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» Highly Shaded Envelope .
* Direct/Indirect Evaporative Cooling E

 Heat Recovery Wheels

* Radiant Heating/Cooling

* Horizontal Geothermal
“s" Air Source Heat Pump 5

« Heat Recovery Chillers
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Air Source Plus Ground Field

Hybrid Design Conventional
Geo-Exchange

Air Source Heat Pump

. 1, Ground field size
« ~$600k savings
 Less than 5% increase Full Size Horizontal

energy consumption Ground Field
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4-Pipe Distributed Heating and Cooling Network
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Hybrid System

Spring

Time
Cooling

Air Source

Heat Pump Spring

Heating

Winter
Heating

Cooling
Heating

Horizontal ’
Geofield Chillers
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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
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Hybrid System: (1B) TES tank charging with cold using the Geofield and

Cooling Tower with Chillers.
Cooling Loads

Chillers

A (= = = = Heating Loads

- Air Source
Horizontal Heat Pump
Geofield
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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

Heating Loads Air Source
Heat Pump

Horizontal
Geofield
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Hybrid System: (4D) Heating dominant with Chiller, Geofield, TES

discharging, and-Air Source Heat Pump

Cooling Loads

Chillers

Air Source

ing L
Heating Loads Heat Pump

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

Net Zero Campus Design

« 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
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Energy Use Intensity (EUI) Targets

 Benchmark Data
Prior to Workshop

* Estimate
Reductions During
Workshop

 Validate and Reset
Targets During
Schematics
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CEBECS [Target E18 |Targot EUI [Tarpet
Area | ENM (kb /catt) Use
Name | Bullding Type __ |[5F) Ikbta/sf) [1%] vrl ebtusyr)
[other
|aFiated Exhibe Expo |Exhibn 5,680 933 75%| 246 212,286
Nstional Exhib® Dxpo |Lehibn 5,680 X 5% 248 212,260
|Arena Restrooms {Restrooms 950 20 7} asu| a1 2,982
Arens Show Service/Shop 3,660 78 & so%| s 303,873
Cove
Dot Mouse Warehouse 6,620 463 5% 116 76,

|Cove Dining Fast food 3,500 431 6) %] 1728 4::.::3
lAres Restroom 1 Restrooms 820 207 asw| 31 2,547
Ares Restroom 2 Restrooms 78 3071 85% 31 2423
Better Body, Sattr Lde Theater 4,000 983 %] 295 235,024
Consersation Lodgs Fahibsit 13,000 83 TN %5 126,248
Cove Outitters Retall 6,280 50| sswl a7 266,02
[Climtsng & Rapwiing Warshoute 1,210] 463 0% 139 36,8100
National Sout Museum Exhiba 30,000 923 S £34,284
Marnt Sadge Centar Activity 2,020 983 oom| oa 29,67%
[airit of Scouting Theater 17,376 983 asw|  seo 364,501
Eage's Flight Theates 23,869 83 am| 590 512,928
agie's Lodge Lodging 14,720 1043 x|  s13 234,504
Eagie's Lodge Classeoom/Conference 14,500 523 M| 263 344,363
[The Summa Lodge Restauraot 10,886 253 9] sow| 1345 1.463,862)
Lakmside Village Fast Food  [Fast Food 2,780 318 eon| 1728 652,554
[The Boy Scout Emporium | Retail 778 950, ssw| a7 330,718
[Area Restroom L Restrooms 1,110 20.7] R 3,228
[Aren Restroom 2 R 1,060 20.7] gsw| 31 3,202
sMalnablity Trerhouse Adtivity 6,845 *|3 80% 187 2,288
Warehouse 2,364 442 0% 3.5 231,054
Exhibit 22,880 LX) Jo%| 203 523 4924
1m: Food 4.860) 4318 som| 1726 743,855]
(Retall 32.2%| 25.0) ss%| a7 350,707
Exhibin u,oo_gi 983 70m| 203 314 :_s_ﬂ

|Lo¢¢n 11,760 104 3 70| M3 367,84
|Restaurant 5800 6% 50%| 1343 753 364
Restrooms 1,260 207} ask| 31 3 na

|Restrooms 1,269 10.7] [ ER] 3,51
Ofce 11,500 985 so%| 493 566,22
Activity 12,082 983 W5%| 344 435,473
[Skatebonrd/BMX/ Dke Activity 42,588 933 70%| 295 57.371

Shcoting Sports Lodge txhibt 50M 943 Jo%| 208 45,45
Exhibia 15,333 983 0% 25 451,905
Fast Food 6,380 431§ asu| 2374 1148 339
Ratall 5,400 5.0} so%|  s80 208,515
Restrooms 1,260 207 sos|  10¢ 13,045}
|Restrooms 1,260 307 asw| 31 3913
379,139 UJ""‘J

|*** Dutidings in Green Test are 1o hieet Ustng Bullting Challenge
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Annual Energy Distribution Breakdown

2% 2% ) m 42%: Plug Loads
39 3% 0% m 29%: Lights

5 \g 14%: Fans
14% ! ® 5%: HPs/Chillers

3%: Pumps
3%: Car Wash
VOIP Phones = 2%: DHW
2 Watts m 2%: Transformers
m 0%: Cooling Towers

UPS — High Efficiency

No Space Heater — Saves

18" LCD Energy 1500 Watts

Efficient Monitors <
12 Watts - Desk Fans

L_OW 9 Watts Laptop 30 Watts
High 14 Watts

Multi-Function Devices -~ J ~
160 Watts (Continuous) :
Workstation Load — 55 Watts =) LED Task Lights 6 Watts

Laptop, Docking Station, 2 e
Monitors —
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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
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Competitive Procurement Necessary to Allow
Innovative Desighs 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
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Thank You!
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