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Climate Sensitive Approach 

• Highly Shaded Envelope 

• Direct/Indirect Evaporative Cooling 

• Heat Recovery Wheels 

• Radiant Heating/Cooling 

• Horizontal Geothermal 

• Air Source Heat Pump 

• Heat Recovery Chillers 



Design Charrette 
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Air Source Plus Ground Field 

Air Source Heat Pump 

Full Size Horizontal  

Ground Field 

Hybrid Design 

• ¼ Ground field size 

• ~$600k savings 

• Less than 5% increase 

energy consumption 

VS.   

Conventional 

Geo-Exchange 
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4-Pipe Distributed Heating and Cooling Network 
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14 Optimized Modes of Operation 
1A) TES tank charging with cold using the Cooling Tower and Chiller(s) only. 

1B) TES tank charging with cold using the Geofield and Cooling Tower with Chillers. 

2A) Free cooling using the Geofield and Cooling Tower directly. 

2B) Free cooling using Geofield and Cooling Tower augmented with discharge from the TES. 

2C) Free cooling with Cooling Tower only. 

2D) Free Cooling with Cooling Tower augmented with discharge from the TES. 

2E) Cooling with the Chiller(s) using Geofield and Cooling Tower to cool condenser water. 

2F) Cooling with the Chiller(s) using the Cooling Tower to cool condenser water. 

3A) TES tank charging hot using Chiller and Geofield only 

3B) TES tank charging hot using Chiller, Geofield, and Air Source Heat Pump 

4A) Heating dominant with Chiller and Geofield only 

4B) Heating dominant with Chiller, Geofield, and Air Source Heat Pump 

4C) Heating dominant with Chiler, Geofield, and TES discharging 

4D) Heating dominant with Chiller, Geofield, TES discharging, and Air Source Heat Pump 



Hybrid System: (1B) TES tank charging with cold using the Geofield and 
Cooling Tower with Chillers. 
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Hybrid System: (2B) Free cooling using Geofield and Cooling Tower 
augmented with discharge from the TES. 
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Hybrid System: (3B) TES tank charging hot using Chiller, Geofield, and 
Air Source Heat Pump 
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Hybrid System: (4D) Heating dominant with Chiller, Geofield, TES 
discharging, and Air Source Heat Pump 

Air Source 

Heat Pump 

Cooling Towers 

Cooling Loads 

Heating Loads 

Chillers 

Horizontal  

Geofield 

Thermal Storage 



Single Axis Tracking:1.6 MW drops to 1.1 MW 
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Efficient Building and Efficient HVAC Plant 

• 1.1 MW Single Axis Tracking Array 

• 2,014,000 kWh per annum 

• 2/3 the Energy Requirement of 

Concept 

• 0.5 MW less PV due to Single Axis 

Tracking 

• PV Differential of $6M from Concept 

Net Zero Campus Design 



Energy Use Intensity (EUI) Targets 

• Benchmark Data 
Prior to Workshop 

• Estimate 
Reductions During 
Workshop 

• Validate and Reset 
Targets During 
Schematics 

Eco-

Charrette 

Benchmarks 



19 

Demand Side Reduction 

VOIP Phones 

2 Watts 

Standard Phones 

24 Watts 

18” LCD Energy 

Efficient Monitors 

12 Watts 

Typical 19”-24” 

Monitors  

30-50 Watts 

Workstation Load – 55 Watts 

Laptop, Docking Station, 2 

Monitors 

Desk Fans 

Low 9 Watts 

High 14 Watts 

Multi-Function Devices 

160 Watts (Continuous) 

Removing desktop printer  

Save ~ 460 Watts/printer 

Ceiling Fans 56 Watts 

Typical Ceiling Fans 180 

Watts 

LED Task Lights 6 Watts 

Fluorescent Task Lights 

35 Watts 

Laptop 30 Watts 

Desktop Computer 

(Energy Star) 300 Watts 

UPS – High Efficiency 

No Space Heater – Saves 

1500 Watts 

42% 

29% 

14% 

5% 
3% 3% 

2% 2% 
0% 

Annual Energy Distribution Breakdown 

42%: Plug Loads

29%: Lights

14%: Fans

5%: HPs/Chillers

3%: Pumps

3%: Car Wash

2%: DHW

2%: Transformers

0%: Cooling Towers



Project Successes 

 Net Zero at market cost 

 Highly efficient hybrid blend of renewable solutions 

 Effective trade-off between competing technologies 

 Very comfortable environment even in extreme 
conditions 

 Ultra low Office EUI 16.9 kBTU/sf 

 Net Zero renewable energy bundled into first cost 

 

 



Design Challenges 

 Competitive Procurement Necessary to Allow 
Innovative Designs to Compete against Conventional 

 Turn-down on chillers was limited 

 Thermal storage costly $4.5/gallon 

 Control sequences complex 

 PV/Thermal tied to Solar Desiccant AHU 

 

 



 

 

Thank You! 

Thank You! 

Jim Bererton, P.Eng. 

jbererton@integralgroup.com 
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