assumed that the SHW load {0] d, is constant over the measurement
period. o4

‘Oauxlmax = 0load * Ls

0 = 09004 * s~ Qaux

Ls = the losses from SHW system-distribution
0501 = sglar contribution to the SHY system

Two types of efficiency are commonily defined:

System efficiency Ng = Oload!(Qaux)max

Solar efficiency Mool = 0510501

Both these efficiencies can be compared to reference local values or to
theoretical values, RY.5.5
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cost:Instrumentation: ! ease of use:
$5000. Time: 8 hrs tech- ! Rather easy.
nician for installation !

and recovery of instru- |
ments, 2 hrs engineer !
for data evaluation !
accuracy: ! references:

Increases with time, ! Roulet, 1987,

recommended applications:

Test should be done only on those systems which do not show any visible
defects 1i.e. as check of correct functioning after installation or during
guarantee period.

additional information:

No ECOs can be recommended solely on the resuits of this performance check.
If performance unsatisfactory, further audit steps will be needed, e.g. check
insulation of collector, check insulation of HW pipes, etc. -

(Qaux)max

Daily auxiliary energy (Qg )

Daily solar radiation (Qg)

Fig. 1 Daily auxiliary energy maux) and
solar contribution to SHW system {Q )

versus daily solar radiation (Qroll.
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audit procedure: | application area: ! referenced from:
$.5 | SHW SYSTEMS ! ECO S.4, 5.8:
! !

title: ! references to:
USE OF HEAT PUMPS ! AP H.6, H/C.1, MT P.2 through P.6.

] ) i
description:
The wviability of investing 1in a heat pump (HP) for SHW production is

dependent on 3 number of factors:

i)
i)

ii1)

iv})

v)

vil

vii)

Pattern and wvolume of SHW wusage. Heat pumps perform best under
continuous operation, therefore, buildings with flat demand profiles are
most suitable.

Price of competing fuels. The economics of heat pumps are strongly
influenced by the price of the fuel against which the heat pump is
competing, e.g. on/off peak electricity vs. gas/oil.

Simultaneous requirement for space heating/cooling/chilling and SHW. The
case for a heat pump .is improved if the evaporator can be utilised for
space cooling. This possibility will be dependent on climatic pattern
and building type. If combined with heating, a hot gas cooler will keep
condensing temperatures low and provide high temperature hot water at
low cost. '

Coefficient of performance COP = (energy delivered)/(total energy
input). Typical COP wvaiues are 1.5-3.0. Performance is dependent on
source temperature and return water temperature (AP H.6).

The need for an auxiliary heater to meet peaks.

Storage capacity. The use of a heat pump may require additicnal storage
te optimise heat pump operation i.e. size storage such that heat pump
can operate all night on off-peak electricity heating a volume of water
sufficient to meet daytime demand., Qversized large tanks increase heat
losses.

Heat losses. A large part of the energy supplied to domestic hot water
tanks is needed to cover heat losses. Reducing losses will directly
improve the COP of heat pump systems. Problems frequently occcur 1in
double wall tanks used for combined heating and SHW production because
of insufficient heat transfer between outer tank and the hot water
storage. This leads to excessive condensing temperatures.

The procedure can be carried ocut in five steps:

1. Monitor SHW usage to determine load and demand profile.
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2. Assess heating or cooling load if suitable (building fabric, heat loss -
coefficient, air infiltration, internal heat gains etc.).

J. Size heat pump and auxiliary heater, if necessary. Take account of annual
average air temperatures, required SHY storage temperatures.

4, Check existing storage capacity. Optimise for maximum heat pump operation.
Check insulation of hot water storage tanks. If hot water is heated
indirectly in a double wall vessel, carefully consider the volume of the
outer space. Consider positioning of temperature sensors for starting and
stopping the heat pump and any supplementary heat source.

5. Determine costs of heat pump and additional storage if required, calculate
prospective benefits; these will be a function of COP, current SHY
production costs, costs of energy. Assess wviability using simple payback
period or other investment criterion.

Proper system operating conditions are determined by measuring water
temperatures (MT P.5, P.6) and flowrates (MT P.2, P.3, P.4), number of starts
and running time (MT EL.7). Heat pump performance i5 determined by means of
AP H/C.1 and system performance can be evaluated by comparing annual energy
requirement (AP S.1) with storage losses (AT P.1 and AP §.3).

! references:

! Grigg, 1984, Ure, 1982, Bergstrém, 1985
i

|
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audit procedure: ! application area: ! referenced from:
L.1 ! LIGHTING L' ECOL.9, L.14

! !
title: ! references to: RV L.?

OVERALL LIGHTING EFFICIENCY !

description:
Assessment of energy efficiency of the 1ighting system and to evaluate the
influence of individual factors (e.g.: lamp luminous efficacy, luminaire

efficacy, room shape and size, wall reflectance, etc.) on the effectiveness
of Jight emission and distribution to the working plane the following
procedure is used.

n*e.

1 °useful =
where: ® seful = useful light flux {1m],
P.= electric power input [W],
"n = installation efficacy [ lumen/watt].
1) ®useful = Aty 5
where: A' = workplane area [m"],
E' = average workplane illuminance [ lux].
111) n = n‘amp*n]um*LLF*RCU = n]amp * LLF * CU
where: ”lamp = lamp efficacy [lumen/watt],
Mum = luminaire efficiency (ratio of emipted flux to flux
produced by lamp), also referred to as Light Output Ratio
LLF = 1light 1loss factor (reduction factor to take into account
aging),
RCU = Room Coefficient of Utilization (ratio of useful flux to
luminaire emitted flux).
cu = Coefficient of wutilisatien (ratiec of useful flux to lamp

emitted fiux)

The data collection is as follows:

1. Determine E' by measuring the illuminance at selected points on the
workplane. For eq. (ii) to be correct area weighted average illuminance
must be calculated. '

2. Measure the electric power input P or estimate by adding the wattage of
individual luminaires. )
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The data evaluation consists of:

1. Calculate n from (i) and (Ji),

2. Knpowing n, eq. {iii) can be used to obtain value of RCU for installation.
Estimate nlamp and M um from manufacturers data (see also RVY L.1 and
L.2), estimate LLF from RV L.2.

cost: | ease of use:

One illuminance meter ! Some extra calculation required for needed.
Possibly, one ! disaggregation of single efficiency
Watt-meter needed. | components.

Accuracy:If result based !
on correct and relevant !
measurements only, high, !
otherwise, depends on !
accuracy of estimation. !

recommended applications:

When renovation of lighting system necessary, in order to establish
intervention priorities.

alternative procedures:

additional inforsation:
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audit procedure: | application area: ! referenced from:ECO L.17
L.2 I LIGHTING !

! !
title: ! references to:

LIGHTING ENERGY MONITORING !

description:

To measure lighting energy consumption in any given space the following

procedure is used:

i} Determine how many Lighting Energy Monitors and associated brackets are
required. One is required for each switching circyit.

ii) Mount brackets on a vertical surface close to a selected luminaire in
each switching circuit.

iii) Try to avoid mounting in direct sunshine or near security lamps or any
light source not in that circuit.

iv} Mount accumulator on bracket and rotate the sensor so that it points
towards the wall and back plate of bracket.

v)  Switch on luminaires and check that accumulator is counting by observing
the peridic flashing of the test monitor.

vil To read out accumulated hours, unscrew accumulator from bracket plug in
reader.

Extra care with the alignment of the sensor is required when:

(a) discrimination between adjacent luminaires on different switch circuits
is necessary,

(b) lamps in different fixtures or within a single fixture are on different
phases of the A-C supply.

In order to monitor a single luminaire or lamp in the presence of others
cliose by, it is necessary in some instances to rotate the accumuiator on its
meunt until it responds only to the luminaire or lamp of interest. If this
procedure fails, then a black or low reflectance material can be adhered to
the reflecting surface of the monitoring bracket to reduce the signal to the
photosensor. This wusually is sufficient to achieve the discrimination
desired.

For each lighting switched circuit the power consumption can be calculated by
multiplying the reading on the lighting accumulator by the installed load
which can be obtained by counting the number and wattage of each fixture.
Depending on the frequency at which accumulator readings are taken, coarse
lighting profiles can be developed: e.g., work days, evening use, weekend and
holiday use from which predictions of annual electrical energy consumption
can be made.
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recommended applications:
- use to justify or confirm lighting switching options,
- use to confirm verbal descriptions of lighting switching patterns.

alternative procedures:

- kWh meters - generally more expensive, usually required to be installed en
all sub-circuits because of mixed use (lighting and power) panel boards,

- time lapse photography - expensive, slow information retrieval},

- estimates - inexpensive but most often inaccurate.

additional inforsation:

Principle of Operation: )

Lighting Energy Monitor. A photo transistor whose current varies directly
with the amount of 1light falling on it is used as an optical sensor. The
detected signal is amplified, shaped and fed to a pre-scaler circuit which
divides the high frequency signal to pulses. A low frequency signal is also
derived from the pre-scaler circuit and is used to flash a light emitting
diode on and off providing a clear indication of correct operation. The
pulses are accumulated 1in a counter circuit. The stored information can be
read out by a hand-held reader without upsetting the contents of the monitor.
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audit procedure: ! application area: ! referenced from: ECO
L.3 ! LIGHTING ! L.10, L.5, L.16

! !
title: ESTIMATION OF DAYLIGHT ! references to: AP L.2, MTL.1
POTENTIAL USING AN ILLUMINANCE !
METER !
description:

The data collection consists of:

i) Choose a day with a relatively unchanging sky illuminance on which teo
carry out measurements. Choose type of sky ‘“overcast® or “clear®
depending on the preponderance of this type of sky in your area.

11} Measure the outdoor and indoor iYluminance simultanecusly, as daylight
levels wvary very quickly. If this is not possible, measure the outside
i1luminance immediately prior to starting indoor measurements and at
frequent intervals throughout the internal measuring procedure described
in 3. below. If the measurement of outside illuminance shows significant
variations, increase the frequency of outdoor measurement, repeat before
and after gach rogm measurement if significant variation noted. Qutdoor
measurements should be made for an wunobstructed sky and no direct
suntight.

i1i) For those areas thought to have some daylight potential, measure
illuminance with the electric lights QFF at all those areas where
critical visual tasks are performed, e.g., in an office, this would be a
desk top, filing cabinet. Measurement Jocations should alse be made
cognizant of any potential lighting switching possibilities.

iv) If the room is provided with shades or drapes, repeat the indoor
illuminance measurements with these devices closed and adjusted as they
might be to minimise glare from the sky or to minimise unwanted solar
gains,

v} Guidelines and precautions for carrying out illuminance measurements are
given in MT L.1.

The data evaluation consists of
1. The daylight factor can be calculated using the formula:
. { i ri T lumi
Daylight Factor = {Qutside Horizontal I1luminance}
Strictly speaking the measurement should be made at the same instant;hence
the need to choose days with above mentioned sky conditions- (no direct
sunlight),

2. Construct average daily curves of inside daylight illuminance levels for a
representative six months of the year (assuming approximately symmetrical
throughout the year about June) from national or locally recorded outside
illuminance levels (without direct sunlight} and site measured daylight
factors - see Figure under "Additional Information®.
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]

Superimpose required jiluminance Tevel and 'lighting requirement profile-on
diagram <{based on estimated or observed use of building or from lighting
use survey, see AP L.2.

. Make allowances for increases in heating energy and reductions in cooling

energy brought about by a reduced lighting load. As a first approximation,
assume that all the lighting reductions during the heating season must be
made up from the heating plant - remember to add a boiler efficiency if
fuel-fired plant and that savings during the cooling season divided by a
refrigeration plant C.0.P. can be subtracted from the A/C load.

. Where blinds or drapes are provided, some allowance for use of blinds

should be made based on measured daylight factors and estimates of use.

cost:Equipment - $100+ ! ease of use: Data Collection simple, calculations
For iiluminance meter ! more involved.

Jata Collection - 10 to !

15 minutes per workplace !

accuracy: Measurement | references:
accuracy 15%, !

recommended applications:

where daylight potential has been positively identified.

11ternative procedures:

1)

More accurate and expensive but time-saving -use daylight factor meter.

ii) Calculate daylight factor.

i

i) Other .—calculation techniques are given in the references, alternatives,
for more accuracy detailed hourly analysis methods such as DOE 2 could
be used. .

idditional inforsation:

1600 1600 -
Average Average
1400 July day 5 1400 January day
g
1200 = 1200
=
o
1000 & 1000
; Hours
800 &~ 800 saving
)
600 g s00 .
£ Required — Daylight
400 E 4001 lighting adequats
= profile
D
200 2 200
I=
K] 5] g9 12 15 18 24 3 [ 9 12 15 18 2%
—Time of day—>» — Time of day —>»

FIG., 1 Examples of daylight potential,
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audit procedure: i application area: ! referenced from:
EL.1 ! ELECTRICAL ! ECO EL.5, AP EL.2

‘ ! ]
title: EVALUATION OF POMER FACTOR ! references to: AP £L.2 and £L.3,
CORRECTION FOR CHARGES BASED ON | MT EL.5, AT EL.S, RV EL.6.

MEASURED PDWER FACTOR !

description:

Determine the present overall system power factor (PF) using one of the
methods described on MT EL.5. The data evaluation is as follows:

i}
ii)

i)

iv)

v)

vi)

vii)

If the (PF) is 1lower than that at which correction charges apply,
proceed to step 2: otherwise discount the ECO as inappropriate.
Calculate the total reactive power required using AT EL.2 to bring the
installation up to the point at which PF charges would no longer apply.
Make a list of all the equipment for which PF correction might be
appropriate noting its power, voltage and period of operation. For this
and subsequent 'stages the format shown in Table 1 might be adopted.

For each equipment identify the maximum permissible capacitor reactive
power that could be connected to the equipment {column 5}, conselt local
wiring codes and motor manufacturer - sample data are given on RV EL.6.
In column & note the approximate cost of providing individual power
factor correction capacitors for each piece of equipment down to the
frame power size below which central group power factor correction
generally becomes more economical (typically 10 k¥, or 10 hp, consult
local power factor correction equipment manufacturers for better
quidance).

Organise the individual PF capacitors in ascending order per unit (kvar)
cost - use column 7. Normally reactive power per unit cost decrease with
increasing unit size and voltage.

In the order defined by Step 7, calculate the gcumulative effect on the
system power factor of progressively adding individual PF correction
capacitors - use column 8, Stop at the point when the power factor is no
longer below that one for which power factor penalties are incurred - to
continue past this point would not result in further savings. It will be
necessary to refer to the tariff agreement to determine the point beyond
which PF correction is not required.

If this point has not been reached by the time all individual power
factor equipment has been considered, it will be necessarry to consider
group power factor correction equipment to make up the deficit.

viiiiThe method described above will not necessarily provide an acceptable

ix)

payback and the usual form of cost benefit analysis must then be carried
out based on projected power factor cost savings and the capital cost of
the equipment. Actual power factor savings will need to be worked out on
the basis of the tariff agreement in place.

For simplicity, the steps described above do not address in detail the
necessity to consider individual equipment operation and their effect on
the variation of system power factor with time. Additional consideration
is needed where motor operation is intermittent in nature.



cost:Low cost of tabour,
see MT EL.5 for equip-

App. F Audit Procedures (EL)

! ease of use: Overall PF measurement faif]y simple
| with digital power factor rate and clamp on

1
I

ment cost. Calculation ! current probes. Analysis can become complex if
I

can be time consuming,

! motor usage is intermittent.

accuracy: ! references:Freeborn, 1980, Bell and Hester, 1980.
See MT EL.5 for instru- !
ment accuracy. !

recommended applications:

1.

Installations where power Ffactor penalty charges are being incurred
because of 1low power factor and power factor improvement are being
pursued through the use of capacitors.

Power factor improvements are possible through the correct matching of
motor size and driven load or using high efficiency motors. See AP EL.3.
For an optimal soglution both procedures should be considered together.
The 1lowest cost of individual equipment power factor correction be it
through a replacement motor or the installation of a capacitor, should be
used in the procedure described here.

alternative procedures:
See AP EL.2? where charges based on kVA demand.

additiona? informsation:

TABLE 1. Power factor correction evaluation 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
CAPACITOR PF PER UNIT  SYSTEM
REACTIVE  CAPACITOR COST PF
POWER ‘

See also Section C. 10.
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audit procedure: ! application area: ! referenced fros:
EL.2 V ELECTRICAL ! ECO EL.5, AP EL.1
! !
title: EVALUTATION OF POWER FACTOR ! references to:AP EL.1, EL.3, MT EL.4,
CORRECTION WHEN REACTIVE POWER IS ! EL.5, AT EL.4, RV EL.6.
CHARGED THROUGH kVA DEMAND !
description:
Check coincidence between possible poor power factor and peak demand to

ensure that power factor correction could in fact lower the recorded demand.

This
il

ii)

The
1.

can be done by:

monitoring demand and power factor simultanecusly (see MT EL.4 and
EL.5), or

measuring the power factor of individual motors known to be operating at
the time at which the peak load is known or assumed to occur. (See MT
EL.5.)

data evaluation is as follows:
Make a list of all the equipment that runs at the time of peak demand and
for which power factor correction might be appropriate noting its power
and voltage. For this and subsequent stages the format shown in Table 1
might be adopted. .
For each equipment identify the maximum permissible capacitor kvar that
could be connected to the equipment (column 4) consult local wiring codes
and/or motor manufacturer - sample data are given on RV EL.6.
In column S note the cost of providing individual power factor correction
capacitors for each piece of equipment down to the frame power size below
which central group power factor correction generally becomes more
econgmical ‘(typically around 10kW (10 hp), consult local power factor
correction equipment manufacturers for better guidance).
Calculate for each motor in turn in the order of descending motor size:
a} the kVA savings for each piece of equipment using AT EL.2 {column 6},
b) the annual cost saving based on the kVA saving times the kVA demand
charge (column 7), and
c)} the payback (column 7) or other economic criteria.

Where there are motors of differing voltages it will be necessary teo
check at which peoint capacitors for smaller motors at higher voltages
become cheaper per unit of kvar than larger motors at lower voltages.

Stop the calculations at the point at which the payback does not meet the
desired economic benefit.

If power factor correction for all the larger size motors calculated
above meet the desired economic benefit, continue the analysis for
incremental - amounts of group power factor correction equipment until the
point at which adding additional eguipment is Judged to be no longer cost
effective,
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cost:Analysis of demand ! ease of use: Overall power Factor and demand re-
and power factor vari- | cording is fairly simple with digital recorders
ation can be costly due ! and clamp on current probes. Analysis can become
to equipment cost and ! complex if motor usage i5 intermittant or unpre-
data analysis ! dictable.

accuracy: ! references:

See MT EL.5 for instru- ! Freeborn, 1980, Bell and Hester, 1980.

ment accuracy. !

recommended applications:

1. Installations where charges are made for kVA demand and reduction in
reactive power component 1is being considered through the use of
capacitors.

2. Power factor improvements are possible through the correct matching of
motor size and driven load or using high efficiency motors. See AP EL.3.
For an optimal solution both procedures should be considered together.
The lowest cost of 1individual equipment power factor correction be it
through a replacement motor or the installation of a capacitor, be used
in the procedure described here.

alternative procedures:

See AP EL.1 where charges are made on the basis of meésured power factor,

additional information:

TABLE 1. Kvar correction evaluation form.

1 2 3 4 5 6 T 8
EQUIP FRAME  VOLTS  MAX CoST OF kVA % PAYBACK
REF POWER ALLOWABLE POWER SAVING SAVING (OR OTHER
CAPACITOR FACTOR ECONOMIC
REACTIVE  CAPACITOR CRITERIA)
POMER
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audit procedure: ! application area: { referenced from:
EL.3 ! ELECTRICAL t ECO EL.7, EL.9, EL.10,

! | AP EL.1, EL.2, AT EL.3.
title: { references to: ECO EL.7, EL.9
EVALUATION OF MOTOR EFFICIENCY ! NT EL.5, AT EL.1, EL.3, D.1,
IMPROVEMENT ! RV EL.2, EL.3, EL.4

F
description:

Determine the existing motor operating point (percent of full load) by:

i} Measuring the - power factor PF (MT EL.5) and using the relationship -
between power factor and percent full load. Use manufacturer's data fer
the motor in question or use the generic data provided on RV EL.3, or

ii) for fan and pump motors, determine the operating point of the fan and
pump (see App. C.5) and hence from the fan/pump manufacturer's data
determining the load on the motor.

Data Evaluation:

1. Determine the real and reactive power (or power factor) draw at this
operating point again using . manufacturer's data (preferred) or data
provided on RV EL.4.

2. Determine the real and reactive power improvements possible for:

a) ECO EL.7 Power Factor Controller: lUse manufacturer's data for motor
characteristic changes for PF controller selected.

b) ECO EL.9 High Efficiency Motor: Use manufacturer's data for high
efficiency motor or use data on RV EL.2.

c} ECGO EL.10 Correct Matching of Driven Load and Motor: Use
manufacturer's data for new motor size or use data on RV EL.3.

3. Calculate “direct effect® savings:; i.e. savings directly related to the
question of the motor being retrofitted. See AT EL.1.

4. Calculate indirect effect of the £C0 on heating and cooling loads:

a} If the motor is not directly in a conditioned space or conditioned air
stream; e.g. exhaust fan motors, pump motors in plant rooms, there
will be no "1 gg Eg;; gffect”.

b) If the motor is in a heated space and might usefully contribute to the
heating of that space; e.g. a supply air fan in which the poter is in

the airstream or- equipment actually in the space. then there will be a
proportionate increase in the energy required for heating.

¢} If the motor is in a <cooled space or airstream, there will be
proportionate reduction in the energy required for cooling.

Some guidance on how these indirect effects might be accounted for using hand
calculations are given in AT EL.1. Alternatively, hourly computer analysis
models might be considered which can normally handle interactions, especially
where HVAC systems are concerned, more effectively.
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cost: ! ease of use:

Refer to measurement ! Measurements fairly easy. ’

techniques for Data { Calculations can be detailed.if indirect effects
Collection costs. ! need to be considered.

accuracy:Refer to ! references:

measurement techniques !
for Data Collection 1
accuracy. Power factor t
methods are probably !
more reliable.Direct !
energy effect can be !
reliably calculated; !
indirect will be !
approximate. !

recommended applications:

alternative procedures:

additional inforsation:
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t procedure: ! application area: ! referenced fronm:
! ELECTRICAL ! ECO EL.4
1 !

e: . ! references to: MT EL.4 and M.1

EVALUATION OF THE POTENTIAL FOR LOAD !

SHED

DING CONTROLS !

description:

Some

1)

ii)

The

preliminary activities are:

Obtain copies of utility bills showing historical record of demand. Check
for demand figures that are estimates, not actual meter readings.
Determine annual cost of demand charges.

Based on amount of annual demand charges and possible projected savings
through demand control (say a minimum of 5 to 10%) make a decision on the
need for further evaluation.

-
data collection is carried out as follows:

Determine the pattern of load demand through a combination of the
following activities and available data.

a) Utility demand billing records.

b} Existing demand records taken by building operations staff.

¢) Monitoring building demand over a number of days (see MT EL.4 and

M.1}. Some thought should be given to the selection of the demand

monitoring perjods to obtain the most useful results. The following

guidance is given: '

- Where there s 1ittie or no seasonal variations in demand or where
the same equipment runs throughout the vyear - time of demand
monitoring is not critical.

- Where there is- little or no seasonal variation in demand but
different equipment runs 1in different times of the year {e.g.
electric heating replacing electrically driven cooling equipment) -
ideally, demand monitoring should be made over different periods of
the year

- Where there are large seasonal variations - monitoring is desirable
as in b. above except where demand charges are based on the maximum
demand in the year (as opposed to individual monthly chargesi. In
this case it 1is obviously desirable to do the demand monitoring
during the period of peak demand.

d) Reviewing operating schedules of equipment obtained by site
inspection, review of specifications, control setpoints, discussions
with building operators, etc.

Make a list of the major electrical equipment in the facility that could
be shut off for short periods if necessary (only motors greater than
approximately 1 kW or 1 hp, or less if they create.secondary electrical.
energy demands, e.g. exhaust fans in electrically heated buildings,
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electric heating equipment greater than 1 kW, decorative lighting that

could be turned off, etc.).

For each piece of equipment note:

a) load (k¥ or kVA, whichever is used for demand billing purposes),

b} how long it- could be turned off without unacceptable adverse effects,

¢) possible adverse effects on &) environment and b) equipment itself,

d) maximum recommended, number of STOP/STARTS per hour (Berutti, 1984},

e) whether 1load when switched off results in kWh savings in addition to
possible demand saving {e.g. wventilation fans), or whether load is
merely deferred until switched back on again (e.g. electric water
heaters}.

3. Based on the information collected in 2. above, make preliminary listing
of equipment which could be acceptably shut off. Taking the largest piece
of equipment first, and progressively taking smaller equipment, calculate
the effect of shut off on the annual demand cost (either kW or kVA
according to the billing method), and where appropriate kWh saving.

4, Taking the equipment with the largest annual demand cost saving, and
progressively taking smaller equipment, estimate the cost of providing a
demand control system. Note:

a) For a small number of 1individual contrelled loads a simple system
might be most cost effective, such as a simple time clock or
instantaneous load recording system. For a larger number of loads more
sophisticated 1load forecasting type systems would be appropriate. In
an installation with a large number of loads two or more scenarios,
with different levels of sophistication, might be tried.

b) The Tlargest savings might not necessarily be in the order of largest
equipment, since some equipment may not operate all year - some
equipment might have k¥Wh reductions in addition to demand reductions.

c) Where an energy management system {EMS) 1is being considered one should
either take the incremental capital cost of providing the demand
control function -or somehow apportion the total cost between demand
Timiting and other EMS cost saving opportunities.

5. For each of the above steps (incremental reductions in demand) calculate
the payback (or other economic criteria) until the economic benefit does
not meet with that desired. It is useful to plot the results on a graph
{as per Fig. 1) to determine the optimum investment:; i.e. best return on
capital. (The demand controller cost per piece of equipment controlled
will decrease with increasing number of pieces of equipment, however, the
incremental energy/demand saving will also decrease.)



App. F Audit Procedures (EL)

cost: Can be relatively ! ease of use:

high cost depending on ! Demand monitoring fairly easy but calculations
extent of demand moni- ! require experienced personnel for best results
toring and complexity of !

instaliation, !

accuracy: Accurate ! references:

enough for investment | Neca, 1975, Spethmann, 1981 and Berutti, 1984,
decision - actual opera- ! ’

tion of demand control !

system may need to be !
fine tuned to actual !
building operation. !
recommended applications:

Wherever there is potential for demand related savings.
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APPENDIX 6. MEASUREMENT TECHNIQUES

INTRODUCTION TO APP. G

This appendix gives an overview of Measurement Techniques (MT) applicable for
the evaluation of Energy Conservation Opportunities,

The measurement techniques are arranged according to the building component
category system (see Introduction, p. 10} used in this Source book.

The description of the format used for presenting measurement techniques is
jdentical to the one described for Audit Procedures (App. F).

The purpose of carrying out a measurement is to know if building functions
are according to design and to identify and quantify abnormalities in
building functions.

Measurements may serve more than one purpose and may be classified according
to the objective of the measurement or the cbjects measured, for example:
Objectives:

- Building rating

- Preliminary audit

- Disaggregation audit

- ECO identification

- Post Implementation Performance Analysis
Objects: :

- Environment

- Envelope

-~ HVAC installations or energy systems

- Comfort level of the users.

The first question to Ee answered is what information is to be provided by
the measurement, with what accuracy, details or circumstances.

One shoutld clearly define or identify:

i)} the method to measure; ii) the kind of instruments; iii) the choice of the
place to measure; iv) the duration of measurement; v) the way to carry out
the measurement and vi) the cost of measurements.

Without this one risks getting useless measurements and worthless results.

It is important that measurements are made by a qualified person. The best
instrument may provide irrelevant results when badly used or even out of
order. A competent technician knows how to manage the instrument and how to
make an interpretation of the results avoiding common mistakes.

[t 1is important that when both partners of a contract are carrying out
measurements, they do it with the same instruments and at the same place.

A Tist of all Measurement Techniques 1is given below.
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LIST OF WMEASUREMENT TECHNIQUES (RT)

TITLE
ENVELOPE (E)

Measurement of outdoor air temperature.
surface temperature measurements on buildings.
Measurement of wind speed and direction.
Measurement of the integrated solar radiation.
Measurement of humidity.

mmmMmmm
N e I By

REGULATION (R}

1 Measurement of building time constants.
2 Measurement of indoor air temperature.
3 Measurement of thermal comfort.

4 Measurement of indoor air velocity.

R.5 Measurement of humidity.

R.
R.
R,
R.
HEATING (H)

H.1 Measurement of the running time of the boiler.
H.2 Measurement of flue gas temperature.

DUCTWORK (D)

D.1 Choice of cross-sectional measurement point in an air duct.

D.2 Using Prandtli-tube (Pitot-tube) for measurement of air velocity in

ducts.,

Air flow measurement in ducts using hot-wire anemometer.

Air flow measurement in ducts using rotating vane anemometer.

Air flow measurement using trace gas techniques.

Measurement of pressure drops in air.ducts.

Measurement of temperature and humidity in air ducts.

Air flow measurement on exhaust terminal with anemometer-

hood.

Air flow measurement on supply terminal with bag.

.10 Air flow measurement on supply terminal with anemometer-
hood. ’

0.11 Air flow measurement on supply terminal by a zero pressure

method (flow finder).

oo o9

[}
—

PIPEWORK (P)

Measurement of static pressure in pipes.

Flow rate in pipes (arifice plate}.

Flow rate in pipes (flow meters).

Flow rate in pipes {(portable ultrasonic flow meter).
Measurement of pipe surface temperature.

Fluid temperature in pipes.

TOmTO™Tm™
P
O LN e G D
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LIGHTING (L)

L.1

Measurement of illuminance with Tux-meter.

ELECTRICAL SYSTEMS (EL)

£L.
EL.
£L.

EL
EL

£L

1 Electrical measuring instruments.
2 Measurement of current.
3 Measurement of electrical potential,

.4 Measurement of electric power (demand).
.5 Measurement of power factor.
EL.

6 Measurement of electrical energy consumption.

.7 Monitoring electric equipment usage.

MISCELLANEOUS (M)

M.1

Photographic data logger.
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measurement technique: | application area: ! referenced from: AT E.1.
£.1 ' ENVELOPE AND REGULATION !,

! !
title: ! references to:

MEASUREMENT OF OUTDOOR AIR TEMPERATURE !

description:

In measurements of outdoor air temperature a correct siting of temperature
instruments is wvery important due to large temperature gradients occurring
close to surfaces exposed to radiation. These gradients are influenced by the
amount of selar radiation, by re-emitted infrared radiation in the night-
time, by the radiative properties of the surrounding surfaces, and by local
air movements. WMO (1971} recommends that the instrument is placed 1.25 m
above a surface covered by grass with free exposure to the wind.

This is seldom possible in densely built areas, and there is also the danger
of interference by peopie. It is, therefore, common to place the sensor on a
building facade or on the roof. The sensor should then be shielded from
direct solar radiation and from the influence of the building surface
temperature. This can be achieved by placing the sensor on a building facade
facing north, at a distance of about 0.5 m from the wall. The disadvantage of
placing the sensor at the building site 1is that comparisons with
meteorological station data becomes difficult. The local temperature is in
general not the same.

The use of a ventilated sensor is recommended if great accuracy is desired. A
sensor of this type requires frequent maintenance if used for a long peried,
due to the collection of dust and dirt and interference by birds.

Catibration of thermometers should always be performed before the instrument
is used for the first time and then at regular intervals. The instruments
should be calibrated against some more accurate (secondary standard!}
calibrated temperature sensor.

For almost all purposes hourly sampling of outdoor air temperature should be
sufficient, since air temperature does not normally vary more rapidly than
this. For more accurate measurements the sampling could be done every 5
minutes and an average value be recorded hourly. In ather cases even daily or
weekly averages could be used, but sampling should always be performed at
teast every third hour. The properties of some temperature sensors are
summarised in Table 1,
cost: | ease of use:
Cost for sensor. !
accuracy: ! references:

! Fracastoro-Lyberg, 1983.
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additional information:
TABLE 1

_

Properties of temperature sensors.

THERMOCOUPLE

v

‘R

THERMISTOR

I.C. SENSOR

vorl

e Seif-heating

® Self-powered & Most stable s High output s Most Linear
e Simple ’ ® Most accurate e Fast e Highest output
£ | » Rugged s More Linear e« Two-Wire dims ¢ Inexpensive
. than thermo- measurement
& ¢ Inexpensive
<f cauple .
- . - e Large resistance
= e Wide variety change at L
<[ of physicat nge at low
= temperatures
Aa forms
< e Wide tempera- * Irexpensive
ture range # Accurate
»_ Fast
s Nom linear » Expensive & Non Llipear s T < 200°%
w | Low output s Slow e Limited tempera=| o Power supply
EH e Reference junc- | e Current source ture range required
I tion reguired regquired ® fragile & Slow
|_
Pl ® Least stable e Small resi- ® Current scurce e Self-heating
;E e Amplification stance -change required Limited £
! ) ® Limited confi-
EE required s Low absolute e Self-heating gurations
122} resistance .
5 8 Poor stability




App. 6 Measurement Techniques (E)

seasuresent technique: ! application area: ! referenced fron:

E.2 ! ENVELOPE AND REGULATION ! ECO E.10, E.13, E.14,
! I E.17, E.23.

title: ! references to:

description:

¥hen measuring surface temperatures there should be good contact between the
sensor and the surface.

Instruments having a direct read-out (analog or digital} may be used for more
qualitative measurements (surveys). Then, a measuring time of some minutes is
required. '

For a quantitative analysis of surface temperatures a recording instrument is
needed. Then, measuring times of several days are required.

If only one, or a few, sensors are used and one wants to get .a representative
temperature of an indoor surface, the sensor must be positioned carefully to
avoid positions with temperatures deviating strongly from the average one
(for example, see Fig. 1). ~

The sensor should not be placed close to

i} Radiators or other heat sources in indoor measurements,

ii) Windows, exterior walls or thermal bridges,

i11) Close to interior partitions, floor or ceiling in indoor measurements,
iv) Close to air inlets or outlets or places with draught.

The sensor should be shielded from contact with the air by placing a cover of
insulating material over it. The sensor should not be facing radiation
sources like the sun, radiators or windows. Preferably the sensor cover
should be painted in the same color as the surface.

cost: | ease of use:
Cost for instrument. I Qifficult.

1

|-
accuracy: ! references:

0.5 K. As average value
of surface 1 K.

1

At position of sensor ! Fracastoro-Lyberg, 1983.
!
1
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recommended applications:

Evaluation of condensation risk.
Quantitative evaluation of thermal bridges.
Evaluation of comfort problems.

Evaluation of thermal performance of walls.

alternative techniques:
Infrared sensor and cameras.

additional inforsation:

In general surface temperature measurements are part of a more detailed
measuring program in which other quantities have to be measured too.

For example, the evaluation of thermal bridges requires at least an interior
surface temperature, an outdoor air temperature and an indoor air

©)

Partition wall Exterior wall

O “
/

Partition wall Exterior wall with window

o

&

Fig. ' Examples of isotherms ({1 K} on partition
walls and exterior walls in a room.
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measurement technique: ! application area: | referenced from:
£.3 | ENVELOPE AND REGULATION !

1 1
title: ! references to:

MEASUREMENT OF WIND SPEED AND DIRECTION !

description:

Most instruments for wind measurements normally only measure the horizontal
compenent by measurement of the wind speed and its direction. In metecrology,
wind speed is measured at a height of 10 meters above open terrain, and is
reported in m/s. For wind measurements weather-proof and rigid built
instruments are necessary.

The' requirements for the measurement of the "meteorological” wind speed can
in general not be fulfilled in built areas. It is common to measure the wind
speed above the roof. An anemometer is placed on a mast on the roof. The
anemometer should be positioned at an altitude at least a few meters above
the highest point of the roof. Qtherwise there is a risk that the anemometer
may be in the leeward wake of the building at least for some wind directions
and record completely false values of the wind speed.

The cup anemometer is the most common instrument for measuring wind speed. It
consists of three or four hemispherical cups mounted on a vertical shaft.
‘This transmittér can be used ip the range from ¢ to 60 m/s and within a
temperature range from -3% to +80°C, but the effective range depends on the
mechanical features of the sensor.

¥Wind direction 1is defined as the direction from which the wind is blowing.
The wind direction sensor 1is wusually a wind vane or a "wind flag®. The
conversion of wind direction- into a loggable wvalue presents some
difficulties. Sometimes an endless c¢oiled and 3 times tapped ring
potentiometer is supplied for the transmission accerding to the principle of
the electrical axle. The indication of direction is often non-continuous.

cost: ! ease of use:
|
!
1

accuracy: ! references:

]

5-20% (see text}. ! Fracastoro-Lyberg, 1983.
!
1
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recommended applications:

alternative techniques:
Alternative instruments for the measurement of wind speed are:

1. The deflecting wvane anemometer consists of a pivoted vane enclosed in a
case. Air exerts a pressure on the vane passing through the instrument
upstream to downstream. The instrument gives instantaneous readings on an
indicating scale. Three vanes can be combined to measure all components
of the wind velocity. Its range is from 1 to 120 m/s and its accuracy is
5%. Needs periodic check of calibration,.

2. The revolving wheel anemometer consists of a Tight revolving wheel
connected to a set of recording dials which read linear meters of air
passing 1in a measured time. This instrument has a very low sensitivity,
and 115 wusually employed in the range 1-120 m/s. Its accuracy varies
between 5 and 20%.

3. The propeller anemometer consists of a light plastic propeller mounted on
an axle. The number of revolutions per unit of time is proportional to
the wind velecity component parallel to the axle. Three propellers can be
mounted on axles perpendicular to one anether to measure all three
components of the wind velocity. The advantages of this instrument are:
the short response time making it possible to measure velocity and large-
scale turbulence in three dimensions, e.g., close to external watls, and
the relatively small error. This instrument has therefore become popular
in  monitoring of buildings. The disadvantages are the need for
calibration and frequent maintenance. This instrument should not be used
in strong winds (above 20 m/s).

additional information:

It s generally preferable that all meteorological data are collected on the
same time basis. Nonetheless, a shorter sampling interval {ranging from a few
seconds to a few minutes) should be used for rapidly varying quantities such
as wind velocity and direction. For most models describing the energy balance
of the building, the average values over a period ranging from a quarter of
an hour to four hours should be sufficient.
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measurement technique: ! application area: ! referenced fronm:
E.4 ! ENVELOPE SOLAR ! ECO E.3, E.22.

! . !
title: ! references to:

MEASUREMENT OF SQLAR INTENSITY

description:

Measurements of solar radiation are, in general, more complicated than the
measurement of other climatic variables affecting the energy balance of a
building. This 1is due to the wave length and angle dependence of solar
intensity.

It 1is common to restrict the measurement of solar radiation on buildings to
the measurement of the radiation impinging wupon building facades with a
southernly orientation and to the radiation impinging upon the horizontal
plane. Procedures are available by which the radiation on facades can be
predicted from measurements of the radiation on a horizontal plane (Duffie-
Beckman, 1980).°

The instrument most commonly used for the measurement of solar radiation is
the pyranometer. The accuracy of pyranometers is determined by their degree
of independance on wave length and orientation relative to the sun. Oevices
used for measuring solar intensity are also affected by the environmental air
temperature and, therefore, measured data have to be corrected for this
effect.

The absorbing surface of a pyranometer is covered by a semispherical glass
dome, which should be kept clean. In humid areas it may be advisable to use a
fan to prevent condensation of moisture on the glass dome.

for measurements of the diffuse ~component of atmospheric radiation the
pyranometer is shielded from the direct scolar radiation by movable ring
tracking the solar path. For more information on the use of pyranometers, see
e.g. Coulsson, 1975.

cost: $500. ! ease of use: Easy,
accuracy: | references:
2%. ! Duffie, 1980; Coulsson, 1975.

recommended applications:

Use with degree day monitor to calculate equivalent net collector area of a
passive solar house.

alternative techniques:

Use a solarimeter and an integrator.
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measurement technique: ! application area: ! referenced from:
R.1 ! REGULATION ! AP R.2.
A !
title: I references to:
MEASUREMENT OF BUILDING TIME CONSTANTS 1 MT R.1, MT R.Z.
!
description:

The time constant of the heating system is neglected in this procedure. The
heating system 1is shut off 1in the evening and the indoor and outdoor
temperatures are recorded at least every hour until morning. Assuming a
nominally constant outdoor temperature, the time constant v is determined
from:

T1 - Te = const . % exp(-t/r)
where

Ti is the indoor temperature {(see MT R.2),

Te 15 the outdoor temperature (see MT E.1) and

t is the time from shutting-off the heating system.

The wvalue of 1 is determined by plotting 1n(T.-Te),versus the time t and
Fitting data by a straight line. The siope of the®straight line gives the
value of 1/r,

To increase the accuracy of the procedure, data from the first few hours
should not be wused in the fit. Preferably the measurements should be
performed after an overcast day to avoid influence from heat storage of solar
radiation. If possible, one can also increase the indoor temperature by a few

degrees above the normal one for a few days before the measurement. This will
raise the lowest indoor temperature and reduce complaints from occupants.
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recomsended applications:

for evaluation of savings with setbacks and estimation of building pre-
conditioning period.

alternative techniques:

additional information:

When plotting data one can expect a curve like in Fig. 1.

A
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= \\ .. .-""--.,-:. ..-:-
\ .
\ *e ~——
\
—p +—t et
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Time t [h]

Fig. 1 Example of result from building
time constant measurements.

The reason for excluding data from the first few hours is that these data
will describe the time constants of the heating system and the indoor air.

Warning: This procedure should not be used for the determination of time
constants used for purposes other than calculation of temperature setback
effects or other effects with a duration of 6 to 12 hours.

It is assumed that the outdoor temperature is constant. One must therefore
check that the change in outdeoor temperature during the measurements is small
compared to the change in indoor temperature.
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seasurement technique: { application area: ! referenced from:
R.2 | REGULATION ! AP R.2, R.5, MT R.1.
! !
title: ! references to:
MEASUREMENT OF INDOOR AIR TEMPERATURE { MT E.1
!
description:

The most important factor to consider in indoor air temperature measurements
is the positioning of the sensor. The error resulting from a wrong
positioning will in general be much larger than any errors stemming from the
accuracy of the sensor or errors from the data collection system.

To avoid influence of wvertical temperature gradients the sensor should be
placed at least 0.2 m from the ceiling and the floor. The sensor should not
be placed 1in the wvicinity of radiators or other heat sources or close to
windows or other cold spots. The sensor should not be placed close to air
inlets or outlets, below or above windows or at other positions where there
is a draught. The sensor should not be facing radiators, windows, or other
sources of radiation. If the sensor 45 placed on a wall, it should be
protected from contact by placing insulating material between the sensor and
the wall. If the measurement is an instantanecus one, ohe should note that
the time wvariation of the indoor temperature during a day may amount to
several degrees.

The use of a ventilated sensor is recommended if a high degree of accuracy is
required. For a discussion on the advantages and disadvantages of various
sensors that can be used in indoor air temperature measurements, see MT E.1.

When monitoring the indoor air temperature, the sampling should be frequent,
e.g. every minute, but in general it will be sufficient to store hourly or
daily averages. -

cost: ! ease of use:
Low cost ! Simple.
accuracy: ! references:

At measurement position 0.1-0.5 X. As an estimate ! fracastoro-Lyberg, 1983,
of average room temperature 0.5-1.0 K. !

recosmended applications:

In investigations of thermal discomfort, in PIPA analysis to check indoor
temperature before and after implementation of ECOs and in evaluations of
building energy batance for conductive, radiative and ventilative heat
losses.
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measurement techmigue: ! appiication area: | referenced fronm:
R.3 ! REGULATION AT R.8, RV R.1

! !
title: !‘references to:

MEASUREMENT OF THERMAL COMFORT

description:

Thermal comfort dis a measure of how the human body experiences the thermal
environment. This will vary from one individual to another. The thermal
comfort will depend on clothing, activity, air temperature, temperature of
surrounding surfaces, air humidity, air speed, etc. (see section C.2). No
single measurement can be constructed where all these factors are combined.
The simplest measure used is the operative temperature. This is a weighted
average - of the air temperature and the temperature of surrounding surfaces.
Depending on level of description, different weights can be applied to the
radiative temperature from different directions which are not the same,
referred to as the radiative temperature asymmetry.

¥hen the weight is the same for all directions, the operative temperature is
usually measured by wusing 2 globe thermometer. This is a thin-walled globe
with a diameter of 0.15 m, painted black. The sensor is placed inside the
globe. One has to wait for thermal equilibrium. The main disadvantage is the
approximation of the human body by a sphere, and the difficulty of
calibration.

The globe thermometer is suspended at the test point and one has to wait for
thermal equilibrium. The reading of the thermometer is interpreted as the
mean operative temperature. In case of air wvelocities past the globe
exceeding 0.9 m/s, calculation procedures can be used which correct for the
air speed. In this case also the air temperature has to be measured (IS0/DIS
7126). -

cost: ! ease of use:

Low cost. ! Simple, but calibration difficult.
|
1

accuracy: ! references:

1
Instrument errors small ! ISO/DIS 7726, 1985; Bruel and Kjaer; Exett Sales.
compared to systematic !
errors., !
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recommended applications:

alternative techniques:

1. Instead of a globe thermometer, more elongated bodies can be used. One
instrument wuses as a sensor body a Tong ellipsoid (Bruel and Kjaer). The
instrument includes a thermal comfort meter with a display showing operative
temperature or predicted mean vote (PMV). The instrument can be connected to
a recorder. It can be set for specific values of clothing, activity and vapor
pressure when used to predict comfort temperature or PMV. In this case the
sensor body is heated, which reduces the time for achieving thermal
equilibrium,

2. The third instrument consists of a small white plastic cube with plane
black sensors fitted into facets of the cube (Exett Sales). The sensors
record the hemispherical operative temperature for each of the six sides of
the cube. By calculating a weighted average of these six operative .
temperatures, it 1is possible to simulate the thermal comfort of a person
standing up or seated. The operative temperature and the hemi-spherical
radiative temperature asymmetry, as specified above, can be read off directly
from a visual display. The instrument can be connected to a recorder,

For the two instruments described above, no correction for air flow past the
sensors 15 available. These instruments are not recommended for use in
environments with strong air flows.

additional information:
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seasurement technique: | application area: ! referenced froa:
R.4 ! REGULATION !
! !
title: ) ) ! references to:
MEASUREMENT OF TNDOCR AIR VELOCITY . ! AP E.10.
!
description:

The measuvrement of indoor air flow is in general difficult because the flow
pattern is seldom stable and the air velocity is relatively small. The
velocity fluctuations are often of the same magnitude as the speed of the
air. This makes it very difficult to perform measurements with visual reading
of the instrument. :

Before measurements of the air velocity 1in a space are performed, it is
important to get a picture of where the space air velocities are strongest.
This can be done rather quickly using a smokepuffer or a smoke-stick. The
simplest way of. measuring the average air speed is by using a smoke-stick,
or a smokepuffer, and a stop watch. This method can in general only be used
for concentrated air streams with small diffusion (see AP E.10}.

If sensors have to be used it may seem advantageous to use a non-directionatl
anemometer (an anemometer that can measure only the speed of air stream, not
the direction), since the air flow in a room is usually neither visible nor
constant. The instruments that can be used in practice are, however, either
completely directional (the response of the sensor depends on the direction
of the air flow) or difficult to make non-directional,

Some anemometers use the rate of cooling of a heated body as the sensing
head. If the heated body is spherical in shape such an anemometer would in
principle be non-directional. However, in practice most instruments of this
type are more or less directional. 0ften the heated body is of a shape other
than spherical. The response to a change of air speed is often slow.

¥hen instruments are calibrated, one must take into account the temperature,
humidity, and atmospheric pressure. They require accurate calibrations at
regular intervals. These calibrations should always be carried out in a

miniature wind tunnel, or some other suitable device, at the relevant
temperature.
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recosmsended applications:

alternative techniques:

The thermal comfort of an occupant exposed to “draught® will depend not only
on the average speed of the air, but also on the magnitude and frequency of
the fluctuations in air velocity. It is therefore in general not sufficient
to measure only the average air speed. To obtain a stable average value of
the air speed, it is in general necessary to extend the measurement over a
time of at Jleast several minutes and then perform the averaging over this
time interval. .

Some sensors that can be used are the heated thermocouple anemometer and the
thermistor anemometer, The heated thermocouple anemometer has a rather slow
response to rapid velocity fluctuations, and is rather insensitive for small
air wvelocities. Therefore, this type of instrument should only be used for
steady-state measurements and for air velocities greater than 5 cm/s. The
heated thermocouple anemometer is a comparatively cheap instrument..

A simultanecus determination of air speed and direction can be performed if
directional sensors, e.g. hot wire anemometers are used. But this will
require the use -of six sensors and the data must be numerically processed.
Determination of the air flow in this way is therefore seldom performed in
practice. .

additional information:
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seasuremsent technique: | application area: ! referenced from:
R.5 | REGULATION AND ! MT D.7

! ENVELOPE !
title: ! references to:

MEASUREMENRT OF HUMIDITY !

description:

The Psychrometer, or Wet and Dry bulb thermometer, consists of two
temperature sensors, aone with a cotton sock wetted with distilled water., The
senser with the sock will register a temperature close to the thermodynamic
wet bulb temperature. Knowing the dry bulb and wet bulb temperatures and the
barometric pressure, the relative humidity can be determined.

Psychrometers cannot be used when the air temperature is below O Oc, They
need frequent cleaning and replacement of the cotton sock. If properly
maintained, the accuracy is about 0.5 K if the relative humidity is abaove
20%. '

Some requirements for outdoor use of the psychrometer are:

i} The wet and dry bulbs should be ventilated and protected from radiation
by a minimum of two poolished metal shields,

ii) At sea-level air should be drawn acress the bulbs at a rate between 2.5
and 10 m/s, and

1i) Measurements should be performed at a height between 1.25 and 2 meters
above ground level.

The Lithium-Chloride cell hygrometers exploit the property of the salt
lithium-chloride (LiC1) to become electrically conductive when absorbing
moisture from the air., The sensor, a cell containing a lithium-chloride
solution, is heated by passing an AC between the electrodes. This reduces the
moisture content and increases the resistance of the solution. An equilibrium
tempgrature which 15 measured by a separate sensor, is reached. This
temperature can be converted into a dew-point temperature. The LiCl
hygrometer 1is a simple ang comparatively cheap instrument. The aperating
range can be from -29 to 70 "C with an accuracy of 2 K. Air velacities above
10 m/s may shift the calibration. Exposure to high humidities and a
simultaneous 1loss of power, e.g. due te a power failure, may dissclve the
salt and necessitate a refurbishment of the instrument. ’

cost: ! ease of use:
| See text.

accuracy: ! references:

See text. ! ASHRAE, 1979, 1981.
!
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recommended applications:

Measurement of humidity or relative humidity outdoor, indoor, or in air
ducts,

additional information:

Many sensors measuring relative humidity (RH) have the draw-back that
exposure to high relative humidities may result in a loss of calibration.
Also, they are not very reliable at low temperatures.

The ign exchange resin {or Pgpe-type) sensor is relatively inexpensive. This
type of sensor is often found in hygrometers monitoring the RH of relatively
constant temperature air streams because of its Fast response and durability.
However, the electrical resistance between the electrodes is nonlinear and
temperature dependent. The Pope-type sensor is limited to temperatures lower
than 75% and is highly sensitive to organic solvents (e.g. oil vapor) and
chemical components that attach polystyrene.

"Many versions of RH sensors utilizing a thin film polymer or ceramic are now
commercially available. Sensors with high sensitivity (2% RH accuracy) and
fast response are available in the medium_to low price range. The operating
temperature range is approximately 5 to 55 “C. Some sensors are equipped with
a sintered metal filter to shield the sensor from the majority of particulate
matter found in the air. Exposure to high humidities for several minutes may
result in loss of catibration or even loss of the sensor itself.

The high humidity restrictions of various sensors can be avoided by raising
the temperature of the high relative humidity air before it is measured. This
can be accomplished by passing a sample of the air to be monitored through a
simple heat exchanger, Ffor example, by using the air adjacent to the air-
handler,
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measuresent technique: ! application area: ! referenced from:
H.1 ! BOILERS 1 ECO H.13, H.15,.NT H.4.
] 1
title: ! references to:
MEASUREMENT OF THE RUNNING TIME OF A BOILER ! MT EL.7, H.4, H.5
!
" description:

The measure of the running time of a boiler can be achieved with different

types of instruments and different degrees of accuracy:

i) With a counter: measure the running time for a day or a week.

1) With a data logger: measure the running time every hour.

For these measurements, the instrument has to be connected to the valve-
commanding the injection of the oil or of the gas or to the motor {(see MT

EL.7).

cost: Counter: $10-%15, ! ease of use:
Data logger: $200-%500. L Simple.
accuracy: 5 minutes for counter, ! references:

1 second for data logger !
recomnended applications:
Determination of the energy signature.
Monitoring of heating plant and control.
Check of boiler oversizing.
Determination of boiler stand-by losses.

additional information:

The running time reflects not only the true heat load. The regulation setting
of the heating system may induce overheating, Measurement of running time
must include room temperature control. It is useful to measure the running
time associated to different states of the system:

i) Standby by different boiler temperature,

i1) Running time during normal heating {(day from 9 a.m. to 9 p.m.) and
reduced heating (night from 10 p.m. to 6 a.m.),

111) Startup peak power after temperature setback.

The interpretation of the data includes
- extrapolation of the running time at the lowest design outdoor temperature,
- operation when steady-state conditions are reached.

If the burner runs with several vrunning speeds (high/low fire), the
measurement of the running time has to be carried out separately for each
speed. Counters or data 1loggers must then be connected to the commands of
each speed. By medulating burners, measurement of the running time must be
replaced by measurement of oil or gas consumption {see MT H.4 and H.5).
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measurement technique: ! application area: ! referenced from:
H.2 I HEATING b ECO H.15, H.19, AP H.1.
t !
title: : ! references to:
MEASUREMENT OF FLUE GAS TEMPERATURE ! AP H.4, MT H.3.
!
description:

The flue gas temperature is measured in the midd]e of the smoke stack, at an
approximate distance of one diameter from the boiler's exit.

It is measured with the burner at the normal running rate, some minutes after

the burner has been engaged and steady-state temperature conditions have been
reached.

The temperature must be measured at the same place as that of the C02~c0ntent
{MT H.3).

Types of thermometers to be recommended:

i) Bimetal thermometers,

i1} Thermocouples,

i11) Electronic thermometers with:
- resitive sensors,

- thermocouples.
cost: ! ease of use:
Cost of sensor, ! Simple.
1
i
accuracy: references:

]
3-5 K. 1
. !

]
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recommended applications:

A component part of the determination of the combustion efficiency and heat
transfer efficiency.

additiona? 1ntoflation:

This is one of the measurements carried ocut by automated integrated
instruments for the measurement of combustion efficiency (see AP H.4)}. For
burners with several running rates, the measure has to be repeated for each
speed.

——chimney

.. burper boiler u////

measurement of flue gas temperature

Fig. ¥ Measurement of flue-
gas temperature.
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measurement technique: ! application area: ! referenced from:
H.3 | HEATING PLANT ! AP H.1
! : !
titte: 777 i references to:
CARBON DIOXIDE OR OXYGEM CONTENT OF FLUE GAS !
!
description:

The carbon dioxide (COZ) or oxygen loz}content of the flue gas is measured in
the middle of the smoke stack at the boiler's exit, at a distance of one
diameter from the boiler's exit. The €0, (or 0,) content must be measured at
the same place as for the flue gas tempe?ature 2" (Mt H.2).

It is measured with the burner at the normal running speed, some miﬁutes
after the burner has started up and temperature steady-state conditions have
been reached.

The Bacharach device is one of the simplest to perform the measurement of the
C0_ (or 0.} content : a given volume of flue gas is contained within an
entlosure. The CO2 is then absorbed by a special liquid. The diminution of
the gas wvolume 1is“related to the COp (or 0,) content of the gas and can be
read on a graduation scale.

The (0, (or 0, measurement can also be carried out by automatic instruments
measuring the combustion efficiency {see AP H.1}. Usually an oxygen cell is

used which must be replaced yearly. The reading is almost instantaneous
allowing immediate adjustments of the boiler/furnace efficiency.

cost: ! ease of use:
Cost for simplest Bacharach device is appr. ! Simple

$100 ranging to $1500 for automated systems. !

accuracy: ! references:
1% !

recommended applications:

Any fuel-fired system in the determination of the combustion efficiency.

additional information:

For burners with several operational levels, the measure has to be repeated
for each level.

461



App. G Measurement Techniques (H)

measurement technique: ! application area: ! referenced from:
H.4 ' HEATING PLANT ! MT H.4

! ]
title: ! references to:

MEASUREMENT OF FUEL CONSUMPTION IN A GIVEN PERIOD ! MT H.5
1

description:
If a fuel meter is installed:

i) Take the difference of the meter readings at the end and at the
beginning of the period.

If the burner s non-modulating, that is the fuel flow-rate is constant,
then: .

i1) Multiply the fuel flow-rate (MT H.5) by the on-time of the burner (MT
H.1) within the measurement period.

If the oi1 tank shape, capacity and layout is known, then:

iii1) Measure the Ffuel Jlevel at the beginning and at the end of the period.
Technical tables exist which provide the correspondance between the
liquid Tevel in the tank and the 1liquid volume. Hence the fuel
consumption can be obtained as the difference between the final and the
initial fuel volumes.

If a rough estimate 1s acceptable,

v} Analyse the fuel supplies from the fuel bills.

cost: ; | ease of use:
It depends on the labour time. I Simple
]
accuracy: ! references:
2-51% !
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seasuresent technique: ! application area: | referenced from:
H.5 ! HEATING PLANT I MT H.4, H.1

! !
title: ! references to:

MEASUREMENT OF FUEL CONSUMPTION FLOW-RATE !

description:

i)

If a

i)

iii)

iv]

cost:
Fuel

]
|
Labour 10- 30 minutes !
]

1f a fuel meter 1is 1installed, for each heating mode (high/low fire)
divide the difference of the two meter readings taken at the end and at
the beginning of a preset time interval by the length of this interval;

fuel meter is not installed, then:

Look at the fuel spray nozzle type and read the working pressure of the
fuel feed pump and derive, from the nozzle technical table to
corresponding fuel flow-rate; or

Disconnect the fuel supply pipe and connect it to a small bottle
containing a known amount of fuel. Record the time the burner needs to
consume this amount. The ratio of the fuel gquantity by the consumption
time will give the fuel flow-rate, or

Install a fuel flow-meter and see point i) above,

meter 50-100%

accuracy: ! references:

! Roulet, 1987.
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measuresent technique: | application area: ! referenced from:

D.1 ! DUCTWORK ! ECO D.4, MT D.2 through
! b D.S

title: ! references to:

CHOICE QF CROSS-SECTIONAL MEASUREMENT POINTS IN !
AIR DUCTS FOR MEASUREMENT OF VELOCITY !

description:
As guidance to the location of a suitable place for measurements use Fig. 1.

¥With certain disturbances, e.g. thrattiing dampers, a considerably longer
distance may be required. In circular ducts the plane of measurement should
be positioned at least 150 mm upstream of any duct-joint, Avoid measurement
after propeller fans or two bends directly connected to each other in
different planes. The swirl from such disturbances can give considerable
errors so far downstream as 30 diameters (d}.

In rectangular ducts the plane of measurement should be positioned at least
50 - mm upstream of any duct-joint. Rectangular ducts having dimension >600 mm
are usually split. One should if possible perform the measurement from the
duct-side having no cracks. Test first the velocity at the measurement cross-
section.

i) Measure the dynamic pressure at the centre of the cross section.

11} Find the position of the maximum dynamic pressure and note its value.

a) If this maximum 1is situated farther from the duct wall than 0.1 d.
and the maximal dynamic pressure is less than 2 times the dynamic
pressure at the centre, the measurement plane is acceptable and the
measurement points are then selected according to Fig, 2 and 3.

b} If both conditions are not fulfilled an alternative measurement plane
should be sought.

iii1) 1f no measurement plane that fulfills the condition in iila and b is
found, there are two possibilities:
a) Measure according to Fig. 2 and 3, but with total accuracy reduced to
12-15%.
b) Use the atternative .procedure: Increase number of measuring points
and total accuracy of 8%.

iv) Conditions for using method in iii): The maximum dynamic pressure is
located further from the duct wall than 0.1 d and is less than 4 times
dynamic pressure in the duct center.

v} If no measurement plane fulfills the conditions in iv}, then Flow
measurement using Pitot-tube should ngt be performed.

vi) After measurement the duct-holes should be plugged.
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additional information:

Circular cross section: a> 5d.

Rectangular cross section: a>6 D (D= hydraulic diameter = A/0 where A= cross
area and 0 c¢ircumference of duct}.

a =20
f — Fig. 1 _
' % .,D Guide for positioning
| l =X of measurement plane.
& I
+ =
§| —_— s
1 w
| =
o t ]
— —&
: — @
H
i i
1
. = |
Measurement plane
0.71d
0.9d
Fig. 2
Positions of measurement
in the measurement plane,
Circular cross section.
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In accordance with new duct standard ISO 1807

i g

p—

La

Two alternatives for Ly: | 200 <L, < 300
111400 <L, =2 000

‘Foralt. Inotethat: a=0.08-L,,b=043 L, ¢c=057-1L,d=092-L,
‘Foralt. Il note that: a = 0.060- L,,b=0.235:L,c=0430"L,d=0.570-1,
e=0765-L,, f=0.840-L;

Three alternatives for L;:

D so0<t, <400 @ a00<i, <800 @ 800<L, <2000

3] 71
UL O o 4 eb oo
Sl !
S F— l For these alternatives the following posmons of
) E— measuring points are then obtained:

L, 200 250 300 400 SO0 600 800 1000 1200 1400 1600 1800 2000

a 6 20 25 25 30 35 50 &0 70 85 95 110 120
b 85 110 130 95 120 140 150 235 280 330 375 420 470
‘e 115 140 170 170 215 260 345 430 515 600 690 776 860
d 184 230 275 230 285 340 455 570 €85 B0OO 910 1025 1140
8 - - - 305 380 460 610 7656 920 1070 1225 1380 1530
f - - — 380 470 565 750 940 1130 1315 1505 1690 1880

Fig. 3

Positions of
measurement in

the measurement
plane. Rectangular
cross section. All
measures are in mm,

TABLE 3. Correction factor for temperature and barometric pressure.

Temperature i ressyre i ar
in duct (°C)  ¢70- 1000- 1030-
1000 1030 1060
0 0.98 0.96 0.95
20 1.02 1.00 0.98
40 1.05 1.04 1,02

TABLE 4. Correction factor for cross section.

Circular cross section d < 160 mm 0.9
200 < d ¢ 400 mm 0.97
500 < d < 12250 mm 0.98
Rectangular cross section L1> L 0.94
ti- 2 0.96
L2 1.02
___________________________ L1< L2 .
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seasurement technique: ! application area: ! referenced from:

n.2 ! DUCTWORK ! ECO D.4, H.25, H/C.T,
! ! H/C.8, AP D.3

title: | references to:

FOR MEASUREMENT OF VELOCITY IN DUCTS USING { MT D.1, D.2, D.4, D.5.

PRANDTL-TUBE (PILOT-TUBE) !

description:

The airflow rate is calculated from a series of velocity measurements in the
cross section of a duct. Determination of velocity (dynamic pressure) is done
with a Pitot tube.

The method 1is fundamental and in wide use. For shorter straight duct length
than about 5 diameters (5 d)} before and 2 d after measurement plane the.
method error inreases. For better accuracy: Measure in more points, see
Alternative Technigues 1.

fquipment:

i) Pitot tube,

i1}  Rubber or plastic tubes,
iii) Micromanometer, U-tube,
iv) Thermometer,

v] Aneroid barometer,

vi) Plastic plugs,

vii) Steel measuring tape,

Preparation {on site):

1. The measurements are taken in a plane of measurement (as in MT D.1),
Observe that minimum distance to downstream disturbances should be 2 d to
3 d.

2. Remove external insulation. Aveid measuring 1in internally insulated
ducts. [f the ducts are internally insulated, the measuring points in
Tables 1 and 2 must be recalculated.

Preparation (instruments):

Set up the manometer horizontally on a stable base.

-Couple the tubes between the Pitot tube and the manometer.

Check that the column of liquid is free from air.

Adjust the manometer to the coerrect angie. To obtain the best reading
accuracy it 1s important to use the angle that gives the greatest
deflection,

5. If necessary check and adjust the manometer's zeroc setting.

I WO PR

The air wvelocity v at ‘each measurement point is then calculated from the
dynamic pressure, p, by using the relation 4

v = const.* Jfp
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If p is measured in [Pa) and v in [m/s], the constant is equal to 1.29 {at
20%C and 1013 mb). :

The volumetric air flow rate, is then obtained from the average velocity
of the measurement points, v, anH the cross section area, A, as
= x
9, =V A,

If a high accuracy is desired, the velocity should be corrected for barometer
pressure (see Table 3, MT D.1) and for duct cross section {see Table 4, MT
D.1}.

cost: | ease of use: :
Equipment: $120. Data ! Simple for a trained person. Often difficult to
collection and calcula- ! find sufficient straight duct length.
tion:About 1 h per duct. !

]

str. duct length 4-7 d.

accuracy: ! references:
7% for straight duct i NVG, 1983.
length »>7 d. 151 for !

|

|

alternative techniques:

1. When no recommended measurement plane is found, i.e. when straight duct
length is shorter than 7-8 d or special disturbances are located upstream
the measurement plane. The number of measuring points is increased and a
spectal method of calculation is applled See Reference. The method error
is then 7%.

2. For ducts with wvelocities 1lower than 3 m/s: Use MT D.3 (Hot wire
anemometer).

3- For large, rectangular ducts {side over approximately-2 m} and brickwork
ducts: Use MT D.4: (Rotating vane anemometer).

4. For permanent monitoring or single measurement with less accuracy: Use MT
D.5: (Tracer gas).
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measureaent technique: | application area: ! referenced from:
D.3 - I AIR DUCTS | ECO D.2, D.4, H/C.7,

! | H/C.8, H.25, AP D.3, R.4
title: | references to:
AIR FLOW MEASUREMERT [N OUCTS USING HEATED WIRE ! MT D.1, 0.2, D.4, D.5.
ANEMOMETER !
description:

In order to determine the air flow rate in a duct one may use a heated wire
anememeter for wvelocity measurement. A number of measurement points are
determined as in MT D.1.

This method 1is advantageous for duct velocity lower than 3 m/s, where the
accuracy 1is better than that of a Pitot tube, due to the instrument error at
low velogities.

Insﬁead of maximal dynamic pressure in MT D.1 the maximal velocity should be

applied: : ‘

- In point ii)a: Max. velocCity less than 1.4 times center velocity.

- In point iv): Max. velocity less than 2 times center velocity.

- The hot-wire anemometer should have been accurately calibrated at tge
temperature existing in the duct. (If ths calibration is performed at 20°C
only and the measurement is done at 30°C an error of 10% in the velocity
measurement may occur.)

The volumetric air flow is determined from the average velocity as in MT D.2.
Use a Pitot tube or a smoke pencil to control that counterflow does not occur
in the measurement plane.

cost: Equipment from ! ease of use:

$500. Data collection ! Simple for a trained person.
and calculation 1/2-1 h !

per duct. !

accuracy: With cali- ! references:

brated anemometer the I NVG, 1983.

higher than for MT D.2,
i.e, 10-20%.

1
|
total error is about 5% !
I
!

additional inforsaticn: .

Conditions for wusing this method: The heated wire anemometer has a sensor-
shaft of equal or smaller thickness than a similar Pitot-tube. The velocity
can be corrected for the duct cross section as in MT D.2.
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measurement technique: ! application area: ! referenced from:

D.4 ! DUCTWORK ! ECO D.2, D.4, H/C.T,
! ! H/C.8, H.25

title: ! references to:

AIR FLOW MEASUREMENT [N DUCTS USING RQTATING VANE ! MT D.1, D.2, D.3, D.5.
ANEMOMETER !

description:

Use a rotating vane anemometer for velocity measurement in a number of points
across the duct selected as described in MT D.1.

This method is advantageous for ‘targe., rectangular ducts ({side over
approximately 2 m) and brickwork ducts where a Pitot tube is difficult to
use.

Instead of maximum dynamic pressure in MT D.1 the maximum velocity should be
applied:

- In point 1i)a: Max. velocity less than 1.4 times center velocity.
-~ In point iv}: Max. velocity less than 2 times center velocity.

¥hen a rotating vane anemometer with separate stopwatch 15 used. the
anemometer is held for 10-15 seconds in each measurement point. At the end of
each measurement pericd the instrument is transferred to the next point
without stopping the rotation. At the end of the final period the anemometer
is stopped and the stopwatch js read. The anemometer value jis divided by the
time registered and this average velocity is corrected with the anemometer's
calibration curve.

When a direct-reading rotating vane anemometer is used, the average velocily
of each point must be determined. Every measured value is then corrected with
the anemometer's calibration curve. Then the total average velocity is
calculated.

The volumetric air flow is determined from the average velocity as in MT D.2.

cost: Equipment: From ! ease of use:

1

$300. Data collection I Simple for trained persons. It may be difficult
and calculation: 1-1 1/2 | to enter the duct and find sufficient straight
|
1

h per duct. ! duct length.
accuracy: 5% higher | references:
total error than for ! NVG, 198B3.

I
)
MT D.2, i.e. 10-20% !
I
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recomsended applications:

alternative techniques:

MT D.2, D.3, D.5.

additional inforsation:

The method should not be used 1if the hydraulic diameter of the duct is
smaller than 5-6 times the anemometer diameter.

Due to mechanical friction 1in the anemometer the lowest velocity to be
measured is 1 m/s for mechanical vane anemometers and about 0.3 m/s for
electronic vane anemometers.

The rotating vane anemometer must be calibrated once a year in a wind tunnel.
The anemometer should be mounted on a shaft about 1.5 m long when the
anemometer is handheld towards the air stream.

for correction factors, see MT D.1.
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measuremsent technique: ! application area: ! referenced from:

b.5 ! DUCTWORK {AIR CONDI- ! ECO D.2, D.4,H/C.7,
t TIONING CENTRALS) ! H/C.8, H.25, AP D.3

title: ! references to:

AIR FLOW MEASUREMENT USING TRACER 'GAS TECHNIQUES ! MT 0.2, D.3, D.4.

description:

One of the difficulties invelved in measuring the air flow rate in
ventilation ducts is that there are often insufficient straight sections
preceding or following the measurement plane. However, when tracer gas is
used for the measurement of air flow rate, it is an advantage to have much’
turbulence induced by dampers, bends, etc. because the tracer gas method may
only be used when a homogeneous mixture of the tracer gas in the air can be
maintained,

The method 1is based on injecting a known low rate of a tracer gas into the
ventilation duct. When the tracer gas further downstream is well-mixed with
the ventilation air, the air flow rate is calculated from the concentration
of the tracer gas.

The method requires a continuous, known flow rate of tracer gas, q_, [mals]
and a thorough mixing of the tracer gas with the air transported in ihe duct,
q [m”/s3. If the concentration in the cross section used for sampling is
cdNed C_(fractional units) with steady-state condition, the following
relation ¥s obtained:

= /
qV qS CS

Equipment:

il Tracer gas analyzer,

ii) Tracer gas + reduction valve (manometer),

ii1) Flowmeter for tracer gas (rotameter).

iv) Thermometer for tracer gas and duct air.

v) Probe for distribution of tracer gas in the duct.
vi} Probe for sampling.

vii) Plastic plugs to plug holes.

cost: Equipment: Fraom ! ease of use:

$7000, Data collectien ! Trained staff necessary.
and calculation: 1-3 h !

per duct. !

accuracy: Total probable ! references:
error = 10-15% depend- ! NVG, 1983.
ing on mixing length and !

quality of gas analyzer. !
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recommended applications:

alternative techniques:

MT 0.2, D.3, D.4.

additional information:

If a rotameter is used as a flowmeter for tracer gas, it must be calibrated
for the actual tracer gas. It is quite impossible to use a single factor for
conversion of the rotameter's calibration curve from air to tracer gas.

The flow rate of the tracer gas is corrected to apply at the prevailing
temperature 1in the ventilation duct. Therefore the temperature of the tracer
gas must be measured when passing through the rotameter. The corrected flow
rate is obtained from (see Fig.1):

9 {corr) = 8 (1.96-0.67 tf)l(1.96- 0.67 td)

where
qs = tracer gas flow rate at tracer gas tempegatuqe at flowmeter,
t: = temperature of tracer gas at flowmeter [C],

td temperature of tracer gas in duct [ Cl.

To obtain the highest accuracy in measurement of the air flow rate, it is
necessary to ensure the least possible variation in gas concentration over
the measuring plane. Some variatijons have to be accepted because sufficiently
long duct sections are not available. A considerable decrease in the mixing
length can be obtained if the tracer gas is injected simultaneously through a
number of openings in the cross section {at least four) and if the sampling
is carried out in more than one point. See Table 1.

A considerable decrease in the mixing length is also obtained if the tracer
gas is injected upstream of a fan. See Table 1.

473



App. G Measurement Techniques (D)

TABLE 1. Recommended ratio (mixing length)/(hydraulic diameter}(1/D}) for
method errors of 5 and 10%.

Arrangement of injection, duct and sampling 1/0 for method error

Injection at centre Straight duct without disturbance
Sampling at centre 80 60

Injection through Straight duct without disturbance

a ring whose dia- a) sampiing at centre 25 20
meter is 63% of the b) sampling at 4 points in duct 15 10
duct diameter {4 {situated as in injection)

holes in a ring}.

Duct with two 90° bends

a) sampling at centre 20 15

b} sampling at 4 points in duct 10 5
(situated as in injection}

Injection preceding a fan and 10 5
sampling following fan.

Fan

Flowmeter %
{Rotameter)

Gas analyzer

Reduction vaive

Valve for fine
adjustment of
pressure

(Gas cylinder
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measurement technique: | application area: | referenced from:

D.6 ! DUCTWORK ! ECO D.3, AP R.4
! !

title: ! references to:

MEASUREMENT OF PRESSURE DROPS IN AIR DUCTS !

description:

A survey of the ductwork should also address i) the pessibility of rebuilding
those parts with a high pressure drop and ii} the necessity of cleaning-the
inside of the ductwork system.

Excessive pressure drops may occur in:

i) Fan inlets and gutlets,

ii} Sharp, large bends without turning vanes,
iii) Two bends in different planes,

iv) 0On-site built transitions,

v) Intake and outlet terminals,

vi} Heat exchangers in the system.

The instrumentation needed is:

- Manometer with differential ranges 0-2000 Pa,

- Inclined liquid manometer,

- Mechanical or electronic mancmeter,

- Rubber tubes and

- Pitot static tube {Prandtl-tube) for use in ducts with high velocities.

Drill small holes (diameter 2-3 mm) in the duct wall before and after the
part to be tested. {onmect the rubber tubes to the manometer and fasten the
tubes against the duct wall over the holes. Read the pressure difference on
the manometer.

If the pressure difference is less than 5-10 times the calculated dynamic
pressure in the duct, means should be taken to reduce errors due to
turbulence and dynamic pressure losses in the measuring holes by:

1. Removing inside burrs in the measuring holes with a special teol, or
2. Drilling bigger holes.

Take measurements with a Pitot static tube, connected to the total pressure
outlet (the nose),and adjust the tube nose against the air flow. The
procedure is most correct when duct velocity exceeds 5-6 m/s or when the duct
cross area differs with more than 10-20% between the measuring points (the
pressure drop is taken as the difference- in total pressure between the
measuring . points, .with .the pressure. .in the room outside the duct as
reference,)
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The required pressure drop is the difference in total pressure before and
after the examined part of the ductwork. If the duct velocity is the same
before and after (i.e. when the duct cross area is the same), the difference
in total pressure equals .the difference in static pressure, and measuring
?tatic pressure in duct holes is sufficient. The total pressure is obtained
rom:

Pp = P * Py
Py = total! pressure [Pa)
Pg = static pressure [Pa] 2 2
Py = dynamic pressure [(Pal = ¢/2 X v"“ = 0.6 v
v = velocity [m/s].

Results should be compared with manufacturers or standard component pressure
loss data. [t may be necessary to als0o.measure actual flow rate {(see MT D.1
through 0.5). :

cost: _ ! ease of use:
Data collection: 10-15 ! Simple. Evaluation of results need some knowledge
minutes per component. ! of ventilation components.

1

accuracy:
10-15%

additional information:
Limitations.

Measurement shortly after a fan or damper should be avoided because aof high
local velocities which increase the measuring error to more than 20%.
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measuresent technique: | application area: ! referenced from:

D.7 ! DUCTWORK I ECO D.1, H/C.1, H.25
! 1 AP 0.2

title: ! references to:

MEASUREMENT QF TEMPERATURE ANO HUMIDITY IN AIR t MT R.5S.

DULTS ]

description:

In supply. air ducts temperature and humidity may vary across the section of
the duct. A heat recovery device, heating/cooling coils and air mixing units
often produce an uneven temperature f{and humidity) profile across the
section. Measurements made near these components should be made with great
care.

If by traversing with the measurement probe, the temperature and relative
humidity maximal differences are smaller than 0.5 K and 5%, respectively,
then the profile in the cross section can be regarded as homogeneocus.

If the Ttimits are exceeded, then the measurements should be taken according
to the descriptions given in MT D.1.

In exhaust air ducts the temperature and humidity profile in exhaust air
ducts are usually homogenecus. Therefore it is enough with one measuring
point, preferably in the middle of the cross section,

Equipment Ffor temperature measurement: Thermometer according to users demand
for accuracy, for humidity measurement: Lithium-Cloride cell hygrometer. This
instrument demands frequent calibration. Use an aspiration psycrometer as a
calibrator or for more accurate measurement (see MT R.5).

cost: ! ease of use:
Equipment: From $50. ! Simple.

4
accuracy: | references:
Depends on instrument !
accuracy.
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measurement technique: | application area: ! referenced from:
D.8 ' | DUCTWORK ! ECO D.2, D.4.
! !
title: i references to:
AIR FLOW MEASUREMENT ON EXHAUST TERMINAL WITH ! MT 0.2 through D.5.

ANEMOMETER-HOOD !

description:

This method is easy to use on smaller air exhaust terminals. Different types
of hot-wire instruments and mechanical air velocity instruments can be fitted
with a hood for air flow measurement on exhaust air devices. Some of these
instruments are listed in Table 1.

The calibration curves of the instruments are influenced to a certain degree
by the type of exhaust air device on which it is used. The instruments may
give an additional error of 5% depending on the type of valve. Calibration in
combination with the actual installation of the instrument should therefore
be carried out if the greatest possible precision is to be obtained.

A1l measuring instruments fitted with a hood affect the air flow through the
device because a pressure drop occurs 1in the measuring hood. When the
pressure drop across the heood and the exhaust air device is known, the
correct flow can be calculated:; Correct flow = measured flow times correction
factor from Table 2.

A1} hot-wire instruments are delicate and need calibration and adjustment one
or two times a year.

a5 Sealing

Measuring hood ?

[
A —
! &
ﬁg& < Fig. 1
N A Measurement of flow
Velocity instrument with anemometer hood.
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cost: Equipment: From | ease of use:

$600. Data collection: ! Simple.

5-15 minutes per exhaust !

terminal. !
I

accuracy: Total random ! references:
error: For newly cali- - ! NVG, 1963.
brated instrument: 12%. !
With calibration curve !
for the actual terminal: !
1%. 1

|

alternative techniques:
MT D.Z through D.5.

additional information:
TABLE 1. Flowmeters.

Type of instrument Air flow range {malh] [1/s]
Swema AFM-66B (Sweden) 5-30, 30-230 1.4-64
Alnor + AM-300 (finland) 20-300 . 5.5-83
Alnor + AM-600 (Finland) 50-750 -14-208
~Alnor + AM-1200 (finland) 100-1500 28-417
Veab LM-200 (Sweden) '20-200 5.5-55
Bal-cone + CF matic, AMC (USA} 0-1700 {5 sizes) 0-472
Alnor Balometer (USA} 0-3400 (4 sizes) 0-945

TABLE 2. Correction factor for pressure drop across flowmeter.

Pressure drop across the flowmeter in
percent of the pregsure drop across the

exhaust air device Correction factor
5 1.01
10 1.05
20 1.1l
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seasurement technique: ! application area: ! referenced frono:
p.9 ! DUCTWORK ! ECO D.2, D.4.

! . !
title: ! references to:

AIR FLOW MEASUREMENT ON SUPPLY TERMINAL WITH BAG ! MT 0.2 through D.5, D.10

description:

This method . is a precision method for air supply terminals and easy to use
when there is sufficient space and flat surface around the terminal.

The method, illustrated by Fig. 1, implies that a rolled-up measuring bag, of
a certain volume and mounted on a frame, is placed over the device so that
this is completely covered. The time that elapses until the bag is filled
with air to a certain overpressure, is noted. The volumetric air flow rate,
§,. s then obtained from the equation: .

q, = Vit
where V = volume of measuring bag, and t = filling time.

Sealing

Measuring tube @ 5 mnf — Cil\

Stop watch
Micromanometer Plastic bag
(0.3-1.3m)
(0.02 — 0.04 mm thickn.)
Fig. 1 Measurement of air flow with plastic bag.
cost: Equipment included one factor calibrated ! ease of use:
bag: From $650. Data collection: 10-20 min. ! Simple, but some

| Most effective with
! two persons.

accuracy: . ! references:
Totat random error 4%. { NVG, 1983,

|
|
per supply terminal (two persons). ! training necessary.
]
1
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recommended applications:

alternative techniques:

MT D.2 through D.5, D.10.

additional information:

The lower limit of the pressure drop for a terminal (including pressure drop
to nearest branch duct), when measuring a device mounted in a ceiling,is
approximately 10 -Pa. When the device 1is instalied in a wall it is
approximately 50 Pa. For measurements on wall-mounted devices, it is
necessary to 1ift the measuring bag in order to decrease the pressure in the
bag.

3 3

The maximum Flow rate is about 500 m°/h (0.13 m°/s) with a bag of 13 ma.

Place the frame with the rolled-up (airless) bag over the device and start
the stopwatch.

Fi1ling time to an overpressure of 3 Pa is noted. If the filling time is
below 10 seconds the measurement is repeated with a bag of greater volume.

If such a greater bag is not available the measurement should be repeated 2-3
times.

Measuring bags including frames and other accessories can be obtained from,
for example, Matforum Hans Blixt AB, Solna, Sweden.
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measurement technique: ! application area: | referenced from:
D.10 ! DUCTWORK ! ECO D.2, D.4.
! !
title: ! references to:
AIR FLOW MEASUREMENT ON SUPPLY TERMINAL WITH ! MT D.2 through D.5, D.9.

ANEMOMETER-HOOD !

description:

This method is easy to use for balancing air supply systems, but needs
calibration for each type of terminal if accurate measurements are desired. .

To obtain a good degree of measuring accuracy with the instruments mentioned . |

in MT D.8, regardless of whether the airstream is symmetric or not, an
extension heod 1is required. This hood should have a length 3 times the
greatest hydraulic diameter of the hcod {limited availability),

The anemometer used is a rotating vane anemometer positioned in the circular
outlet of the hood. To obtain the best measuring result the outlet diameter
of the hood should be 1.5 times the diameter of the rotating vane anemometer.

Sealing

Sealin
g Measuring hood
: Extension hood

Fig. 1 Measurement of flow with anemometer hood.

cost: Equipment: From ! ease of use: '

$700. Data cellection ! Simple, but the hoods may be heavy to handle for
5-15 minutes per supply ! one person. Calibration necessary.

terminal. !

accuracy:Total random error: 7% on condition that ! references:

instrument is newly calibrated, hood is calibrated ! NVG, 1983,

on actual terminal type, correction is made for !

hood pressure drop,
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recosmended applications:

alternative techniques:

MT 0.2 through D.5, D.9.

additional information:

Limitations:

If absolute wvalues for air flow rate is wanted, the methods require
calibration 1in combination with the supply air device concerned. All
measuring instruments fitted with a hood influence the airflow through the
instrument as a certain degree of pressure drop is set in the measuring hood.

Correction for pressure drop: Correct flow = measured flow times a
. correction factor from Table 1.

TABLE 1. Correction factor for pressure drop across flowmeter.

Pressure drop across the flowmeter in
percent of the pressurg drop across

the exhaust air device . Correction factor
5 1.01
10 1.05
20 1.11

¥ Including pressure drop to nearest branch duct.
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seasuresent technigue: | application area: ! referenced from:
D.11 ! DUCTWORK ' ECOD.2, D.4.

! !
title:. | references to:

AIR FLOW MEASUREMERT ON TERMINALS BY A ZERO !
PRESSURE METHOD (FLOW FINDER) !

description:

With the zero pressure method the resistance of the measuring instrument is
compensated by means of a fan, so that the characteristic of the air
distribution system is not influenced by the measurement.

Because of the zero pressure method the air flow is virtually not influenced
by the placing of the instrument before an outlet orf grille. The instrument
is set manually. The zero pressure indicator will indicate if the air flow on
the scale of the instrument is higher or lower than the measured air flow,

The instrument itself and the zero pressure indicator react instantly sc that
the air flow that is to be measured can be determined very rapidly.

Fig. 1 An example of the instrument described,
the Flow Finder.

cost: ! ease of use:
Approximately $1000. ! Simple.

]
accuracy: ! references:
5% of ths reading +- ! ACIN
0.0003 m“/s (1 m”/h} !
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recosmended applications:
- grills, registers, diffusers,

- jow air volumes or velocities,
- natural ventilation rates.

alternative techmiques:

MT 0.2 through 0.5, 0.9, 0.10.

additional information:
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seasurement technique: ! application area: ! referenced from:

P.1 ! PIPEWORK (HEATING, SHW, ! ECO P.9, P.11, MT P.6,
1 REFRIGERANT SYSTEMS) 1 p.2

title: | references to:

MEASUREMENT OF STATIC PRESSURE ANO PRESSURE !
DROPS IN PIPES !

description:

If there are no built in manometers or manometer connections, one can proceed
as follows:

After draining pipework, drill a tapping in the pipe so that the hole emerges
perpendicular to the pipe inner wall with a clean sharp edge. Fit a pressure
gauge in the pipework. :

If manometers have to be connected to a refrigerant system always check for
pessible leakage at the connections using a refrigerant leakage detector.
Also make sure that the manometer s suitable for the intended working
pressure (e.g. do not confuse high and lgw pressure connections).

To measure pressure drop across any pipework component, measure\stétic
pressures as close as practical and on both sides of the component.

»

.cost: Standard type ser- | ease of use:

|
vice manometers $40-$100 ! Should be fitted by experienced personnel.
Precision electronic !
transducers $200-%$300. !

accuracy: 1
Dependent on gauge 2-5% 1
|
|
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recommended applications:

alternative techniques:

1) For low pressure pipes a simpler technique can by applied.

Fit a twin lock test plug and insert a hollow needle through the rubber seat.
Connect the needle via flexible armoured hose to a .pressure gauge or
manometer.

2) To measure the pressure at a draw-off point in a SHY system one can
proceed as follows.

Connect a pressure gauge (Bourdon type) of appropriate sensitivity to the
draw-of f point using armoured flexible hose secured with suitable clips (e.g.
Jubilee clips).

This can be carried out by unskilled personnel.

additional informaticn:

{f manometers are being fitted for longer periods always use metallic
connecting tubes (copper, steal etc.). Rubber hoses normally used for service
applications are not diffusion proof and will slowly leak.

Leak detection using a gas flame in refrigerant systems is efficient but not
to be recommended since refrigerants may decompose and form toxic gases in
the presence of an open flame. Use electronic type detectors,

¥hen disconnecting pressure tubes from refrigerant systems remember that
refrigerant may have condensed (especially on the high pressure side) in the
tube and this will evaporate violently on disconnection of the tube. Be sure
to protect eyes gr skin since evgporating temperature at ambient pressure can
be in the range of -30 to -45 “C. [f connecting pipes have large volumes it
should be arranged with switching valves so that refrigerant can be sucked
back into the system before disconnecting the manometers. WARNING: Not to be
carried out in ammenium systems except by licensed technicians.
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App. G Measurement Techniques (P)

measurement technique: | application area: ! referenced from: ECO P.3
P.2 ! PIPEWORK ''§.7,5.11, 5.12, S.15,

! ! AP P.3, P.5, S.1, §.2,

! 1 S.5, MT P.3, P.4, 5.1
title: ‘ ! references to: MT P.1,
FLOW RATE IN PIPES {QRIFICE PLATE} ' P.3, P.4

|

o L N e
description: '

An orifice plate is a metal plate with a circular concentric orifice. ¥hen
placed in a pipe., the plate partially obstructs the flow. causing a loss of
pressure. The volumetric flow rate is related to the pressure differential
across the plate by the equation:

; 2
q, = Cd AOI(ZAp!g)!![I—(AOIAp) ]
where q = volumetric flow rate [mafs] 2
AY = cross-sectional area of pipe [m°] ?
Ag = cross-sectionat area of orifice in plate [m")
C = discharge coefficient of orifice plate ,
afl = pressure differential (Pa) 3 f
p = density of the fluid in the pipe [kg/m”].

The pressure on either side of the plate is measured via pressure tappings,
one drilled a distance of one pipe diameter d upstream of the plate and on a
distance d/2 downstream of the plate.

The value of C, depends on the Reynolds number but for the flows considered
here can be takeﬂ equal to 0.60. ) i

1

cost: For complete plate ! ease of use:

and flange assembly (50 ! Fitting and calibration of the device should be
mm diameter) $600. Dif- ! performed by qualified staff.

ferrential pressure !

transmitter, diaphragm !
type $1200. !
accuracy: 2-3% uncali- !
brated. 1% calibrated !
{provided the discharge !
coefficient is known), 1
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recommended applications:

Available for pipe diameters 25 mm - 600 mm.

alternative techniques:

MT P.3, P.14,

Measure pressure across system pump (MT P.1). Flow rate can be established
from pump characteristics.

additional information:

The installation of an orifice plate will normally require removing a length
of pipe unless it can be fitted between two existing flanges in tha pipework.

Flanged couplings should be attached to the pipe ends at the cut-out and the
plate fitted between them, and pressure tappings should be made on either:
side of the flanges (see MT P,1).

Pipes above 100mm diameter should use four equi-spaced tapping holes at each
measurement point joined with tubing to form a piezometer ring. This ensures
that variations in the flow profile around the pipe are averaged.

For the measurement of the pressure differential one may use a differential
pressure Bourdon gauge (convenient but not as accurate as other devices, a
mercury manometer, a pressure transducer, etc.).

Concentric orifice plates cannot be used with dirty fluids; eccentric or
chord orifice plates should be used - these allow a free path along the
bottom of the pipe which prevents the build up of solids behind the plate
tsee referencel.

Equipment is readily available.

Introduction of orifice into pipework systems reduces the flow rate.



App. 6 Measurement Techniques (P)

measuresent technique: ! application area: ! referenced from: ECO P.3
P.3 ! HYDRONIC HEAT DISTRIBU- ! S.7, S.11, S.12, §.15,

! TION QR SHW SYSTEMS ! AP P.3, P.5, 5.1, 5.2,

! 1 5.5, MT P.2, P.4, 5.1
title: ! references to:
FLOW RATE IN PIPES (FLOW METERS) | MT P.2, P.4

]

description:

The installation of a meter to measure hot water flow or assess SHW demand
patterns will normally require breaking into existing pipework. It will
therefore be necessary to valve off the supply and drain down the system.

Suitable meters are:

plastic turbine - for use in cold water,
steel turbine - for use in hot water,
positive displacement (e.g. rotary piston),
electro-magnetic flowmeters.

Consideration should be given to using meters which can be fitted with
electrical pulse generators 1in order that the flow data can be remotely
displayed or logged.

If the configuration of the pipework ahead of the meter is l1ikely to generate
swirl or disturbed velocity profiles, a flow conditioner should be fitted
upstream. The upstream pipe should also be straight for a length > 10 pipe
diameters before the meter and > 5 pipe diameters after the meter. Positive
displacement meters are generally insensitive to flow disturbances.

cost: ! ease of use:
$50-%150. ! Fitting and calibration of meters should be per-
! formed by qualified staff.
|
accuracy: . ! references: : .
2% (dependent on flow ! 150 4064, Part 2, 150 Standards Handbook 15.
rate). ‘ 5



App. G Measurement Technidques {P)

recommended applications:

alternative techniques: MT P.2, P.4

SH¥ flow can be measured directly by fitting a hot water meter in the draw-
of f pipe from the storage cylinder/tank or the flow side of instantaneous hot
water heaters.

additional information:

In applications to SHW systems, the following should be considered:
Measurement of the hot water draw-off from storage cylinder/tank may be made
by metering the flow of cold feed water into the cylinder/tank. Metering the
cold feed permits the use of less expensive meters having plastic rather than
stainless steel moving parts.

In dwellings where the storage cylinder is fed from a cold water cistern
le.g. dwellings with electric resistive SHW heating) it may be podssible to
plug a cold water meter into the outlet at the bottom of the cistern. (This
outlet should feed the storage cylinder/tank goly). This avoids disruption of
the pipework and reduces meter installation costs. (fit a reverse flow
release valve downstream of the meter  to avoid reverse flow caused by
expansion of water in the storage tank - registering on the meter.)

Flow strainers should be fitted_upstfeam of meters fitted on the hot water
side of a storage tank to prevent detritus from the tank clogging the meter.



App. G Measurement Technigques (P}

measurement technique: ! applicatioh area: ! referenced from: ECO P.3
P.4 ! PIPEWORK 15,7, §.11, §.12, §.15,

! P AP P.3, P.5, 5.1, 5.2,

! ! 5.5, MT P.2, P.3, 5.1,
title: ! references to:

FLOW RATE IN PIPES (PORTABLE ULTRASONIC FLOWMETER) ! MT P.2, P.3

description:

In situations where the installation of an invasive type meter is not
qutiried because of expense or inconvenience, an alternative is to use a
portable clamp-on ultrasonic flow meter. .

A version 1is available which uses the *time of flight* technigue. Two
transducers are clamped either side of the pipe at a pre-determined angular
displacement and act as alternating transmitters/receivers of ultrasonic
pulses. Flow welocity is calculated within the instrument by comparing the
time taken for the wultrasonic pulse to travel “against" the flow with the
time taken "with" the flow.

Accuracy depends on knowing the internal diameter of the pipe and caiculating
the Reynolds Number, for which a preprogrammed calculator is provided.

This Measurement . Technigue should only be applied to flows far from a pipe

bend (more than 30 diameters).

cost: | ease of use:

$3000 or hire $300/week. ! First use requires supplier supervision.
] .

accuracy: ! references:

Manufacturer claims 5% ! .

over full range. Poor at !

low flows. 1

recoomended applications:

Pipe size: 25mm - 2000 mm,

Pipe material: metal or plastic.

Maximum temperature: 200 “C.

Can be used to measure hot or cold water flows in any application.

additional information:

One set of transducers covers all pipe sizes. OQutputs show velocity and
cumulative flow. Analogue output 4-20 mA proportional to velocity.

An example of equipment of ¢this type is the "Portaflow"” manufactured by
Micronics, Southport, U.K.
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measurement technique: ! application area: ! referenced from: ECO P.3
P.5 ! HEAT DISTRIBUTION AND ' P10, AP P.2, P.3, P.4,
| SHW SYSTEMS 1 P.5, 5.1, 5.2, S.3, S.5
title: ! references to:
MEASUREMENT OF PIPE SURFACE TEMPERATURE ! MT P.6.
!
description:

In pipeworks with thin~walled pipes or pipes made out of a material which is
a good heat conductor, the surface temperature will be close to the fluid
temperature. This fact forms the basis for a non-invasive technique for
measuring Tluid temperature.

The sensor should have a low thermal mass, for example, thermocouples or
platinum resistance thermometers can be wused. The pipe surface where the
sensor is to be placed should be cleaned and polished. The sensor should be
attached firmly so that there is good contact between pipe and temperature
sensor. A glue with good heat conductive properties can be used.

After application, the sensor and the pipe should be enclosed in several -
centimeters of insulating material for a distance of 5 to 10 pipe diameters,
or at least 10 to 20 cm, upstream and downstream of the sensor,

To reduce the influence of the flow temperature profile and obtain a better
measure of the average flow temperature, the sensor should be positioned
downstream and close to a bend or an obstruction to the flow.

The response time to variations in flow temperature varies with the thickness
of the pipe wall and the thermal mass of the sensor. This may create problems
in pipes with intermittent flow such as draw-off in SHW systems.

cost: Thermocouples $7. ! ease of use: .
Platinum resistance ! Semi-skilled personnel.
thermometers $5. !
Thermistors $4 to $40. !
accuracy: I references:
1 K. Up to 10K if not ! Fracastoro-Lyberg, 1983.
correctly applied. !

F
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App. G Measurement Techniques (P)

recommended applications:

Measurement of surface temperature for pipes and tanks.

additional information:

Thermocouples may be subject to interference from stray electrical currents
in metal pipes. The leads to the sensor should be drawn back and forth a few
times (see Fig, 1)} and taped to the pipe to minimize heat conduction between
the sensor. and the surroundings through the leads. Special care should be
taken when measuring high temperatures {(80-120 °0. Ordinary adhesive or
polymeric insulation can not be used. Also, thermocouples should be welded or
contact pressed and not soldered.

Insulation
Leads
Clamp or adhesive Sensor - Pipe
L e
AN T

Fig. 1 Insulated sensor on pipe.
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App. G Measurement Techniques (P)

measurement technique: | application area: | referenced from: ECO P.3
P.6 ! HEAT DISTRIBUTION AND ! P.10, S.7, S.11, S.12,
Y SHW SYSTEMS 15,15, AP 5.1, P.2, P.3,
! ' P.5, 5.2, 5.5,
title: ‘ | references to:
FLUID TEMPERATURE IN PIPES it MT P.1, P.5.
1
description:

Temperature measuring devices can be positioned in the flow. This will
require breaking into existing pipework to fit thermometer pockets or test
plugs f{and assecciated fittings) 1into which the measurement devices can be
inserted. '

A thermometer pocket - a metal tube protruding into the pipe, with its inner
end sealed and its outer end open. The pocket is filled with a heat transfer
medium and a mercury thermometer - or other measuring device - inserted into
it.

Twin Jock test plug - a metal tube protruding into the flow. The inner end is
open and the outer end fitted with a rubber seal. Temperature measuring
devices can be pushed through the seal into the flow.

By producing a strong turbulent fiow at the sensor, the temperature gradient
becomes smaller and a more accurate measurement is obtained.

The thermometer pocket or test plug is, in small diameter pipes, usually
placed 1in a bend {(see Fig. 1). The sensor must be placed as far as possible
into the socket. I[f thermocouple wire. is used. galvanic contact should be
avoided. It 1is recommended to kink the thermocouple wire a couple of times
before bringing it into the socket, to prevent heat conduction through the
supply wires to the thermocoupie (see Fig. 1).

cost: ! ease of use:
Test plug $3 each. ! Plumber required to fit pockets etc.
Thérmometer $3-$7 each. !

accuracy: !
Better than 1 K. f
I
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recommended applications:

Large diameter or thick walled hot water pipes.

alternative techniques:

MT P.5. The delivery temperature at draw-off points in SHW systems can be
measured using a hand-hold digital thermometer. Refrigerant temperature is
easily determined from a pressure measurement {see MT P.1) by reading a table
of saturated wvapor pressure versus temperature for the refrigerant in
question.

additional information:’

The response time of the thermometer pocket}itse]f may be significant. With
test plugs the response time is that of the measuring device i.e. effectively
instantaneous for thermocouples and PRTs.

i<
|
|

two core
thermocouple
wire

insulation

thermocouple insulation

temperature
distribution

BN L N N N L W N

Fig. 1 Sensor in thermometer pocket.
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seasuresent technique: ! application area: ! referenced from:
L.1 ! LIGHTING ! ECO L.6,

1 P L.14, AP L.
title: ! references to:

MEASUREMENT OF ILLUMINANCE WITH LUX-METER

description:

The measurement should be made under steady state conditions and during
ongoing work if done at a work place. This means allowance for warm-up time
for the 1lamps and care that varying daylight does not influence the
measurement of the electric light. -

Instrument: Cosine and V, -corrected sensor preferably connected by a flexible
cable to analog or digitél display.

cost: | ease of use:
Instrument: US$500-1000 | Easy to handle
Time: 10-15 min. per workplace 4

accuracy: . | references:
10X of measured value !

__________ S S S ———— L Y

recommended applications:

- In connection with alterations in the 1ighting system.
- After complaints,

additional information:

As age of lamps and maintenance of fittings and room influence the
illuminance, care must be taken when comparing the performance of an old
installation with a new one,

Calibration must be controlled at regular intervals.
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seasurement technique: ! application area: ! referenced from:
EL.1 < 1 ELECTRICAL ! MT EL.2, EL.3, EL.4
! !
title: ~ " 1 references to:
ELECTRICAL MEASURING INSTRUMENTS | MT EL.2, EL.3, EL.4
{
description:

The information contained on this sheet should be of general interest to
thdse persons considering purchasing or using electrical measuring

instruments. In MT EL.2 through 4 instructions on how to use the instruments
are given. ’ .

1. Mays_ of PpDefining Accuracy. There are a number of ways of defining
accuracy and the would-be purchaser should be careful when comparing the
published accuracy of different equipment. Common methods include:

i} percentage of full scale,

i1} percentage of actual reading value,

3i1) a “resclution®; this is common for instruments with digital readout
and is often stated as the number of digits.

[n most cases, particularly for quality instruments, the stated accuracy
will be for some particular set of circumstances; e.q. type of waveform
or frequency; often some indication of loss of accuracy when used outside
of these circumstances is given. See below for details.

2. Factors that may affect Instrument Accuracy: Before purchasing or using
instruments it should be checked that the instrument accuracy will not be
compromised by its use in the intended application. In most cases, the
effect on accuracy of the parameters given below are given by the
instrument manufacturer,

1) frequency - often a single frequency or frequency range is given,

ii} waveform - accuracy 15 often quoted for a pure sine wave or with
reference to a maximum "crest factor® (see App. C3,
iii) range - accuracy may vary from one range to another and may be

specified for a mid range application,
iv) power factor - applies to power factor and power measurements only:
accuracy of instruments may be limited at very low power factors.

3. fLonventional o¢r Djaital Tvpe Meters. For auditing and many other
purposes, digital type meters (DM} are replacing conventional anatogque
instruments of the moving iron and electrodynamometer type because of
-lower cost and ease of use. Their accuracy is normally more than adequate
for auditing purposes. Some advice in this regard is given below.

i) Cheaper instruments tend to be very frequency and waveform

dependent. Avoid purchasing instruments that give accuracy for DC
ampere or volt only, since DC range will setdom be used and is
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App. G Measurement Techniques (EL)

inherently the most accurate of all the “waveforms” that might be
encountered, Instruments providing true rms measuring will normally
have better accuracy over a wide range of frequencies and waveforms
(see App. C).

Most quality DM instruments are suitable for use with crest factors
up to 3:1 (some up to 6:1) and should be suitable for most power
measuring needs (a pure sine wave has a crest factor of 1.4:1).

Other factors te look for when selecting digital meters are:

i)

i}
iiil

iv)
v)

Range of measurements - single meters often have the capability to
measure two or more of the following: - ampére, volt, ohm, power
factor, rpm and temperature.

Analogue or digital displays. Digital displays avoid readout errors
especially where the instrument must be used in difficult locations.
Reading freeze - facilitates reading where meter dial cannot be read
as measurement is taken.

Display invert - may ease reading of meter in difficult locations.
Analogue output =~ which can be used with a strip chart or data
legger to provide a permanent and continuous record.

references:
ECM, 1984 and Risse, 1985.

additional inforsation:
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“measuresent technique: ! application area: ! referenced from:
EL.2 ! ELECTRICAL !
| ]
title: ! references to:
MEASUREMENT OF CURRENT ! MT EL.1 and EL.4
!
description:

Methods of measurement depends on instrument choice and loads being measured.
Options for AC systems are:

i} Moving iron analogue instrument installed in series with load (Fig. 1).
Method limited to range of instrument, typically up to 100 A. Inherently
measures rms value but has non-linear scale (cramped at low end, open at
high end).

ii) Moving iron analogue instrument used with a current transformer (Fig.
2). Current transformer extends range of instrument.

iii) Clamp on ammeter/current probes (Fig. 3} is the preferred method for
auditing purposes since it is not necessary to interrupt the power
circuit to take a measurement. Typical ranges available 0.1 to 1000 A
wide scale, less expensive instruments 3-500 A.

Instruments are often multi use; i.e. volt, ampére, ohm.

cost: ! ease of use:
Moving iron: $200-%600 and up accord- ! Easy, particularly using clamp ons.
ing to current range. !

Clamp on: $100 and up. t
accuracy: | references:
Moving iron: 0.5% of full scale !
Clamp on: 1 to 2% full scale !
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recommended applications:

1. Establishing patterns of electrical energy use.

2. Simplified and approximate method of measuring eléctrical demand (see NT
EL.4).

additional information:

Ampéremater
Line Py //” Line
& @
R Load
Load Current transformer
.- . NN
A B o
- Ampéremeter
S
Fig. 1 Ampéremeter in series Fig. ? Ampéremeter and current
with loads. transformers.
Line
Clipon
currant
probe Load
Clipon
ampéremeter
.L
C L
S5
|~ Ampéremeter
@
Fig. 3 Using clamp on ampere meter or
current probe and remete device.
Note Recording ampéremeters are available giving a

permanent record of current variation with time.
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measurement technique: | application area: ; referencedrfrom:
EL.3 ! ELECTRICAL ¢ ECO EL.2
: ! !
title: ! references to:
MEASUREMENT OF VOLTAGE ! MT EL.1
!
description:

For all low voltage applications (less than 1000 V). Voltmeter is connected
across the terminals of the circuit to be measured. See Fig.l.

Instrument choice for AC power systems measurement are:

1) Moving Iron (analogue) type, typical range 0-950 V. Inherently Measures
rms value,

i1) Digital type most suitable and least expensive for audit work. Typical
range 0.1 to 1000 V wide scale, less expensive 100 to 600 V.

Instruments are often multi use; e.g. volt, ampére, ohm.
Line

‘g%,l | Voltmeter

@ @ Load
P

Fig. 1
Heasurement of voltage.

cost: ! ease of use:
Moving lron: $200-%400 depending on ! Every easy to use. Exercise caution
’ range. " to avoid electric shock.
Digital: $100 and up.
accuracy: ! references:
Moving Iron: 0.5% of full scale. ! See also MT EL.1.
Digital: 0.8 to 2% full scale H
{
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recommended applications:

1. Checking adequate supply voltages and volt age drops along feeders flow
voltage can effect equipment performance, e.g. motors).
2. In power and power factor measurements.

alternative techniques:

additional information:
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measurement technique: ! application area: ! referenced from:

EL.4A ! ELECTRICAL - ! AP EL.2, EL.4, MT EL.2Z,
! ' EL.5, EL.6

title: ! references to: MT EL.1

MEASUREMENT OF ELECTRIC POWER (DEMAND) !

description:

Power measurements are normally made using a portable wattmeter:; the exact
details of the method of measurement depend upon the size of the load, type
of distribution (single or three phase) and instruments used.

Instrument choices:

i} Electrodynanometer ({analoguel wattmeter. Typical range 1207240 V and 0.1
to 25 A (i.e. 12 W to 6 kW}. Range can be extended indefinitely with use
of current and potential transformers. Ability to measure power of waves
with high crest factor, typically up to 8 or more.

i1} Digital - uses voltage probe{s) and clip on amp probe. Typical range 2 to
200 xW although higher wattage instruments (up to 2 MW} available.
PREFERRED METHOD FOR AUDIT PURPOSES. Fig. 1 illustrates method of
connection for power measurements. Typical maximum crest factor range of
3 but up to 6 or more available.

Capability of output for recorder with some instruments.

O0ften instruments provided with facility for measuring current, voltage
and power factor.

cost: ! ease of use: Digital method relative-
Electrodynanometer: $700-%$800 single ! ly easy. Electrodynanometer fragile
phase, $1000+ for 3 phase. ! and easily damaged by overloads, es-
Digital: $650 and up. ! pecially when measuring very low
) t power factor.
accuracy: ! references:
Electrodynanometer: 0.5% of full ! See also MT ELL. For definition of
scale. ! crest factor see Section C.10.
Digital: 1 to 2%.

recommended applications:

Instantaneous measurement of electrical demand for building or sub systems or
for individual pieces of equipment.
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alternative techniques:

1. Power readings can be approximated by measuring current (a voltage being
assumed) or current and voltage if the power factor is known or can be
approximated. '

2. Where Natt demand meters are installed demand can be read directly. Note
that some demand meters record VA pot W.

3. Where kWh meters are instailed, the demand can be obtained by measuring
the time for the consumption of X kWh; where X is read from the meter
dial and the demand is given by '

X * 60
time for consumption X (minutes)

If *'X' 1s not given in units of kWh, 'X' has to be multiplied by the
meter multiplier, which is normally indicated on the face of the meter.

additional information:

Single Phase - Active Power [W] Three Phase 4 Wire Balanced — Active Power [W]
Total active power is read directly: P " Totat active power is three times the meter reading: 3P
Load Ling A Load
B

C
Red
N N
Thres Phase 3 Wire Balanced and Unbatanced - Active
Power (W] Three Phase 4 Wire Unbalanced — Active Power (W]
Total active power is read directly Total active pewer P is read directly
. i Ri
Line A Load Line ad Load
Red
Red
B Red c
Black ¢ - Black Black ' N
’ Black

Fig. 1 Measurement of power using a digital
Wattmeter.
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seasurement téchnique: ! application area: ! referenced from:
EL.S : ! ELECTRICAL ! AP EL.1, EL.2, EL.3
! !
title: ! references to:
MEASUREMENT OF POWER FACTOR ! MT EL.4
!
description:

Measurement of power factbr can be made directly using a power factor meter.
(0ften such a function is combined with power measurement in a single
instrument.}

Instrument choices (power factor meters}):

it} Analogue. Often 1limited wvolt and ampére range requiring use of current
transformers. Special instruments required for measuring very low power
factors; i.e. power factors tess than Q.95.

ii1) Digital. Typical range 0 to Unit power factor 0-600 V, 3-500 A although
accuracy falls off at lower power factors. PREFERRED METHCD FOR AUDITS
since no need to interrupt power supply. See Fig. 1 for hook-up details.

Fig. 1

Measurement of power
factor using a power
factor meter,

cost: ! ease of use:

Analogue: $700 and up. !

Digital: $200 and up.

accuracy: ! references:

Analogue: 3% of full scale d

Digital: 3% of full scale !

recosmended applications:

To determine power factor of building distribution or sub distribution
systems or power factor of individual pieces of equipment.
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alternative techniques:
1. By measuring power, voltage and current separately and calculating power
factor using the relationship:

{ indi ed b meter

Power factor = Volt * Ampére

To determine the power factor for the complete building the utility watt
hour meter could be used to give a power reading {(see MT EL.4).

2. By measuring power and reactive power separately using a wattmeter, see
Fig. 2 and calculating power factor using the relatienship:

Power factor = {(Real Power)//{(Real Power}2 + {Reactive Pouer)z).

Note that this methed is strictly only correct for pure AC (sinusoidal) wave
forms. The power factor so calculated will however give a reliable indication
of the potential for power factor correction.

additional information:

Three Phase 3 Wire Balanced — Reactive Power [VA]
Total reactive power = V3 - (meter reading)

Ling F7y Load
Fig., 2 A
Measurement of reactive power. e
. — Red B
E B\ack[_] )

Three Phase 4 Wire Batanced and Unbalanced —

Reactive Power [VA Three Phase 3 Wire Unbalanced — Reactive Power [VA]

Total reactive power = 1 /- {meter reading) Total reactive power = \_/Lg (meter reading)
Line Load Line
Black Red c Black
7 % Black
T
i Red A B Red
Black LJ | > 1 Red 2 2y L .
N Black' e%' A

N b-—_.-—-—"’/ @

‘M —

%)
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measurement technique: t application area: ! referenced from:ECO
EL.6 ¢ ELECTRICAL I H/C.2, H/C.7, H/C.8,
! ! H/C.13, H/C.18
title: ! references to:
MEASUREMENT OF ELECTRICAL ENERGY CONSUMPTION ! MT EL.4, EL.7
|
description:

Electrical energy consumption can be difect]y measured using either
integrating watt-hour meters or recording wattmeters.

i) Integrating watt hour tvpe. This is the simplest type of device which
provides a single record of accumulated energy use (kWh). Digital type
portable instruments are available or permanent, electromagnetic rotating
disc type (as used by wutility companies for billing purposes) can be
used. Unless the meter is read frequently, it gives no indication as to
the profile of electrical energy use. A photographic technique can
however be used to record the accumulated consumption on a regular basis
(MT M.1). See also *Alterpative Methods*.

1i) Recording wattmeter type. These instruments provide a record of the
variation of power demand (kW) with time. The record may be given on a
chart or the demand might be printed out at selected intervals.
Electrodynanometer and digital type instruments are available. Manual
integration is required to find the actual energy consumption. DIGITAL
TYPE WITH CLIP ON CURRENT PROBES ARE MOST APPROPRIATE FOR AUDITING
PURPOSES.

Epuipment connections are similar to those described for power measurements
(MT EL.4). Some instruments (digital type) offer both functions. Some types
developed especially for monitoring energy use of appliances and small
equipment straight from the equipment line cord.

cost: | ease of use:

Very large variations depending-on | Range of difficulty, Digital type

range; accuracy, type and features. ! generally relatively easy to use.
1

accuracy: references:

{
As given on MT EL.4. _ !
]
|
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recommended applications:

Complete building, sub  system or individual equipment energy use
determination.

alternative techniques:

1. For measuring/recording total building consumption the utility watt-hour
meter can be wtilised. To provide an automatic logging facility the
utility can sometimes provide a pulse generating meter which generates a
pulse for each meter disc rotation which can then be recorded and used to
genegrate a demand profile. Alternatively an external pulse initiating
device can be installed along with the counter and logging equipment.

2. For approximations of power consumed a recording ammeter instrument could
be used. The accuracy of such a method will depend on the extent to which
voltage and power factor can be assumed to be constant and is known.

additional information:
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measurement technique: ! application area: ! referenced from:£CQ H/C.
EL.7 . ! ELECTRICAL ! 1, H/C.3, H/C.7, HIC.13,
! ! H/C.14, H.23, MT EL.6
title: ! references to:
MONITORING ELECTRIC EQUIPMENT USAGE ! MT H.1
!
description:

This description relates to the use of a running time meter.

An electromagnetic sensor is placed with the help of a velcro fastener on the
cover of the piece of equipment to be measured. A built-in signal strength
meter is used to test that a sufficiently strong electromagnetic field
exists.

Devices of this kind are often battery operated and requires no connection to
the electrical system, is left to record the operatian of the equipment from
which the following can be determined.

i) Running time (hours).

ii) Total (elapsed) time (hours).

jii) Total number of starts.

iv) Maximum and minimum running times.

cost: ! ease of use:
Us$ 150 ! Simple to use.
l
f
accuracy: | references:

0.1% better than, 1 MITEC, 1981
!
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recommended applications:

Monitoring the use of electrical equipment which emit an electromagnetic

field - primarily motors, f{e.g. pumps and fans) but can be used on other
equipment such as electromagnetically operated control valves.

alternative techniques:

Record current or power consumed by the equipment using clip on amp probe or

wattmeter and data logger or strip chart recorder. For some applications
simple counters can be used (see MT H.1).

additional information:

An example of a running time meter, the MITEC running time meter, is shown in
Fig. 1 (MITEC, 1981},
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Fig. 1 Example of a running time meter.

51t



App. G Measurement Techniques (M)

seasuresent technique: ! application area: ! referenced fron:
M.1 ! MISCELLANEOUS ! AP FL.4.

. 1 ]
title: ! references to:

PHOTOGRAPHIC DATA LOGGER

description:

A cine-camera with remote-control single frame exposure capability can be
used to serve as a data logger to record any visual readout such as an
electric watt-hour meter,

The procedure can be used for recording existing metering or can be used with
site-installed metering such as thermo-electric digital thermocouple
indicators. A digital display clock can be incorporated intoc the field of
view to provide an independent time base.

A commercially available program timer can be used to trigger the camera at
intervals as short as 5 minutes. The normal battery camera supply typically
enclosed in the camera handle, can be replaced by larger *lantern” style for
longer operation, :

Low?ight cameras using 160 ASA super 8 standard 50°' cartridges provide 3600
frames and are recommended.

In order to maintain film readability, processing by high quality
photographic 1laboratories 1is recommended. Specks 1in the processed film
because of poor processing can cause loss of data in a frame: splices can
cause the loss of a number of hours of data.

Processed film can be viewed through a standard cine-viewer-editor. It is

useful to transfer the informaticn directly into a data processing system for

which data handling programs can be pre-prepared, Typically this process

takes less than 2 minutes per frame of information containing nine 6-digit

numbers.

caost: $400 for camerd. ! ease of use: Simple.

tripod and program timer !

accuracy: As accurate { references: Jones and Johnson, 1980.

as transducers. !

recommended applications: Where small number of data channels are required,
where it is required te record existing visual output meter, with wide
angle lens camera can also be used to record such things as occupancy, use
of blinds, shadows, number of lights on {in large open spaces).
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APPENDIX H ANALYSIS TECHNIQUES
INTRODUCTION TO APP. H

This appendix contains a number of Analysis Techniques {AT} including
algorithms presented in. a common format. A1l Analysis Techniques here are
either required for the evaluation of an Energy Conservation Opportunity
(Appendix 0), for performing an Audit Procedure tAppendix F), or can be
applied for other reasons during an audit.

The Analysis Techniques are arranged in groups and individually numbered
following the standard category system used throughout this Source Book (see
Introduction, p. 10) to aid filing and referencing. An index listing each AT
is provided below. :

The format used for presenting Analysis Techniques is identical to the one
described for Audit Procedures (App. F}. ’

This  appendix contains only simple algorithms and none of the more
sophisticated models necessary for a more detailed evaluation of many ECOs,

or for the evaluation of a combination of ECOs. For a description of more
complex models, see Ch, 6.
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LIST OF ANALYSIS TECHNIQUES (AT)

HTLE
ENVELOPE (E)

E.1 Heating and cooling degree days.

£E.2 Determination of air change rates from tracer gas measurements.
E.3 Heat loss model for evaluation envelope ECO savings.

£E.4 U-values and infiltration rates for building components,

REGULATION (R)

R.1 Savings of ECOs involving reductions in ventilation air.

R.2 Savings associated with nighttime ventilation cooling.

R.3 Energy savings asociated with coil circulator shut-off.

R.4 Ventilation load and fan energy savings and calculatian of
time weighted concentration levels,

R.5 Basic relationships - evaporative cooling.

R.6 Swimming pool hall humidity control - basic re]at1onsh\ps

R.7 Swimming pool hall humidity contrel - Specific ECO evaluation

methods.
R.B Effect of radiant heating on heating 1oads

HEATING (H)

H.1 Seasonal efficiency of oil/gas fired boilerlﬁ1ants.
HEATING/COOLING (H/C)

H/C.1 Seasonal performance factors of heat pumps and chillers.
DUCTWORK (D)

0.1 Heat transmission from ductwork.

PIPEWORX (P)

P.1 Heat transmission from pipework and tanks.
p.2 Heat transfer in steam systems.

SERVICE HOT WATER (S)

$.1 Performance prediction for solar SHW systems.
S.2 Energy savings in SHW systems.

LIGHTING (L)

L.1 Estimation of energy savings for lighting systems.
L.2 Estimation of energy saving due to photcelectric contrel.
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ELECTRICAL SYSTEMS (EL)

EL.1
EL.2

EL.3

Savings from electrical equipment changes.
Calculating the required reactive power for power factors
correction,

Evaluation of motor speed control devices.

MISCELLANEQUS (M)

EEEXEXEEEXTIEIX
WDy O AN B L P e

Energy signature,

Bin analysis methods.

Effect of changes in space gains.

A method for assessing comfort and energy consumption.
Simple pay-back time of an investment.

Discounted Payback time of an investment.

Present Value or Net Life Cycle Savings of an investment.
Internal Rate of Return of an investment.

Cost for Savings of an investment.
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analysis technigue: ! application area: ! referenced from:
E.1 ! ENVELOPE, HEATING AND !
! COOLING !
title: ! references to: MT £.1.
HEATING AND COGLING DEGREE DAYS ! RV E.1
description:

The following notation is used:

HDD Number of heating degree days [K*daysl.
COD Number of cooling degree days [X*days).
T Daily average e:tesnal temperature [°C].
Tb Base temperature [ C1, o

Ii Average internal temperature [ C) o
Te Seasonal average externa] temperature { C)
Tref Reference temperature [ C]

" Number of heating days
ne Number of cooling days

The number of heating degree days is calculated- from

n
_ch

HDD = [1 (Tb—Tel for Tb >_Te.

$imilarly, the number of cooling degree days is calculated form

n

c

oD = £ ’

For the measurement of Te' see MT E.1. Values of the base temperature, see RV
£.1.

(Te-Tb) for Te > Tb'

The numbef of heating or cooling degree hours can be calculated in the same
manner as above, but the summation is performed over hours instead of days.

Degree days can be used:

i) As a climatic index,
-1i} To predict the energy demand,

iii} To compare the energy demand between different years.

In the first case the numbers n, and n_ may be defined "a priori“. They may
also, assuming that there is a constant Smount of free heat gains in the case
of heating and an external temperature betow which no conditioning is
required in the case of cooling, be defined by the intersection of the
external temperature and reference temperatures (see Fig. 1). In the third
case the numbers n, and n_ are given by the actual length of the heating and
cooling seasons, uhich cin be determined by the building owner, manager, or
occupant or given by local or state regulations.
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_______ A A b e e AL e e ————

atternative techniques:

additional information:

The Degree Day concept -has been used to determine the annual heating energy
demand since a long time. The reason for this is as foellows. The net energy
supplied by the heating ptant to the building, E,, may be considered to
depend upon the sum of the energy losses due to transtSSIon and ventilation,
and solar and internal heat gains, Eg, as Eh = E1095 - Eg.

is proportional to the average indoor-outdoor temperature

loss

Assuming that E]05

difference Ti - Te and to the length of the heating season, ane gets

Eh = const X (Ti- Te) * My - Eg.

The base temperature, Tb' can then be defined from \

Eg!Eloss = (T,i - Tb)’(Ti - Te) which gives Eh = const * HDB.

From this also follows that the base temperature also depends on the average
internal temperature considered "normal!" in a particular country, -so that the
definition of degree days varies from one country to another (see RV E.1).

The wuse of a standard DD value for all building types, irrespective of shape
factor, glazing and insulation levels, is a crude approximation, no longer
valid for solar houses or low energy houses.

The use of degree days to determine the cooling energy demand is less common
because transmission and wventilation heat flows are often only a small
fraction of the cooling load. However, a good correlation may sometimes be
found between CDD- and coo0ling energy demands, due to a strong correlation
between air temperature ang air humidity or solar .radiation uhmch are two
factors strongly influencing the cooling load.

Heating Cooling G- i
" N : CDD .
g h ™ NP AP (EN—— Tr
g T Free heat gains iy Solrand” | N, Ti
8T N internal load
E 1 bo_.D L L e —3—— T,
& r
e —
| = HDD
1 1 i L i L i 1 1 I. B S| 5 -
O N D J F M A M 3} 3 A S
Month
Fig. 1 Shematic figure illustrating the degree day concept.
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analysis technique: ! application area: ! referenced froa:
E.2 ! | AP E£.3, E.4.

] ]
title: ! references to:

DETERMINATION OF AIR CHANGE RATES FROM TRACER !
GAS MEASUREMENTS !

description:
The following notation is used (for definition of methods, see AP E.3):

rate of air exchange (h-l].

n

t time [h],

v building volume [m3].

g flow of tracer gas [malh].
Cs tracer gas concentration,

i) Decay method. Plot the tracer gas concentration versus time. Let C51 and
Csz be the concentration at times t1 and t2 and A be the area below the
curve between csl and cs?' The air -exchange rate is then given by

n = (¢ 1 J/A.

) csz
A simpler but 1less accurate method to evaluate data using tracer gas
decay is to plot the 1log of the concentration versus time (hours).
Periodic measurements will fall on a straight line with a small scatter
if the volume is well mixed (see Fig. 1). The slope of the line is the
rate of air exchange per hour. Any improvement to retrofit action will
alter the slope and normally will be evident in less than one hour.

ii}) The constant Flow method. This method requires a determination of the
rate of air exchange, the measurements starting at time t=0, from the
equation

n=1{q - exp(—ntlltcs(t)*V).

iii) The constant concentration method. Here the rate of air exchange can be
determined from

ns= qIICs*V).
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additional information:

When the decay method is used, the seed gas is introduced to the building
volume under study and the decay of the tracer gas concentration is recorded.

The constant flow implies that a constant amount of seed gas is introduced
into the building volume and the tracer gas concentration is recorded.

The constant concentration method relies on a feed-back mechanism to

continuously introduce an amount of seed gas into the building volume in such
a way that the tracer gas concentration is kept constant.

100

50t

T

25

T

10

Air Infiltration = 2,36 ACH
o | rr=0.976

Tracer gas concentration [ppb]

0 025 050 075 1.0 125 150
Time [h)

Fig. 1 Example of plot of tracer gas
concentration versus time.
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analysis technique: ! application area: - " peferenced from: AT E.4:
E.3 ! ENVELOPE !

! t
title: ! references to: AT H.1
HEAT LOSS MODEL FOR EVALUATING ENVELOPE ECO 1
SAVINGS !
description:

This 1is a simple steady-state model which calculates building energy
requirements over the heating season, The computation required can be done
readily on a pocket calculator.

Theu mode) uses seasonal mean values of internal and external temperature to
calculate the seasonal energy consumption of a simple building (single 20 m).
Separate allowance is made for incidental gains.

The following notation is used.

T mean internal temperature over heating season (°C].
T mean external temperature over heating season [°C].
Ai area of building envelope component [mzl.

Ui U-value of building component [Hlmz.K].

v building heated volume [m°],

n ventilation and infiltration rate [h_ll.

t length of heating season (days],

Lh average daijy heat Toss [kWh/dayl,

Oh averagg daily heating requirement (kWh/day],

Og internal free daily -heat gains [kWh/day],

osol average daily solar gains [k¥Wh/day],

0a annual heating requirement [(k¥h/yrl (see AT H.1).
np.s seasonal efficiency of heat plant.

The model encompasses predictions of Lh' Oh. 0a and the annual heating cost:

Ly = 2450 L AL+ n¥V/3)% (T.- T 171000,
U = Lth = g~ U
Oa = 0ht th’ np,s'

Total energy cost = Oa* (unit cost of energy) [$/k¥h].
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recommended applications:

The method used is not sufficiently refined to make accurate predictions of
energy consumption over short periods. However, it does allow for the effect
of improving insulation levels, double glazing, etc. and different heating
standards to be assessed over a heating season by recommending suitable mean
internal temperatures corresponding to different insulation levels, heating
standards and occupancy patterns.

alternative techniques:

_______________ e e e Er e — e Lt e E e —————————— e EmA Lt ———

additional information:

Internal free heat gains consist of metabolic heat from occupants, heat
Tosses from SHY production, appliances, lighting, etc.

Useful solar gains depend on area and orientation of glazing; latitude of
building site, thermal building mass, etc.

Data on internal free heat gains and useful solar gains in genera) show large
regional wvariations and dependence on building type, but are available for
many locations. When applied to predicting savings from upgrading insulation
level or glazing, this model has in many cases been shown to have a tendency
to overestimate the savings.

House occupants may choose to take their benefit from ECO implementation in
the form of improved comfart levels. For exampie, they may choose to enjoy
higher internal temperature after cavity-wall filling than before it. This
will reduce the magnitude of the cost savings. ’
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analysis technique: application area: ! referenced from:ECO E.8B,

] 1
E.4 ! ENVELOPE ! £E.9, E.10, E.11, E.12,
! ! £.13, £.14, E.15, E.16,
! ' E.17, E.20, E.22, E.24,
! ! £.28.
title: : ! references to:
U-VALUES AND INFILTRATION RATES FOR BUILDING ! AP E.5, E.7, E.12,
COMPONENTS I ATE.3, RV E.2, E.4, E.6
description:

The U-value of a building component can be calculated by adding the therma}l
resistances of the elements comprising the wall or roof, etc. and taking the
reciprocal i.e.

U= lllei + R *...*Rn +R_).

1 se

The thermal resistance R is given by R = d/a.

Here,

U = thermal transmittance [Hlmz.K].

Rsi = inside surface resistance [mz,KIH],

RI'RZ'Rn = thermal resistance of wall or roof element [mz,K!H].
Rse = external surface resistance [mz.KIH],

d = thickness of element [ml,

A = thermal conductivity of element 1¥W/m,K].

Conductivities for a number of building materials can be found in RV £.2
The effective leakage area is determined from

A = qif(2 aplg)
where q = air flow rate {malsl.
g = density of air [kglmal,

ap = pressure difference {Pal,
A = effective leakage area [mzl.

The effective leakage area is determined by pressurization test (AP E.5, E.7,
£.12) of a building or a building component. The effective leakage area is
often defined for a fixed value of the pressure difference, e.g. 4 Pa.

The measurements may be performed for higher pressure differences, and an
extrapolation is made to the fixed value defining the effective leakage area,
e.g. by plotting g versus / ap.
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recomsended applications:

This AT does not take into account the influence from thermal bridges.

alternative techniques:

additional inforsation:

Typical ventilation ratEs 2for varying building tightnesses are given in RV
E.4. Leakage areas (cm /m"1 for different window and door types with and
without weatherstripping are given in RV E.6. Note that the ventilation rate
{air changes per hour) calculated by an analysis of the leakage areas around
windows and ‘doors will be an underestimate of the true ventilation rate as it
will take no account of dinfiltration through other parts of the building
envelope.

The effect on the energy requirements of the building resulting from changes
in component U-values, building ventilation rate (as discussed above) and
incidental gains (e.g. reduction in solar gain due to the filling in of
windows), can be 1individually or collectively analysed using a simple heat
loss model such as that for. dwellings discussed in AT E.3.
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analysis techn1que- ! application area: ! referenced from:ECO R.3,
R.1 ! REGULATION ! R.4, R.5, R.20, R.21,

! . ! R.26,R.34,R.36,0.2,D.4.
title: ! references to:
CALCULATION OF SAVINGS OF ECOS INVOLVING REDUC- ' AT E.1, M, 2.

TIONS IN VENTILATION AIR !

description:
Energy savings are possible in two principal areas:

i) requirements for conditioning outside air,
ii) fan power savings.

At design conditions for a change in ventilation rate:

= §,3%A0%Ah
where
AQ
Aq
ah

change in design load (W);
change in design flow rate [m /s5];
enthalpy difference between inside and outside conditions (kdikg air].

¥here Tlatent 1loads  have no impact wupon the energy savings, i.e. where
humidification or mechanical cooling is not provided or when the humidity in
outside air can be neglected, e.g. in cold climates, Aq is given by:

Aq = 1.2%AQ%AT

where
4T = temperature difference between inside and outside conditioning [K].

Equations concerning fan energy savings are given in App. C.5.

Energy savings can be calculated using either degree day (see AT E.1), bin
{(see AT M.2) or hourly methods (see Ch. 7) depending upan the part1cular
circumstances as outlined below.

for calculating wventilation energy changes, degree-day calculations are
normally ontly applicable for heating only applications and to those instances
where system operation and space temperatures are maintained constant. Where
ventilation 1is scheduled on - and off or where cecoling or humidification is
involved, it is normally necessary to move to bin or hourly methods.

In considering - ventitation equipment operation, the impact of its operation
on the movement of air from other zones or its influence on the infiltration
rate should not be ignored.

Where cooling 1is involved, particularly in those instances where cooling
cycles are employed, the use of hourly calculation methods provide the most
satisfactory results but often cannot be justified because of the expense. In
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such cases it may be useful ta try and justify the implicatien of an ECO
based on calculations carried out just for the coider months.

Fan energy consumption changes can be calculated by muttiplying the change in
fan motor power consumption by the hours of fan operation. The only exception
to this rule is where a fan is cycled to maintain a lower ventilation rate
than would be obtained were the fan to be operated continuously.

These general rules can be applied to estimating the energy implication of
ECOs.

recossended applicatioms:

alternative techniques:

additional information:
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analysis technique: ! application area: ! referenced from:
R.2 ! REGULATIOR, NIGHTTIME ! £CO R.6, R.36.

! COOLING !
title: ! references to:
ESTIMATION OF SAVINGS ASSOCIATED WITH NIGHTTINE I MT M.2.

VENTILATION COOLING !

description:

Savings associated with nighttime cooling are only possible where cool
cutside air is used for cooling jn place of mechanically cocled air. Actual
savings possible will depend on a number of variables which will also affect
the way in which calculations need to be made. These variables include:

i) Building occupancy during nighttime cooling.
If the building is wunoccupied, nighttime cocling should be limited to
removing the residual cooling load remaining from the occupied period.

i1) Natural or mechanical ventilation.

Ventilation fans use energy and one must consider the relative energy
required to run the fans as opposed to mechanical cooling. For marginally
coeol outside air the fans will have to run longer to achieve the same cocling
a5 would otherwise be possible using air conditioning. A similar tradeoff is
required for VAV systems where one might trade 1low fan volumes with
mechanical cooling against high volumes of possibly warmer cutside air.

jii} Ventilation fan contreol. .
Fan energy can be minimised by controlling fan use as opposed to running
ventilation fans continuously through the cocling season evenings while the
space 15 calling for cooling. When the building is unoccupied, contro) could
be by:
a) turning fans on at some pre-determined outside air temperature which is
considered to give economical ccoling for the fan power invelved.
b} delaying and 1limiting the operation of the fans to the coldest period
of the night,

A bin method type of ana]&sis (MT M.2) can be applied to estimate savings as
long as bin data are available, broken down, as a minimum, intoc daytime and
nighttime hours,

To account for variable loads (e.g. in the case of unoccupied building the

residual daytime cooling load) and the type of control systems described in
11i) above hourly analysis methods (see Ch., 7) are considered necessary.
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analysis technique: ! application area: ! referenced from:
R.3 ! WARM AIR, WYDRONICALLY ! ECQO R.8.

! HEATED SYSTEMS t
title: ’ ! references to:

ESTIMATION OF ERERGY SAVINGS ASSOCIATED WITH COIL ! AT P.1, 0.1,
CIRCULATOR SHUT-OFF ! .

description:

Energy savings are derived from two areas:

1) Circulator (pump) electricity savings, and
2) Convection losses from heating coil.

Circulator Savings can be simply calculated by multiplying the projected
number of hours that the pump can be turned off by the pump electrical load.
For heating coil circulators, the circulator canm normally be turned off by
scheduling it off for all those hours that the outdoor temperature is above
the building "balance temperature” (the outdoor air temperature at which
heating 1is no Tlonger required}. An exception would be where full year
operation of the heating coil is required, e.g. in re-heat type systems. For
cooling, the cooling <c¢oil circulator can be turned off for all those hours
that the outside air 1is lower than the lowest air temperature below which
cooling i5 not required, or for those HVAC systems with full air economisers,
below the scheduled deck temperature.

Temperature-frequency data tables normally obtainable from local
meteorological stations can be wused to find the number of.hours above or
below certain temperatures. ’

Try to justify capital cost of ECO on this basis alone before carrying out
more involved calculations for coil heat lpsses.

Heating Coil Savings are only realisable where the heating coil would
otherwise be kept hot and would normally not be applicable to those H&V
systems where night/unoccupied mode of operation relies on maintaining full
heat to the coil and cycling fan for temperature control. (Normal daytime
operation would see continuous fan operation and the temperature of the coil
supply water modulated by a thermostat.)

Heat Loss from Coils occurs if the coil circulator is not shut off, Note that
some heat may contribute usefully to the space heating needs.

i) Through insulated pipe to and from coil,
ii} Through uninsulated coil headers and frame and through the circulator
case, and

iii} From fins and tubes 1in the coil, natural heat transfer tends to heat up
surrgunding air in ductwork causing an increase in heat loss through
ductwork. This heated air can also leak out of outside air -dampers.

The difficulty in estimating the heat loss from these areas comes as a result

of trying to estimate surface heat transfer coefficients. This is not too
much of a problem for insulated surfaces item i} (the coefficient is small
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compared to the insulation), but it is important for uninsulated metal.
Surface heat transfer coefficients are dependent on surface temperatures, air
temperatures, and the resistance to free convection.

Approximation may be made for items in ii) using the following relationships:

9. = hc* AX (Ts-Tal

where

9. = free convection heat loss W) 2

hc = convective heat Eransfer coefficient, see below, {¥W/m" K1,
A = surface area, [n"],

Ts = surface temperatuBe (%1,

Ta = air temperature ([ C).

Free convection from various surfaces to air at atmospheric pressure

Vertical plane or cylinder h.=1.4220aTim) 4,
Horizontal cylinder he=1.32¢taTrar /4,
Heated plate facing upward or cooled plate hc=1.32*lATlllll4,
Vfac1ng downward

Heated plate facing downward or cooled plate h.=0.61%aT/ 113,

facing upward

where AT = temperature difference Ts-Ta. Ky,
h = height [m],
d = diameter, {m} and
1 = mean of two dimensions for rectangle {m).

Note that in the above formulas radiative losses are not taken inte account.
See also AT P.1 and AT D.1.

Estimates for iii) are more difficult and unless there is an obvious
convection or leakage to outside it is probably not worthwhile to try and
compute this component. There will be a heat build up in the duct during the
fan off period as the coil 1looses heat to the surrounding duct air. The
result will be some increase in duct heat losses, a major portion of the heat
should however be carried off into the space once the fan restarts unless
time between fan starts are 1long and the heated air travels along the
ductwork system aided by natural buoyancy.
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anaIysié téchnique: '! application area: ! referenced from:
R.4 { PARKING GARAGES AND ! ECO R.16, R.39.
! VEHICLE FACILITIES !
title: ESTIMATION OF VENTILATION LOAD AND FAN ! references to:
ENERGY SAVINGS AND CALCULATION OF TIME ! AT E.1, M.2, RV R.7.
WEIGHTED CONCENTRATION LEVELS !
description:

Exposure standards are often expressed in terms of time weighted averages
(TWA). An understanding of the calculaticn of TWA values is required in all
those instances where TWA exposure standards apply and intermittent
ventilation techniques are being considered. TWA is calculated using the
fellowing equation:

WA = Eig Citift

TWA has the same units as C

Cl.....C = concentration during different time periods le.g., ppm or mglm3),
tl""'tn = time duration of the exposure at the concentration C (h],
t = defined time period, often taken as 8 hours but normally defined

in exposure standards.

Note that “peak" or "excursion" values are often specified which define the
absotute level of concentration permissible irrespective of the time
involved - such values also need to be considered when carrying out
intermittent ventilation calculations.

For parking garages, it is first necessary to have some idea of the frequency
and period of operation of the vehicles from which profiles of use and carbon
menoxide production can be established. It is useful to develop two profiles;
the first that represents peak or design conditions, the second representing
the average or typical case {monitored data could be used if available).

The peak case can be used to establish the minimum acceptable continuous
ventilation rate necessary to meet the required exposure standard using the
formuta:

q ; N*c*V*lO6

7{60%C)

where

ventilation rate [1/s],

number of wvehicles in gperation,
rate of production of carbon monoxide [g/min} {see RV R.7},
permissible concentration level Eppm]3 '
specific volume of ventilating air [m

=0 O
m N g uw

1kg).
For the “typical day", the use of a steady state calculation will suffice in

most applications using either a daily average (time weighted) number of
vehicles in operation or dividing the profile into a number of time periods
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and calculating average values over each time period. This last approach has
some merit where operation is not uniform over the day and some weight can be
given to differing temperatures throughout the day when calculating energy
savings.,

Where the garage ventilating air is required to be heated (which is the only
appreciable reason for considering a CO controlled ventilation system), the
heating energy savings can be calculated as the difference between the fixed
and variable ventilation rate using a degree method or, for greater accuracy,
a2 bin method {(see AT E.1 and AT M.2).

In addition, there will be fan energy savings which can be calculated from
the product of fan motor load and difference in number of operating hours of
the vent fan(s). (This assumes fans will turn on and off to meet the required
rate of ventilation.)

recommended applications:

additional information:
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analysis technique: ! ippltcation area: ! referenced fronm:
R.5 ! REGULATION 1 £ECO R.19.
] : !
title: ! references to:
BASIC RELATIONSHIPS - EVAPORATIVE COOLING I AT M.2, RV R.8,
!
description:

The effectiveness of evaporative cooling, e, is defined from

g = (T,-T

17Ty !,

)I(TI-T3

where:
T1 = dry bulb temperature air entering evaporative cooler,

dry bulb temperature leaving evaporative cooler,
T3 = wet bulb temperature entering evaporative cooler.
Some examples are given in RV R.B.

The psychrometric process {(direct, indirect or indirect-direct combination)
is schematically shown in Fig. 1.

N

An ipdirect system entails the use of a heat exchanger. Evaporative cooling
is utilised to cool one air stream which in turn transfers heat (cooling) to
a second air stream via the heat exchanger.

For the analysis of savings, a bin method {see AT M.2) with coincident wet
buib data, or wet bulb/dry bulb coincident temperature frequency data are
required. Hand calculations can be quite tedious and computer versions using
the same methods or, preferably, hourly methods are more appropriate.

accuracy: ! references: ASHRAE Equipment, Ch, 4, 1983; ASHRAf
| Systems, Ch. 39, 1984; Pearson, 1982: Dombroski,
! 1984; Meyer, 1983; Eskra, 1980 and Supple, 1982.
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recommended applications:

alternative techniques:

additional information:
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Fig. 1 Psychrometric process, direct,
indirect and indirect-direct
combination,
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analysis technique: ! application area: ! referenced from:
R.6 % SVIMMING POOL HALLS i ECO R.15, R.35, M.?
title: ! references to:
SWIMMING POOL HALL HUMIDITY CONTROL - BASIC 'RV R.12.
RELATIONSHIP !
description:
The pool water evaporation rate, up..is given by
L f*A*(C1+Cz*v]*(p'-pallY (1]
where:
up = water evaporation rate [kg/s],
A = surface area of pool [mzj,
f = "occupancy facter® allows for increased evaporation resulting from the
wetting of the pool surrounding or use of poocl covers. '
¢, = 0.0887 win?,
¢, =0.07815 J/m3:
v = air speed over water surface (m/s],
Y = latent heat of'vaﬁorisation at surface water temperature [kJd/kgl,
P, = saturation pressure at room air dewpoint [Pal,
p' = saturation vapor pressure taken at the surface water temperature (Pal.

For reference values see RV R.12.
For wvalues of Y about 2,330 kJ/kg and values of v ranging from 0.05 to 0.15
m/s, one can use a simplified expression:

8

v, = 4.0%10° XAXEX(p -p_) (23

The pool water makeup heat loss is given by
Ih

where: :
a9 = latent component and sensible component [W],

= 2300 Nt 4.19(TP—TN) (3

Tp = pool water temperature (%,

Tm = makeup water temperature, (%c.

The minimal air flow required to remove the evaporated water, a,. is given
by:
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q. = 830 thlui—ue),

where:®

a, = flow of air [1/s5],

LA humidity ratio of outdoor air at design criteria [kg/kgl.

w. = humidity ratio of swimming pool air at design criteria [kg/kgl.

i
The values of L and w. can be obtained from psychrometric charts.
The minimal air flow rate should not be less than that required for air

quality purposes.

For most practical cases, where it can be assumed that the swimming pool hall
is not air conditioned, the ventilation loss 9, is given by

9, = 1.21*qa*tTi—Te)
where
a, = ventilation less [W],
Ti = inside air temperature [OC}.
Te = external air temperature (°C].

The total design heat loss is given by the sum of the Ventilation loss and
the Pool water loss.
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analysis technique: ! apptlication area: ! referenced from:

R.7 1 SWIMMING POOL HALLS ! ECO R.15, R.35, M.11
! !

title: ! references to:

SWIMMING POOL HALL HUMIDITY CONTROL - SPECIFIC ! AT E.1, E.2, RV R.12.

ECO EVALUATION METHODS !

description:
There are two Qasic options:

i) Reducing pool evaporation rate.
ii) Reducing ventilation loss.

Reduction of Pgol Evaporation Rate:

Possible options include permitting higher room humidities or lowering pool
water temperature; in practice only real option is to use a pool cover which
typically would reduce evaporation rate by 85% to 90%.

Reduction in evaporation rate {see RV R.12)} will permit Jower ventilation
rates or in the case of mechanical humidifier installation, reduced system
operation, -

Reduction of ¥Yeptilation Loss:

Possible options include ventilation rate controlled by a space humidistat,
air to air heat recovery or mechanical dehumidification systems.

The following recommendations are based on the assumption that the pool hall
is ngt air conditioned.

Energy savings can be estimated by calculating the before and after retrofit
situation using a degree-day method {(see AT E.1}.

In all instances, except the constant ventilation case, it is important to
consider:

a) the variations in pool evapeoration rate with occupancy, and
b} the wvariations in the moisture content of the outside air and its
subsequent effect on the moisture balance of the pool air.

.

i) Constant Ventilation Rate.

The degree day method could be applied to estimate the ventilation loss. As a
first approximation pool water heating requirement can be estimated using
average monthly differences between supply and pool water temperatures and a
constant pool water evaporation rate. Inaccuracies are introduced in such an
approach, however, since the pool hall humidity will vary with outside air
conditioning. Bin {see AT E.2) or hourly techniques could be used to improve
the accuracy of the estimation.
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ii) Humidistat Control.

A bin method 1is the 1least complex method with an'acceptable degree of
accuracy Ffor calculating ventilation losses. Bins should be arranged on the
basis of outside conditions and use of pool, e.g. occupied and unoccupied
periods. Average occupancy Factors, not design values, should be used during
the occupied periods to calculate, in conjunction with outside conditions,
the desired ventilation rate.

If the humidistat is used to cycle ventilation fans on and off, as opposed to
constant room air recirculation and outside air-return air mixing dampers,
there witl be additional fan energy savings. Such savings are difficult to
estimate without wusing an hourly calculation method but in most cases,
especially in colder c¢limates, the savings will be small compared with the
ventilation air savings.

The use of average monthiy values as described above shouild be satisfactory
for estimating pool water heating requirements.

iii) Mechanical Dehumidification.

A mechanical dehumidifier (heat pump) is typically used to condense the
moisture out of the swimming pool hall air and return it to the pool, the
mechanical energy, provided by the compressor motor, expended to condense the
water -vapor being dumped into the pool hall where it contributes to the
heating of the space.

In 'such an installation ventilation is normally only provided to satisfy
occupancy requirements and should be shut off when the pool is uneccupied or
varied proportionately with occupancy density.

Pool water heating is eliminated.

The electrical energy expended to condense the water vapor in the pool air is
usyally provided by equipment suppliers. As 2 minimum a bin method can be
used to calculate the useful contribution of this compressor energy to the
peol hall. heating. In a retrofit gituation it is possible to provide the
humidifier as a separate system to the pool heating and ventilation system
while in a new installation it is normal for optimum energy saving and lowest
installed cost to integrate it into a common heating, ventilating and
humidity control system. When two separate systems are installed there is
inevitably some waste energy when excess compressor heat creates a "cooling
load* in the space requiring the-introduction of cooler, but in fall through
spring, tempered outside air. This interaction is difficult to estimate.

iv) Heat Recovery.
A heat recovery system can be installed with constant or humidistat

controlled ventilation but the expense of installing heat energy justifies
the installation of "humidistat control.
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Method of accounting for ventilation savings are described in AT R.1. The use
of average monthly values can be used to estimate poo)l water heating
requirements.

v) Pool Covers.

Unless degree days are available broken down into periods ‘that approximate
breakdown of hours when pool is used and not used, use bin or hourly analysis
methods to estimate ventilation loss are recommended. An "occupancy factor”®
of 0.1 to 0.15 can be used to calculate the evaporation rate for those hours
when the pool cover is in place.

Whenever the pool water evaporation rate is reduced or condensed water vapor
is returned to the pool (e.g. mechanical dehumidification or condensate from

heat recovery devices), there will be an additional saving resulting from a
reduction of water charges.

recommended applications:

alternative techniques:

As referenced above.

additional information:
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-----------------------------------------------------------------------------

analysis teéhnique: ! application area: ! referenced from:
R.8 ! REGULATION ! ECO R.38.
! !
title: ! references to:
EFFECT OF RADIANT HEATING ON HEATING LOADS I MT R.3, AT E.4.
]
description: '

Radiant heating systems provide “equal comfort™ at Jower air temperatures
than would convective systems.

The amount by which the air temperature may be “"depressed” depends upon the
net radiant effects from the envelope and heating systen.

The result of a possible lower inside air temperature has a direct impact on
the reduction in ventilation and infiltration losses which in most cases can
be considered the most significan; factor.

Secondary Ffactors which can often be ignored for the purposes of estimation
of energy savings include:

i} A change in the fabric 1loss by conduction - the warming of the room
surfaces by radijation tending to increase conduction losses whilst the
reduced air temperature tends to lower it,

i1} Back 1loss through radiant sources increasing local heat 1loss by
conduction.

The operative temperature (see MT R.3) takes account of the differing effects
of air temperature and radiant temperature on thermal comfort.

The operative indoor temperature, To i ¥s defined as a weighted- average of

the indoor air temperature, Ta i and the mean radiant temperature Tr o

T . =a*T_ .+ bxT

0,1t 4,1 r.m

where a+b=1. It is common to take, for example, a=b=0.5 or a=1/3, b=2/3.
The mean radiant temperature, Tr m is defined from

Tr,m = I, Ts.kAk'k’(4' 1k2)
where:
Ts.k is the surface temperature of wall element #k,
Ak i5s the area of wall element #k,

K is the mean distance from the point where the operative temperature is
considered (usually in the middle of a room) ;o'wa11 element £k,

K are weigthing factors such that
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L Ak'k”k = 4r
which is fuifilled, for example, if all uk=1 corresponding to a

measurement of the mean radiant temperature by a globe thermometer.

For radiative heating then

- 2
To.i = "Ta,i(rad)*b'[kTs,kAk'k’(4“1k)+b*TrAr'rl(4'1r )
and for convective heating
To,i = a*Ta fconv)+b*g T kAkuklldnT l+b*T A ) I(4:1 2

where the summat1on is over all wall e1ements where there is no radiator (er
where the radiater would be in the case of convectien) and

Tr = surface temperature of the radiator,

Ar = area of radiator,

1r = distance to radiator,

L weighting factor for radiator,

TS,r = surface temperature of wall element at the position of the radiator

in the case of convective heating.

I

The difference 1in indoor air temperature between radiative and convective
heating is then AT 7
AT1 Ta (conv)- T (radl = bla!(Tr—Ts.r)errIMﬂr )

and the reduced load, al, can be derived from
al = ATi*lE UiAi+V*nt3} where

A1 is the surface of buiidjng envelope element #i [mz}.

Ui is the effective U-value (insulation + film coefficient, see AT E.4)
of building envelope element Xi [Ulmz,K}.

L] is the heated volumg-{maj.

n is the number of air changes per hour,

al is the reduced load [¥].
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analysis technique: ! application area: ! referenced from:

H.1 ! HEATING ! ECO H.17, AT E.3
! 1

title: ! references to:

SEASONAL EFFICIENCY OF OIL/GAS FIRED BOILER/PLANTS ! AP H.1, H.2
: !

_____________________________________________________________________________

description:

The seasonal efficiency of a boiler (or of a heating plant) can be obtained
from the corresponding full load thermal efficiency. The fellowing notation
is used:

n_ = burner combustion efficiency (AP H.1},

ng = poiler full load thermal efficiency (AP H.2},

n_ = heating plant thermal efficiency (AP H.2]},

wg = fractional on-time of the burner when the boiler gutput valve is
¢losed, that is no heat distributed to the system (AP H.2},

v = fractional on-time of the burner with boiler output valve open but

with distribution valves closed (no heat-load to the building),

w = average burner fractional on-time during the heating season which can
be obtained by dividing the running time of the burner over the
heating season by the <corresponding operation time of the heating
plant. It can also be obtained using the energy signature, AT M.1,
u(Te) = a-bx Te to estimate L

Wp T 2~ b"'T“|  where Tm = average outdoor temperature.

The boiler seasonal efficiency, Tps is then given by:
Oy & np* (W~ wl)lum!(l-ull

A very similar relationship is used to get the seasonal thermal efficiency of
the heating plant, "p s (boiler and storage, see AP H.2)

Np.s° np* (wm-ulll umitl—ull

recommended applications: On-off or High-low burners. App]icablé to single
boiter installations with modification of equations for multiple boiler
plants.
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analysis technique: ! application area: ! referenced from:
H/C.1 : | HEATING AND COOLING ! ECO H.25.

U PLANTS i
title: ! references to:
SEASONAL PERFORMANCE FACTORS OF HEAT PUMPS ANO !
CHILLERS . !
description:

An example (in this case an outdoor air heat pump) of the kind of information
necessary to determine the seasonal performance facter for heat pumps and
chillers is given 1in Fig. 1. In practice, the neutrat point for the load
lines (assumed to be linear) do not always coincide due to internal loads,
type of building etc.

The simplest meth&d for determining the heating seasonal performance factor
(SPFh) or the cooling seasonal performance factor (SPFC} is to use a bin
method (see AT M.2) to lump the number of hours of a season into for example
5% dry-bulb temperature bins (nj hours in bin F j for outdoor temperature
Te,j] and noting the corresponding heat P(Te.j)‘ By utilizing the steady
state (SS) performance curves for heating.lPhl, heating COP (COPh), cooling
(Pc) and cooling COP (CDPEJ for the respective bin dry-bulb outdoor

temperatures (T_ .} of the heating and/or cooling season, SPFh and/or SPFC,

e.]
can be estimated from
SPFh = seasonal output/seasonal input =

jli I njt(P(Te'j)ICOPh(Te.j)+ P{Te,j"Ph

= I nj* P(Te ¥

(Te.j

3

where the summation index j runs over the bins, and similarly
= X . X . . R .
SPFc I nJ P(Te,j)’ [ nJ lP(Te']lICDPC(Te.J)+ P(Te.J) PC(Te,j))

The difference P—Ph or P-Pc i5 the supplementary heat/cool required
below/above the balance point.

For more sophisticated calculations, the number of bins can be increased or
computer programs can be used. The S5 performance curves may have to be
modified to account for decreased efficiency at part load operation or due to
defrosting requirements.
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recosmended applications:

Calculation of estimated performance and possible savings for heat pumps and

chillers over long periods, normally 1 year.

alternative techniques:

1) Integration of heatpump input and output power along a duration curve for
the outdoor temperature over a year,

2) More sophisticated computer simulation programs.

3) Simply note heat pump COP at the average outdoor temperature during the
heating season (correct for required supplementary heating).

additional information:

__Heating CodMg&Dmmmehg\ 3.0
Cogj N
wp ,

OMpr Bss 120

11.0

Balance Point
{100% on time}

Power

Coefficient of performance (COP)

Neutral Point
(No heat/cool)

0 18 35
Outdoor temperature {°C)

Fig. ' Schematics of information necessary for
determination of seasonal performance factor
of heat pumps and chillers. The diagram
describes how the heating or cooling load
and the compressor capacity vary with
outdoor temperature for an outdoor air
heat pump. As the outdoor temperature
falls, the cool and heating capacity fall
until at the balance point in the heat
pump just matches the increasing heating
load.
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analysis technique: ! application area: ! raferenced from:
D.1 ! DUCTWORK ! ECO D.9.

! !
title: 1 references to:

HEAT TRANSMISSION FROM DUCTWORK !

description:
The following notation is used:
a,b tm side lengths of duct,
1 (ml length of duct,
u {(m/s) average air velocity in duct,
D m] hydraulic diameter = 4ab/(Za+2b) = Zab/{a+b]),
Tf Kl average fluid temperature,
Ta LK1 temperature at inner surface of duct,
Tb K3 temperature at outer surface of duct + insulation
T [K] external temperature,
d? [m) thickness of insulation,
Ai (W/m.s] conductivity of insulation materia)
0 [Ui ’ heat losses,
A (m7l, 4 area of gﬁct = 2%1%{a+b],
a {Wim K] = 5.7 10 7, Stefan-Boltzmann constant,
£ emissivity of outer surface.
Te Tq Tb
U AT T T U I
—]
—
=]
—]
= A
a g Tf g
= /
= - i
£ =
VTRV VAR AV ATV ARV AR OO

b >
g .
Fig. 2 Schematics of an air duct and notation.

i} For well insulated ducts, such that !Tb“Te! o« !Tr-Te!. an upper limit of
the heat flow, q, is obtained from

X AR(T -
4 < ALK AT, TE)Idi
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or, if Tb has been measured, from

XAK -
q < Ai A (Tr T )Idi.

b
ii1) Qtherwise, determine the coefficients hi' hr' and hc from
! h,i ! hr ! hc
Uninsuilated ducts ! !
vertical | h. = ! 1 7sx(T, -1y 1/3, 23
b i I f e e
---------- i 10ax,0-8; (7 0-368,40.2, l e prae v T SRR Y
horizontal! ! 3 ! 5.8*(Tf—T ) HT D)
! | 4%gexT ° 1 € €
Insulated ducts ! & ! 173, 213
vertical ! llh = ! ' 75*(Tf-Te) lTe
} |
---------- lll(TfU 800-2; 10440844 WY R
!

. 1/3 1/4
| -
horijzontall ! 5.8*(Tf Te) I(TEOJ

From these values calculate xo from
Uninsulated ducts vertical: X,= hi! [hi+hr+hc+ (Tf-Te)I Te*i3hr12—hcl3l 1

horizqnta]: X7 hii [hi+hr+hc+ {1 -Te)l Te*(3hr!2-hc18) 1

f
Insulated ducts wvertical: x0= hi’ (hi+hr+hc)

horizontat: Xo 3 hil lhi+hr+hc)

and calculate x, from

1
, 1/3 1/3
vertical X h./ [h.,+h +h *x + X ® (T _-T }/ T % (3h /2- h *xx 13) 1
1 i tr ca 0 f e e r [
. 1/4 _ . Ch oy 114
horizontal x, hif thth +h *x =774 X (Te-T /T > (3h /2 h*x, /811

18

The heat losses, § [¥W), are then calculated from

= x - x - x
Q hi (1 xl} (Tf Te) A

recoamended applications:
Ducts where lTr -T t < 40 K and a,b < D.5 o.

additional information:

The emissivity £ can be taken to 0.75 for metals that are not clean and
polished and to D.9 for other materials.

544



App. H Analysis Techniques (P}

analysis technique: | application area: | referenced from: ECO P.3
P.1 ! PIPEWORK ! P.6, §5.7, 5.10, S.11,
{ P §.15, S§.16, 5.23,
P AP S.1, $.2, S.3.
title: ! references to:
HEAT TRANSMISSION FROM PIPEWORK AND TANKS !

description:

The following notation is used:

{m] inner radius of pipe,

[m] outer radius of pipe and insulation,
{m} length of pipe,

{m) diameter = 2b,

[K} average fluid temperature,

-n

[K} temperature at inner surface of pipe, assumed equal to Tf,
(K] temperature at outer surface of pipe + insulation,

o N

W/m,X} conductivity of insulation material,

{mZJ area of pipe + insulation = 2u b 1,

-

{¥] heat losses,
{Hlmz.Kdl = 5.7 IDdB. Stefan Boltzmann constant,
emissivity of guter surface.

g O I > = = =0T

Fig. 1 Schematics of insulated pipe.
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i) For well insulated pipes, such that !Tb-Te!<<!Tr-Te!
the heat flow, q, is obtained from
q < AiA(Tf-Te)I(b In b/a)

or, if T_ has been measured, from

b
q ¢ AATe-To) /(b 1n b/a)

ii) Qtherwise, determine the coefficients hi' hr' h_, from

. an upper limit of

¢’
! h. ! h t h !
i r c
H ! ! !
Uninsulated pipes! : ! ! !
vertical ! - ! 175 % (T -1 313, g 273 '
horizontal ! - ! 15.8 * (T -1, RLEIT d)1’4 !
) ! 4uere3 ! !
Insulated pipes ! A./(b 1n b/a) ! ! !
! 173, ; 213
vertical ! ! V75 * (T - T | i B | !
. : 174,,.% 174
horizontal ! ! 5.9 (Tf T ) I(Ted)
For uninsulated pipes. the heat losses are then given by

vertical pipes: q

(T_-T Y*Ax(h ¢ h_ MT_-T M/ (2T )} + h
f e r r f e e [«

[F]

i i - - TAX -
horizontal pipes:q (Tf Te) A (hr+ hr3(Tf Te)IIETe1 + hc

For insulated pipes. calculate xo from

Xo = hil(hi+ hrf hcl2]

and then calculate xl from

. S _ 172 :
vertical pipes: xl_ hjl(hi+ hr' hcxo ﬂ:o(Tf Te)(BhrIZ
horizontal pipes x.= h./(h.+ h + h x 174

1 i i r co

which gives the heat losses

= % (1-x )%{T.-
Q hi {1 xl) (Tf Te)* A

+x°(Tf—Tell3hr12 -

- hc(Tf-TE)Il3Te])

- hc(Tf-Te)I(STe)l

RPN VE
co

h x 1/4
co

13077 )
e

1811T )
e
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accuracy: 15 % : | references:

recomsended applications:

Pipes with water where !Tf- Te! ¢ 150 K and diameter ¢ 0.3 m and cylindrical
tanks.

additional inforwation:

The emissivity can be taken to 0.75 for metals except when clean and polished
and to 0.9 for other materials.
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analysis technique: ! application area: ! referenced from:

P.2 ! STEAM PIPEWORK ! ECO P.3, P.&, P.13, P.16
! !

title: | references to:

HEAT TRANSFER IN STEAM SYSTEMS !

description:
Steam that has been completely evaporated and contains no droplets of water
is defined as dry saturated steam. Properties of dry saturated steam are

normally given in steam tables. In practice steam is rarely ever in this
precise state for 1long and is usually either in a "wet® or “superheated”
state.

Wet steam contains tiny droplets of water. The quantity of water contained in
the steam is described by its dryness fractien LT where:

- a
Xd4f = Volume of dry saturated steam

is obtained when the steam i5 subjected to additional
heating gut of the presence of water (so that no further steam is produced).
Properties .of superheated steam are also tabulated in steam tables.

Total heat content of steam or enthalpy is composed of three components.
1. Sensible heat of water.

2. Latent heat of evaporation,
3. Sensible heat of superheated steam.

For most _HVAC applications the use of superheated steam is not normal {(the
rate of energy release from superheated steam at heat exchangers whould be
less than ‘that of dry saturated steam since the latter readily condenses
giving up 1its latent heat component which is proportionately far greater
than the other components).

For steam in its non-superheated state, total heat content, h_, is given by:
h = h, + x,.%r 9

1] f df
where, if hg is measured in [kJ/kg]

hf = specific enthalpy of water at its saturation temperature [kJ/kg)

r = hg— hf = specific enthalpy of evaporation [kJ/kg steam]

Heat release (transfer) at heat exchangers is given by the difference in
enthalpy between the inlet and outlet of the heat exchanger; i.e.

Ahg = hg,i - hg.0

where

Ahg = heat transfer [kJ/kg]

hg i enthalpy of steam at inlet {kJ/kg)
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hg 0o ° enthalpy of condensate at outlét tkd/xq)
Values of hd can be found in steam tables {a limited range of values are

given in Table 1).

THe heat required to raise steam, Ah, is given by

sh =nh - h, .
g.0 f,i
where : '
hg 0 enthalipy of steam at outlet, and
hf-i = enthalpy of boiler feed water at inlet.

Condensate formed within a heat exchanger will be initially at the same
temperature and pressure as the steam. If condensate at this condition 1is
discharged to a lower pressure than in the condensate return system, it will
contain more heat than necessary to maintain a liquid state and this excess
heat will cause some of the condensate to evaporate or "flash® to steam.

The amount of flash steam can be calculated by:

Flash steam [%) = 10[)(h|,‘1 - hflzllr2

where _

h|,.1 = enthalpy of liquid at the pressure of steam

h‘,.2 = enthalpy of liquid at the condensate return system pressure

ro = enthalpy of vaporisation at the condensate return system pressure.

For non-superheated steam, the temperature and pressure of steam bear a
direct relationship with one another, if one variable is known the o¢ther can
be deduced; e.g. if steam pressure is known the temperature can be found by
looking up the corresponding temperature in the steam tables.

This, however, 1is only true where the steam is pure steam and contains no
other gases such as air. To understand the implications of trapped air in a
steam system one needs to refer back to Dalton's law of partial pressures
which states: “the total pressure of a mixture of gases is equal to the sum
of the pressures of the individual constituents”. If steam contains some
proportion of entrapped air, the pressure indicated by a pressure gauge, p,
will be given by:

P =P+ P,

where

pg = the pressure exerted by the steam, and

Py = the pressure exerted by entrapped air.
accuracy ! references
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additional information:
TABLE 1. Properties of water and steam.

3 Phase change
Tgmp Pressure Volumity [m°/kg] Enthalpy [kJ/kq] enthalpy
[C (Pal wates vapor - uater(hf) vapor(h ) [kd/kg)
(x10”) 9  pzh - h
q £
50 012.3 1.012 12.05 209 2591 2382
55 015.7 1.014 9.58 230 2600 2310
60 019.9 1.017 1.68 251 2609 2358
65 025.0 1.019 6.20 271 2617 2346
70 031.1 1.022 5.04 292 2626 2333
15 038.5 1.025 4.13 313 2635 2321
a0 047.3 1.029 3.41 334 2643 2308
85 057.8 1.032 2.83 355 2651 2295
90 070.1 1.035 2.36 376 2659 2282
95 084.5 1.039 1.98 397 2667 2269
100 101.3 1.043 1.67 418 2675 2256
110 143.2 1.051 1.21 461 2690 2229
120 198.5 1.060 0.891 503 2705 2201
130 270.1 1.069 0.668 546 2718 21172
140 , 361.4 1.079 0.508 588 2132 2143
150 476 1.090 0.392 631 2744 2112
160 618 1.102 0.306 675 2756 2081
170 7192 1,114 0.242 719 2767 2048
180 1002 1.127 0.193 762 217 2014
150 1255 1.141 0.156 807 2785 1978
200 1555 1.156 0.127 852 27193 1941
210 1908 1.172 0.104 897 2798 1901
220 2320 1.190 0.0861 943 2802 1859
230 2191 1.208 0.0715 989 2804 1814
240 3348 1.229 0.0597 1037 2804 1767
250 3978 1.251 0.0500 1085 2801 1716
260 4694 1.275 0.0421 1134 2796 1662
210 5505 1.302 0.0355 1185 2788 1603
280 - 68419 1.332 0.0301 1237 2778 1542
290 7445 1.3685 0.0255 - 1290 2764 1475
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anaiysis technique: ! application area: ! referenced from:
$.1 ! SOLAR SHW SYSTEMS ! ECO S.20

! !
title: | references to:

PERFORMANCE PREOICTION FOR SOLAR SHW SYSTEMS !

description:

There are several methods by which the performance of ciosed-loop solar hot
water systems can be assessed. This method is a simple, workable and in most
cases sufficiently accurate.method (Lunde, 1980).

The performance of a solar SHW system is expressed in terms of the factor f
defined as the proportion of the SHW demand actually met by solar energy or
f:q A/L

n

where q_ is the heat fiux actually collected,
A" 15 the solar collector area, and
oload is the SHW load.

The above definition of f is not of much use for practical estimates of f, it
is more fruitful to express f as dependent on two functions, f_, the
potential solar participation with maximum storage and a constant s%orage
base temperature, and the storage function fS. The function fb is defined
from

fo
where: F. is the collector overall factor as specified by the manufacturer

' Gin practice it takes a vaiue between 0.8 and 1),
F is the heat exchanger factor as specified by the manufacturer,

= Fi* Fx * ya¥ IT - UL* (Tb- Ta)* t* AIO]oad

ta is the average of the product of the transmittance and absorbance
of the collector,

L is the co]lectoE overall lesses factor as specified by the
manufacturer [W/m™ , K] 0

T, is the base temperature 8f the storage [ €]

is the air temperature [ C]

1 is the sum of the daily radiations at the desired tilt and azimuth
accumulated during the times while the instantaneous radiation is
above the appropriate threshold at which the collector has a
positive thermal efficiency (I, is a meteorological variable},

t. is the total time period for cellector operation (Ms).

T
The function f_ is defined from
f =F.F U /m

5 ix L ¢

where m_ js the storage capacityzof the tank per degree Kelvin divided by
the collector area [MJ/K.m )
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The factor f can then be estimated from 3 9
f:fb(1.1138-0.271 rb + 0.006 fb - .01214 fs+ 0.000152 f5 ]

accuracy: ! references:
5% for monthly values. ! Lunde, 1980.
1% for yearly values. !

recomaended -applications:

additional inforsation:

In practice, f 15 wusually calculated on a monthly or yearly basis. The
parameters x, T., I, and t, then have to be estimated for the relevant
period. The pargmetel X is dzpendent on the collector physical factors and
climatical parameters, its characteristics are often provided by the
manufacturer. The equation for the Ffactor f is based on a Fit to monthly
values.
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analysis technique: ! application area: ! referenced from:ECO S.1
S.2 -1 SHW SYSTEMS ! 5.2, 5.3, 5.5, 5.8,
! !15.9, S.11, 5.16, S.18B,
! t5.19, S.21, P.§
title: ! references to:
ENERGY SAVINGS IN SHW SYSTEMS | RV 5.2
|
description:

The energy consumption of a SHW system can be calculated from:

E =V * T "4.2/nt
where E = energy consumption [MJ]
AT = temperature d1fferense between SHW and cold feed uater (Kl
V = water consumption [m™]
n, = overall SHY production efficiency (see RV 5.2).

Energy savings can be achieved by:

i} Reducing the water consumption V,
i1} Reducing AT, and
ii1) Increasing the overall efficiency Ny -

(i)  The ‘ECOs that reduce water consumption are the following:
- avoid leaks {(5.10)
- use cold water for laundry (5.3)
- install flow restrictors (5.9}
- install metering devices (5.19)
- install-impraove water temperature regulation {S.5).

In this case, having estimated the water con5umption reduction AV, the energy
saved, ES, is
ES = AV aT 4.2/nt.

(ii) A reductign of AT, from AT, to AT, may be due to:
- instaliation of water he&ter exghanger (5.8)
- reduction of temperature (S.1)
ES = V(ATl- AT2)4-2fnt-

{iii) The improvement of SHW production efficiency from figq to Ny, can be
achieved by:

- reduction in use of pumps (5.2)

- reduction of temperature {5.1}
- installation of control-timers to reduce use of pumps (5.11)
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- insulétion upgrade (P.6)
- optimizing storage tank (5.16}
- adding a booster to storage (5.18)

The energy savings are given by:
- x x -
ES = ¥*xaT 4.2(1!nt2 llntll
Energy costs can also be reduced by switching to a cheaper energy source.

recommended applications:

alternative techniques:

additional information:

See respective ECOs.
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analysis technique: ! application area: ! referenced from: ECO L.1
AT L.1 ! LIGHTING {L.2, L.3, L.4, L.5, L.6,

1 ! L.10,0.12,L.16,L.18
title: | references to:
ESTIMATION OF EMERGY SAVINGS FOR LIGHTING SYSTEMS ! )

description:

For all Lighting ECOs energy saving is only achieved:

- if the operating time t of the lights is reduced:

- if the electrical installed power P for lighting is reduced.

Hence, the annual energy savings ES of a set of ECOs can be calculated by:

ES = Pb tb - Pa ta [kWh/yr} - ! —
where:

Pb lPa) = installed power before (after) retrofitting [kW],

tb (ta) = gperating time per year before {after) retrofitting [h/yr],

For daylight, delamping and improved lighting efficiency (power reduction for
constant illuminancel, ta = tb'

The power reduction for a constant illuminance leve!l Ev can be estimated
from:

Pb - Pa = Ev (llnb - 1Ina)

where Ny and n, are the installed efficacies before and after retrofit,

respectively.
For daylight switching and reduced operating times, Pa = Pb.
accuracy: | references:
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analysis technique: ! application area: ! referenced from:

AT L.2 : ! LIGHTING ! ECO or AP: ECO L.5, L.16
! !

title: ! references to:

ESTIMATION OF ENERGY SAVING DUE 10 PHUTO— ! AT L.1, RV L.5

ELECTRIC CONTROL t

description:

Estimation of energy saving due to the application of photo-electric
controls:

i} Photo-electric onf/off switching control,

ii) Continuous photo-electric dimming.

Procedure: ] .

1. Calculate or determine the daylight factor. (For daylight factor
calculation methods, see reference BSI, 1982).

2. Estimate what the set point illuminance will be when the photo-electric
controls will be installed.

3. Estimate from the daylight factor and the set point illuminance the
number of working hours per year during which luminaires will be switched
off (for an example see RV L.5).

4. Calculate energy saving using AT L.1.

additional inforsation:
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analysis technique: ! application area: ! referenced from:

AT EL.1 ! ELECTRICITY ! ECO EL.4, AP EL.3,
! I AT EL.3

title: | references to:

SAVINGS FROM ELECTRICAL EQUIPMENT CHANGES !

description:

In calculating the impact of changes invelving electrical equipment, it is

jmportant to take inte account both the Direct Effect, and where present, the
Indirect Effect.

The "DIRECT EFFECT" is concerned with the actual effect observed in the piece
of equipment being changed. E.g. the change in electrical ‘energy consumpt1on
of a lighting fixture after delamping.

The “INDIRECT EFFECT" is concerned with the effect of the change on other
equipment: 1.e. not the equipment directly invelved in the retrofit. To
continue the above example, the “indirect effect” of delamping might be
increased use of heating and a reduction of cooling energy. This indirect
effect might be observed in the same fuel source or in a different fuel
source.

This AT describes the calculation of the indirect and direct effects of

retrofitting on electrical energy costs. Electrical Energy Costs may be

comprised of costs associated with one or more of the following:

i) Eperay consumption. Charges for per unit (kWh) consumption, which may
vary with amount used or time of day.

i1) Eneray demand. Either kW or kVA maximum demand might be used as a basis
for dbilling.

ii11) Power factor (PF)., Charges for poor power factor might be separately
made on the basis of measured power factor (usually below some minimum
accepted value, typically 0.85 to 0.9) or covered by the kVA demand
charge.

Retrofits might create savings (or increases) in one or more of these areas.

Changes to electrical equipment will inevitably result in a drop in
consumption and there s a strong chance that they will affect the demand.
Changes involving motors may, in addition to providing consumption and
possibly demand variations, affect the overall system power factor. Just how
the changes affect cost will depend upon the actual tariff arrangement which
must be read and fully understood before undertaking estimates of utility
savings.

As a first step the direct effect of the retrofit on consumption, demand and
power factor can be calculated; in simple terms:
il Consumption = & * (hours of operation) * {unit charge),

where & = change in electrical demand in kW.
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Where unit costs vary with amount consumed take care to use the correct
unit rate which will require that the overall unit consumption pattern
be considered,

ii) Demand = A' * {unit demand charge),
where &' = effect of the A on the total building demand which is not
necessarily equal to A. The coincidence of the equipment operation with
the time of peak load occurrence must be checked in order to determine
A'. A& and A' may be in kW or kVA depending upon the particular utility
practices and tariff agreement,

iti} Power factor = whichever is the lowest of
(PF1 - PF2) * power factor unit cost, or

(PF1 - PF3} ¥ power factor unit cost,
where PF1 is the power factor before and PF2 the power factor after
retrofit and PF3 the power factor below which PF charges are ingurred.

Obviously varying loads caused by occupant use (e.g. in Tighting systems or
modulation of output (e.g. motor speed control) require more detailed and
careful analysis.

Calculations will need to be carried out on a monthly, quarterly or annual
basis as demanded by the particular tariff agreement.

The calculation of indirect effects is inevitably more difficult and
approximate in nature unless detailed hourly computer models are used which
can account for interactions in a more precise manner. These indirect costs
can be calculated following the calculation of direct cost, or the overall
net & and APF's can be calculated prior to working out the actual dollar
cost, A and APF being the net effects of the "direct” and "indirect”
electrical equipment changes. The difficult part of the process is
determining on what other systems and to what extent the effect of a
particular retrofit will be felt. The answer to the first part of the problem
can, for the large part, be found on the ECO descriptions (Appendix D) and/or
on the worksheets (Appendix E). For the second part specific advise is
generaliy given on Analysis Techniques addressing the evaluation of a
specific ECO or range of similar ECO types.

alternative techmiques:

Detailed Computer Models,

additional information:
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analysis technique:

AT EL.2

| application area:
! ELECTRIC MQTORS
I

! referenced from:

| ECO M.1I.2, AP EL.1, EL.2

title:

CALCULATING THE REQUIRED REACTIVE POWER FOR POWER !

FACTORS CORRECTION

description:

With reference to Fig. 1:

Required kVA (BC) to bring power factor from cos 0 to cos 7%
where cos 0y = existing power factor

and
where
AC

AB
ie.;
BC
where:
tan ®
- and
tan ®y
0A

PF

PF

1}

0A tan 2K
0A tan @

0A (tan 0 - tan wzl.

/ (1-(PF112).

7 1-pF?),
Real Power lth).h
Initial Power Factor,

Required Power Factor.

<— Reactive power [kKVA] — _

os o, = desired power factor, is given by: (AC-AB),

Rea

power —»
(kW]

Vaector diagram.

=

Reactive power

=g -

9]
-

Reactive power of

correction

capacitor

-
-

-

Reactive power before correction
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alternative techniques:

Alterpatively, use Table 1 (see below) as follows:
Reactive Power (kVa) = Real Power (kW) * Multiplier (Table 1)

additional information:

TABLE 1. Muiltipliers for power factor correction.

Original Desired power Factor

power .

. Factor 0.85 0.90 0.95 0.98 1.0
0.60 0.713 0.849 1.004 1.130 1.333
0.62 0.646 0.782 0.937 1.063 1.266
0.64 0.581 0.717 0.872 1.063 1.201
0.66 0.518 0.654 0.809 0.935 1.138
0.68 0.458 0.594 0.749 0.875 1.078
0.70 0.400 . 0.536 0.691 0.817 1.020
0.72 0.344 0.480 0.635 0.761 0.964
0.74 0.289 0.425 0.580 0.706 0.909
0.76 0.235 0.371 0.526 0.652 0.855
0.78 0.182 0.318 0.473 0.599 0.802
0.80 0.130 0.266 0.421 0.547 0.750
0.82 0.078 0.214 0.369 0.495 0.698
0.84 0.026 0.162 0.3t7 0.443 0.646
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analysis technique: ! application area: ! referenced from:
AT EL.3 ! ELECTRIC MOTORS ! ECO EL.6, P.15 R.32
! ! R.22, R.5
title: ! references to:
EVALUATION OF MOTOR SPEED CONTROL DEVICES ! RV EL.1, AP EL.3,AT EL.1
|
description:
1. It is first necessary to develop an annual operating profile for the

4,

piece of driven equipment. The most suitable form of this profile is the
number of hours of operation over various load ranges ("bins®) (see Fig.
1}. This Tload profile will depend upon the annual variation of tload for
which the driven equipment is meeting and methods of calculating this are
described in those analysis techniques associated with the various ECO
options (P.15, R.22, R.5 and EL.6). ¥Where the motor operation effects
maximum demand and the maximum demand charge is made monthly or
bimonthly, 4t is - desirable te 1list the maximum values of load on the
equipment in each month.

For each of the load ranges used in the above, determine the motor/speed
controller combined efficiency and power factor. Use manufacturers’' data
for the equipment under consideration or use data provided on RV EL.1.

Calculate the “Direct Effects". These may involve savings in electrica)
consumption, demand and power factor {see AT EL.3) resulting from the
difference 1in the censtant speed device operating at whatever load is
imposed wupon it (usually not the frame power) and the variable speed
device operating over a range of conditions.

For an example (see Fig. 1).

) _ _ N
Energy savings = (kHc tc) Eizl (kHi ti).

where kHc = constant speed device electrical demand,

tc = constant speed device total operating time [h],
kHi = variable speed device electrical demand in bin "i",
t., = variable speed device operating time in bin *i" (hl.

Demand calculations are based on the X full load in each month (or demand
billing period} and the actual motor load (kW or kVA) at the particular
operating point.

Calculate the "]ndirect Effect". There will be indirect savings in

cooling and increases in heating if the motor is in a heated or cooled space
or in a conditigned airstream (excluding exhaust fans). See item 4 on AP EL.3J
and AT EL.1 for guidance on how these indirect effects might be calculated.
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! references:

I Electrical Construction and Main-
| tenance, 1983.

1

recommended applications:

alternative techniques:

Detailed hourly method.

additional information:

- 100
90
80
70
60
r 50
40
30
29
10

300 1

Operation time [h]

Fractional load power [%]

Load [%]

Fig. 1 Hourly bin load data and efficiency of
speed control device at various loads
relative to full load.

562



App. H Analysis Techniques (M)

analysis technique: | application area: ! referenced from:
M.1 | HEATING, REGULATION AND ! Several places.

! SURVEILLANCE OF ENERGY !

I CONSUMPTION !
title: ‘I references to} '

ENERGY SIGNATURE

description:

The energy signature technigque s a single measure model 1{see Ch. 1)
expressing the dependence of energy consumption on the outdoor air
temperature or the indoor-outdoor temperature difference. Energy is mostly to
be interpreted as energy for heaing or, if no disaggregation of end use of
energy has been performed, as the combined energy consumption for heating and

some other end-use (e.g SHW production).

It 1is generally assumed that for a range of outdoor temperatures or indoor-
outdoor temperature differences there is a linear relation between energy and
temperature. Outside of this range it s generally assumed that one can
define either

i} an outdoor temperature above which no heating is required (balance point
temperature) for the case when energy is identified as energy for
heating, or

i) an outdoor temperature (or temperature difference) above (or below) which
energy consumption is constant (base load).

These assumptions are shown graphically in Fig. 1.

When applying the energy signature technique it is common to use daily,
weekly or monthly averages of energy consumption and temperature. Hourly
vatues have been used for assessing situations with temperature setback or
intermittent heating (see Fig. 2).

The dependence of energy on temperature is in general determined by linear
regression to measured data.

The energy signature technigque 1is 1in general too simple to be applied to

cooling situations (see Ch. 7) except where heating and cocling periods are
well defined and separated.

accuracy: ! references:
Oepending on temperature ! Fels, 1986; OFAC, 1983.
range. !

in general about 10%. i
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recommended applications:

Control of energy consumption.

Instrumented energy auditing for short term analysis.
Analysis of heating plant and regulation efficiency.

additional information:

Using the energy signature technique, it is possible to analyse the energy
consunption of a building using daily data from a period of two or three
weeks, using weekly data from three-or four months, or using monthly data
from a year. The energy signature technique is a tool for improved operation
and surveillence of heating plants. See alse chapter 6.

ENERGY SIGNATURE
Out door temperature [°C)
. 20 0 -20
Fig. 1
The energy signature model.
1
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|
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Example of use of energy signature
[¢] _ for temperature set-back,
-10 -5 0 5 10 15 20
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The way in which different energy components add up to produce the energy
signature 15 illustrated in Fig. 3. It is alsp shown how, for mild weather
conditions, the curve may bend due to, e.g. poor low load boiler performance,
simultaneous heating and cooling or window opening.

' Envelope losses

Frae heat gains

W,

LA

g 5
5 z
o a Net useful
heat demand
T T L} T T T .
-5 0 20 -5 0 12 20
Averago external fomperature Average external temperature
a) Envelope losses can be con- b) Solar free heat gains from
sidered linear. electricity and the presence of
occupants cover a part of the
envelope losses. The remainder
is the net space heat requirement
which has to be supplied by the
heat plant.
(3) Fuel consumption
5 Saasanal haating %
: :
& <
.
™ ~
Baoiler plant fosses and S
distribution o ~
T LI T T T T T T T
-5 0 12 20 -5 0 12 © 18
Average external temperatura Average exiernat temparature
c} In the range of 10 to Isoc d) Experience has shown that the
outside temperature, the net heat curve of fuel consumption in a
requirement will fall to zero and normal case can be expressed by a
the boiler plant can be shut off. linear relationship. Points lying
This is the seasonal heating outside of a certain range show
limit. The boiler plant and the abnormal situations which have to
distribution system also have be considered separately.

losses and these must be added to
the net space heat requirement,
The result is the curve of fuel
consumption.

Fig. 3
Illustration of energy signature
models for a building with a boiler
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.analysis technique: ! application area: ! referenced froo:
M.2 ! GENERAL !

! !
title: | references to:

BIN ANALYSIS METHODS .o

description:

The principle of all bin type analysis methods 1is the analysis of the
building, systems or equipment as a series of separate individual
calcuiations or models, each calculation or model representing a different
set of conditions. The models are based on the average condition over each of
the separately identified operating conditions.

The definition of these models must be detailed enough to distinguish between
significantly different operating conditions, yet be of a manageable number
to make hand calculations practicable. (As the extreme illustratiocn an hour
by hour analysis could be thought of as a bin method with 8,760 separate bins
or.models.)

The separate models can be setup on the basis of a number of different bin
types as detailed below:

1. OUTDOOR DRY BULB TEMPERATURE - This is perhaps the most familiar use
where heat gains and losses are calculated for a number of outdoor air
temperature ranges. Equipment that operates within a certain range of
outdoor temperatures, e.g. heating or chilled water pumps, can also be
accommedated by arranging bins to coincide with equipment operating
ranges. Typically bin temperature data are available from meteorological
organisations. Methods of deriving bin data from monthly average
temperatures are available (Erbs, 1983).

2. OQUTDOOR WET BULB TEMPERATURE - Normally coincident wet bulb: i.e.
coincident with the dry bulb data, are used to account for humidification
and latent cooling effects.

3. OCCUPANCY - often it is important to distinguish between occupancy states
of the building to accommodate different internal gain profiles,
ventilation requirements and temperature setpoints.

4, PART LOAD EFFICIENCY - Part 1load performance of equipment can be
calcutated on the basis of its performance over a number of ranges of
part load.

5. SOLAR GAINS - Can be approximately handled by using different values on
the basis of the coincidence between solar gains and outdoor temperature,
time of day or time of year.
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For the simple cases the actual energy consumption is calculated by
summing the products of the average ltoad and the number of cperating
hours in each of the various bins.

Further, the results of one series of calculations, say calculating space
heating 1loads on the basis of outdoor dry bulb temperature bins and
occupancy could be organised into bins of hours for various load ranges
which could then be used for the purposes of estimating boiler fuel
consumption.

MISCELLANEOUS - Many other ways of identifying significantly different
operating conditions might exist, especially in complex HYAC systems and
the calculation method can become quite involved: e.g. *The Modified Bin
Method" (ASHRAE Fundamentals, Ch. 2, 1985), and a modified bin method for
heat pump application (Cane, 1979). .

An example of bin type techniques is given below as am illustration.

E;émg[g: Estimate the annual fuel consumption for a building with an overal)
envelope loss (conduction and infiltration) of 1 kW/K; constant ventitation

load

of 0.5 kW/K: constant internal gain of 7.5 kM, a constant maintained

temperature of 20°C: and a 70 k¥ gas furnace with data as shown in Table 1.

For the -33°C bin:

Frequency = 3 h
Envelope loss + Ventilation Toad = (53.0+26.5) kW= 79.5 ki,
Head load = Heat loss - heat gains = 72.0 kM.
Percentage Full lead = 80%.
Efficiency (n} at this load = 12, - 3
Caiorific value of gas = 38 MJ/m

Gas consumption = .

{Heat Load*Number of Hours)/{n*Calorific Value*3.& kWh/MJ)=

(72 KW)*(3 h)/70.72/(38 MI/m>)1/(36 KNR/MD) = 2 n° of gas
The calculation 1is repeated for the other temperature bins and the results

summed for the annual consumption. The results are given in Table 1.
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TABLE 1. Summary of data.

Bin Frequency Envelope Vent Internal Heat Part n Gas
o loss load gains load load Cogsumption
°C) [h} [ kW) (k¥) [k¥) (k¥] fraction [m~)
17 1269 3.0 1.5 7.5 ] 0 - -
12 1182 B.0 4.0 1.5 4.5 .05 .51 76
7 984 13.0 5.5 7.5 12.0 .13 61 142
Z 1259 18.0 9.0 7.5 19.5 .22 .64 280
-3 993 23.0 11.5 7.5 21.0 .30 .66 297
-8 128 28.0 14.0 7.5 34.5 .38 .67 274
-13 549 33.0 16.5 1.5 42.0 .47 .69 244
-18 336 38.0 12.0 7.5 49.5 .35 .69 176
=23 130 43.0 2.5 1.5 57.0 .63 L1017
-28 30 48.0 24.0 1.5 64.5 72 .11 20
-33 3 53.0 26.5 1.5 12.0 .80 .12
1568
accuracy: ! references:

recommended applications:

alternative techniques:

1. Simpler: Qegree Qay.
2. More complex: Hourly.

additional information:
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analysis technique: ! application area: ! referenced from:
M.3 I GENERAL !

! !
title: ' ! references to:

EFFECT OF CHANGES IN SPACE GAINS !

description:

Many ECOs, if implemented, would result in a change to the rate at which heat
is inadvertantly or indirectly added to the space.

Examples include:

i) Insulation of pipework,

i1)  Installation of smaller electric motors,
i11) Equipment scheduling, ~

jy} Changing window to walls, and

v) Lighting changes.

The changes in heat release will indirectly affect the heating and/or cooling
required for the space and these indirect effects need to be evaluated when
estimating direct energy savings.

for determining the net effect of space heat gains, one can proceed as
follows:

1. As a first approximation the indirect effects of a change in heat gain
{Q) can be taken as:

¢ = ch* tCICOP + Aqh* thfn

vhere

COP = seasonal efficiency of the cooling plant,

n = seasonal efficiency of the heating plant.

ch = change in hourly heat gain rate to space during cooling season,
Aqh = change 1in hourly heat gain rate to space during heating season,
t = number of hours cooling required,

tg = number of hours heating required.

The number of hours that the heating and cooling must operate can be taken
from norms for the location, or for more accuracy can be taken as the number
of hours below the heating balance point and number of hours above the
cooling balance point for heating and cooling respectively.

The heating and cooling balance setpoints can be calculated from fuel bills
or monitored data using regression techniques (see AT M.1). Local meteoro-
togical records often provide temperature frequency data from which the
number of hours above or below a specific temperature can be found.
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Where the change 1in rate of internal gains 1is large, e.g. in a major
delamping exercise, it would be worthwhile to estimate the effect on the
heating and cooling balance points and hence any changes to the number of
heating and cooling hours.

2. CAUTION should be exercised where zoning and HVAC system characteristics
may be such that the effect is not felt on the system energy consumption. For
example, the reduction 1in space heat gain in a zone of a terminal re-heat
system may result in extra re-heat being required during cooling, thereby
cancelling the heat gain savings (rebalancing could of course eliminate or
minimise this effect.)

accuracy: | references:
Betailed Hourly Methods !
or Bin Methods. !

recommended applications:

alternative techniques:

additional information:
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analysis technique: ! application area: ! referenced fron:
M.4 ! !

! 4
title: ! references to:

DELIVERABLES/OIAGRAMS. A METHOO FOR ASSESSING !
COMFORT AND ENERGY CONSUMPTION !

description:

This method provides a measure of the comfort level compared to the energy
consumption (=zperformance level).

Data are collected by inquiries. The diagrams have to be used (and data
collected) with the “instructions for use® as described below. Simple
dtagrams are used. (See Fig. 1.) The method can be used for assessing the
performance level of i) mobility, ii) equipment and iii) conditioning. Here
we describe how the method is applied for assessing the performance level of
conditioning. For full details, see ref. The example given refers to Swiss
conditiens. '

ti i s:

THE DIAGRAM links the energy consumed. the equipment and the way it is used.
These 1inks can be represented for the three groups: EQUIPMENT (fittings).
MOBILITY and CONOITIONING.

The purpose of the diagram is the allow you:

i} to know the specific consumption for each of the three groups,

ii) to know the position relative to the average consumption (the relations
presented here refers_to Swiss conditiens).

i h jqra

Each diagram consists of 2 vertical half-axes {1 and 2) and of 2 horizontal
half-axes {3 and 4). Vertical axes stand for availability and horizontal axes
stand for use. Each variable corresponds to a coefficient which varies
between 0.5 to 1.5, the norm being 1. Each diagram indicates a global
consumption. for housing equipment {(fittings). The glpbal consumption has to
be written down under this indication.

a ;€0 G
Each of the 4 main variables for conditioning performance is made out of many
components. Work out the mean to obtain only pne final coefficient for each
half axis (see Fig. 2).
1. Availability - {building)

la. Insulation and lb., Architecture
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Process:

a) Write down the coefficient corresponding to the type of insulation and
architecture of your building (according to types indicated on the
diagrams).

b} Work out the mean of these coefficients and write it down on half-axis 1.

2. Avatlability - (local climate}.
2a. Number of heating days and 2b. Mean winter temperature,
Process:

a) ¥rite down on the scale the number of days per winter during which the
heating is on (if the number of sunny days without wind during this
period is known they can be deducted for the total}.

b) Same for mean outside winter temperature.

¢} Write down the mean of a) and b) on half-axis 2.

3. Uses: comfort level
Ja. Living rooms and 3b. Sleeping rooms. .

Ja.

i} Determine the temperature inside the living rooms in winter,

ii) Determine the kind of insulation inside the living rooms: concrete,
metal, plaster.

iiilWrite down the point corresponding to the answers to a) and b) on the
scale 3a) e.g.. if the temperature is 20°¢ and plaster insulation, mark a
cross under 20°C:

concrete - metal o

Blaster 20°C
~ wood ] *
égogou havé 20°C and wood insulation, write a cross below, on the left of
20%¢c
wood - - - x

b

iv) Determine the number of sleeping romms per living room (1, 2 and 3}.

vl Determine the temperature inside the sleeping roomis).

vi) Write down these results on scale 3b.

viil¥Work out the mean of result 3a) and 3b) and write it down on half-axis 3.

4. Uses - Others

4a) Renewed servicable volume and 4b) Number of presence hours.

a) VWork out the number of servicable ma. per_person in the house or flat.
b) Work out the air-renewal level (0.5, 1 or 2 ACH),
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¢) Multiply results a)'and b) and write down on scale 4a.
Conclusion:

A coefficient of more than 1 means that ratio between perfgrmance and gnergy
consumpt ign is rather good. Less than i means that the ratio is rather bad,
that 1is: your energy consumption 15 too large, compared to the way it is
useful for you. If a coefficient shows bad values, it will be important to
know why by inquiring further about it. .

Measure interpretation:

The 1last conclusion already gives the first elements for the interpretation
of the diagrams. The performance ruler shows the possibilities for the
following energy economies.

- Lower performance level through lower comfort level.

- Lower performance level of fittings by improving the envelope quality.

- Performances improved by lower <consumption due to a better quality of
equipment. )

Still1, the energy availability can be regulated according to the performance
level or adapted thanks to adequation of the equipment. The performance
diagram gives means to describe the kind of uses and it makes it easier to
choose the right equipment.

accuracy:y | references: Saugy, 1985

recommended applications:

The diagrams allow comparisons between performances and comfort levels in
different buildings, They show the places where the energy consumption is too
high compared to the comfort tevel.

additional information:
Performances are analysed in J groups:

i. MOBILITY [(people, objects, information): This group takes into account
the inside architecture of the building and its situation towards working
places, schools, etc.

2. EQUIPMENT: Fittings for feood supply (cooking, refrigerating, etc.),
leisure, etc.

3. CONDITIONING: deals with the climate realised inside the building
{heating, air conditioned, etc).

Performance is the ratioc between availability of equipment, temperature, etc.
and used made of these.
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analysis technique: | application area: ! referenced from:
M.5 1 ECONOMIC EVALUATION t
! ‘ !
title: ! references to:
SIMPLE PAYBACK TIME OF AN INVESTMENT !
!
description:

Simple payback time {yearsl, PBT, can be calculated from PBT = al/Af

where

4l = cost of the investment, expressed in current value (of the year 0)
[costl,

AE = annual cost saving correspoending to the investment, expressed in current
value (of the year 0) ([cost/year).

The PBT is to be compared with the estimated lifetime of the investment. This
indicator tends to favor short term investment ECOs.

The simple PBT is easy to evaluate, but has some disadvantages:

i} The simple PBT does not take into account the effect of the current
discount rate. This means for the PBT to be accurate that the sponsor
must not borrow money to pay the investment.

ii} The simple PBT does not take into account the effect of the escalation
rate of prices, especially as far as energy prices are concerned.

iii) The simple PBT does not take into account the 1ife-time of the
investment, For example two retrofits with the same payback but with
different life expectances are clearly ppt equal investments.

additional inforsation:
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analysis technique: ! application area: ! referenced from:
M.6 ! ECONGMIC EVALUATION !
! !
title: ! references to:
OISCOUNTED PAYBACK TIME OF AN INVESTMENT l-
!
description:

Discounted payback time [years] can be calculated from

Discounted PBT = In[ AI*(R-1)/{AEXR)+11/ In(R)

where

R = (1+j1/1+1) .

Al = cost of the investment expressed in current value (year 0) [cost]

AF = total annual cost saving corresponding to the investment, expressed in
current value (year 0) ([cost/year).

i = current discount rate {fractionl.

j = real escalation rate of energy prices {fraction].

Unlike simple payback time, the discounted PBT takes into account the effects
of the current discount rate and of the escalation rate of energy prices.

This indicator, however, gives no weight to the cost savings occuring after
the payback period. Thus, it gives a short term vision of the profit-earning
capacity of an investment.

additional information:
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sis technique: ! application area: ! referenced from:
! ECONOMIC EVALUATION !
! !
: ' ! references to:
ENT VALUE" OR “NET-LIFE CYCLE SAVINGS" !
INVESTMENT ) }
iption:
nt wvalue or net life cycle savings of the investment [cost), PV, can be

lated from
-a1 + AEXR*{R"-11/(R-1}-aMzpx(p -1}/ (P-1)

(1+33/{1+3) and P = (1+m)/{1+i}.

cost of the investment, in current value (year 0) [cost].

annual cost saving corresponding to the investment, in current value
{year 0) I[cost/yearl.

annual maintenance cost, in current vatue (year 0) [cost/yearl.

current discount rate [fractionl.

real escalation rate of energy prices [fraction].

real escalation rate of maintenance costs [fraction].

lifetime of the investment {years].

jgher the Present Value of an investment, the higher its profit earﬁing
ity for a given discount rate.

is the most complete indicator to measure the profit-earning capacity of
nvestment over its whole lifetime, taking into account the investment
but it has some disadvantages:

The lifetime of the investment must be estimated.

An hypothesis is necessary on the evolution of energy prices.

A wvalue of the current discount rate must be chosen in order to perform
the evaluation. This wvalue must take into account the financial risk
associated to the investment, which is generally difficult to quantify.
The wuse of the Present Value as an economic indicator is based on the
assumption that the Present Yalue decreases exponentially as function of
the current discount rate. This assumption is true for most Epergy
Conservation investments. [t may not be true when different projects
involving different energy sources are to be compared.
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analysis technique: ! application area: ! referenced froa:
M.8 ! ECONOMIC EVALUATION '

l '
title: ! references to:

“INTERNAL RATE OF RETURK® OF AN INVESTMENT !

description:

The internal rate of return {fractionl, IRR, may be calculated as follows:
First calculate the value of R which satisfies the following equation:

Present Yalue = 0 or Al = AE*R*(R"—I)I(R—IJ. or
R™* 1 . Re(al/aE +1) + al/aE = 0 (1

Second calculate the corresponding value of i = [RR from the relation:
R =(1+j)/{1+IRR), or

IRR = [{1+))/R] -1 [21
where
al = cost of the investment, in current value {year 0} [cost].

AE = annual cost saving corresponding to the investment, in current vatue
(year 0} ({costfyearl].

j = real escalation rate of energy prices ([fraction).

n = lifetime of the investment [years]

The IRR may be compared with the borrowing rate; if the IRR < borrowing rate,
the investment is not profit earning.

The evaluation of the IRR of an investment does not require the choice of a
discount rate when comparing two investments and it gives a range of discount
rates in which the investment keeps its profit earning capacity.

The use of this indicator has some draw-backs:

i} The IRR is influenced by the distribution law of the savings as function
of the time and tends to onily be applicable to short term earning
investments,

ii} The use of the IRR to compare different investments with each other {(the
greater the IRR, the more profit earning the investment), is based on the
assumption that the Present Value decreases exponentially as function of
the current discount rate so that equation [1]1 has only one root. This
assumption may not be true in certain cases as explaned in AT M.7 4).
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analysis technique: ! application area: ! referenced from:

M.9

! ECONOMIC EVALUATION !

title: ! references to:

“COST FOR SAVINGS® OF AN INVESTMENT !

description:
The cost for savings, CS, can be calculated from
al + aMxpx(P"-1)/(P-1)
[ prTTTmommeeens
AEXRX(R-11/(R-1)
with R = (1+j)/(1+i) and P = (1+m}/(1+1)
where
Al = cost of the investment, in current value (year 0) [cost).
AE = annual cost saving corresponding to the investment, in current value
(year {) [cost/year].
AM = annual maintenance cost, in current value {year 0) [cost/yearl.
i = current discount rate {fractionl.
j = real escalation rate of energy prices [fraction].
m = real escalation rate of maintenance costs [fraction].
n = lifetime of the investment [years].
The profit earning capacity of the investment is directly estimated by
comparing the cost for sawvings with 1:
CsS»1 = the investment 1s not profit earning,
£S=1 = the " total savings over the whole lifetime are just equal to the
total cost,
0<CS<1 = the lower the CS. the higher the profit earning capacity of the
investment.
accuracy: ! references:
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APPENDIX | REFERENCE VALUES
INTRODUCTION TG APP. |

A fundamental part of any audit step is the comparison of measured values of
indicators with required or desired values of the same indicators. This
appendix 1is intended to be a collection of the most frequently used
reference, legal and target values against which values obtained from
building audits may be compared.

Such values may refer to the whole building {e.g. energy indicators) or to
compenent performance. It must be remembered, however, that .often the
Reference Values (RY) are country dependent. In fact, the average
performances and the desired targets vary with technological level, climate,
occupants' habits and behavior, etc. Even values, which should be invariant,
such as fuel heat content or materia?! conductivities, are found to vary from
country to country.

The text has, therefore, been written with the intention of providing the
reader with a 1list of values that should be adapted to the appropriate
national ({and regional) sijtuatijon. The values supplied should only be
regarded as examples of indicators or parameters.

The Reference Values are presented in standard forms. The application area,
the audit step, the audit prgcedures and the specific ECOs, where the
Reference Values are used, are highlighted.

The conceptual guideline for the compilation of this Appendix was not only to
provide example wvalues but also brief information on how to obtain and use
them., It is not always possible to distinguish the legal! from target values.
In some cases they coincide. This is particularly true when new, advanced
legal standards have been introduced by national governments in the framework
of an energy conservation policy. The advance performance of a new component
(e.g. condensation gas boiler, heat pump) can be considered as "design” and
"target” value at the same time.

For a discussion of Reference Values, see Ch. 2. A list of Reference Values
is given below. .
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LIST OF REFERENCE VALUES (RV)
LITLE
ENVELOPE (E)

E.1 Heating degree-days.

£.2 Volumetric heat loss coefficient,

E.3 Building component U-values.

E.4 Ventilation rates and ventilation openings.
E.S Building air tightness. '

E.6

Building component air tightness.

REGULATION (R}

R.1 Thermal comfort.

R.2 Tolerable contaminant concentrations.

R.3 Plant preheating {and precooling} relationships.

R.4 Exhaust hood performance data.

R.5 Typical damper leakage data.

R.6 Typical VAV fan controller characteristics.

R.7 C0 emission and garage ventilation requirements.

R.8 Typical evaporative cooling equipment performance.

R.9 Effect of poor maintenance on the efficiency of a reciprocating
compressor,

R.10 Occupancy and ventilation rates.

R.11  HVAC equipment service lifetime expectations.

R.12 Swimming pools reference data.

HEATING (H)

H.1 Heating plant combustion efficiency.

H.2 Boiler thermal efficiency and stand-by losses.
H.3 Heating plant life factors.

H.4 Performance of fire-places.

HEATING/COOLING (H/C)

H/C.1 Performance indices of heating and cooling devices.
H/C.2 Air to air heat recovery, typical efficiencies.

COOLING (C)

C.1 Effect of chilled water temperature on chiller COP.

C.2 Effect of condenser temperature on chiller COP.

c.3 Part. load chiller performance.

C.4 Effect of condenser fouling on chiller performance.
DUCTWORK (D) |

D.1 Target values for duct insulation and leakage.

D.2 Air filter performances.
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PIPEMORK (P)

P.1 Recommended insulation thicknesses for hot pipes.
p.2 Steam trap application guide and losses evaluation.

SERVICE HOT WATER (S)

S.1 Water and SHY consumption.
5.2 Efficiencies for SHY systems,

0 S5.3 SHY flow rates and temperatures.
S.4 Makeup water supply temperatures.
S.5 Solar SHY heater.

5.6 Yater Quality

LIGHTING (L}

L.1 I1luminance levels, installed power.

L.2 Installed efficacy of lighting equipment.
L.3 Luminous efficacy for different lamp types.
L.4 Light loss facters.

ELECTRICAL SYSTEMS (EL)

EL.1 Typical characteristics of various motor speed control options.
EL.2 Typical high efficiency motor improvements.
EL.3 variation of efficiency and power factor with part load.
EL.4 Variation of motor efficiency with motor size.
EL.5 Electrical system equipment 1life.
EL.6 Electric motors - maximum kvar for PF correction and
moment of inertia capabilities.
EL.7 Tvniral! ~'--*=<~s1 applijance Jloads and usage.

583



App. 1 Reference Values (E)

reference values: ! application area: ! referenced fronm:
E.1 ! ENVELOPE ! AP E.1, AT E.1

] ]
title: ) ! references to:

HEATING DEGREE-DAYS !

audit stage:
Disaggregation/ECO Detailed Evaluation.

description:

In Table 1 are given some base and reference temperatures for heating dégree—
day calculations (see AT E.1).

TABLE 1. Degree-day base and reference temperatures.

Base o ~ Reference o
Country temperature [ CJ temperature [ C)
Canada: . 18.0
France: poorly insulated buildings 18.8
] highly insulated buildings 16.0
FR Germany and Italy: : 19.0 12.0
The Netherlands: 18.0
Sweden: 17..0 11.5
U.K.: (Gas Council Standard) 15.5 15.5
Other institutes - working days 18.3
Other institutes - night, week-ends 12.8
USA: 18.3 18.3

The annual heating requirements are usually calculated from the degree-days
for a continuously heated building.

For an intermittently heated building the heating requirement will be
reduced. The magnitude of this reduction will depend on three factors:

1. the 1length of the occupation period tboth number of days per week and
number of hours per working day),

2. the thermal mass of the building (stored heat is dissipated and must be
replaced during the heating-up period),

3. response characteristics of the heating system.

The IHVE Guide (1970) suggests the use of three correction factors:
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- for length of working week

1 days 1.00
5 days (week-end shut-down)
massive buildings 0.85
1ightweight buildings 0.75

for length of working {(heating) day
if bldg. mass

light heavy
occupied peried 4 h 0.68 0.96
8 h 1.00 1.00
12 h 1.25 1.02
16 h 1.40 ;.03
- for building and plant response
continuous 24 h heating . 1
if plant
response
quick slow
night shut-doewn
building mass Tight 0.55 0.70
medium 0.70 0.85

heavy 0.85 0.95
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reference values: ! application area: ! referenced from:
E.2 ! ENVELOPE TRANSMISSION ¢

] ¢
title: ! references to:

VOLUMETRIC HEAT LOSS COEFFICIENT

audit stage:
Building Rating/Disaggregation/Preliminary Audit.

description:

The volumetric heat loss coefficient is defined as (Building transmission
losses)/(Building heated volume).

Fig. 1 shows the volumetric heat loss coefficient required by Italian law, as
a function of the number of degree-days and of the shape factor Envelope
Area/Volume (A V).

Typ1ca1 values of shape factors are [m21m3]
for apartment buildings 0.30 - 0.55
- for mid-terrace houses 0.50 - 0.60
- for semi-detached houses 0.60 - 0.75
- for detached houses .79 - 0.90
Shape factor

¥ 1.44
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= 0.7 \
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=
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Fig. 1 Example of legal values for
volumetric heat loss coefficient,
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reference values: | application area: ! referenced from:ECO E.8,

| !
£E.3 | ENVELOPE - TRANSMISSION ! E.9, E.10, E.11, E.12,
! LOSSES ' £.13, E.14, E.15, E.16,
! ! E.17, E.20, E.28.
title: ! references to:

audit stage:
ECO Identification/ECO Detailed Evatuation.

description:

Several countries have norms imposing maximum limits .on the U- values for the
structural components of new buildings,

Reference and target wvalues for building structural components are usually
issued by technical institutes, such as ASHRAE for USA or SIA for
Switzerland. Such standards are often adopted by governments.

The maximum permitted heat transfer coefficients of building elements in
various countries are quoted in Table 1.
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TABLE 1. Maximum permitted heat transfer coefficients, U-values [Ulmz.Kl.

Roof Exp. Exp. Floor Floor Floor Win- Doors Max. Bldg
out- floor struc- struc- struc- dows win- aver.
side struc- ture ture ture dow wall

tures above on above area
crawl- earth cellar
space
Canada 0.141- 0.27- 0.21- ¢.21- 0.212 0.21- 2.2- 0.7 15 % -
1978 0.40 0.40 0.40 0.40 0.40 0.40 3.3
Denmark 0.20, 0.30 3 0.20 0,30 0.30 0,40 2.90 2.00 15 %
1979 -0.40 :
Nether- 0.78 ¢.78 0.78 1.92 1.92 1.92 2.80
tands
1978
Norway .23 0.25 0.23 0.30 0.30 0,30 2.10 2.00 15 %
1980
Sweden 0.171- 0.25- 0.17- 0.30 Q.30 0.50 2.00 1.00 15 15
1980 . 0.20 0.30 0.20
Switzer-0.50 .60 0.60 0.60 0.80 0.80 3.30 0.605
land ‘ 0.75
1980
United 0.35 0.60 0.60 . 12 o/
Kingdom
1982
United 0.14'- 0505 0.25- 0.34- 0.25-
States 0.28 1.60 2.00 3.33 2.00
1980
ASHRAE
i Figures wvary depending on climate zones {(Sweden) or number of heating

degree days {United States, Canada).

Perimeter insulation required if floor <600 mm below ground level.

Depends on wall density, the higher demand on lightweight walls.

Only in living room and kitchen.

0f "external® floor area (+3 % of internal floor area).

Values for mean conditions, the lower value for single-family house.
Figure shown is percentage of perimeter wall area (including party walls}.
Greater percentage is possible by using double or triple glazing.

Includes windows and doors,

e I LS R PERY K Y

o
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[n Table 2 are given thermal conductivities for some common building
materials.

TABLE 2. Thermal conductivity of building materials [W/m, X].

Material Thermal conductivity
Asbestos-cement .58
Brickwork, common 0.84
Cellular glass 0.05
Compressed straw slabs 0.09
Concrete:
ballast 1.0-2.0
cellular 0.10-0.28
clinker 0.33-0.40
foamed slag 0.14-0.25
vermiculite 0.07-0.28
Cork board 0.05-0.06
Fibreboard 0.05
Glass 1.02
Glass fibre 0.036
Glass waol 0.035
Hardboard 0.10
Perlite, expanded 0.052
Plasterboard 0.16
" Plaster, dense 0.50
Plywood 0.14
Polyisocyanurate, cellular 0.020
Polystyrene, expanded 0.036
Polyurethane, cellular 0.023
Pelyurethane, foam 0.023-0.026
Stone 1.30-2.80
Tiles, roof 0.83-0.94
Timber, softwood 0.14
Ureaformaldehyde foam 0.032-0.040
Cellulosic insulation 0.035-0.045
Cement plaster 0.072
Vermiculite 0.03-0.04
Wood wool slabs 0.08-0.14
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reference values: ! application area: ! referenced from: AT E.4.
E.4 ! ENVELOPE - VENTILATION !

] 1
title: ! references to:

VENTILATION RATES AND VENTILATION OPENINGS !

description:

A summary of minimal ventilation ({outdoor air supply} rates specified in
various countries is presented in Table 1. Comparison is difficult because
the rates are variocusly expressed, either in terms of air changes per hour
(ACH)., minimal flow rate {1/s) or flow rate per square meter of floor area
[1/m", 5] or per person {1/s,pl. In those countries where mechanical
ventilation is not mandatory in dwellings, ventilation requirements are also
specified in terms of the minimum area of ventilation openings {(see Table 2).

TABLE 1. Minimal ventilation rates.

idential Buildi 0ffices
¥hole Living Bed Bath No
Country dwelling room room Kitchen roonm smoking Smoking
Canada 0.5
[ACH]
Denmark 0.5 15-20 15
[ACH] ’ (1/s] (1/s)
Finland .35 2 8.8 6.4 .8 2 1.6 2
(1/s,m") [1/s] [1/s1 (l/s.m1 (1/s,m}
Italy 4.5 4,2 1 2
[1/s,pl (1/s,p} [ACH) [ACHY
Netherlands 21-42 21-28 14
[1/s] [1/s5] (1/s1
Norway 22 17 1.4 ?
(1/s1 [1/s] (l/s,o1
Sweden 0.35 2 10 10
(1/s5.m%) [1/s) (1/s]
Switzerland, ’ 23-33 17
[14s) {1/s]
Scottand 3-8 3-8 6 3
f1/s,p1 [l/s,pl ([ACH) (ACH]
USA 0.35 . 1.5 1.5 50 25 10
[ ACH] [1/s,.pl [l/s,pl ([lis] [1/s] [1/s,p]
European 5.5 8.3
Community [l/s,p] (1/s,pl
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App. 1 Reference Values (E}

TABLE 2. Minimum ventilation openings for residential buildings.

Denmark  Netherlands England Norway Sweden

Living room 0.02- , 0.5
0.04 m
Bedroon 0.02- 9 0.5
0.04 m
. * 2 2
Kitchen 0.015-2 0.02- 2 0.5 0.02m 0.02 m
0.02 m 0.0J m :
2 2 2 2
Bathroom 0.015m° 0.0l m 0.5 0.015m 0.015 m

* per cent of floor area.
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App. I Reference Values (E)

reference values: ! application area: ! referenced from:

E.S ! ! ECO E.18, AP E.f, E.7.
. 1 1

title: ! references to:

BUILDING AIR TIGHTNESS ! AP E.5

audit stage:
Detailed ECO Evaluation.

description:

Measurements of building air tightness are wusually carried out by
pressurisation {see AP E.5). Currently, Sweden and HNorway are the only
countries that have air-tightness norms for whole buildings. Table 1 shows
such legal values, in terms of the permitted air changes per hour [ACH] at a
pressure difference of 50 Pa.

TABLE 1. Acceptable maxiﬁum leakage factors for houses.

Leakage (ACH] at 50 Pa
Type of building Sweden Norway

Detached and linked houses 3.0 4.0
Other houses, max., 2 storeys Z2.0 3.0
Houses with 3 or more storeys 1.0 1.5
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App. 1 Reference Values (E)

reference values: | application area: ! referenced from: )
"E.6 . ! ENVELOPE - INFILTRATION ! ECO E.7, E.18, E.28,

! 1 E.29, AP E.12, AT E.4.
title: ) ) ! references to: AT E.4,
BUILDING COMPONENT AIR TIGHTNESS !

audit stage:
Detailed ECO Evaluation.

description:

In some countries target values for the air tightness of building components
are provided by building norms. Table 1 shows legal values of Swedish Norms
(58N 1975).

TABLE 1. Maximum accepted air leakage at a difference in air pressure

of 50 Pa.
Building element Acceptable air leakage [malmz,h]
2 storeys or less 3 storeys or more
External walt o4 0.2 N
External window and door 1.7 1.7
External roof, floor Eetween a 0.2 0.1

dwelling and the external air

or a ventilated space.

x  Refers to the air tightness of the joint between the frame and window
sash or door leaf respectively. '

Many countries have 1issued standards and norms for window test methods and
maximal leakage rates. Standard values arg usually given in terms of leakage
rate per metre of opening joint or per m~ of total window area. Windows are
often divided into various classes.

Fggures 1 and 2 show the window air leakage rates per m joint length and per
m~  window area, respectively, as a function of pressure difference for
different classes of windows, as defined in various countries.

In Table 2 are ‘shown leakage areas [(see AT E.4) for different building
components, The values are average values from measurements in houses.

Typical infiltration rates through doors is presented in Fig. 3.
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App. 1 Reference Values (E)

Infiltration rates for windows are given in Fig. 4.
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Fig. 1

Legal values for
window leakage
per meter of
joint length,

Fig. 2

Legal values for
window leakage
per square meter
of window surface
area.



Infiltration [m3/h)
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App. I Reference Yalues (E)
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Fig. 2
Infiltration
through doors.

KEY TO WINDCOW INFILTRATION CHART
(LEAKAGE BETWEEN SASH 8 FRAME
TYPE MATERIAL WEATHERSTRIPPED? FIT
MALL WOOD YES AVG.
HINGED METAL YES AVG.

L WOOD ND AVG.
HINGED METAL NO AVG.
DBL.HUNG  STEEL NO AVG,

@ALL WOOoD YES LOOSE
DBL. HUNG - STEEL YES AVG.

@CASEMENT  STEEL ND AVG.

@ALL WOOD NO LOOSE
HINGED

Infiitration [m*/h per meter window frame

10 20

]

Fig. & Infiltration through
window frames,
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App. I Reference Values (E)

TABLE 2. Component leakage areas.

Component Estimate
SILL caulked 0.8 tcn’/m of perimeter]
not caulked 4 t 2 * )|
JOINTS (not taped, no vapor barrier) 1.5 [cm Imzwall joint ]
CASEMENT weather stripped 0.8 [cm™/m” window areal
or AWNING not weather stripped 1.6 [ " ]
SINGLE HUNG WINDOW weather stripped 2.2 - ]
not weather stripped 4.4 1 * ]
DOUBLE HUNG WINDOW weather stripped 3.0 . 3
not weather stripped 6.0 ¢ " ]
SINGLE SLIDER weather stripped 1.8 ¢ " ]
net weather stripped 3.6 ¢ . ]
DOUBLE SLIDER weather stripped 2.6 1 . ]
not weather stripped 5.2 2 " ]
SINGLE DOOR weather stripped 8 lem/m™ of door area}
not weather stripped 11 [ " ]
DOUBLE DOOR weather stripped 8 [ " ]
not weather stripped 11 ¥ - ]

ACCESS TO ATTIC OR CRAMWL SPACE

not weather stripped 30 { 2 2 " 1
W0OD FRAME WALL-WINDOW caulking 0.3 [em /m” window areal
no caulking 1.71 “ 1
MASONRY WALL-WINDOW caulking 1.3 1 " 3
no caulking 6.5 [ 2 2 " ]
W0OD WALL-DOOR FRAME caulking 1.0 Icm“/m” door area 1
no caulking 5 { 2 " I
GAS WATER HEATER (in conditioned space) 20  f[cm ]
ELECTRIC QUTLETS AND SWITCHES not gasketed 0.5 " 1
RECESSED LIGHT FIXTURES 10 - ]
PIPE PENETRATIONS caulked or sealed 1 Tt 1
not caulked 6 " ]
DUCT PENETRATION sealed or vapor barrier 1.6 " 1
unsealed or no vapor barrier 24 " 1
FIREPLACE W/0 INSERRT damper closed 69 [ ° b;
damper open 350 [ - ]
FIREPLACE WITH INSERT damper closed _6 0" ]
damper open 65 " ]
KITCHEN FAN damper closed 5 [ 1
damper open 39 " ]
BATHROOM FAN damper closed . 11 [ - ]
damper open . 20 r " ]
DRYER VENT damper closed I ]
AIR CONDITIONER (wall or window unit) 24 t* ]
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App. I Reference Values (R)

reference values: ! application area: | referenced from:
R.1 ‘ ! REGULATION ! ECO R.1,

! !
title: ) ! references to:
THERMAL COMFORT U MT R.3.

audit stage:
ECO Identification/Evaluation.

description:
Reco onfort 1
1. Light mainly sedentary activity during winter conditions (heating

Mean

are
1.7

period}).
a) The operative temperature {see MT R.3) should be .between 20 and 24°C.

b) The vertical air temperature difference between 1.1 m and 0.1 m above
floor {(head and ankle level) should be less than 3 K.

c) The surface temperature of the floor should normally be bstueen 19
and 26 C but f1oor heating systems may be designed for 29

d) The mean air velocity should be less than 0.15 m/s.

e} The radiant temperature asymmetry from windows or other cold vertical
surfaces- should be 1less than 10 K (in relation to a smalil vertical
plane 0.6 m above the floor}.

f} The radiant temperature asymmetry from a warm (heated) ceiling should
be less than 5 K (in relation to a small horizontal plane 0.6 m above
the floor).

Light, mainly sSedentary activity during summer conditions (cooling
period).

a) The operative temperature should be between 23 and 26°C.
b} The mean air velocity should be less than .25 m/s.
metabolic rates per square meter of body area for different activities

given in Table 1 (IS0 7730-1984). The mean body surface area for males is,
to 1.8 square meters, and for females from 1.5 to 1.6 square meters (in

Europe and Northern America, see Fracastoro-Lyberg 1983).
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App. 1 Reference Values (R}

TABLE 1. Metabolic rates of different activity levels.

Qetabolic rate

Activity [¥/m” body surface area]

Reclining 46

Seated, Relaxed 58

Standing, Relaxed 70

Sedentary activity 10
(office, dwelling, school, laboratory)

Standing activity 93
(shopping, laboratory, light industry)

Standing activity 116
(shop assistent, domestic work, machine work)

Medium activity 165

{heavy machine work, garage work)
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App. 1 Reference Values (R)

reference values: ! application area: ! referenced from:
! REGULATION !

title: ! references to:
TOLERABLE CONTAMINANT CONCENTRATIONS !

audit stage:
ECO Identification/Evaluation.

description:
Accepted level of contamination for different examples of contaminants are
given in Table 1. (AFS, 1984 and S8N, 1980Q)

TABLE 1 Tolerabte contaminant concentrations

Contaminant Source Accepted
24 h average 15 min average

Acetone 0, R 250 ppm 3 500 ppm 3
Benspyrene C, ES, TS 0.005 mg/m 0.03 mg/m
Benzene €. ES 5 ppm 10 ppm
Carbon dioxide 0 5000 ppm 10000 ppm
Carbon monoxide ES, C, TS 35 ppm 100 ppm
Ethanol 0 1000 ppm -
Formaldehyde BM, TS 0.8 ppm -
Nitrogendioxide C, ES 2 ppm . -
Nitrogenmonoxide T, ES 25 ppm 3 50 ppm
Radon (old buildings) BM, ES 400 Bqlm3 -
(rebuiid) 200 qug -
{new buildings} 70 Bgim -
Gamma radiation BM, ES 50 pR/h -
Teluene BM, C, ES 80 ppm 100 ppm
Xylene BM 80 ppm 100 ppm

BM = building materials, C = combustion, ES = external source,
= occupants, R = repair work,T7S = tobacco smoke.
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App. 1 Reference Values (R)

reference values: ! apﬁ]ication area: ! referenced froa:
R.3 | REGULATION 1 ECO R.2.
| 1

title: ! references to:
PLANT PREHEATING (ANO PRECOOLING) RELATTONSHIPS !
. !

description:
TABLE 1. Allowances for intermittent heating
(U.K. design conditions), after IHVE Guide Book A, 1970).

Plant o ‘ o
characteristics -17C outside 5 C outside
Response  Plant Preheating Fuel Preheating Fuel
size time consumption time consumption
ratio thl [%] {h) [%]

1.2 .v.long 96 5.0 89
1.5 6.5 91 2.8 84
Short 2.0 3.3 85 1.4 81
2.5 1.8 8z 0.7 18
3.0 1.1 80 0.3 16
1.2 v.long 96 5.9 90
1.5 6.5 91 4.2 88
Long 2.0 4.4 89 3.0 87
2.5 1.4 a7 2.3 86
3.0 2.8 86 1.9 as
Lightweight building:
1.2 7.0 75 1.5 %6
1.5 3.0 60 0.8 53
Short 2.0 0.9 54 g.5 52
2.5 0.6 53 0.4 51
3.0 0.4 52 0.3 50
1.2 tong 80 3.5 66
1.5 4.0 69 2.3 62
Long 2.0 2.4 62 1.8 58
2.5 1.9 59 1.6 57
3.0 1.7 58 1.5 56
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Notes:

1.
2.
3

The Table is based on an indoor-outdoor temperature difference of 20 K
and an occupied period of 8 h, for a 7 day week.

Plant size ratio =(Normal max plant output)/(Design load for 20 K rise)
Examples of short response plant - direct warm air heating, forced
convection: gas or electric -radiant panels. Examples of long-response
plant - hot water systems with radiators, convectors or radiant panels.
Embedded panels have time constants of several hours, and intermittent
operation leads to very littie economy in fuel.

Heavy structure: curtain walling, masonry or concrete (especially multi-
storey), subdivided with heavy partitions or floors.

Light structure: single-storey, factory type construction: little or no
solid partition; structures lined with insulating materials. :
Fuel consumption 1is expressed as a percentage of fuel . needed for
continuous operation. ’ : :

—
T

g° ‘Furnace output; | 3.0

é Design conditions capacity, percent/ |

£ 51 Insulation walls: 92 mm overdesign/ /{25

@ ‘ heatioss/ / —_

S Insulation ceiling: 152 mm g=

a 4 . — ox

2 Outdoor design a8
. o 20

5 temperature: -29°C x5

— L )

& 3 2.8°C setback 39

= — — —5.6°C setback E@

o = OV

2 2f 25

2 =

a

o

£

£

(o}

=

o

17 22 28 33 39 44 50
Temperature difference between indoor
and outdoor [K]

"Fig. 1 Time required for furnace to
pick up space temperature
after night set-back.
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reference values: ! application area: ! referenced fron:
R.4 ! REGULATION ! ECO R.20, R.21.

! !
title: ' ] references to:
TYPICAL EXHAUST HOOD PERFORMANCE DATA !

audit stage:

ECO Identification/Evaluation.

description:

Some exhaust hood performance data for kitchen ventilation are displayed
below (Dubin, 1975). For industrial ventilation see ACGIH, 19856,

TYPE SKETCH CRITERIA COMMENTS
Canopy = 0.38 to 0.51 m/s

recommended face

velocity. Absolute

minimum 0.3 m/s.

S NH N
Room air
Slot & D 230 to 310 1/s per Can substantially
linear metre reduce volume of
recommended velo- exhaust air required
city, (as compared to
4& Canopy).
e RO e
High =3 Maintain face velo-
Velocity city alongq the hood
A perimeter as for
l\'-i'. canopy .
High velecity axhaust
through slot fow volume) -
Push Untemperored it Exnaust Can reduce amount of
Pul i © conditioned air ex-
g hausted by 70 to 85%.
9
S . - . ST
Comments:

1. Use of 1low end of range if large hoods and constant air movement, use
high end of disturbing room air current, e.g. island canopies.

2. Maintain suitably high duct air velocities (9 to 12 mfs) to ¥imit the
settling of grease particles. :
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reference values:

R.5

title:

Lat o oY i RTICI EIILE ¥OQ IUCD 'R}

e L L R

! application area: referenced from:
! REGULATION AND AIR ! ECO R.11.
! OISTRIBUTION !

____________________________________________________________

TYPICAL DAMPER LEAXAGE DATA !

audit stage:

ECO Identification/Evaluation.

description:

Damper leakage for different damper styles and pressures are shown in Fig. 1

{after Honeywell,

undated).

Leakage rate variations with size for a low leakage damper without edge seals
is presented in Fig. 2 (CAM, 1982).

Pressure [Pa]

Note: Variations
(see next
available

1000

8001

400 1

200

0 r r . y
0 5 10 15 20 25
Leakage through closed damper {| /5]

Fig. 1 Damper leakage for different
damper styles and pressures.

can vary greatly between different manufacturers and sizes
figure). Leakage data for standard dampers is not normally
and depending on the quality of the product and maintenance,

leakage can.be several times greater than that shown.
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4.0
0.8 m? damper face area

g . 0.5 m? damper face area ,
}g 3.01
2 height
T
z
5 2.0
= width
[1+]
©
k<]
2 1.01
o
a8

0 . . . .

0 0.2 0.4 0.6 0.8 1.0

Damper leakage at 1000 Pa
[//s.m? damper face area}

Fig. 2 Leakage rate variations with size for
A low leakage damper without edge seals.

Kote: If dampers without edge §eals are contemplated there is some advantage
to using of f square configurations to minimise edge leakage.

For dual duct and variable volume boxes the design leakage is 2 % at 0.75 Pa
static pressure.
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reference values: | application area: ! referenced from:
R.6 ! REGULATION ! ECO R.32.

! : !
title: : ! references to:

TYPICAL VAV FAN CONTROLLER CHARACTERISTICS !

audit stage:
ECO Identification/Evaluation.

description:

VAV fan controller characteristics are displayed in Fig. 1 (Honeywell, 1976).

Typical system dampers
vaneaxial _ _ _

100 < T
— Typical system dampering
{centrifugal)

80 s -
0 / ™ Typical infet vane
§ / //4 g vane axial
S 60 Typical inlet vane
] centrifugal
2 ]
™ 0 ,/ ™~ Typical variable speed drive
ch 4 - / "“'\ or variable pitch vane axial

/ ™ Typical variable speed motor
20 /f centrifugal
0

0 20 40 60 80  100%
| Flow (% of full fiow]

Fig. 1 VAV fan controller characteristics.
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reference values: ¢ application area: ! referenced from:
R.7 I HVAC ! ECO E.16, AT R.4.

title: ! references to:
CO EMISSION AND GARAGE VENTILATION REQUIREMENTS ;

audit stage:
ECO Identification/Evaluation.

description:

In Tatle 1 are shown scme typical CO emissions within parking garages {ASHRAE
Fundamentals, Ch. 13, 1985). The assumed vehicle speed is 8 km/h.

TABLE 1. Predicted CO emission within parking garages.

Hot Emissions Cold Eﬁissions

{Stabilized) [g/mind
Location [g/minl

1980 1985 1980 - 1985

Sea Level
Summer 12.3 3.6 25.0 9.4
Winter 12.3 3.6 59.4 20.1
High Altitude
Summer 13.3 3.9 34.3 11.5
Winter 13.3 3.9 83.1 24.7
California
Summer 9.3 2.6 22.9 9.7
Winter 9.3 2.6 42.1 16.1

Parking Garage Maximal Concenfration 100 ppm for one hour or longer (measured
between 900 and 200 mm from flaor) 400 ppm at any time.zThis is deemed to be
satisfied by supplying 14 m~/h of outside for each m~ of floor area (DBC,
1984} . ' )

REPAIR GARAGES Time weighted average for 8.hour day or 40 hour week not to
exceed 35 ppm. Tail pipe exhaust of 340 m /h per vehic}es.ugder 6.5 litre
engine, 6B m“/h if larger. Plus general ventilation of 2.550 m“/h per repair
bay (OML, 1982}.
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reference values: { application area: ! referenced from:

R.8 { REGULATION i ECO R.19, AT R.5.
{ !

title: ! references to:

TYPICAL EVAPORATIVE COOLING EQUIPMENT PERFORMANCE !

audit stage:
ECO Identification/Evaluation.

description:

Some data on evaporative cooling equipment performance are shown in Tables 1
and 2 and in Fig. 1. Table 1 displays energy consumption for indirect/direct
combinations., Table 2 effectiveness of direct equipment (Supple, 1982) and
Fig. 1 effectiveness of indirect.equipment.

TABLE 1. Energy use indirect/direct combinations.

1X Mean-Coincident Wet

Bulb Design Temperature Energy Use of Equipment*
IOgC and lower . 0.06 kW {electrical)/k¥W cooling
23°C and higher 0.23 kW (electrical)/kW cooling

x By comparison, refrigeration system with air cooied con-
denser has consumption normally greater than 0.28 kW/kW.

100
80 |

=

2 60 ‘

é {250 _
o

S 40} {200 &

g o

2 150 é

© q} 100 &
a.

150

. . . 0
0 200 - 400 600 800 1000
Primary (dry) air flow [I/s per cell}

Fig. 1 Effectiveness of indirect
svaporative cooling equipment.
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TABLE 2. Effectiveness of direct equipment.

Washer Twvpe

Single Opposed Capillary Cellulose
Spray Seray Cell Fill
Bank Banks

Fan Power [kW) 4 .29 .1 .21

4720 /s

at 2.5 m/s

Recommended 2.4 5:1 5.7 .4

Spray Water

Flow

1/s water

5 m3ls air

Pump Power [kW] .90 1.9 1.79 .052

per 4720 1/s .(224) (224) (224) (69)

(Head, kPal

Saturation 55 86 98 89

Efficiency .

Percent

Washer Length 1.2 2.8 1.5 .8

in Direction

of Air Flow [m)

Relative Low High High Low

First Cost

o A e R AL R e e kR e = e ke o = ——————

Saturation efficiency can be pictured as the ability of the washer to chanae
the leaving air qualitvy to approach the saturation curve on the wet bulb line
of a psychometric chart.

DB (in) - DB (out) x 100

Saturation Efficiency [%] = DB (in} - WB {in)
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App. 1 Reference Values (R}

reference values: ! application area: ! referenced from:
R.S ! REGULATION AND b ECO R.12.
I COOLING PLANT 1

title: EFFECT OF PQOR MAINTENANCE ON THE ! References to:
EFFICIENCY OF A RECIPROCATING COMPRESSOR !

audit stage:

Preliminary ECO Evaluation.

description: In Table 1 is shown the effect of poor maintenance on a 5 ton
capacity reciprocating compressor {Korte, 1976}.

TABLE 1. Effect of poor maintenance on compressor efficiency.

Condition
Normal Dirty Dirty Dirty i
Evaporator Condenser Evaporator
Condenser
Suctigp
Temperature (°C1 4.4 2.8 5.6- 1.7
6.7

Gauge (1) 476 446 496- 461
Pressure [kPal ' 517
Discharge |
Temperature { C1  48.9% 48.9 - 54.4- 54.4

60.0
Gauge 1810 1807 2063- 2063
Pressure [kPal 2352
Comprf§§ion 3.31 3.49 3.62- 3.84
Ratio 3.96
Compression 18.2 17.1 17.3- 14.7
Capacity [kW) : 15.1
Power (3 6.5 6.3 7.1- 6.5
Input [kW) 1.6
eertd 9.54 9.28 8.31- 7.69
CkM/kW] 7.24
Capacity - ' 5.6 4.8- 1.4
Reduction [%) ' 11.3

{1} Refrigerant 22

(2) Ratio of absolute discharge and suction pressures
(3) Three phase power

{4) Energy efficiency ratio
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App. I Reference Values

referenced from:
ECO R.5.

reference values: ! application area:
R.10 | REGULATION

1
title:

OCCUPANCY AND VENTILATION RATES

references to:
RV E.4.

audit stage:
ECO ldentification/Evaluation,

description:

Occupancy and required ventilation rates for commercial facilities are shown
in Table 1 (for residential building ventilation requirements, see RV E.4).
In Fig. 1 are shown some typical occupancy densities for different times of

the day.

” Apartment house—weekday

) 100 =
> B0 - ']'1 | Weekday Jp 8™ r— |
c Weekend B

g 60 1 [

g 40 .-ﬂ—--l

c 20 [ — ]

{=:]

4 0 S .

a M1234567B91011N1234567801011M

Airtines terminal-saturday

® 100

g 80+ Sundayﬂ‘

§ 60 Weekda\"—' J --:--:.-.---1

5 204 Saturday-, -l =L,
a

[

o~ , — —
M1234567891011N1234567831011M

- School/classrooms
# 100 e
& 80 ) 1 With
5 HE B evening
g o ' H classes.
g 409 1y ! =y
< I TR B
& 204 - i [ |
%l - . L [}
& 0 — . , 1
M123456789101IN12345678891011M
Hotel/motel guest rooms
F 100 purrerr———
_ L1 IJ
Z 804 1 wal
§ 6o r i
g 10 = r--
2 L
51 20 '“I-------.---l""
@
0 . ; - . —
a M1234567891011N1234567881011M
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App. 1 Reference Values (R)

TABLE 1. Occupancy and reguired ventilation rates for commercial facilities.

Occupancy Qutdoor air reguirements

[person/m [1/s,person]
floor areal Smoking Non-smoking
Food and Beverage Dining rooms 0.7 17.5 3.5
Services: Cafeterial, fast 1 17.5 3.5
food facilities
Bars and cocktail 1 25 5
tounges
Hotels, Motels, Re- Bedrooms {single, 0.05 15 7.5
sorts, Dormitories double)
and Correctionat Living rooms 0.2 25 12.5
Facilities: {suites)
Baths, toilets 25 25
(attached to bed-
rooms)
Lobbies . 0.3 1.5 2.5
Conference rooms 0.5 17.5 3.5
{small) i .
Assembly rooms 1.2 17.5 3.5
Offices: Qffice space 0.07 10 2.5
ngting and wait- 0.6 17.5 3.5
ing spaces
Corridors and 0.10 0.10
utility rooms
Locker and dress- 0.5 17.5 7.5
ing rooms
Retailed stores: Basement and street 0.3 12.5 2.5
f loors
Upper floors 0.2 12.5 2.5
Storage areas 0.15 12.5 2.5
(serving sates and
storerooms)
Malis and arcades 0.2 5 2.5
Shipping and receiv- 0.1 5 2.5
ing areas
Warehouses 0.05 5 2.5
Educational Classrooms 0.5 12.5 2.5
facilities: Laboratories 0.3 - 5
Training shops 0.3 17.5 3.5
Music rooms 0.5 17.5 3.5
Libraries 0.2 - 2.5
Hospitals: Patient rooms 0.2
Public areas 0.15
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reference values: ! application area: ! referenced f}olz
R.11 ! REGULATION ! ECO R.43.

! !
title: ! references to:

EQUIPMENT SERVICE LTFETIME EXPECTATIONS

audit stage:
ECO Identification/Evaluation.

description:

TABLE 1. Regulation equipment service lifetime expectations.

Expected lifetime [vears]

Roof top conditioning Compressors : 15-20
units: Motors 15-20
Fan bearings 10
Heat and cool coils 15-20 DX.water or
steam
15 electric
Condenser - Cleanable 20
Non-cleanable ) 10
Heat pumps (small): Air to Air Residential
' . Air to Air Commercial 15
Air to Water Commercial 19
¥Window and thru the
wall units: Overall 10 Residential
Grade
15 Commercial
Grade
Condensing equipment: Computer and small 15
condensers (split system)
Valves and controls: Valves Actuators
- Hydraulic 15
- Pneumatic 20
- Self-contained 10
Dampers 20
Controls
- Pneumatic 20
-~ Electric 16
- Electronic 15
Terminal units: {a) Fan coils, induc-
: tion unit
Overall 20
Motors 10
Coil 7 to 10
(b) Unit heaters
Gas and electric 13
Hot water and steam 20
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Apﬁ. 1 Reference Values (R}

reference values: ! application area: ! referenced froe:
R.12 ! reguiation ! ECO R.15, AT R.6.
! !

title: | references to:'
SWIMMING POOL HALL REFERENCE .DATA !

audit stage: _
ECO Identification/Evaluation.

description:

Pool-water temperature Suimming pool hall air temperature
Pleasure 24 to zrgc . 24 to zggc

Therapeutic 29 to 35°C 27 to 29°¢C

Competition 22 to 24°C
Swimming poo?! Hall humidity: 50 to 60%.

TABLE 1 Swimming pool evaporation rates (kg/s per m2 of Bool areal
{occupancy factor = 1, pool water temperature 25 C, air
velocity 0.5 to 1.5 m/s.)

Temgerature Relative humidity
€]

50% 60%
24 b.66 5.40
26 6.28 4.92
2B 5.40 3.88
30 4.41 2.72

Occupancy factors (f)
{To account for variations in pool water evaporation rate with pool usage).

Private pools Oesign 1.0 Average 1.0
Public and Institutional Design 2.0 Average 1.0 to 2.0 depending on use
¥With pool covers 0.1 to 0.15
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App. 1 Reference Values (H)

reference values: | application area: ! referenced from:

H.1 t CONTROL HEATING PLANT ! ECO H.4, H.8, H.11,
' ' 1 AP H.2.

title: ' | references to:

HEATING PLANT COMBUSTION EFFICIENCY !

audit stage:
Detailed ECO Evaiuation.

" description:

The inclusion of latent heat in the calculation of the combustion efficiency
(see App. C.4 and AP H.1) gives the gross combustion efficiency whereas
neglecting it gives the pet combustion efficiency. The difference between the
two efficiencies is 6% for gas oil, 3% for heavy oil, 11% for natural gas and
3% for coal. '

The calorific values used for the heat contents of the various fuels may also
be gross or net (in many countries these are refered to as the upper and
lower heating powers). The gross heat content of various fuels is given in
Table 1 (ASHRAE., 1985). The ratio of Gross to Net Calorific Values is 1.11
for natural gas., 1.09 for 1liquid petrol gas and 1.07 for oil. Unburnt
particles can be neglected in a properly working boiler.

TABLE 1, Gross heating values for some fﬁe]s.

Fuel Density [kglm3] Heating Value [kJ/kq]

Natural gases High inert type 0.80 to 0.85 44.8 to 46.0
High methane type 0.71 to 0.74 52.9 to 54.0
High kd type 0.75 to 0.87 53.5 to 48.4

Liquified gases Commercial propane 2.65 50.1
Commercial butane 1.99 49.0

Fuel o0ils Grade 1 0.83 to 0.80 45.8 to 46.3
2 0.87 to 0.83 45.2 to 45.8
4 0.93 to 0.89 44,2 to 45.0
5L 0.95 to 0.92 44 .0 to 44.4
5H 0.97 to Q.95 43.8 to 44.1
b 1.01 to 0.97 42.9 to 43.7

Coal - ¢5 to 33

Usually, the definition of combustion efficiency takes into account only the
dry stack losses {see App. C.4). Fig. 1 shows ranges of dry stack losses for
light oi) and natural gas boilers as a function of the temperature difference
(between exhaust gas and boiler room temperatures) and the CO2 content.
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App. I Reference Values (H)

Continuously reading, fully automatic combustion testers measure the oxygen
content of flue gases rather than the €0, content. However, there is a close
retationship between the two concgntrations. Table 2 provides the
correspondance between oxygen and 602 concentration and optimal ranges are
indicated.

TABLE 2. Relation between 02 and 602 content in flue gases.

Equivalent €0, content [%}

Oxygen [%1 . Excess Air [%] Gas ¢l 2 Coal
1 5 11.3 14.7 17.1
2 10 10.8 14,0 16.3
3 17 10.2 13.3 15.4
4 23 9.6 12.5 14.6
5 31 9.0 11.8 13.7
6 40 8.5 11.1 12.8
7 50 1.9 10.3 12.0
8 61 7.4 9.6 11.1
9 75 . 6.8 8.8 10.3

10 91 6.2 8.1 9.4
11 110 5.7 7.4 8.6
12 133 5.1 6.6 1.7
13 162 1.5 5.9 6.8
14 200 3.9 5.2 6.0
15 250 3.4 4.4 5.1
16 320 2.8 3.7 1.2

Oxygen related to excess air and 602 {Dry basis assuming no air
inleakage).

In many European countries Jegal apd _target wvatlues for the combustion
parameters and boiler minimum efficiency are defined or recommended in norms
and regulations.

Typical target values of combustion efficiency for modern equipment are given
in Table 3.

TABLE 3. Combustion efficiency for modern boilers,

*

Heating equipment Combustiocn efficiency
Burner with one running speed: 0.92-0.93
Burner with two running speed: low fire 0.95-0.96
high fire 0.92-0.93
Gas condensation boilers: 1.00-1.05

(*) Values refer to fuel Net Calorific Value.
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App. 1 Reference Values (H)

Stack losses for light oil Stack losses for natural gas
Stack losses [%)] Stack losses [%]

2824 ' 2824

30[26] 222018 16 14 3012601222018 16 14
2 /e g e
= 300 //// y / 12 = / /|
: Vi 1
: A/ )
: Wy 241 ¢ i
8’ 4 / £ 8 @ / 8
3 200 7 s 2 200 7 45
3 % . W/
£ s £ b
T 100 b “ - 100 4
o ///’ "”,—” o ! [ =
3 2
: ///// 5 /A ///
g = g -
k0 0

0 5 10 15 0 5 10
GOy [%oval] CO; [%vol]
obtainable with a good - e e MUSt N0t De exceeded
boiler

Fig. ' Stack losses for various flue-gas

temperatures and content of coz_
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App. 1 Reference Values (H)

reference values: { application area: ! referenced from:

H.2 ! HEATING PLANTS ! ECO H.1, H.3, H.20.
! !

title: ! references to:

BOILER THERMAL EFFICIENCY AND STAND-BY LOSSES I AP H.2

audit stage:
ECO Identification and Detailed Evaluation,

description:

The boiler thermal efficiency (see App. C.4 and AP H.2) can be estimated in
various ways. It is sometimes assumed that environmental lgsses constitute a
certain fraction of the stand-by tosses {e.g. in Switzerland where 2/3 is
assumed), or that the boiler efficiency is equal to the combustion efficiency
reduced by a certain percentage (in France and Belgium a percentage between 2
and 6 is assumed depending on boiler insulation). In some cases norms require
a minimal boiler efficiency. An example is shown in Fig. 1 (from the
Netherlands}.

|t
-
85 —F >
- -
- I net efficiency
&
> 80
c
&
NE]
b
75 —
] gifos_s e;fﬁmercy

1 2 5 10, 20 50 100 200 500
Rated capacity [kW]

Fig. 1 Example of boiler efficiencies
required by norms.
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App. I Reference Values (H)

Boiler stand-by losses include all the heat losses of a boiler during the OFF
period of the burner (see App. C.4 and AP H.2). Some reference values are
given in Table 1.

TABLE 1. Reference values for boiler stand-by losses.

Boiler capacity : <100 kW >100 k¥
01d cast iron boiler with poor or no insulation 0.04-0.06 0,03
Pressurised steel or cast iron boilers’ 0.02 0.02
Modern boilers with good isulation 0.01 0.01

Target values for stand-by losses can also be related to the unit heated
floor area of the building, for example the following target values have been
proposed (Switzerland) for

- Jjacket losses 0.3 W/m
- draught losses 0.2 ¥Wim
- other heating plant losses 0.7 ¥W/m

Stand-by losses can be reduced by careful insulation of the boiler walls.
Target values for boiler insulation thickness are: P
- for high temperature hot water and steam systems 120 mm,
- for medium temperature hot water systems 100 mm,
- for low temperature hot water systems 80 mm.
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App. 1 Reference Values (H)

reference values: ! application area: ! referenced from:
H.3 I HEATING PLANTS 1 ECO H.24.

! !
title: ! references to:

HEATING PLANT LIFE FACTORS !

audit stage:

ECO Identification and ECO Detailed Evaluation.

description:

Reference value for the expected life time of heating equipment are given in
Table 1, It must be stressed that these values can vary conhsiderably
according to the construction quality levels {depending on the manufacturer),
the type of fuel used and the plant capacity and operation mode,

TABLE 1. Life factors for heating equipment.

Typical
econhomic
life
Type [tem [years]
Steam and HTH¥ boiler plant Shell and tube boilers 15 to 25
Water tube boilers 25 to 30
Medium and low pressure Steel boilers 15 to 20
boiler ptlant Sectional cast-iron boilers 15 to 25
Electrode boilers 30 to 40
Boiler plant auxiliaries Combustion controls 15 to 20
Boiler electrodes 5 to 10
Feed pumps 15 to 20
Feed treatment plant 15 to 20
Firing equipment 15 to 20
Fuel handling plant {solid) 10 to 15
Fans 15 to 20
Instrumentation 10 to 20
Steel chimneys ’ 8 to 15
Heating installations Calorifiers and heat exchangers 20 to 25
Control equipment 15 to 20
Pipework installations 25 to 30
Pumps 20 to 25
Radiators, cast iron 20 to 25
Radiators, steel 15 to 20
Suspended ceiling heaating 15 to 20
Tanks (depends on material and
location} 15 to 30
Valves 20 to 25
Incinerators : 15 to 20
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App. I Reference Values (H)

reference values: ! application area: ! referenced froo:

H.4 1 REGULATION ' ECO H.26
! t

title: ! references to:

TYPICAL FIREPLACE EFFECTIVENESS !

audit stage:
ECO Ildentification/Evaluation.

description:

Typical wvalues for fireplace effectiveness are given in Table 1 (Ashrae,
Ch.26, 1983).

TABLE 1 Typical values for fireplace effectiveness.

Approximate

Type Efficiency Notes

Simple Fireplaces, -10% to +10% Radiates heat in one direction only.

Masonry or Heats only small area.

Pre-fabricated

High £Efficiency 25% to 45% Heats targer areas. Long service

Fireplaces life. Max. safety.

Box Stoves 20% to 40 % Radiates heat in all directions., Low
initial cost. Heats large areas.
Fire hard to control. Short life.
Wastes fuel.

Airtight 40% to 551 Radiates heat in all directions.

Stoves Long burn times, high heat output.
Longer service life. Can create
creosote problems.

High Efficiency S0% to 65% Radiates heat in all directions,

Airtight Stoves Long burn times, high heat output.

Leng life. Creosote problems. High
purchase prices.
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App. 1 Reference Values (H/C)

reference values: ! application area: | referenced from:
H/C.1 ! HEATING AND COOLING I ECO H/C.16,

. 1 !
title: references to:

!
PERFORMANCE INDICES OF HEATING AND COOLING !
!
]

DEVICES

audit stage:
Disaggregation and ECD Detailed Evaluation.

description:

Seasonal performance indices and typical wvalues for heating and cooling
equipment and major appiiances are shown in Table 1.

The performance indices used are:

1)

ii)

1i1)

Test

The AFUE (Annual Fuel Utilization Efficiency) index which is used for
gas and oil furnaces and boilers. It is the seasonal average fraction of
chemical energy in the fuel available as heat at the furnace plenum or
boiler outlet,

The SPFh (Heating season performance factor). This is equal to the
seasonal average ratio of heat energy output to electrical emergy input,
and

The SPFc (Cooling season performance factor) equal to the ratio of
cooling energy delivered to electrical energy used which is a
dimensionless quantity.

procedures for these indices have been defined in the U.S,, for example

by the Department of Energy.
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App. 1 Reference Values {H/C)

TABLE 1. Seasonal energy performance characteristics for energy-intensive

devices.
Expected life Average Best

System (years} Performance index 1980 stock 1982 new
Gas furnace 23 AFUE 0.580 0.95
011 furnace 23 AFUE 0.66 - 0.88
Electric heat pump 12

Heat ing SPFh 1.7 2.6

Cooling SPFc 1.9 3.3
Central A/C 12 SPFc 1.9 4.1
Room A/C 15 SPFc 1.9 3.2
Gas water heater 13

Stand alone . Qverall efficiency 0.44 0.62

Furnace add-on Overall efficiency - 0.83
Electric water heater 13 Overall efficiency of COP 0.73 0.95
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App. 1 Reference Values (H/C)

In Table::2. are diven requirements for minimal coefficient of performance
(COP) for heating and cooling equipment (ASHRAE 90A-1980),

TABLE. 2 Minimal required COP, for heating and cooling equipment.

Equipment Minimal COP
Heat pumps:
Qutdoor Ambient
8.30B/6.1W8 2.7
----------------------------------------------------- L R L et
Outdoor Ambient ‘
-B.3DB/-9.4WR 1.8
Entering ¥Water 15.6 Water 3.0
Cooling Equipment
Electrically Driven Air 2.28
< 19K ‘ Vater 2.58
Electrically Driven Air 2.40
>19KN Water 2.69
Gas/0i1 Fired 0.48
Steam/Hot Water Qperated 0.68
Cooling Component Electric Water Chilter
Self-Contained Air 2.)4
Centrifugal . Water 4.04
Self-Contained ’ Air 2.46
Reciprocating Water 3.51
Condenser less Air 2.90
Reciprocating Yater 3.51
Compressor and Condensing Units Air Cooled 2.78
Reciprocating Evap. Cooled 3.66
Water Cooled 3.66

DB = Qutdoor dry bulb temperature
= Qutdoor wet bulb temperature
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App. 1 Reference Values (H/C)

reference values: | application area: ! referenced from:
H/C.2 . ! REGULATION t ECO H/C.17

¢ t
title: ATR TO AIR HEAT RECOVERY ! References to:

- TYPICAL EFFICIENCIES !

audit stage:
£CO Identification/Evaluation

description:
TABLE 1 Typical Velocity/Pressure Drops
: Face
Effic- Instaliation Velocity
SCHEMATIC Type jency Criteria [m/s]
=1 & [—  Rotating 65-90%  Supply & exhaust 2.5 to 4
heat most ducts need to be
exchanger 70-80% near to one another
=B =
Y Steady-state 50-80%  Supply & exhaust
exchange ducts need to be
beds with near one another
»_—y@ valve
adjustment
DA (o Two element  about Supply & exhausf
H E systems, 60% ducts need not to be
open type near one another
I o R Air-to 60-80%  Supply & exhaust ducts
N 4 Air Fixed most need to be near one
F——— Plate 65-70%  another
)
Runaround 40-65%  Supply & exhaust ducts
Coils need not be near one
another
Heat-pipe 40-801  Supply & exhaust ducts 2 to 4
heat need to be near
ﬂ,_f_Eéfl___. exchanger one another
| 1 Heat-pump Supply & exhaust ducts
need not be near one
angther
IR " S
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Pressure
Drop
Range

App. 1

Temperajure
Range [ €]

Reference Values (H/C)

Cross
Contamin-
ation

Control and
Special Properties
and Comments

100 to 175
at 2.5 m/s

125 to 400

100 to 175
at 2 m/s

-60 to 800

up to BO

Yes

Yes

Yes

Little

None
None

None
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Control of number of
revolutions; heat & water
vapor recovery possible.
Typical maximum unit size
32,000 1/s; 4.25 m diameter,

Control of switch frequency;
heat & water vapor recovery
possible; some leakage
inevitabie.

Control by flow rate of circu-
lating fiuid; bactericidal
action:; capture of dust; only
heat & water vapor recovery.

Control by air bypass:
simplicity; reliability of
operation, Typical size 0.5 to
1.0 m per 1000 i/s. '

Shunt control of circulating
fluid

Control by air bypass or
varying incliination

Control by compressor per-
formance; integration with
remaining parts of the air
conditioning system



App. | Reference Values (C)

reference values: ! application area: ! referenced from:
.1 JCENTRAL COOLING PLANT VECOC.L

! !
title: ! references to:

EFFECT OF CHILLED WATER TEMPERATURE ON !
CHILLER COP i

descriptioen:

The increase in chiller COP when raising the chilled water temperature is
displayed in Fig. 1 (Dubin, 1979).

251

20

154

104

increase in COP (Base = 4.4°C) [%)]

\J T T T

5 6 7 8 9 10
Leaving chilled water temperature [°C]

Fig. 1 [Increase in chiller COP versus
temperature of leaving chilled water.

628



App. 1 Reference Values (C)

reference values: ! application area: ! referenced fros:
c.2 ! CENTRAL COOLING PLANT ! ECO C.2

! !
title: | references to:

EFFECT OF CONDENSER TEMPERATURE ON CHILLER COP !

description: -

The decrease in chiller COP when 1lowering the condensing temperature is
displayed in Fig. 1 (Dubin, 1975). .

50+

increase in COP [%)

T T T T T T T L] T T

10 5
Reduction in condensing temperature [K]

Fig. 1 Increase in chiller COP versus
reduction in condensing temperature.
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App. 1 Reference Values (C)

reference values: ! application area: ! referenced froa:
.3 ! CENTRAL COOLING PLANT ! ECO H/C.13

! |
title: ! references to:

PART LOAD CHILLER PERFORMANCE !

description:

The part Tload chiller performance with various capacity control methods is
displayed in Fig. 1, absorption chillers, in Fig. 2, reciprocating processors
and in Fig. 3, centrifuga) compressors,

A . .
100 bsorption chiller

Condenser water
flow contro!

Energy input of maximum output {%)]
n
o

Thraottiing
control
Solution
control
0 v v v v r v , v v
0 50 100

Cutput [% of maximum]

Fig. 1 Fractional energy input versus fractional,
output for absorption chillers,
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100 T
Hot gas bypass oy
— g'oﬂe'p(///-:" pd
= 80 o2 2% VA I v 4
3 c,‘«‘?‘o\M i~ & Speed
3 60 _6"”\\16,0 Pt 4 “control
5 AT X50% cylinder
R ,’%_/ head bypass
—_ 40 - S
2 J Suctlon valve-lift
Q [
= 99 Ideal performance for
constant speed compressor
at 90% mechanical efficiency

App. I Reference Values (()

Reciprocating compressors

25 50 75 100
Capacity [% of full load capacity}

Fig. 2 Fractional load versus fractional

capacity for reciprocating compressors.

Centrifugal compressors

1001 40
- 30
80
=20
X
5 601
(=8
=
o _ Constant speed
E, Q° suction damper
' 404
Variable speed
wound rotor motor
Constant speed
20 variable inlet vane
Variable speed
turbine drive
20 40 60 80 100

Load [%]

Flg. 3 Fractional power input versus load
fraction for centrifugal compressors.
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App. 1 Reference Values (()

reference values: ! application area: ! referenced from:
C.4 ! CENTRAL COOLING PLANT ! ECO C.4

! !
title: { references to:
EFFECT OF CONDENSER FOULING ON CHILLER !
PERFORMANCE !

description:

The performance of the heat transfer coefficient and the fouling factor with
time is displayed in Fig. 1 (Kragh, 1976}). The relation between the relative
power and the condenser fouling factor, FF, is
Relative power [%) = 100% (1 + 1080 FF).

|

1 17 1T 1T 17 1 1" 1
Range of performance of Btu analyzer
with brush cleaning system
< ] 0.001
E
= 1.5
= M
] 0002 £
g | N4 7% 2
© &
8 Manufacturer's design gggg <
»“':5 : point for 600 ton unit
£ 1.0
g 0.01
2 AN
Performance of Btu analyzer
without brush cleaninglsyst?m
| I | |

4 g 12 16
Days into test

Fig. 1 Heat transfer coefficient and fouling factor
versus time for chiller condensors.

632



App. I Reference Values (D)

reference values: ! application area: | réferenced from:

D.1 -1 DUCTWORK | ECOD.4, D.9, AP D.2
‘ I ‘ 1

title: ' ! reference;_ga:

TARGET VALUES FOR DUCT INSULATION AND LEAKAGE !

description:

Target Values for duct insulation and duct leakage (ASHRAE Standard 90.75.
1980} are:

Duct Insulation: U-value: 47.3/AT [HIK.mzl,

where
AT = temperature difference between air in duct and
environment.

Note: Target Value may be influenced by degree of heat
losses contributing to space heating.

TABLE 1 Target values for duct leakage

Systems operating at ! Highest permissible
static pressure ! leakage at 1.25 * design pressure

1

< 500 Pa { 5% of design flow

> 500 Pa ! 1% of design flow
I
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App. I Reference Values (D)

reference values: "1 application area: ! referenced frono:
D.2 ! VENTILATION ! ECO D.7.

! !
title: ! references to:

AIR FILTER PERFORMANCES !

audit stage:
ECO Identification/ECO Detailed Evaluation.

description:

The difference between the pressure drop across the filter when clean and
during operating 1ife can give information on the fan capacity variation.

TABLE 1. Air filter comparison.

Filter type Cleanable Throwaway Automatic Pleated
% cm thick 5 cm thick roll % cm thick

Size of Filter Bank
Height * Width [cm*cml 120 x 180 120 * 300 170 * 150 120 * 240

erage Effi

Dust Spot B to 10% 10 to 15% 20 to 251 K1Y
Filter

Hours 600 480 3,750 2.000
Pressure Drop [Pa] '

Initial 20 25 100 15
Final 100 75 100 150
Average 60 50 100 92
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App. 1 Reference Values (P}

reference values: ! application area: -1 referenced from:
P.1 ! PIPEWORK ! ECO P.3, P.6.

! i
title: ! references to:

RECOMMENDED INSULATION THICKNESSES FOR HOT PIPES !

description:

Thermal insulation levels of pipework systems are specified porms in various
countries.

The current codes usually indicate that all pipework for heating/cooling must
be insulated (including pipes passing inside cavity walls). The minimum
values of insulation thickness are given, as a function of pipe diameter and
fluid inlet temperature. Examples of such values are given in Table 1
(ASHRAE, 10-75) and Table 2 (Energy Efficiency Office, Booklet 8, 1984).

TABLE 1. Minimal piping insulation.

Systenm ! Fluid Temperature LOC]AL Insulation thickness [mm]
Heating: ! !
High Pressure Steam ! 150-230 ! 40-90
Medium Pressure Steam ! 120-150 ! 40-175
Low Pressure Steam ! <150 ! 25-50
Condensate ] ' 90-105 ! ©35-50
Hot Water ! <95 ! 15-40
Hot Water 1 »95 ! . 25-50
Cooling: ! !
Chilled Water ! 5-15 ! 15-25
Refrigerant and Brine ! <0 ! 25-50
|

Comments: Values are based on an heat 2conductivity of the insulating
material from 0.08 te 0.07 [(W/m" K} and an average epvironmetnal
temperature of 25°C. Lower levels can be used for pipe diameters
<25 mm and higher levels for pipe diameters >100 mm (after ASHRAE
90-75).
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App. 1 Reference Values (P}

TABLE 2. Thickness of thermal insulation for heating installations.

System ! pipe !Moisture content of jnsulation (% of dry weightl
'diameter!__<2.5 2.5-4 4-5,5 2.2-1
| [(mm) ! Minipal insulation thickness [mm]
LTH¥ ] !
{Low temperature 115 125 25 38 38
hot water system) 1 20 1 25 32 38 38
Fluad temperature ! 25 P25 B . 38 8
<95°C. System not 132 L 32 k] 38 50
part of MTHV¥ or 40 U 32 kY:| a8 50
HTHY injectieon 150 b 38 38 ' 50 50
system. ! 65 1 38 S0 50 50
t By ! 38 50 50 50
1 100 1t 38 50 50 63
to125 50 50 63 63
1 150 ¢t 50 S0 63 63
t o200 ! 50 50 63 63
{ 250 b 50 63 %] 63
Vo300 b 50 63 63 63
) 1
! ! Mojsture content
B ! 2.5 2.5-4.1 4.1-5.%5 5.5-7
| : el - x
MTHW ! !
(Medium temperature ! 15 t 25 k] 38 k]
hot water system) ! 20 32 38 B 50
Pressurized system ! 25 1 38 k] k}:) 50
open or cleosed to ! 32 {38 S0 50 50
ths atmosphere. ! 40 ! 38 S0 50 50
95°C < fluid Bemp- 150 ! 38 S0 50 S0
erature ¢ 120°C. 1 §5 ! 28 50 50 50
Max gauge pressure ! 80 1 50 .50 50 63
3150 kPa 1100 ! 50 63 63 63
. t o125 ! S0 61 , 63 63
! 150 1 50 63 63 63
1200 ' 50 63 63 63
t 250 1 50 63 63 75
100 ! 63 63 63 75
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App. I Reference Values (P)

IPipe ! Moisture content
ldiameter!<2 .5 2.9-4.4 4.4-5.8 5.8-7
_lrmmy ! Minimal insulation thickpess (mml -
‘HTHW ! ! '
(High temperature ! 15 ! 38 50 50 50
hot water system) ! 20 ! 38 50 50 50
Pressurized system ! 25 ! 38 S0 50 50
closed to the N VI 1 50 50 50
atmosphere. F]uig ! 40 50 S0 S0 63
temperature >120°C. ' 50 I 50 50 15 15
Gauge pressure ! 65 1 50 63 15 15
<1000 kPa I 80 ! 50 63 15 15
1100 ' B3 63 7% 100
! 125 ! 83 63 100 100
' 150 ! 63 63 100 100
Po200 ' 63 63 100 100
1250 ! 63 75 100 100
! 300 ' 63 15 ‘ 100 100

Values are based on an environmental temperature of 20°C and dry ambient air.
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App. 1 Reference Values (P}

reference values: { application area: ! referenced from:

P.2 ! PIPEWORK ! ECO P.B, P.16, AP P.4,
! !

title: ! references to:

STEAM TRAP APPLICATION GUIDE AND LOSSES EVALUATION !

audit stage:
ECO Identification/Evaluation.

description:

STEAM TRAP CLASSIFICATION: Steam traps are classified by their method of
operation: ’ )

i) [hermostatic traps react to the difference in temperature between steam
and condensate (includes bellows thermostatic, bimetallic and
thermostatic).

ii) Mechanical traps are buoyancy operated by the difference in density
between steam and condensate (includes float and thermostatic, open
bucket and inverted bucket).

iii) Kinetic traps rely on the difference in flow characteristics of steam
and condensate (includes thermedynamic disc, impulse piston and

orificel.

Steam traps suitable for different applications are listed in Table 1. Annual
steam trap heat losses for various hole sizes and pressures are given in Fig.
1.

4000
3000
¥
=
3
@ 2000
= &
B slef| &
8 éf S v
N S of &
g
1000
’/’r Fig. 1
B Steam trap
heat loss.
—
0
0.5 1 2 5 i0 20

Hole size [mm]
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App. 1 Reference Values (P}

TABLE 1 Suitable steam traps

Application First choice Secaond choice
Air heating coils: Low pressure FT -
Medium & high pressure FT 10
Make-up air FT -
Pipe coils BM BT
Convectors & wall-lin BT FT
Heating & ventilation FT -
Radiators BT BM
Unit heaters: Suspended FT TD
Cabinet : FT BT
Absarption chitlers FT -
Evaporators FD 1B
Fuel oil preheaters FT TD
Ironers 1D I8
Jacketed vessels, kettles FT TD
Kilns - brick & plock TD BM
Laundry, shirt presses 1D I8
Liquid heating pipe coils FT 1D
Main drips: Low pressure FT I8
Medium pressure FT TD
High pressure " 1D BM
Qutdoors 1D BM
Plating tanks TD BM
Presses-platen TD 18
Rotating cylinders FT . TD
Shell & tube heat exchangers FT 1D
Separators FT D
Storage tanks-outdoor BM 1D
Tracer lines D BM
Tumble dryers FT 1D
¥ater heaters: Instantaneous T -
Storage FT -
FT = Float & Thermostatic
IB = Inverted bucket
TD = Thermodynamic disc
BT = Bellows thermostatic
BM = Bimetal thermostatic
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App. 1 Reference Values (S)

reference values: I application area: | referenced fronm:

S.1 ! SHW SYSTEMS ! ECO S.17, AP S.1
! !

title: ’ ! references to:

WATER AND SHW CONSUMPTION ¢

audit stage:
Disaggregation, ECO Identification, ECO Detailed Evaluation.

description:

The water use in residences varies widely (see AP S.1). In most
investigations in western countries the average use of SHW has been found to
lie 1in the range of 30-60 1/day per capita, corresponding to a net or useful
energy consumption of 3 to 6 GJ/year and capita (see fracastoro-Lyberg,
1983).

For non-residential use the values in Table 1 can be used (after EAM, 1984).

TABLE 1. Non-residential water use.

Building category Water use/day [1} SHW use/day [1] Supply o
________________________ thot or gold) ___ .. r
Office buildings: 10/capita 8 45-65
Department stores (without
kitchen or cafeteria): S/customer 4 45-65
Kitchens and cafeterias: 10/meal 8 45-80
Schools {(without cafeteria
or athletic facilities): 10/capita 8 45-80
Hospitals Medical: 120/capita 44-65
Surgical: 200/capita (kitchen at 80)
Maternity: 200/capita 100-150
Mental: 100/capita
Hotels: 120/capita 100 45-65
Laundry: 20/kg dry laundry 13 10
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App. 1 Reference Values (5)

reference values: . -1 application area: ! referenced from:

$.2 I SHW SYSTEMS ! ECO S.2, S.11, P.6,
! . I AP S.1 ’

title: | references to:

EFFICIENCIES FOR SHW SYSTEMS I

audit stage:
Disaggregation/ECO Identification/ECO Detailed Evaluation.

description:
In Table 1 is given distribution, storage, generatjon and overall

efficiencies Ffor wvarious SHW systems. In Table 2 is given a more detaiiled
picture of distribution efficiencies in residentijal buildings.

TABLE 1. Efficiencies for SHY systems.

Generation Storage Distribution Overall

SHW System Efficiency Efficiency Efficiency Lfficiency
Individual E1. with storage 1.0 0.75 0.85 0.64
Individual Gas with storage 0.65 0.75 0.85 0.41
Individual Gas instant. 0.65, 1.0 0.85 0.55
Individual District Heating . 1.0 ) 1.0 O.BSb} 0.85
Central system 0.65 ) 0.90 0‘30b) 0.18
o.s;‘)-‘ 0.90 0.80,) 0.47
District Heating 1.0 1.0 0‘30b) 0.30
) 1.0 1.0 0.80 0.80

a} Distribution losses outside building not included.

b) 0.30 very 1low value, 0.80 very high value {see Table 2). Low values are
typical in large widely dispersed systems or where water use is light or
intermittent (Jones, 1980).

¢) Average of winter (8 months) efficiency 0.80 and summer (4 months)
efficiency 0.40.
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App. I Reference Values ($)

TABLE 2. Distribution efficiency for SHY systems in residential buildings.
SHY consumption [1/day and capital
Building tvpe . 20 30 40 54

Single family house .30-.65 .35-.70 LA0-.75 ,50-.85
{(no SHW circulation)

Apartment bldg. .40-.70 .45-.75 .55-.80 .65- .85
(8-16 dwellings}

Apartment bldg. .30-.60 .35-.65 .40-.70 .50-.75
(40-100 dw., 3-4 floors)

High rise apartm. bldg. .35-.70 .45-.73 .50-.80 .55-.85
(40-100 dweilings)

The lower value refers to a building with un-insulated pipes and centinuous
SHY circulation, the higher value to a buildinn with nnnd insulation and SHW
circulation time-centrol.
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App. I Reference Values (S)

reference values: ! appYication area: i referenced from:
S.3 ! SHW SYSTEMS ! ECO S.1, S.14,

i !
title: i references to:

SHW FLOW RATES AND TEMPERATURES !

audit stage:
ECO Identification, ECO Detailed Evaluation.

description:

The flow rate from faucets can vary considerably depending on the ltine
pressure and faucet type. Reference and Target values are given in Table 1
(ASHRAE 90A-80). Representative hot water utilization temperatures are given
in Table 2 (ASHRAE Systems, Ch. 34, 1984).

TABLE 1. Reference and Target values for flow rates.

flow device Reference values [1/min] Taraet values [¥/min]
Sink Faucet: 20 2
Shower Head: 20-30 10

Target reduction due to gerators can range between 1/3 and 2/3 of normal
reference value. The corresponding energy savings can be evaluated from Fig.
1.

The desirable yatgt l{ug pressure lies in the range 150-250 kPa. Pressure
reducers should be applied when water pressure is above this range. The flow
rate reduction can be obtained from Fig. 2.

:

TABLE 2. Representative Hot Water Utilization Temperatures

Use Temperature [2¢
Lavatory: Hand washing : 40
Shaving 46
Showers and tubs 43
Therapeutic baths 35
Commercial dishwashing: Wash 60
Sanitizing rinse 82
Commercial and institutional laundry 82
Residential dishwashing and laundry 60
Surgical scrubbing ) 43
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App. 1 Reference Values (S)

reference values: ! application area: ! referenced from:
5.4 ! SHW SYSTEMS !

! 1
title: ! references to:
MAXE-UP WATER SUPPLY TEMPERATURES !

audit stage:
ECO Detaited Evaluation.

description:

The average temperature of cold feed water entering a building is in general
close to the average air temperature of a year, except in cold areas where
special precautions have been taken to avoid freezing, such as burying pipes
deeply, insulating pipes or placing the pipes so that the sewage water can
heat the cold water.

An example of the air temperature and the make-up water temperature outside
and inside a building is shown in Fig. 1 (Jones, 1960). The low line of the
temperature profile represents the water temperature in the buried pipework
system. The high 1line is a result of the water in the piping system within
the building being heated by its surroundings and is typically what happens
during periods of low or no water use.

iy -
E:Z: “M“‘”MUHHHHHH!HHHNHMHN MWWWH

Fig. 1 Seasonal variation of cold
water supply temperature.
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App. 1 Reference Values (5)

reference values: ! application area: ! referenced from:
S.5 ! SHW SYSTENS ! ECO S.20

! |
title: ! references to:

SOLAR SHW HEATER !

audit stage:

Disaggregation/ECO Identification/ECO Detailed Evaluation,

description:

Quick ewvaluation of the possible energy savings due to the installation of a
solar SHW heater can be carried-out with the help of indicators of SH
production of solar collectors, as shown in the example of Table 1 for some
[talian regions.

TABLE 1. 0aily production of SHY at 50°C from 1 m2 solar collector,

Global annui1 SHY prsduction Energyzsaved

radiation/m {at 50°C) {k¥h/nm",yr]
Location horizgntal surface [1/day]

{k¥/m“, yr]
Lombardy 1060 . a1 500
Tuscany 1210 ] K| 550
Central [taly 1310 kl:! 620
Sicily, Sardinia 1400 42 630

The proper sizing of the solar-system can be checked against standards; for
example, for Southern Italy the proper sizing of the tank is about 60 1 per
square meter of solar collector, and the proper sizing of the solar
collecctor is from 0.45 to 0.60 m~ per occupant in multi-family residential
buildings.
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App. 1 Reference Values (S)

reference values: ! application area: ! referenced from:
S.6 ! SHY AND PIPEWORK SYSTEM ! ECO P9, S.12.

! { .
title: ! references to:

_____________________________________________________________________________

description:

In Table 1 are given limits for some acceptable feedwater and boiler water
properties (Standard UNI-CTI B065).

TABLE 1, Acceptable limit of feedwater and boiler water properties.

Property edwa Boiler water
pH > 7 9 -11.5%

OH ions conc. - -~ ¢ 800 gpm CaCO3
Hardness < 0.5 %r < 0.5 7Fr .
Copper < 0.002 ppm Cu -

Iron < 0.3 ppm Fe < 0.5 ppm Fe
Clorides < 200 ppm NaCl < 3000 ppm NaCl
Organic compunds ¢S ppm KHn04 -

Qils <1 ppm

Conc. of Aliphatic

Polyammines - > 20 ppm

Total salinity < 4000 ppm NaCil
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App. 1 Reference Values (L)

reference values: ! application area: ! referenced from: o
RV L.1 { LIGHTING | ECOL.4, L.6, L.13, L.18
¢ !

title: ' ! references to:

ILLUMINANCE LEVELS, INSTALLED POWER !

audit stage:
A1l steps.

description:

Table 1 gives an example of recommended values for average illuminance levels
(CIBS., 1984, Part 2), and Table 2 gives recommended values for the installed
power for 1ighting (ASHRAE Standard S0 IP).

For more extended 1lists or specific national recommendations, see the
appropriate national publications.

TABLE 1. Average 'illuminance levels.

Building type Mean illuminance

[Jux]
0ffice 500
Shap 500
Factory (Rough work) 300
Factory (General) 500
Factory (Fine work) 150
Warehouse 300
Residential 100
Hotel : 100
Hospital 100
Educational 300

Values IN Table 2 are based on the fo]loﬁing hypotheses:

1- Lighting is by fluorescent lamps having a luminous efficacy of 55 Im/¥,

2- IMluminance. power loading, .and occupancy hours are standard values taken
from CIBS codes,

3- It is assumed that 90% of lighting fixtures are simultaneously on for
industrial and commercial buildings, 75% for other buildings.

4- Room index 1is taken to be S5 for industrial buildings and 2 for other
buildings.
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App. I Reference Values (L)

\

TABLE 2. Installed power for lighting [H!mzl.

Building

category ‘ 100m2 ,400m2 1000m2 2000m2 3500m2
Food services:

Fast food/Cafeteria 15 14 13 13 13
Leisure dining/Bar 22 20 16 14 14
O0ffices:

Based on 1/3 open plan- 20 19 18 17 16
Retail {(incl. Display)

Department and speci- 35 32 26 24 2?
ality stores

Service establishments 32 28 23 z1 20
and supermarkets

Garages 3 I 2 2 2
Schools:

Pre/Elementary 18 1B 17 16 15
High School 20 20 20 1% 18
Technicatl 25 25 22 20 18
Warehouse/Storage 8 7 5 4 4
Factory and workshop 20 20 18 17 17
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App. 1 Reference Values (L}

reference values: ! application area: t referenced from:

RY L.2 ! LIGHTING ) ! ECO L.8, L.13, L.14.
! !

title: ' ! references to:

INSTALLED EFF[CACY OF LIGHTING EQUIPMEN !

audit stage:
A1l steps.

description:
The installation efficacy of a lighting instaltlation is defined in AP L.1.

Ranges of recommended installed efficacies for different application areas
are given in Table 1. Values are grouped according to:

- Application area.

- Room index, Rl, which is defined as:
RI = 1*w/(h*(1+w)),
where 1, w are the room length and width and h is the height of the
luminaires above the working plane.

- Lamp color rendering group, as defined in Table 2.

When considering the recommended ranges of installed efficacy the following
points should be borne in mind:

- A range of installed efficacies rather than a single value is recommended
because the installed efficacy for each specific application will vary
with the reflectance of the room surfaces and the cleanliness of the
interior. A very dirty interior will have an installed efficacy towards
the low end of the range because the reflectances of surfaces within the
interior will inevitably be Tlow. Conversely, a very clean interior can
have an installed efficacy towards the top end of the range, provided the
reflectances of surfaces in the interior are high.

- The ranges of installed efficacies apply to general 1lighting
installations, 1i.e. the same illuminance 1is provided over the whole
working plane. They should not be applied to localised or local lighting
systems.

- Where special Juminaires, e.g. explosion proof luminaires, are required,
the range of installed efficacies should be derated by a factor 0.7.

- Where a Glare index (IES Glare lndex) of less than 19 is required for
commercial and retail premises or a Glare Index of less than 22 is
required for industrial purposes, the range of installed efficacies should
be derated by a factor 0.7.

- Where considerable obstruction to the lighting is likely to occur, the
range of installed efficacies may be derated considerably.
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App. | Reference Values (L)

TABLE 1. Installed efficacy range targets for uniform lighting
installation (Im/¥W).

Application area -~ Room Lamp Color Rendering Group
Index 1B 2 __.3 4
Kigh bay industrial 1 18-29 14-23 21-45
2 - 23-37 18-29 27-55
5 27-43 20-32 32-60
Industrial 1 14-23 14-23 14-23 19-31
(not high bay) 2 18-29 18-29 18-29 23-317
5 20-32 20-32 20-32 26-42

Commercial 1 14-19 14-19 14-19
2 18-27 18-27 18-27
5 20-32 20-30 20-30
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App. I Reference Values (L)

TABLE 2. Correlated color temperature classes and color rendering

groups.
Correlated Color Temperature (CCT) CCT Class
“CCT ¢ 3300K Warm
300K CCT ¢ 5300K Intermediatex
5300K ccY Cold
Color rendering CIE general color Typical application
groups rendering index lRa) .

Wherever accurate color matching is
required, e.g. celor printing inspection.
18 80 ¢ 8. <90 Wherever accurate color judgements are

a necessary and/or good color rendering is
required for reasons of appearance, e.q.
shops and other commercial premises.
2 60 < Ra < 80 Wherever moderate color rendering is
required.
3 40 < Ra < 60 ¥herever color rendering is of little

significance but wmarked distortion of
color is unacceptable.

4 20 ¢ R_ ¢ 40 Yherever color rendering is of
noimportance at all and marked distortion
of color is acceptable.

¥ This class covers a large range of correlated color temperatures.
Experience in the U.K. suggests that light sources with correlated color
temperatures approaching the 5300k end of the range will usually be
considered to have a “cool” color appearance.
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App. 1 Reference Values (L)

reference values: ! application area: ! referenced from:
RV L.3 ! LIGHTING Y ECO L.12, L.18B
! !
title: ! references to: :
LUMINOUS EFFICACY FOR OIFFERENT LAMP TYPES 1 RY L.2

audit stage:
A1l steps.

description:

The purpose of these data is to permit estimates of potential energy savings
associated with switching lamp type. The data below include ballast losses.

The auditor should also be aware of the color rendering properties {color
rendering index, Ra: see RV 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 + Metal Halids (HPl}  67-86

E High-pressure Sodium (SON) 25
F Low-pressure Sodium (SOX) 5
125
160W
135, =
120
90 .
. Sopere® 400 _E
90 3.+ 250 27 1000w
% 58 159/"., - 20'\3
E 36 70 == 4 I
3 60 230 P Ze1o5w 9%—
3 18 57 8 25090790 1900 _ 2000w
h] 8o 125 _ . - .- C
30 5.0-"/""
30, 500 .__.-1—-0091500 2000 W
................................ ............ .. A
0 40 a0 75 100 150 200 300 500 1000W
1 2 & 10 50 100
Lumen Output {kIm]

Fig. 1 Efficacy versus Lumen output for different lamp
types (after Philips, Eindhoven, The Netherlands}.
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App. 1 Reference Values (L)

reference values: ! application area: ! referenced from:
RV L.4 ! LIGHTING { ECO L.7

! !
title: ! references to:
LIGHT LOSS FACTORS t

audit stage:
Detailed ECO Evaluation.

description:

The purpose of RV L.4 is to provide information enabling an estimate of the
performance reduction of 1lighting installations as a consequence of lamp
aging and dirt deposition on the luminaire and wall surfaces, and to allow
evaluation of the potential of EC0s associated with luminaire maintenance,
lamp replacement and wall cleaning.

Fig. 1 shows the percentage reduction of iiluminance as a function of type in
a lighting installation subjected to periodical cleaning and relamping.

To evaluate the loss of light output with time in use, the Light Loss Factor
(LLF) is wused, which is defined as the ratic of the illuminance produced by
the 1lighting 1nstallat1on at some specified time to the illuminance produced
by the same 1nstal1at1on when new.

Since the reduction in tighting depends on three distinct factors, LLF can be
calculated as the product of three coefficients:

LLF = LLMF * LMF * RSMF

where

LLMF = Lamp Lumen Maintenance Factor,
LMF = Luminaire Maintenance Factor,
RSMF = Room Surface Maintenance Factor.

LLMF depends on the lamp type, and should be determined from manufacturer’s
data. '

LMF values are shown in Fig. 2 for anumber of luminairefactivity/location
categories, which are specified in Table 1.

RSMF values are shown in Fig. 3, for three categories of room: very clean,
average cleanliness, and very dirty.
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App. I

Reference Values (L)
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App.

Reference Values (L)

TABLE 1. Luminaire / activity / location categories
A1l air- Clean City or City or Dirty
conditioned country town town industrial
buildings area outsksirts centre area
Barelamp A A/B B B/C C
batten
Open ventilated A AlB 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/D D
lated reflector,
enclosed dif-
fuser/controller
Open base dif- A/B B B/C C cD
fuser or louver
Recessed dif- A A/B B B/C C
fuser or louver,
diffusing or lou-
vered luminous
ceiling
Indirect B c/D E FIG G
cornice

Light output from a luminaire {%)]

Eiapsed time (months)

Light output from a luminaire versus
elapsed time for different luminaire/
activity/location categories (Table 1).

Fig. 2
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Fig. 23
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from an installation versus
elapsed time for luminaires of
different light distribution

in rooms of different clean-
liness.



App. 1 Reference Values {L}

reference values: ! application area: ! referenced from:
L.5 1 Lighting control I AT L.2

! !
title: ! references to:

OPERATING REDUCTION FOR PHOTQ ELECTRIC CONTROL !

description:

Examples of reduction in operating time when photo-electric control is used
can be found 1in fig. 1 and 2. The presented values are valid for Great
Britain {CIBS, 1984), but can be used for latitudes close to 50 degrees.

Set-point iluminance Set-point iluminance
50 lux
50 lux 00 lux
100 2100 hux 100 450 Iux
—150 lux g%ll:.lu
- - X
g ® aow| g w0 o
3 [ 1000 lux
) 750 hux 1500 lux
§ 70 1000 lux g 70
Xz
g 8 1500 lux 3 80 |
= 50 ;. 50 3000 lux
< 4
§ 40 s %
E 30 g 30
g - E
g 20 ) 3000 lux g 20
’ £
ERRT "’/,/”/’, 3 10
i) e e 0

0+ 2 3 4 5 & 7T 8 8 0 1 2 3 4 5 6 t 8 9 10
Daylight factor Daylight tactor

o

Fig. 1 Reduction in operating time for photo-electric
Switching Control {(left) and reduction in operating
time for photeo-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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App, I

Reference Values {(EL}

reference values:
RV EL.1

! application area:
1

| ELECTRIC MOTORS

! referenced fronm:
! ECO EL.3, EL.6, AT EL.3.

{+ distribution ECOs)

title:

* TYPICAL CHARACTERIST1CS OF VARIOUS MOTOR SPEED

CONTROL OPTIONS

_____________________________________________________________________________

audit stage:

ECO Identification/ECO Delailed Evaluation

description:

In Fig. 1 through 3 is given the power versus the flow for fans, centrifugal

pumps and positive
Maintenance, 1983).

1 20' Fan snargy consumption
= T Y
8 100 A
§ 80 ,"
£ g A 7i
k=) 8 v Y
£ 40 [H© 7
2 2 44
& Ry

20 40 60 B8O 100
Flow [% of maximum]

A Forward curved fans &
discharge dampers

B Airfoil fans/variable inlet
vanes

C Fan control/eddy current
clutch

DO Adjustable frequency AC
motor control

E Theoretical fan curve

Fig. V Fan energy

consumption,

displacement pumps

Cantrifugal pump

120 T
100 j—H&
-1 lr
) 80 Bl 1 i /
s 60 AT,
g = A ,/ A
V.|
& 40 Moy
20 |E -
0
20 40 60 B0 100
Flow [% of maximum}
A Adjustable frequency AC
motor control
B Throttling control valve
C Hydrostatic contral
D Mschanical control
E Eddy-current clutch
F MNo-flow control valve
Fig. 2 Centrifugal
pump.
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A Eddy-current clutch
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C Hydrostatic control

D Mechanical control

E Adjustable-frequency AC

motor control :
Fig. 3 Positive
displacement
pump .



App. | Referenée v

reference values: ! application area:
|

RV EL.2 !
‘ ! ELECTRIC MOTORS

title:
TYPICAL HIGH EFFICIENCY MOTOR IMPROVEMERTS

audit stage:
ECO ldentification/ECO Detailed Evaluation

"description:

Typical efficiencies for electric motors ar

alues (FL}

! referenced fron:
' ECO EL.9, AP EL.3

e shown in Fig. 1 and Fig. 2.

12
#
b
o c 9
c @
58 6
£
= 3
. 50 100 150 | gewn o
0 50 100 150 200 [hp] Fig. 1 Typical efficiency improvemer
Powr [KW and hp) of high efficiency motors.
a6 80
1OrS
94 88 ﬁ.‘c'\enCN ma
92 86 wgnl
90 84
- R 82
R o
= 86 += 80
z 8
g o 57
& g2 &6
w a

~
E-.

72
170
1 15 2 3 5 17510 15 [kW]

1 15 2 3 5 7510 15| (kW

1 152 3 5 7510 15 20250hbp) 1 152 3 5 7510 15 2025(hp]

Power [kW and hp]

Fig. 2 Typical efficiency and power

Power (kW and hp]

factor differences for

amall size range of high and normal efficiency motors.
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App. 1 Reference Values (EL)

reference values: ! application area: { referenced from:

RV EL.3 ! ' ! ECO EL.10, AP EL.3
! ELECTRIC MOTORS !

title: ! references to:

VAREATION OF EFFICIENCY AND POWER FACTOR !

¥WITH PART LOAD '

audit stage:

ECO Identification/ECO Detailed Evaluation

description: Some typical motor characteristics are shown in Table 1

(Timpone, 1982).

TABLE 1 Typical motor characteristics for four motor sizes

__Amperes at 460V

Locked ffici er fa

Power Full load Full 1load rotor Full 374 1/2 Full 374 142
kW [rpm] (maximum} load load 1load load load load
2 1160 5.0 32.0 16.0 74,0 70.0 79.0 70.0 57.0
7 3515 13.1 B81.0 84.5 84.5 83.5 86.0 B3.0 74.0
1740 13.4 81.0 83.0 B4.0 B4.0 B6.0 B2.0 72.0
1160 14.2 B1.0 84.0 B4.0 B3.0 BO.S 74.5 6l1.5
33 3555 59.5 362.0 89.0 B9.0 89.0 B8B.0 B5.0 79.0
1770 63.1 362.0 89.5 B9.5 B9.5 83.0 79.0 70.0

75 3560 112.0 725.0 91.5 92.0 92

Typical efficiencies for electric motors wversus load are shown in Fig. 1
(Freund, 1982}.

90
,~1 00 hp {75 kw)
80 ;/ 10 hp {7.5 kw)
wlft /7, 1hp (0.75 kw)
Yy
GOrjf
& |
é‘ 50 1 f/l/
11y
B 40
2
& 30 f;’ Fig. 1
! Typical variation of
201/ motor efficiency with
101' load for three motor
o 25 50 75 100 125 sizes.

Rated load {%)]
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App. 1 Reference Values {(EL)

reference values: ! application area: ! referenced froa:
RV EL.4 ! ! AP EL.3
! ELECTRIC MOTORS !

title: ! references to:
VARIATION OF MOTOR EFFICLENCY WITH MOTOR SIZE !

audit stage:
ECO Identification/ECO Detailed Evaluation

description:

Variation of wmotor efficiancy versus motor size is shown in Fig. 1 (ASHRAE
Standard 100,3P).

TABLE 1. Suggested minimum motor efficiencies (3 phase).

Power Minimum Efficiency
[k¥W/hpl 1]
.1571 80
2.213 84
3.7/5 85
7.5/10 88
18.54/25 90

{or greater)

Efficiency of electrical motors

z
S 804 3-phase (1750}
-
(&)
£ 80
g s "‘ggﬁ:ghase(1750)
g 40+
b2 4 Shaded pole (1500}
2 50
=
L .
002 005 01 02 05 1 2 5 10 2 = 50 100 200

Rated power kW]

Fig. 1 Typical variation of efficiency
with motor size. Numbers in
brackets give the nominal rpm.
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App. 1 Reference Values (EL}

reference values: ! application area ! referenced from
RV EL.5 ‘ : !

! : !
title: | references to:

audit stage:
ECO Identification/ECO Detailed Evaluation

description:

Typical equipment Tife-times for electric equipment are given in Table 1.
Values of moment of inertia for electric motors are given in Table 2, Bell
and Hester, 1980; Barry Blower CO0., 1981,

TABLE 1. Typical equipment life.

_____kauipment __________ . ____._____ Medijum Jife vps. ..
| |
! Motors except in ! 18-25 yrs !
! fan coils ! 10 yrs !
! Motor starters ! 17-20 !
! Transformers ! 30 !
! Generators ! 25-30 !
! Main cables ! 25-30 !
! Switchgear and d1str1but10n ! 25-30 !
! equipment ! !
! Branch circuit cables and outlets ! 20-25 !
¢ Lighting t 20-25 '
! Controls electric ! 16 !
! Controls electronic [ 15 !
! Capacitors ! 10-20 !
| 1
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App. I Reference Values (EL)

TABLE 2. Approximate range of moment of inertia
capability of electric motors.

! | 1750 rpm 1 1150 rpm !
| ] |
'size. Lnnl'.ﬂlnlmnm. Y Maximum __ ! _Minimum__!_Maximum___!
(] 0.5 ! 1.4 ! 1.3 ¢ 3.1 !
b1 12 0.8 ! 1.4 ! 2.0 ! 3.5 ]
1?2 ! 1.1 ! 2.1 ! 2.1 ! 6.0 !
t 3 ! 1.4 ! kIR | 2.9 ! 8.9 !
I 5 ! 2.2 ! 3.5 ! 37 L 19.0 *
1712 2.3 ! 6.5 ! 59 1 21.6 !
{10 ! 2.4 ! 9.1 ! 6.9 | 22.7 !
115 ! 4.6 1123 1 16.8 ' 32.3 !
120 ! 6.4 1 14.2 1187 ! 45.4 !
125 o10.1 I 16.7 1 2.1 ! 62.5
30 1o12.2 1249 I 29.5 t 70.0 !
1 40 !t 15.6 | 26.2 !33.0 ' 120.0
t 50 I 18.5 ¢ 31.0 ! 48.5 ! 158.6 !
! 60 I 20.6 I 43.7 1 §0.7 ! 194.9 !
t 75 1 22.3 1t 47.8 1721 1 196.4 !
1100 | 452 I 64.9 1 103.1 ¢ 233.2 !
1125 I 52.3 {  B89.8 1 117.2 ! 287.4 |
1

Note: Polar moment of inertia = mrz.
where: m = mass of wheel [kgl,
r = radiwus of gyration [m).

For fans, where the moment of inertia is not given in catalogue, use 65 to
75% of the tip radius dimension.
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App. I Reference Values (EL)

reference values: | application area: ! referenced from:

RV EL.& ! ELECTRICAL ! ECO EL.5, EL.10 and
! VAP EL.1, EL.2

titte: ! references to:

ELECTRIC MOTORS - MAXIMUM XVAR FOR PF CORRECTION - !

AND MOMENT OF INERTIA CAPABILITIES !

audit stage:
ECO Identificaion/Evaluation

description:

TABLE 1. Typical maximum correction capacitor kvar
for a range of motor sizes.

! ! ' Full ¢ Full ! Maximum !
! 'Power ) Load ! Load ! Correction !
I kM 1 hp ! rpm’ tCurrent ! Capacitor !
' | S | S b '____fkvar) __!
re2 Ut 3 11160 ! 5.0 ! 2 !
P35 10 1 3515 ) 13.1 ! 3 !
! ! 1 1740 ! 13.4 1 4 !
! ! ! 1160 ! 14.2 ! 4 !
1 3.71¢ 50 1 3555 ¢t 59.5! 10 !
! ! 11740 ! 63.1 ! 15 !
1 7.5 1100 ! 3560 ! 112.0 ! 15 !
! ! 1 1780 ! 118.4 ! 25 !
] 1
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App. 1 Reference Values {EL)

reference values: " 1 application area: ! referenced froms:
RV EL.7 ! !

! !
title: T reterences to:

TYPICAL ELECTRICAL APPLIANCE LOADS AND USAGE !

audit stage:
Disaggregation/ECO !dentification

description:

Energy consumption for domestic appliances varies widely depending on age of
equipment, habits of residents, etc. The examples given here should only
serve as an inclination of the magnitud of energy consumption by varjous

appliances (Penner, 1974). For further examples of compilations of this kind,
see Fracastoro-iyberg, 1983.

TABLE 1. Typical power consumption, average annual use time, and average
annual electrical energy consumption by appliances (based on U.S.

usage).
! ! TAssumed ! Energy use!
! lAverage luse | per year, !
! Ipower, [W) !Ch/yr]l ! [kWh/yrl !
{FOOD Deep fryer b 1,448 ! 56 ! 83
! Dishwasher 11,200 i 300 1§ 360 '
§ Freezer (frostless, 1 440 t 4,000 ! 1,761
! 450 1 or 15 cft} } ! ! !
! Microwave oven ' 1,500 ! 127 ! 190 !
! Self- clean1ng oven ! 4,800 ! 157 1 150
! Range ! 8,200 ! 55 ! 455
! Refrigerator (frostliess ! 321 I 3,800 ! 1,217 !
! 350 1 or 12 cftix ! } ! !
1L AUNDRY Clothes dryer 1 4,856 ! 204 | 993
! Iron (hand) ' 1,008 ! 141 ! 144 !
! Washing mashine ! 512 ' 200 ! 103
! Water heater {standard) ! 2,475 t 1,700 ' 4,219
IENTER- Television black & white ! 55 bo2,200 ! 120 !
'TAlNHENT color ! 200 12,200 ! 440 !

|
2 EEE;QQ-GEE-E}-FBFF;EEFEtorIfreezg;;__ggﬁ—kﬂhlyr for a single-door, manual-
defrost model (250 to 400 1 or 9 to 13 cft): 1,180 kWh/yr for a two-door,
cycle-defrost unit (350 to 450 1 or 12 to 15 cft); 1.8 M¥h/yr for a two-door,

top-freezer, frost-free model (350 to 600 1 or 12 to 20 cft); 2,200 kWh/yr
for a side-by-side, frost-free unit (450 to 750 1 or 16 to 25 cft).
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Analytical Index

A

Absorbtion system

Activity level

Airchange rate

Air conditioning equipment

Air contaminants

Air economiser

Air flow, in and between zones
Air flow, in ducts

Air infiltration .

Air teakage of envelope

Air leakage, of equipment and ductwork
Air quality

Air temperature

Air to air heat exchanger
Air velocity

Arring

Anemometer

Anemometer hood
Appliances

Aquastat

Atmospheric cooling
Atmospheric pressure
Attics

Audit stages

Audit procedure

B

Balancing, of airflow
Balancing, of pipework
Balconies

Ballast

Basement

Before-after experiment
Behavior, of occupants
Bin analysis

Bills, of fuel
Blowdown losses

Blinds

Boiler

Building category

Building envelope, evaluation
Building mass

Building owner

Building tightness

Building time constant

Burner

250

105

518, 522

135

104, 599

121, 211

346, 354

464-482

95, 34é

186, 350, 352, 358, 360,
366, 592-3

253, 396, 400

104

107, 442, 451, 417
see Heat exchanger
105, 454, see also Wind
286

446, 469-471

478, 482-485

172

226

246

261

189, 192

15

19

252, 403

256, 404

202

2117

194

58

113

566

25 -

130, 225

189, 198, 201

122, 126, 129, 224, 227.
387, 390, 458, 540
19

100

98

55

348

see Time constant
127, 2271, 229, 230



Analytical Index

C

Cabinets

Calculation techniques
Capacitor

Capacity controi
Carbon dioxide

Carbon oxide

Caulking

Ceiling dump boxes
Characteristic curve {control systems)
Charges, of energy
Chillers

Chimney

City water

Color, exterior
Combustion efficiency
Coils

Comfort

Components, of building
Components, of energy use
Component leakage
Component U-value
Compressor

Condensate

Condensation

Condenser

Conduction

Constant concentration method (tracer gas)
Constant injection method (tracer {gas)
Consumption, of fuel
Consumption, of electricity
Consumption records
Control, photoelectric
Control vatlve

Convection

Convective paths

Cooling, evaporative
Cogling tower

Cost benefit

Cost comparison

Cost effectiveness

Cost for savings

Craw) space

Cycling

D

Damper
Data bases

288-289

71

282

Z240

107, 126, 461

107, 210, 606

191

221

111

see Tariffs

135, 235-243, 248, 392,
541, 628-32,

see 21so Heat pumps
228

247

199

124, 385, 616
216, 218, 222
452, 597

64, 92

32

362, 364

368

241, 609
262-4

129

245, 246, 248, 632
92

343

343

462-463

508

see Utility records
557, 658

218

94

190

201, 212, 456, 607
137, 239, 246, 248
30

20

50

579

195

217

208, 229, 255, 382,-603
73



Analytical Index

Data requirements for audits
Data for disaggregation
Dayiighting

Decay method (tracer gasi
Defrosting

Oegree days

Dehumidification

Delivered energy

Design value

Disaggregation

Discriminator control
Disptays

Distribution system, ductwork
Distribution system, pipework
Distribution losses, SH¥
Distribution efficiency, of pipework
Doors

Drives

Dual duct systems

Ductwork

E

ECO (Energy Conservation Opportunity)
ECO alternatives

ECO combinations

ECO evaluation

ECO identification

ECO packages

ECO ranking

Efficacy

Efficiency

Electric appliances

Electric boiler

Electric current

tlectric demand cost

Electric equipment

Electric instruments

tlectric motars

Electric power

Electric systems

Electric voltage

Elevator

Energy analysis, of buildings
tnergy Audit

‘Energy Audit

Energy Audit Data Base
Energy. Conservation Opportunity
Energy flows

24

31

275, 279, 428
343

133, 237

516, 584

219, 249

25

79

17, 29, 43, 79
214

287

"see Ductwork

see Pipework

155, 2713

406

189, 196, 197, 200
253, 281

209, 213

138, 252, 400, 464,
543, 633

19

53

51, 70

17, 47, 49
17, 47, 49
51

70

158, 650-3

see Combustion, Plant,
Process, Seasonal,

Thermat e.

b6b

131

500

28

510, 663

see Instruments
see Motors

504

163, 281

502

286

63

see also Audit
13, 19

73

see ECO

63, 92, 408



Energy indicator
Energy Management
Energy Models

Energy saving potential

Energy saving requlations and incentives

Energy signature model
Envelope

Environmental quality
Excess air

Exhaust air

Exhaust hoods
Expansion device

F

Fan blades

Feed backward control
Feed forward control
Fibre optics

Filters

Fireplace

Floor area

Floors

Flow meters, pipework
Flow meter, ultrasonic
Flow restrictor

Flue

Fluid temperature, in pipes
Free cooling

Fuel, additives

Fuel bills

Fuel consumption

Fuel heat content

Fuel tariffs

" Fume hoods

functional use of buildings

G

Glazing

Global heatloss coefficient
Government

Grants

Ground floor

Guarantee check

H

Heat capacity
Heat demand curve

Analytical Index

20, 19 ]
14, 19, 216
see Models
23

28

38, 563

see Building envelope
103

126

380

212, 213, 602

238, 258

253

{07

107

714

220, 258, 634
234, 622

26

195

490

492

267

229, 231, 459-461
495

119

232

see Bills
46?7

616

see Tariffs
219

22, 21

190, 197, 200
339, 24l

55, 56

54

195

62

98
110



Analytical Index

L

Heat distribution, hydrenic 145

Heat distribution, steam - 145

Heat exchanger 134, 231, 239, 242, 246,
247, 263, 394, 626

Heat flow meter 68, 370

Heat losses see respective component

Heat pumps : 132, 233, 235, 267, 392,
196, 398, 422, 541

Heat storage 231

Heat terminals ‘ see Terminals

Heated wire 469

Heating plant, life factors 621

Hoods see Exhaust, Fume

Hot water see Service Hot Water

Humidity 105, 456, 477, 535

Humidification equipment 204

Humidistat control ' 210

HVAC, equipment 613

HVAC, regulation 107

HVAC, systems 115-118

HYAC, system efficiency 114

HVAC, system models see Models

I, J

Ice storage 250

[gnition 269

I1luminance 279

[1luminance meter 428, 497

IMuminance levels 648

Induction systems 208

Infiltration + - . see Air infiltration,
Air exchange rate

infrared thermography 356, 366

Installed efficacy see Efficacy

Instruments, electrical 498

Insulation thickness, ducts and pipes 633, 635

Interaction, of building components 64

Internal rate of return 578

Jacket losses 129, 387

Lamp lumingus efficacy see Efficacy

Lamps 158

Latches 190

Laundry 256, 265

Leakage, of air see Air leakage

Leakage, in pipes 259



Analytical lndex

Legal value

Life cycle savings
Light loss factors
Lighting

Lighting iload
Lighting efficiency
Lighting monitoring
Lighting savings
Load factor, of electricity
Load shedding
Luminaire .
Luminous efficacy
Lux meter

Make-up air

Make-up water

Metering, of SHW

Mixing damper

Mixing losses

Model

Model, bin analysis

Model, of Envelope ECO savings
Models, correlation

Models, energy signature
Models, of building energy
Models, of economic evaluation
Models, of HVAC system
Moisture

Monitoring

Mou 1d

Motors, electric

N

Night flushing

Nonweather dependency., of energy use
Normalization factor

Nozzles

0

Occupancy dependency of energy use
Occupancy profile

Occupants

0il, atomization

On-off-experiment

20

5T

654

157, 274
157

424

426

555

166

281, 436
216, 278
see Efficacy
497

212, 215, 216, 221
645

272

see Dampers

120

19

see Bin analysis
520

70

see Energy signature
66

69

68

312, 3715
42, 19
31z, 3715

167, 254, 256, 258, 281,
283-5, 434, 561, 659-60,
662, 664

205
32
20
208

32
27
169
225
57



Analytical Index

Orifice plate
Oxygen trim control

P, Q

Parking garage
Payback

Payback, discounted
Peak shaving
Photoelectric control
Piggy back absorption
Pilot Tight

Pijot tube

Pipework

Pollutants
Post Implementation Perfaormance Analysis
Paower factor

Preheating times
Preoccupancy cycle
Present value

. Pressure drop, in ducts
Pressure drop, -in pipes
Pressurization, of system
Pressurization, of components
Pressurization, of buildings
Pressurization, and thermography
Primary energy
Process efficiency, cooling
Process efficiency, heat pumps
Production losses, SHW
Pumping losses
Pumps
Pumps

R

Radiant heating

Radiant temperature.
Radiation

Radiation, solar

Radiator

Radiator thermostatic valves
Rating buildings for audit
Reactive power

Reference valtue

Refractory

Refrigerant

“Refrigerator

Regression techniques

488
see Trim cont

210, 606

436, 575

516

284

see Control

250

224, 269

467

141, 404, 408, 488,
545, 635

380

18, 55, 19

163, 282, 283, 430, 432
506, 559, 661

600 -

205

see Life cycle savings
293, 475

488

226

226, 362, 364

348, 350

356

25

135

132

153

141

see also Motors

141, 258, 262, 265, 268

221, 538
105

95

448

128, 260
210

19, 79
432, 559
79

228

240

286

38



Analytical Index

Regression, based on site measurements

Regulation

Reset strategiess
Retrofit, evaluation of
Re-use strategies
Resistance, thermal
"Roll shutter cases

Roof spray

Roof top air conditioning unit
Roofs

Room height

Running time

S

Sankey diagram

Scale and soot

Screens

Seals

Seasonal efficiency
Sequencing

Service hot water (SHW)

SHY efficiency

SHW heat pumps

SH¥ heating

SH¥ losses

SHY requirements

SHW savings

SH¥ solar systems

SHW storage

Setback, setup

Setpoints

Shades, drapes and shutters
Shafts

Short term effects of energy use
Shutoff, of coils

Side effects

Site measurements and Regression
Smoke pencils

Solar radiatien

Sotar systems, and SHW
Sound sources and leakage sites
Space gains

Space setpoints

Stach losses

Stand-by losses
Steady-state. heat.flows .
Steam systems

Steam traps

Storage losses .

- Stratification

Subsidies.

41
102
see Setback, setup
57
122
370
198
201
209
191
199
458

29

227

258

191

389, 540-1

206, 232, 235-243
150, 265, 640

641

422

230

155

a15

553

272, 420, 551, 646

156, 270-272, 416, 418

107, 122, 203, ‘380
203, 207

189, 198, 201

190

42

207, 527

51

41

358

see Radiation

420, 551, 646

360

569

203

125

137, 387, 239, 619
see Energy flows
548

148, 260, 263, 410, 638
153, 387, 545

211, 217
see Grants



Analytical Index

Swimming pools

T

Taps

Target value

Tariffs, of fuel

Temperature

Temperature gradient
Temperature, of surfaces
"Terminal, exhaust

Terminal, heat

Terminal, heat

Terminal, supply
Test-Reference experiment
Thermatl bridges

- Thermal officiancy

Thermal losses

Thermal resistance

Thermal responce, and building mass
Thermography .
Thermostats

Three-phase systems
Time-dependency of energy use
Time constant of building
Trace heating

Tracer gas

Tracer gas technique, multiple
Tracer gas, and air flow
Transient heat flows

Trim controt

Turbulator

]

Unit Power Density

Upgrading of insulation

Useful energy

Utilisation factor of lighting
Utitisation losses, SHW
Utitities

Utitity records of energy use
U-value, of components
U-vaiue, and infiltration

v

Valves
Variable air volume (VAV}

210, 219, 2088, 535-5
615

21

20, 22, 19

177, 430

see also Air, Fluid
384

444, 493

478

see also Radiator
113

480-482

58

196, 366

187, 619

see respective components
see Resistance

98

see Infrared thermography
203, 210, 214, 3717

165

32

449

270

343, 518

46

172

see Energy flows

127, 232

229

161

191, 195, 227, 254, 259
25

159

155

56

38

368, 587

522

218, 269
213, 218, 605



Analytical Index

Yegetation

Ventilation, of attics
Ventilation control, automatic
Ventilation equipment
Ventitation, load

Ventilation, nighttime cooling
Ventilation rates

Ventilation, reduction of
Voltage

Volumetric heat loss coefficient

]

Walls

Water, chilled
Water, condensing
Water quatity
Water softener
Weather dependency, of energy use
Weatherstripping
Wind

Wind pressure
Windows

Working space

X, Y. I

Zone excess heat
Zone pumping
Zoning

198
189
205
204
529
528
590, 611
524
502
586

193-194
244
244
647
269
32, 38
191
446

189, 197, 200
213 .

215
262
108






