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Disclaimer 
This presentation was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States 
Government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use 
would not infringe privately owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government 
or any agency thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States Government 
or any agency thereof. 
 
Contains no technical data subject to the ITAR or EAR export regulations 
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Objective  :  
To develop and demonstrate a standard methodology enabling 1) a 10x 
reduction in the time and labor to perform level I and II audits and retrofit 
analysis; b) consistent and reproducible outputs 
 

Motivation (1/2): 

 

 

 

  

I-II   
Combined 

III:  Detailed 
        modeling   

      and  verification 

1-2 days 

Current State:    3 levels of audits, defined by ASHRAE  

I:  Energy baseline 
(walkthrough and expert 
judgment) 

II: Detail assessment & 
retrofit evaluation 
(expert judgment) 

III:  Detailed modeling   
      and  verification 

1-2 weeks* 2-3 weeks 3-4 weeks 

~1 week 
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•Condensing  
    Boiler 
• OA econom. 
•CFL Lighting  
     Upgrade 

A B 

C 

•LED Exit signs 
•Occupancy     
      Sensors 

•Weatherization 

•Plug Load Controls 
•Supply Air T Reset 
•Insulate Hot Water Tank  
•Lighting Controls - Dimmers 
•Occupancy Control for  
     Refrig Vending Machines 

•Demand Controlled  
        Ventilation 

• Remove exhaust and 
rebalance 
• Instantaneous/On-
demand Water Heaters 
• Upgrade BMS 
• Solar PV 
• Replace DX  
   Cooling  
    Systems 

•Exhaust Air Energy Recovery 
•Daylight Harvesting 
•Outdoor Security Lighting 
•Building Pressurization 

Comparison between 3rd party Audits  - Philadelphia Navy Yard Building 101 
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Motivation (2/2): A systematic methodology and supporting tools needed 

3 different 
companies 

Retrofit Recommendations 

3 different 
results 
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User-case 1:  Individual Building 
 

 

  

Audit walk-through, or 
Data provided by building owner or EM 

Propose 
solutions 

Data Gathering 

Refine 
solutions 

Run tool 

Refine 
assumptions 

Run Process  

< 1day (w/o SA/UQ) 

Baseline Retrofit 
assessment 

Input data and output results are specific for each building 
Unknown inputs can still be defaulted 

http://rds.yahoo.com/_ylt=A0WTefXGHvVM0HcAA_mJzbkF;_ylu=X3oDMTBqMGphbm9uBHBvcwMyMARzZWMDc3IEdnRpZAM-/SIG=1ivn08bnd/EXP=1291219014/**http:/images.search.yahoo.com/images/view?back=http://images.search.yahoo.com/search/images?p=MAN+WORKING+computer&ei=utf-8&fr=yfp-t-978&w=370&h=400&imgurl=www.speedysigns.com/images/decals/jpg/H/386/448.jpg&rurl=http://www.speedysigns.com/decals/vinyl-decal-386448.htm&size=13KB&name=...+Man+working+...&p=MAN+WORKING+computer&oid=57120995bfab4c85410d21f449cc4074&fr2=&no=20&tt=58600&sigr=11o1st0em&sigi=11jjh2voa&sigb=12p5sohta&.crumb=RotyX9aiUyW
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User-case 2:  Detailed Portfolio of Buildings 
Buildings of the same type in different geographic zones (e.g. hotel or retail chains) 
Buildings of different types in the same geographic area (e.g. campus, base) 

  

 

 

  

Input data and output results are specific for each building 
Unknown inputs can still be defaulted 

Run Process  

Create inputs files  
Computer cluster 

Data Gathering Customer Interaction 

Portfolio view 

Baselines 

Retrofit 
Assessment 

(specific) 
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Process Overview 

 
 

 

  

• Building attributes 
• HVAC type 
• Schedules 
• Energy bills 
• Location 
 

Inputs 

~ 1 hour* 
~1-2 min. (w/o calibration) 
~4 hrs (automatic calibration) 

< 2 hrs all ECM 
1 min per package  

hours 
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Differentiators 

• Simple inputs, can be defaulted if unknown 

– Incorporates automatic calibration capability 

• Considers the physics of each building and its environment, 

provides results that are specific to each building 

• Combines energy audit and retrofit assessment  

• Economics and environmental analysis integrated 

• Building portfolio tracking and comparison is enabled 

• Uncertainty is quantified   

• ECM dependencies are considered 
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1 Sample Test Case - Overview 
Building Characteristics 

• Office building , built : 1990 

• 32,000 ft2 of conditioned space, 1 floor 

• Current occupancy: 128 employees plus 10 visitors on average 

• Construction type: brick façade with strip windows 

• Current EUI ~83.7 kBtuft2-yr 

 
HVAC System 

• 22 RTU electric heat pumps ranging from 5-10 tons 

• All units run on individual thermostats  

• No EMS system 

• There are 3 server rooms with split system air conditioners for cooling 

 

Lighting 

• The interior lighting is mostly T-12 recessed ceiling fixtures with manual 
controls 

• Assumed light power density: 1.5 W/ft2 

 

Plug-in equipment 

• There is assumed to be 1 computer and monitor per employee 

• There is assumed to be 2 printers and 1 each photocopier, refrigerator and 
vending machine for the 8 office units 

• Each office unit has a kitchenette which is supplied with hot water for the sink 
by a small electric tank heater that mimics a hot water on demand system 
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1 Sample Test Case – Baseline Building 
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1 Sample Test Case – Calibrated Results 
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1 Sample Test Case – Energy Conservation Measures 
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1 Sample Test Case – ECM Packages 

Package 

Upgraded Lighting 

Upgraded Insulation 

Solar Heating 

Added daylight 

Efficient Equipment 

Daylight basedimming 

Occupancy Sensors 

Weatherization 
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Advanced Energy Retrofits (AER) 

 

 

Building Name 
Year Built and 

Renovation History 
Building Type 

Number of 
Floors 

Building Area 
(GSF) 

James Weldon Johnson 
Homes 

1939-1940 

Multi- and Single- 

Family Residential 

Buildings 

2 and 3 stories n/a 

West Catholic High 
School 

1926 School 

3 stories with full-

size basement 

and a partial sub-

basement 

135,000 

760 Constitution Drive 1994 Office 2.5 36,685 

415 Eagleview Blvd 1990 Office 1 32,000 

SEPTA- 69th Street 
Terminal Building  

1907;  last major overhaul 

of the building was 

completed in 1986 

Mixed use of office, 

retails, storages and 

terminals 

2 stories with 

basement 
50,000 

Edgmont Township 
municipality building 

n/a office and storage 2 stories 10,000 

Malvern Borough 
Administration Building 

1889; 4000 ft2 addition in 

2003 
office and library 

3 stories including 

a ground floor; 

attic for mech.  

18,000 

Allens Lane Apartment 1962 
Multi-family Residential 

Building 
3 45,000 

Arts Condominium 
originally built in early 1920s 

as a Hotel; converted to 

apts in 1950s; 

Multi-family residential 

building  
16 232,000 

Monsignor Bonner & 
Archbishop Prendergast 
Catholic High School 

n/a High School 
3-5 from the air 

photo 
n/a 

Dissemination \ Impact  => potential for 20% energy savings identified in at least 10 
buildings during BP3  (in addition to the Philadelphia Navy Yard 9 buildings in BP2) 

GSA engagement : Energy and retrofit assessment for  Philadelphia  Customs House 
performed leading to a potential analysis of GSA portfolio 
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Focus Group 
participants liked: 

Credibility 

•Predicted vs. Actual 

•Calibration 

•Weather Data 

Reduced 
Cost 

•Faster Data collection 

•Automated analysis 

Customizable 
•Readily Accessible 

•Meet specific needs 
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Build in flexible data access mechanism 

Present Economic Information 
 clearly & compellingly 

Include error bars to show level of  
confidence in results 

Develop a timeline feature to modify the 
baseline and predictions as measures are 
implemented 

Align inputs with Portfolio Manager & outputs 
with EnergyStar Rating 

Modify user interface – enable different roles to 
have appropriate access to building data F
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