
2008 California Energy Commission Title 24 Building Energy Efticiency Standards 
February 8,2006 

Drafl Report 
Refrigerated Warehouses 

This report was prepared by Pacific Gas and Electric Company and funded by the California utility customers under the auspices of the California 
Public Utilities Commission. 

Copyright 2006 Pacific Gas and Electric Company. 

All rights reserved, except that this document may be used, copied, and distributed without modification. 

Neither PG&E nor any of its employees makes any warranty, express of implied; or assumes any legal liability or responsibility for the accuracy, 
completeness or usefulness of any data, information, method, product, policy or process disclosed in this document; or represents that its use will 
not infringe any privately-owned rights including, but not limited to, patents, hademarks or copyrights.. 



Table of Contents 

Overview ........................................................................................................................................ 3 
Description ............................................................................................................................................................ 3 
Energy Benefits ..................................................................................................................................................... 3 

.............................................................................................................................................. Non-energy Benefits 4 
Statewide Energy Impacts .................................................................................................................................... 4 
Environmental Impact ........................................................................................................................................... 4 
Type of Change ................................................................................................................................................ 4 
Techno logy Measures ........................................................................................................................................... 4 
Performance Verzj?cation ...................................................................................................................................... 6 
Cost Effectiveness ................................................................................................................................................ 6 
Analysis Too Is ...................................................................................................................................................... 6 
Relationship to Other Measures ............................................................................................................................ 6 

Methodology .................................................................................................................................. 6 

Results ............................................................................................................................................. 8 
Energy and Cost Savings .................................................................................................................................... 10 
Cost-effectiveness .............................................................................................................................................. 1 3  
Statewide Energy Savings ............................................................................................................................... 1 7  

........................................................................................................................ Recommendations 19 

Proposed Standards Language ........................................................................................................................... 20 
SECTION 100 - SCOPE ..................................................................................................................................... 20 
SECTION 101 -DEFINITIONS AND RULES OF CONSTRUCTION ............................................................... 21 
SECTION 110 - SYSTEMS AND EQUIPMENT-GENERAL ............................................................................ 21 

........................... SECTION 120 - U4 NDA TOR Y REQUIREMENTS FOR REFRIGERA TED WAREHOUSES 22 
Alternate Calculation Manual ............................................................................................................................. 23 

......................................................................................................................... Acknowledgments 23 

...................................................................... Appendix A: Summary of Contractor Interviews 25 
Building Shell ...................................................................................................................................................... 25 
Refrigeration Systems ......................................................................................................................................... 26 

Appendix B: Contractor Interview Survey Instrument .............................................................. 32 
General Information ........................................................................................................................................... 33 
Questions: ........................................................................................................................................................... 33 

Document information 

Category: Codes and Standards 

Keywords: PG&E CASE. Codes and Standards Enhancements. Title 24. nonresidential. 2008. efficiency 

Refrigerated Warehouse CASE Report Page 2 









Performance Verification 

Acceptance testing of refrigeration plant control systems and factory verification of evaporative condenser 
performance are performance verification options applicable to this effort. Development of detailed acceptance 
testing procedures is beyond the scope of the current work. 

Cost Effectiveness 

Virtually all measures evaluated by this project were shown to be cost effective. Shell measures were evaluated 
using 2008 TDV values assuming a 30 year measure life, and mechanical measures were evaluated over a 15 year 
measure life. The cost effectiveness of the evaporator fan VSD measure and VSD controls on ammonia screw 
compressors was extremely good, with benefit -cost ratios exceeding 10. 

Analysis Tools 

The energy savings were calculated using a DOE-2.2R building energy simulation program. DOE-2.2R is a 
variation on DOE-2.2 designed specifically for simulating refrigeration systems. DOE-2.2R can model spaces 
conditioned to low temperatures and provides the capability to simulate thermal distribution loops with fluids 
undergoing phase change, allowing for a detailed simulation of grocery store and refrigerated warehouse 
refrigeration systems. DOE2.2R is currently used to estimate savings for the refrigeration component of the 
statewide Savings by Design nonresidential new construction energy efficiency program operated by the California 
investor-owned utilities (IOUs). 

Relationship to Other Measures 

Issues relating to sizing and specific fan and pump power for cooling towers in commercial buildings are related to 
refrigerated warehouse condensers. Lighting issues in refrigerated warehouses are similar to those in non- 
refrigerated warehouses. Minimum efficiency requirements for motors in Title 24 will also apply to motors used in 
refrigerated warehouse equipment, such as compressors, condensers and evaporators. Title 20 addresses efficiency 
of walk-in coolers, which could potentially overlap with smaller refrigerated warehouse spaces. This initiative 
proposes language at clarifies the applicability of Title 20 standards for walk-in cooler and these proposed changes 
addressing refrigerated warehouses. 

Methodolow 

To estimate the cost effectiveness of proposed changes addressing refrigerated warehouses,, a prototype model was 
developed to estimate the energy savings using the DOE-2.2R program. The refrigeration version of eQUEST 
program was used to develop the basic DOE-2.2 input file, and manual changes were made to the text input file to 
complete the analysis. A description of the refrigerated warehouse prototype used in this analysis is shown in Table 
1: 

Table I .  Protoypica1 Refiigerated Warehouse Model Description 

Model Parameter Value 
Shape Rectangular (400 ft by 230 ft) 
Floor area Freezer: 40,000 SF 

Cooler: 40,000 SF 
Shipping Dock: 12,000 SF 
Total: 92,000 SF 

Number of floors 1 
Floor to ceiling height 30 ft 

Refrigerated Warehouse CASE Report Page 6 



An eQUEST representation of the building is shown in Figure 1 : 

Evaporator Size (climate zone 13) Cooler: 102 ton (392 SFIton) 
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Evaporator CFM (climate zone 13) 

Compressor type 

Compressor configuration 

Suction groups 

Room temperature 

Evaporator fan power 

Condenser type 

Minimum condensing temperature 

Condenser fan and pump power 

Condenser design approach temperature 

Freezer: 136 ton (295 SFIton) 
Dock: 55 ton (2 18 SFIton) 
Cooler: 172,000 cfm (4.3 cfm/SF) 
Freezer: 131,400 cfm (4.79 cfm/SF) 
Dock: 55,300 cfm (7.9 cWSF) 

Ammonia screw compressor with slide valve capacity 
control (Frick RWF -100 typical) 

Parallel equal, 3 compressors per suction group, size ratio 
0.5,0.5,0.5 

Low temperature (fteezer): -20°F 
High temperature (cooler and dock): 30°F 

Cooler: 40°F 
Freezer: - 10°F 
Dock: 40°F 

0.1 5 WICFM (0.32 hp per ton) 

Evaporative condenser 

8 5 

330 BtuJwatt 

23°F (CZ 13, design wetbulb = 73°F) 















Shell Measures 

The energy cost savings and incremental measure costs for improved shell insulation is shown in Table 13. The 
analysis assumes that additional rigid insulation (at R-5 per inch) was applied to meet the specified insulation level. 
Incremental insulation costs were estimated based on the 2005 R.S. Means "CostWorks" construction cost 
estimating CD as shown in Table 12. 

Table 12. Insulation R-value and Cost Assumptions 

Insulation System R-Value per inch Incremental cost ($/SF-in) 

Extruded Polystyrene (floor) 5.O $0.32 

Polyisocyanurate (roof) 7.1 $0.25 

Polyurethane (wall) 5.0 $0.63 

The TDV savings and incremental costs, expressed in terms of square foot of insulation applied are shown, along 
with the benefit cost ratio (BCR). Measures with a BCR > 1 are deemed cost effective on a life cycle basis. Note, 
the insulation parametrics were run assuming the refrigeration plant recommendations are also implemented. The 
cost effectiveness of the insulation requirements is very sensitive to the refkigeration plant efficiency, thus higher 
benefit cost ratios would result under a standard practice refrigeration plant design. 

Table 13. Shell Measure Cost EfSectiveness 

Building Climate zone 3 Climate zone 13 

component Incr Cost/ BCR TDV Incr Cost/ BCR 
Savings/SFWdI SFwII Savings/ SFwall 

- SFwall ----- 
Freezer Wall R-25 $1.91 $0.63 3.0 $2.12 $0.63 3.4 
(R-20 base) R-30 $3.19 $1.26 2.5 $4.08 $1.26 3.2 

R-35 $4.10 $1.89 2.2 $5.30 $1.89 2.8 
R-40 M.76 $2.52 1.9 $5.50 $2.52 2.2 

(R- 10 base) R-20 $0.91 $1.26 0.7 $1.66 $1.26 1.3 
R-2 5 $1.10 $1.89 0.6 $2.03 $1.89 1.1 
R-30 $1.22 $2.52 0.5 $2.29 $2.52 0.9 
R-35 $1.31 $3.15 0.4 $2.49 $3.15 0.8 
R-40 $1.37 $3.78 0.4 $2.36 $3.78 0.6 
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Evaporator Measures 

The energy cost savings and incremental measure costs for VSDs applied to evaporator fan motors are shown in 
Table 14. Costs for VSDs applied to evaporator fan motors were obtained fiom the Evaporator Fan VFD Market 
Transformation Initiative conducted by the Northwest Energy Efficiency ~lliance.' 

Evaporator Fan VFD Market Transformation Initiative Market Progress Evaluation Report No. 3. Prepared for the 
Northwest Energy Efficiency Alliances by Pacific Energy Associates and MetaResearch Group. 
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