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▪ Policy Drivers

▪ Understanding Your Regional 
Electrical Grid

▪ Cold Climate Design Strategies

▪ What to do with Existing Buildings

▪ Resources 



Source: Building Decarb Coalition
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Source: City of Chicago



Source: Deloitte Source: US Environmental Protection Agency









Source: Wattime



Source: NREL Cambium
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Hourly Elec Marginal CO2e/MWh
(Nat Gas Emissions/Efficiency) 



Hourly Elec Marginal CO2e/MWh
(Nat Gas Emissions/Efficiency) 



Climate Zone

Type of Equipment

Load Profile

Distribution 
Temperatures

Grid Emissions Profile



Heat Pump Rooftop Package Units

VRF

Considerations & Strategies:
• Integrated HRV/ERV
• Select for Correct OAT
• Minimize Electric Resistance 

Heating



Heat Pump AHU’s, ASHP-HR

VRF

Considerations & Strategies:
• Consider Heat Recovery Heat 

Pump Integrated with AHU & 
Reheat Loop

• Integrated HRV/ERV



6, 4 and 2-pipe ASHP’s

Heat Recovery Chillers

Considerations & Strategies:
• Maximize Heat Recovery
• Consider adding Thermal Energy 

Storage to increase Heat Recovery 
Potential

• Consider adding TES for shifting 
heating load into daytime hours

• Footprint will be challenging
• Consider Augmenting with 

Ground-Source Heat Exchange
• Can be challenging to maintain 

consistent Delta T
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Electrification 
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DATA Collection

ASHRAE L2 Audit (Decarb Focus)

ASHRAE L3 Audit (Decarb Focus)

Retro Cx
Data-based Cx (Is it really working?)

Cold Weather HHWS Temp Stress Test 
(Hydronic Hot Water)

Activate Heat Recovery 
& Load Shifting

High Efficiency 
Equipment Selection

Understand Load Reduction Efficiency Boost



▪ Comparison of a 
single Patient Zone 
in July 2020

▪ Aggregating data 
from 5 minute
intervals to hourly 
smooths Load 

Load (Btuh)

Net Hourly 
Load (Btuh)

Heating and Cooling Loads (Btuh) at 5 minute intervals

Net Hourly Load (Btuh)



• Design around mild Supply Temp systems

• Do a cost analysis for adding TES to load 

shift for better time of day temperatures or 

cost

• COP can double for the same OAT

• Demand a High-Performance Enclosure

• Maximize heat recovery

• Optimize the Equipment

• Design for > 3 annual COP Average 

• (Typical cost parity with Fossil Gas)





179D Commercial 
Buildng Energy 
Tax Deduction

Modified 
Accelerated Cost 
Recovery System

Bonus 
Depreciation

Business Energy 
Investment Tax 
Credit

Renewable Energy 
Production Tax 
Credit

Rural Energy for 
America Program 
Grants

Basic Project 
Attributes

Project Type
New Construction

New Construction New Construction New Construction New Construction New Construction

Retrofits
Retrofits Retrofits Retrofits Retrofits Retrofits

Eligible Technology Energy Efficiency

Energy Efficiency Energy Efficiency Energy Efficiency

Renewables
Energy Efficiency

Renewables Renewables Renewables

Energy Storage Energy Storage Energy Storage Renewables

Eligibility Notes Envelope, HVAC, 
Hot Water, Lighting

Equipment or 
property must 
largely be used for 
commercial 
purposes

Recovery Period for 
depreciation must 
be less than 20 
years

Technology 
Dependent

As of 2022, only 
applicable to wind 
energy

Only available to 
Rural Businesses 
or Agricultural 
Producers
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▪ 100x 1-Bedroom
▪ 100x 2-Bedroom

▪ ASPE
▪ Peak: 1,433 gph for 3 hours
▪ Off-peak:  158 gph for 8 hours 



▪ 100x 1-Bedroom
▪ 100x 2-Bedroom

▪ ASPE
▪ Peak: 1,433 gph for 3 hours
▪ Off-peak:  158 gph for 8 hours 

2,750 Gallons of Storage 
(@ 140F)

4 Air-Source R-134a Heat Pumps 
4 x 70 A CB @ 480v
176 KVA
COP ~<2 @ 5F OAT
COP: 4.1 @ 40F OAT



▪ 100x 1-Bedroom
▪ 100x 2-Bedroom

▪ ASPE
▪ Peak: 1,433 gph for 3 hours
▪ Off-peak:  158 gph for 8 hours 

1,500 Gallons of Storage 
(@ 180F)

2 x C02 Heat (R744)
2x 125A CB at 480v
138KVA 
COP 2.2 at 5F OAT
COP 3 at 40 F OAT



▪ 100x 1-Bedroom
▪ 100x 2-Bedroom

▪ ASPE
▪ Peak: 1,433 gph for 3 hours
▪ Off-peak:  158 gph for 8 hours 

2,750 Gallons of Storage 
(@ 140F) + ~2,250 Gal
Waste Storage Below 
Grade

2 x Waste Heat Recovery Heat 
Pump (R-513a)
2x 110A CB @ 480v
88 kVA
COP 4.1





Preemptive Power Safety Shutoffs
• Operational Impact during 

outage
• Scheduling Impacts, uncertainty 

of power restoration

Outage Scheduling 
Impact



16-45% Cost
Driven by 
Demand 
Charge





99%

1% • Emergency Resilience
• Operational 

Stability
• Scheduling 

Stability
• Regional Resource

• Cost Effective
• Daily Price Arbitrage
• Cost effective if you 

pay > $0.10/kWh
• Green PR & 

Marketable
• Reducing GHG for 

your community
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Outage Duration
0 - 5 Days
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Outage Duration
0 - 12 Days
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Resilience PV Battery
Initial Capital 

Modeled
Simple 

Payback

Levelized 
Cost of 
Energy

Internal Rate 
of Return Cont PV Cost

Cont Battery 
Cost Cont Total Delta

Days KWdc kWh $ years % $ $ $
0 205 0 $        443,636 12 $    0.0934 % $        443,620 $                   - $443,620 $               16 
1 205 59 $        517,204 12.3 $    0.1240 6.8% $        443,620 $          91,450 $535,070 $    (17,866)
2 352 195 $    1,010,000 17 $    0.1050 3.6% $        754,688 $        242,580 $997,268 $       12,732 
3 311 197 $        933,146 20 $    0.1270 2.5% $        700,061 $        245,068 $945,129 $    (11,983)
4 393 216 $    1,130,000 14 $    0.0990 3.9% $        841,806 $        263,952 $1,105,758 $       24,242 
5 414 316 $    1,300,000 23 $    0.1230 1.3% $        872,712 $        375,724 $1,248,436 $       51,564 

Updated 
Model

Summary:  

The following options give you the lowest Levelized cost of energy; 
beating your $0.11/kWh current cost

• O – Day Resilience, Net Zero Energy ($0.0934/kWh)
• 2 – Day Resilience, Net Positive Energy ($0.105/kWh)
• 4 – Day Resilience, Net Positive Energy ($0.0990/kWh)

All systems are compared against a 130kw Generator ($135,000). 


