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1.0 Introduction 

Figure 1: Interactions of actors in different Smart Grid domains through secure 
communication and electricity flows. 
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1.1. Role of the Demand Response Research Center 
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Figure 2: Discovery Process for Industrial Auto-DR Implementation 



1.2. Research in Industrial Sectors 

2.0 Current Research 
2.1. Wastewater Treatment 

 

 

 



Figure 3: Power consumption of a wastewater treatment facility over one week 





Figure 4: Energy end-uses for a sample of wastewater treatment plants  
in New York State 

2.1.1. Wastewater Treatment Facility Controls 



2.1.2. Automated Demand Response Strategies 



2.1.3. San Luis Rey-Oceanside Submetering Demonstration Project 



Figure 5: Locations of power meters at San Luis Rey Wastewater Treatment Plant 
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2.1.4. San Francisco-Southeast Submetering Project 
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2.1.5. Conclusions and Future Directions 



 

 

 

 

 

 



2.2. Refrigerated Warehouses 
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Figure 6: Energy performance of a refrigerated warehouse during a demand 
response event compared to baseline energy usage 



Figure 7: Energy performance of a refrigerated warehouse which achieved its 
demand reduction from loads other than cold storage 

 

 

 

 

 

 



 

 

 

2.2.1. Refrigerated Warehouse Case Studies 



Figure 8: Energy performance of Amy’s Kitchen on a DR event day compared to 
DBP baseline 
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Figure 9: Energy performance of U.S. Foodservice on a DR event day compared to 
DBP baseline 

2.2.2. 2009 CPP Analysis 



 

 

 

 

Table 1: Summary of load-sheds by 9 industrial refrigerated warehouse customers of PG&E 
during 2009 Critical Peak Pricing (CPP) season (1-May-2009 to 31-Oct-2009) 



 
 

 

2.2.3. Conclusions and Future Directions

 



 

 

 

 

 

 

2.3. Data Centers 
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Figure 10: Load pattern for a mixed-use data center facility summer 2007 
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2.4. Cement Manufacturing 



Figure 11: Electrical power used by Hanson Permanente weekdays during August 
2009 



Figure 12: Electrical power used by Hanson Permanente weekdays during 
September 2009 

2.5. Industrial Controls Survey 
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2.6. Ancillary Services 
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Table 2: CAISO Programs Suitable for Auto-DR 

Auto-DR Approved 
for CAISO use 

Existing CAISO 
products 

Response Time Duration 

Regulation Up 
Start <1 min. 

Reach bid  <10 min. 
15 - 60 min. 

Regulation 
Down 

Start <1 min. 
Reach bid  <10 min. 

15 - 60 min. 

Non-Spinning 
Reserves 

< 10 minutes 30 min. 

Future (?) 
Spinning 
Reserves 

~ Instant Start 
Full Output <10 min. 

30 min. 

Table 3: Industrial End Uses – Shed Availability and Controllability* 

 Shed Availability 
(% of Demand) 

Controllability 
(% of Demand able to receive and 

execute DR signals at targeted end use) 
Industrial Type Slow DR  

(2 Hour shed) 
Fast DR  

(20 minute 
shed) 

Current % Technical Potential 
% 

Refrigeration – Frozen 
Storage Refrigerated 

Warehouse 

25% 35% 40% 80% 



Refrigeration – Cold 
Storage Refrigerated 

Warehouse 

5% 35% 25% 50% 

Data Centers 15% 15% 75% 100% 

2.7. Other Research 

2.7.1. End-use submetering 

Figure 13: Power consumption of refrigeration loads at an agricultural processing 
and cold storage facility on a CPP event day, showing evidence of pre-cooling 
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2.7.2. Auto-DR Assessment Site Visits by LBNL and GEP 
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2.7.3. Smart Grid and Industrial Auto-DR 
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2.7.4. Auto-DR Installations 



Figure 14: Cumulative Auto-DR enabled shed potential of the industrial, 
commercial, and agricultural sectors in PG&E territory  

  



3.0 Areas for Future Research 



4.0 Conclusion 



5.0 References 





6.0 Glossary 



Appendix A. Prior Research 

 

 

 

 

Table A-1: Industrial sectors of interest 

NAICS top-25 electrical energy users Recommended short list 
• Converted Paper Product manufacturing 
• Fruit and Vegetable Preserving and 

Specialty Food Manufacturing 
• Basic chemical manufacturing, especially 

industrial gases 
• Dairy Product manufacturing 
• Aerospace Product and Parts 

Manufacturing 
• Other Fabricated Metal Product 

Manufacturing 
• Animal Slaughtering and Processing 
• Bakeries and Tortilla Manufacturing 
• Beverage Manufacturing 

• Cold storage 
• Data centers and test labs for high tech 

industries 
• Water/wastewater 
• Aerospace products 
• Beverages, including breweries and 

wineries 



 

 

 

 

 

 

 

 

 




