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SFSU School of Engineering 

• San Francisco State University (SFSU) Industrial 

Assessment Center (IAC): 

 

 

 

 

 

provides energy-efficiency audits for small- to  

medium-sized manufacturing facilities 

• Education in HVAC engineering, building energy 

simulation 

• Life cycle assessment (LCA) experience with  

bio-derived transportation fuels 
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California ARB Research Project 

“Low-GWP Commercial Refrigeration Feasibility and 

Cost-Benefit Engineering Evaluation” 

• Objective: determine the feasibility, cost, and 

greenhouse gas (GHG) reduction benefits of using 

low-global warming potential (GWP) refrigeration 

systems in supermarkets and grocery stores 

• Subcontractors: 

 

 

• Project scheduled to begin in August 2014 
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Greenhouse Gas (GHG) Emissions 

from Refrigeration Systems 

• Direct release of 

refrigerants into the 

atmosphere 

 

• Indirect emissions 

associated with energy 

consumption 
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TEWI vs. LCCP 

Total Equivalent  

Warming Impact 

Considers direct and 

indirect GHG emissions 

that occur: 

• while refrigeration system 

is in use 

• during recovery/recycling 

of refrigerant (at system 

end-of-life) 

Life Cycle Climate 

Performance 

TEWI, plus direct and 

indirect GHG emissions 

from: 

• Refrigerant production and 

distribution 

• Component/system 

manufacturing, distribution, 

and recovery/recycling 
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Total Equivalent Warming Impact 

System 
use 

End-of-
life 

Energy 
Refrigerant 

emissions 

Refrigerant 

emissions 
TEWI 

CO2 

emissions 
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Refrigerant 
manufacture 

Refrigerant 
distribution 

Life Cycle Climate Performance 

System 
manufacture 

System 
distribution 

System 
use 

End-of-life 

Refrigerant 

emissions 

LCCP 

Energy CO2 

emissions 
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Modeling Challenges 

• Must be predictive – i.e., cannot rely on in-use data 

for electricity consumption, leak repair, refrigerant 

recharge, etc. 

• Should be capable of modeling advanced-

technology systems and alternative refrigerants 

• Must address impacts of varying (local) climates on 

refrigeration system operation 

• Requires accurate input data or calculation 

methodology for refrigerant leak rates 
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Existing Modeling Tools: 

IPU Pack Calculation Pro 

TEWI only; evaluates costs as well 
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Existing Modeling Tools: 

AHRTI’S LCCP Model 

Spreadsheet based, 

LCCP; developed for 

residential heat-

pump systems 



 11 

Existing Modeling Tools: 

LCCP (ORNL/UMCP) 

For supermarket refrigeration and residential heat 

pumps; web-based tool available 
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Existing Modeling Tools: 

GREEN-MAC-LCCP 

Spreadsheet-based 

tool for mobile air 

conditioning systems; 

well established and 

peer reviewed 
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Modeling Tool Comparison and 

Development 

International Institute of Refrigeration (IIR) Working 

Party on LCCP Evaluation has been established to 

assess different methods and to develop and 

promote a recommended methodology 
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Representative Model Results: 

LCCP (ORNL/UMCP) 
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Centralized 

DX 

Transcritical 

booster 
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