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Design for a Renewable Energy System
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Minnie Howard School, Alexandria

SUSTAINABILITY STUDY: HVAC

HEAT PUMP

SOURCE: AIR
COP: 2.5 – 3.0

SOURCE: GROUND WATER
COP: 3.0 – 5.0
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Lower First Cost – Less Efficient

Higher First Cost – Good Efficiency
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Minnie Howard School, Alexandria

SUSTAINABILITY STUDY: HVAC

SOURCE: EARTH-COUPLED
COP: 4.0 – 7.0

HEAT PUMP
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Recommended Solution

Highest First Cost – Better Efficiency
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SUSTAINABILITY STUDY: HVAC

SOLAR COLLECTOR PANEL

FLAT-PLATE COLLECTOR
- Residential and Commercial

- Temperature below 200°F

- Box is vented to breath and evaporate condensate

EVACUATED-TUBE COLLECTOR
- Temperature higher than 200°F

- Tubes must remain in vacuum or lose efficiency

DIRECT SOLAR ENERGY

LEED EB
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Minnie Howard School, Alexandria

HEAT PUMP -

GROUND SOURCE

SOLAR 

COLLECTOR 

PANELS

VENTILATION

AIR HEATING

DHW

RECOMMENDED SOLUTION: GEO-SOLAR SYSTEM

ROOM HEATING & COOLING
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SOLAR COLLECTOR PANELS

GEOTHERMAL FIELD

RECOMMENDED SOLUTION: GEO- SOLAR SYSTEM
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Smart Soutions SOLAR COLLECTOR PANELS

- 42 Collector Panels

- 1,600 sqft Collector Area
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Energy Flow Diagram

APPROVED SOLUTION: GEO-SOLAR SYSTEM

SOLAR COLLECTOR PANELS
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Smart Soutions SOLAR COLLECTOR PANELS

- 42 Collector Panels

- 1,600 sq. ft. Collector Area

GEOTHERMAL FIELD

- 65 Wells

- 310 ft. deep
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Minnie Howard School, Alexandria

GEOTHERMAL FIELD

- 65 Wells

- 310 ft. deep

RECOMMENDED SOLUTION: GEO-SOLAR SYSTEM

RAUGEOTM; DOUBLE U-BEND
- Cost:  Fewer boreholes

- Redundancy:  If one UBEND is compromised, the entire borehole is not lost

- Performance:  Reduces borehole thermal resistivity

- Reliability:  No fused joints in the borehole field
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Minnie Howard School, Alexandria

GEOTHERMAL FIELD

- 65 Wells

- 310 ft deep

RECOMMENDED SOLUTION: GEO-SOLAR SYSTEM

PIPE PEX-a

- PEX-a pipe has superior material 

properties vs. HDPE

- resistance to crack growth

- high impact load / notch resistance
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Minnie Howard School, Alexandria

RECOMMENDED SOLUTION: GEO-SOLAR SYSTEM
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 Constant temperature of the 

earth provides heating or 

cooling

 In summer, heat is 

rejected into the ground

 In winter, heat is extracted 

from the earth

Indoor Air Handling Units

Branch Circuit 

Controller

Outdoor 

Heat 

Pump 

Unit

Geothermal 
Well Field

Variable 
Refrigerant Flow 

Heat Pump System

VRF Heat Pump System with Geothermal
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BASE CASE HEATING ENERGY FLOW DIAGRAM (58.83 KBTU/SF YEAR) 1

2
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GEO-SOLAR HEATING ENERGY FLOW DIAGRAM (44.14 KBTU/SF YEAR) 1

2
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Existing:
Brambleton Fire Station (34 tons)
Lucketts Community Center (36.5 tons)
Bluemont Community Center (28 tons)
Fire Station #26 (20 tons)
Transportation Maintenance Operations 
Facility (16 tons)
Youth Shelter (29.5 tons)

In Construction:
Ashburn Safety Center
Kirkpatrick Fire Station

In Design:
Jr Detention Center
Lucketts Fire Station
Sterling Community Center
Sterling Rec Center
Lovettsville Community Center

GEOTHERMAL PROJECTS IN LOUDOUN COUNTY
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COMPARISON:  4-PIPE vs GEO-SOLAR SYSTEM (66,000 SF)

Energy Flow LEED EB

Building Heating and 

Cooling Systems

INPUT (MBTU)

HVAC SYSTEM GAS ELECTRICITY

CONVENTIONAL (4-Pipe) 2,343 774.8

GEO-SOLAR – HEAT PUMPS 316 462.8

SAVINGS 2,027 312

INPUT ($)

GAS ELECTRICITY

$23,907 $18,735

$4,266 $11,190

$19,641 (82%) $7,545 (40%)

Note: Table shows energy use of HVAC system only. It does not include packaged rooftop HVAC

units. Does not include Lights Computers & Plug loads or House Systems Energy Usage
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SUMMARY

Energy Flow

GEO-SOLAR GROUND-SOURCE HEAT PUMP SYSTEM 

- Energy Savings is ~54,600 Mbtu (or 16 Million kWh) over 20 years

- Simple Payback~5 years.

- Discounted Payback ~12 years.

- Lifetime From Well Field is 50+ years

- Energy Cost Savings of ~640,000 over 20 years (in PV 2008 Dollars) 

- Life cycle COST SAVING ~$406,000 over 20 years (in PV 2008 Dollars)

- Reduction of Greenhouse Gases 124,800 kg CO2, 415 kg SO2, and 245 kg Nox per year
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B2E Consulting in Leesburg, VA

THANK YOU FOR LISTENING
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