


We have created a unique virtual 
presentation best viewed in 

“Side by Side: Speaker”

Please follow the directions in this video 
to ensure the optimal viewing 
experience. Thank you.
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Produces 800 kW; 50% 

of the school’s 

electricity needs

25

Chilled Beam system
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Graphics from Price Industries

TRADITIONAL MIXING 
VENTILATION

DISPLACEMENT 
CHILLED BEAM CABINETS

✓ LOWER NOISE LEVELS
✓ LOWER MAINTENANCE
✓ HIGHER INDOOR AIR QUALITY
✓ IMPROVED THERMAL COMFORT
✓ MORE EFFICIENT
✓ LOWER OPERATING COSTSBA
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kW 
ELECTRICITY TARGET 
PROVIDED BY ROOFTOP 
SOLAR PV ARRAY

ENERGY USE 
REDUCTION BEYOND 
CODE BASELINE

TARGET SITE 
ENERGY USE 
INTENSITY (EUI) 

Kbtu
/SF
/yr

R VALUES OF 
SUPER-INSULATED 
WALLS/ROOF
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TS 66% | OF RESPONDENTS 
BELIEVE RENEWABLE 
ENERGY IS A TOP 
PRIORITY

100+ |
RESPONDENTS 
INCLUDING  STAFF, 
STUDENTS, PARENTS, 
NEIGHBORS & CITY AND 
COMMUNITY 
REPRESENTATIVES

72  |
RESPONDENTS 
PRIORITIZE A 
HEALTHY LEARNING 
ENVIRONMENT FOR 
STUDENTS AND STAFF
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EQUITABLE AND UNIVERSAL ACCESS

BUILDING AS A TEACHING TOOL  

HEALTHY LEARNING ENVIRONMENT 

PEDESTRIAN AND CYCLIST FRIENDLY  

HEAT ISLAND REDUCTION  

BIODIVERSITY  

RAINWATER MANAGEMENT  

EFFICIENT WATER USE  

EMERGENCY RESILIENCE

COVID-19 / INDOOR AIR QUALITY  

HEALTHY MATERIALS  

RENEWABLE ENERGY  

EMBODIED CARBON REDUCTION 

NET ZERO ENERGY / NET ZERO READY  

OPERATIONS AND MAINTENANCE  

NUMBER OF RESPONSES

ENERGY

HEALTHY 
LEARNING 
ENVIRONMENT

SITE ACCESS & 
SUSTAINABILITY

BUILDING AS A 
TEACHING TOOL

1

DISCUSSION TOPIC 
CATEGORIES:

2

3

4
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1. SUSTAINABILITY OF MAINTENANCE

(MINIMIZE STAFFING / FUNDING RESOURCES REQUIRED)

2.  INITIAL & LONG-TERM COSTS 
(CONSTRUCTION / UTILITY COSTS)

3. APPROPRIATE SYSTEM FOR A 
LEARNING ENVIRONMENT
(INDOOR AIR QUALITY AND NOISE REDUCTION CONSIDERATIONS)

4. EMERGENCY RESILIENCE
(REDUNDANT FUEL SOURCES / FUNCTION AS A WARMING SHELTER)



Keith Dennis in The Electricity Journal http://dx.doi.org/10.1016/j.tej.2015.09.019

CARBON INTENSITY OF US ELECTRICAL GENERATION
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http://dx.doi.org/10.1016/j.tej.2015.09.019


ALL ELECTRIC BUILDINGS REDUCE CO2 OVER TIME
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Keith Dennis in The Electricity Journal http://dx.doi.org/10.1016/j.tej.2015.09.019

http://dx.doi.org/10.1016/j.tej.2015.09.019
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"As Designed" Hybrid

Redesign to 
Reduce Gas 

Load

Full Electric-No 
Fossil Fuels

Full Electric-No 
Fossil Fuels

DESIGN 
DEVELOPMENT

FUTURE 
CONVERSION

REDESIGN
ELECTRIC 
BOILERS

ALL VRF

Expected Service Life (n) - HVAC 20.0 20.0 20 20 15

Initial Costs

Install Cost HVAC ($) 3 $ 21,012,747 $ 21,223,676 $ 21,645,534 $ 21,434,605 $ 20,590,889

Additional Costs Electrical ($) $ 0 $ 0 $ 1,500,000 $ 2,500,000 $ 2,500,000

Total Initial Costs ($) $ 21,012,747 $ 21,223,676 $ 23,145,534 $ 23,934,605 $ 23,090,889

Operating 
Costs

Annual Maintenance Costs ($) $97,027 $ 97,027 $ 118,120 $ 97,027 $ 139,213

Natural Gas Cost ($) $49,054 $ 46,110 $ 12,263 $ 0 $ 0

Electricity Cost ($) $513,451 $ 519,408 $ 602,811 $ 662,925 $ 619,253

Total Annual 
Operating Cost ($)

$659,532 $ 662,546 $ 733,194 $ 759,953 $ 758,466

TEAC 
Calcs

Annual Operating Cost ($) $ 659,532 $ 662,546 $ 733,194 $ 759,953 $ 758,466

Amortized Cost - HVAC + Electrical $ 1,347,907 $ 1,361,438 $ 1,469,913 $ 1,510,658 $ 1,798,743

Total Equivalent Annual Cost ($) $ 2,007,439 $ 2,023,984 $ 2,203,107 $ 2,270,611 $ 2,557,209

TEAC (Incremental Cost/SF) $ 4.76 $ 4.80 $ 5.22 $ 5.38 $ 6.06

Electricity Consumption (kWh) 3,111,823 3,147,928 3,653,398 4,017,729 3,753,047

Gas Consumption (therms) 54,504 51,234 13,626 0 0

GHG Emissions (MTCO2e) -
Energy Star Carbon Factors

1031 1023 943 958 895

Site EUI (kBTU/SF) 38.0 37.5 32.7 32.4 30.2





"As Designed" Hybrid
Redesign to 
Reduce Gas 

Load

Full Electric-No 
Fossil Fuels

Full Electric-No 
Fossil Fuels
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ELECTRIC 
BOILERS

ALL VRF

Expected Service Life (n) - HVAC 20.0 20.0 20 20 15

Initial Costs

Install Cost HVAC ($) 3 $ 21,012,747 $ 21,223,676 $ 21,645,534 $ 21,434,605 $ 20,590,889

Additional Costs Electrical ($) $ 0 $ 0 $ 1,500,000 $ 2,500,000 $ 2,500,000

Total Initial Costs ($) $ 21,012,747 $ 21,223,676 $ 23,145,534 $ 23,934,605 $ 23,090,889

Operating 
Costs

Annual Maintenance Costs ($) $97,027 $ 97,027 $ 118,120 $ 97,027 $ 139,213

Natural Gas Cost ($) $49,054 $ 46,110 $ 12,263 $ 0 $ 0

Electricity Cost ($) $513,451 $ 519,408 $ 602,811 $ 662,925 $ 619,253

Total Annual 
Operating Cost ($)

$659,532 $ 662,546 $ 733,194 $ 759,953 $ 758,466

TEAC 
Calcs

Annual Operating Cost ($) $ 659,532 $ 662,546 $ 733,194 $ 759,953 $ 758,466

Amortized Cost - HVAC + Electrical $ 1,347,907 $ 1,361,438 $ 1,469,913 $ 1,510,658 $ 1,798,743

Total Equivalent Annual Cost ($) $ 2,007,439 $ 2,023,984 $ 2,203,107 $ 2,270,611 $ 2,557,209

TEAC (Incremental Cost/SF) $ 4.76 $ 4.80 $ 5.22 $ 5.38 $ 6.06

Electricity Consumption (kWh) 3,111,823 3,147,928 3,653,398 4,017,729 3,753,047

Gas Consumption (therms) 54,504 51,234 13,626 0 0

GHG Emissions (MTCO2e) -
Energy Star Carbon Factors

1031 1023 943 958 895

Site EUI (kBTU/SF) 38.0 37.5 32.7 32.4 30.2IN
IT

IA
L 

ST
UD

Y



"As Designed" Hybrid
Redesign to 
Reduce Gas 

Load

Full Electric-No 
Fossil Fuels

Full Electric-No 
Fossil Fuels

DESIGN 
DEVELOPMENT

FUTURE 
CONVERSION

REDESIGN
ELECTRIC 
BOILERS

ALL VRF

Expected Service Life (n) - HVAC 20.0 20.0 20 20 15

Initial Costs

Install Cost HVAC ($) 3 $ 21,012,747 $ 21,223,676 $ 21,645,534 $ 21,434,605 $ 20,590,889

Additional Costs Electrical ($) $ 0 $ 0 $ 1,500,000 $ 2,500,000 $ 2,500,000

Total Initial Costs ($) $ 21,012,747 $ 21,223,676 $ 23,145,534 $ 23,934,605 $ 23,090,889

Operating 
Costs

Annual Maintenance Costs ($) $97,027 $ 97,027 $ 118,120 $ 97,027 $ 139,213

Natural Gas Cost ($) $49,054 $ 46,110 $ 12,263 $ 0 $ 0

Electricity Cost ($) $513,451 $ 519,408 $ 602,811 $ 662,925 $ 619,253

Total Annual 
Operating Cost ($)

$659,532 $ 662,546 $ 733,194 $ 759,953 $ 758,466

TEAC 
Calcs

Annual Operating Cost ($) $ 659,532 $ 662,546 $ 733,194 $ 759,953 $ 758,466

Amortized Cost - HVAC + Electrical $ 1,347,907 $ 1,361,438 $ 1,469,913 $ 1,510,658 $ 1,798,743

Total Equivalent Annual Cost ($) $ 2,007,439 $ 2,023,984 $ 2,203,107 $ 2,270,611 $ 2,557,209

TEAC (Incremental Cost/SF) $ 4.76 $ 4.80 $ 5.22 $ 5.38 $ 6.06

Electricity Consumption (kWh) 3,111,823 3,147,928 3,653,398 4,017,729 3,753,047

Gas Consumption (therms) 54,504 51,234 13,626 0 0

GHG Emissions (MTCO2e) -
Energy Star Carbon Factors

1031 1023 943 958 895

Site EUI (kBTU/SF) 38.0 37.5 32.7 32.4 30.2IN
IT

IA
L 

ST
UD

Y



IN
IT

IA
L 

ST
UD

Y
"As Designed" Hybrid

Redesign to 
Reduce Gas 

Load

Full Electric-No 
Fossil Fuels

Full Electric-No 
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"As Designed" Hybrid

Redesign to 
Reduce Gas 

Load

Full Electric-No 
Fossil Fuels

Full Electric-No 
Fossil Fuels

DESIGN 
DEVELOPMENT

FUTURE 
CONVERSION

REDESIGN
ELECTRIC 
BOILERS

ALL VRF
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Operating 
Costs

Annual Maintenance Costs ($) $97,027 $ 97,027 $ 118,120 $ 97,027 $ 139,213
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"As Designed" Hybrid

Redesign to 
Reduce Gas 

Load

Full Electric-No 
Fossil Fuels

Full Electric-No 
Fossil Fuels

DESIGN 
DEVELOPMENT

FUTURE 
CONVERSION

REDESIGN
ELECTRIC 
BOILERS

ALL VRF

Total Initial Costs ($) $21 M $ 21.2 M $ 23.1 M $ 23.9 M $ 23.1 M

Total Annual 
Operating Cost ($)

$660,000 $ 663,000 $ 733,000 $ 760,000 $ 758,000

Total Equivalent Annual 
Cost ($)

$ 2,007,439 $ 2,023,984 $ 2,203,107 $ 2,270,611 $ 2,557,209

GHG Emissions (MTCO2e) -
Energy Star Carbon Factors

1031 1023 943 958 895

Site EUI (kBTU/SF) 38.0 37.5 32.7 32.4 30.2
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ELECTRIC HEAT RECOVERY CHILLER/HEATER 

 Generates both chilled water and hot 
water simultaneously

 Operation down to 0F outdoor with 
130F hot water as air to water heat 
pump and -20F as heat recovery 
chiller/heater

 Multiple 30-ton modules (est. 150-
ton+)
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ELECTRIC AIR SOURCE HEAT PUMP RTU’S

 Inverter Compressors

 ERV Wheel or Core

 Hot Water Back-up 
heat Option

 Uses electricity for 
heat instead of gas
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ELECTRIC VRF HEAT RECOVERY HEAT PUMP SYSTEM
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Slide Info. from Price Industries

DISPLACEMENT CHILLED BEAM CABINETS

✓ EASE OF MAINTENANCE
✓ FRESH AIR IN BREATHING ZONE
✓ SUPERIOR ACOUSTICS
✓ LESS DUCTWORK REQUIRED FOR LOW 

VELOCITY AIR
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CODE BASELINE
100% 

CONSTRUCTION 
DOCUMENTS

Natural Gas Cost ($)
$136,669 $ 39,127

Electricity Cost ($)
$600,455 $ 447,876

Total Annual 
Energy Cost ($) $737,124 $ 487,003

Electricity Consumption (kWh)
3,639,123 2,714,401

Gas Consumption (therms)
112,300 32,150

GHG Emissions (MTCO2e) 
Energy Star Carbon Factors 1,467 820

Site EUI (kBTU/SF)
53.9 28.8
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70%  REDUCTION 
IN PROJECTED FOSSIL FUEL USE

BASELINE SUSTAINABLE 
ENVELOPE / SYSTEMS
HEAT RECOVERY CHILLER
VRF HEAT PUMPS
AIR SOURCE HEAT PUMP RTU’S
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 EARLY DECISION MAKING IS CRITICAL
 NATURAL GAS /ELECTRICITY IN 
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 NATURAL GAS /ELECTRICITY IN 

ENERGY MODELS
 IMPACT OF CLIMATE ACT 
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 EARLY DECISION MAKING IS CRITICAL
 NATURAL GAS /ELECTRICITY IN 

ENERGY MODELS
 IMPACT OF CLIMATE ACT 

LEGISLATION
 EXTENDED COMMISSIONING 

SERVICES
 CAREER OPPORTUNITIES
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