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Calibration - Typical Day Conditioning
Our modeled energy and gas usage is within 10% of the actual usage data. 

Typical Winter Day Typical Summer Day

Summer loads are 
driven by solar gains

Winter loads are driven by 
temperature difference
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Calibration
Our modeled energy and gas usage is within 10% of the provided usage data on an annual basis. 
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Summary of HVAC System Cases
HVAC system cases are outlined here. Each system is numbered and has O symbols that mark which descriptors are 
relevant in the given case. 

HVAC CasesCharacteristics

1 2 3 4 5 6 7 8 9

All Electric O O O O O O O O

Cooling System Addition O O O O O O O O

DX/Electric Ventilation (DOAS/AHUs) O O O O O O O O

Roof Insulation O O O O O O O

Windows + Air Sealing O O O O O O O

Lighting O O O O O O

Matching Ventilation (DOAS/AHUs) O O O O O

Geothermal Heat Exchange O O O

Water Source O O O

Air Source O O

Heat Pump O O

VRF O O O

R20 Walls O



Summary of HVAC System Cases
Adding DOAS to the calibrated model causes a significant increase in utility bills, EUI, and GHG emissions, however, 
envelope upgrades and an updated HVAC system improves the performance. 

Envelope upgrades represent half of the 
project’s overall decrease in EUI, utility bills, 
and GHG emissions



Case Name Utility Cost

Annual 

kBtu

EUI 

(kBtu/sf)

GHG 

Emissions

Approx. 

Net Zero 

PV Array 

Size (kW)

Case 3 Cost 

% Savings

179D % 

Cost 

Savings

179D % 

Energy 

Savings

179 D 

Incentive

ComEd 

Incentive

1 Calibrated (Gas + Electric) $ 22,585 4,326,435 79 284 1060 - - - - -

2 Calibrated Cooling + DOAS $ 139,376 5,207,750 95 686 1270 - - - - -

3 Roof + Window Upgrades $ 61,241 2,288,264 42 301 560 35% n/a n/a n/a n/a

4 Lighting $ 58,888 2,200,333 40 290 540 38% n/a n/a n/a n/a

5 ASHP + DOAS $ 48,115 1,797,810 33 237 440 49% 68% 68% $ 103,009 n/a

6 AS-VRF + DOAS $ 44,696 1,670,050 30 220 410 53% 71% 71% $ 103,009 n/a

7 WSHP + Geo + DOAS $ 32,669 1,220,652 22 161 300 65% 78% 78% $ 103,009 $ 11,101

8 WSVRF + Geo + DOAS $ 36,822 1,375,856 25 181 340 61% 76% 76% $ 103,009 $ 6,948

9 WSVRF + Geo + DOAS + Walls $ 28,025 1,047,160 19 138 260 70% 82% 82% $ 103,009 $ 15,745

Ventilation Efficiency
Using heat pumps for ventilation air supply makes a dramatic difference 
for efficiency, incentives, + on-site solar net zero

Wall insulation makes a big difference once 
all other envelope components are improved



Incentives Summary
ComEd Incentives reference a gas baseline. Savings 
offset occurs once the highest performance cases are 
achieved, so savings isn’t substantial comparatively.

The 179D Tax Incentive is only applicable once a 
building is brought up to code via ventilation rates, so 
the envelope improvements alone won’t get this 
project there. A public private partnership (PPP) will 
be required to realize tax incentives. 

Not Eligible For Funding
179D Tax Incentive Eligible
ComEd Grant Eligible 

HVAC Cases and Funding Eligibility



179D Commercial Buildings Energy Efficiency Tax Deduction
• IRA reduces necessary improvement from 

50% to 25% over existing baseline

• Buildings must fully qualify - removed partial 
certifications for lighting, HVAC, envelope 

• Projects can take the 179D deduction every 3 
years as long as a system upgrade is taking 
place 

• All tax exempt entities are now eligible 

• This Tax incentive is now permanent and it 
adjusts for inflation annually 

Improvement 
over ASHRAE 
90.1 Baseline

Deduction 
Available per SF*

25% $3.00
30% $3.60
35% $4.20
40% $4.80
50% $5.00

*Prevailing wage requirements must be met 

Criteria Existing With IRA Updates

Compliance 
Path

Fully Qualifying, 
Partial Qualifying, 

Interim Lighting Rule
Any Property

Savings 
Requirement

50% 25%

Tax Deduction 
per square foot

$0.63-1.88 $3.00-5.00



Inflation Reduction Act
Why is it important?

• Estimated to reduce US greenhouse gas emissions 
by 40% by 2030

What does it do?

• Increases 179D Tax Deduction - $1.80/sf → 
$3.00-5.00/sf, enables existing buildings to 
reference the current building as a baseline for 
improvements 

• Clean Energy Investment Tax Credit - up to 30% 
of costs of clean energy property investments ie. 
solar, geothermal, dual heating and cooling 
systems, energy storage, microgrid controllers, 
dynamic glass 

o Credit is directly paid to government entities
• EV Charging Credit - credit of 30% of expenses up 

to $100,000 for EV charging system installation  Image Credit: The 
Diamondback

Image Credit: Infinity 
Energy



ComEd Incentives
Savings refer to the reduction in annual utility cost compared 
to a code referenced baseline.  Incentives awarded at 
$0.07/kWh + 0.35/therm saved

● ASHRAE 90.1 2019 AppG mechanical systems. 

● IECC 2018 Lighting design.

● Incentives take into account existing envelope conditions

● Incentives are paid based on gas + electric savings

● Baseline system uses both gas + electric.

**Only highest performing systems 
cases achieve incentives**



Life Cycle Cost Analysis
Heat pumps tend to have lower net present value costs than VRF systems. Adding geothermal brings the EUI 
down significantly but adds a significant cost. 



Appendix: Life Cycle Cost Analysis
3. Attic roof upgraded to R=30 insulation 



Appendix: Life Cycle Cost Analysis
3. New generation double pane windows; U=0.35; SHGC =0.35.  New doors. Reduced infiltration



Appendix: Life Cycle Cost Analysis
4. All remaining spaces upgraded to LED lighting - 44,963 sf (Assumed 30% better than the 2018 IECC W/SF lighting 
requirement)



Appendix: Life Cycle Cost Analysis
5. Air source heat pump terminal units, DOAS + AHUs with energy recovery wheel + backup electric boiler. (Heat COP=3.25; 
Cooling COP =4)



Appendix: Life Cycle Cost Analysis
6. Air source VRF terminal units, DOAS + AHUs with energy recovery wheel + electric resistance boiler backup. (Heating 
COP= 3.5 Cooling COP = 4.5 )



Appendix: Life Cycle Cost Analysis
7. Water source heat pump terminal units, DOAS + AHUs with energy recovery wheel + geo loop with electric resistance 
boiler backup (Heating COP= 3.8; Cooling COP = 6.8 )



Appendix: Life Cycle Cost Analysis
8. Water source VRF terminal units, DOAS + AHUs with energy recovery wheel + geo loop with electric resistance boiler 
backup (Heating COP= 4; Cooling COP = 7.5 )



Appendix: Life Cycle Cost Analysis
9. R-20 Wall Insulation
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Assumptions
Estimated Costs are based on quotes we’ve recently 
received.

Solar Array Layouts follow these guidelines. 

• Parking - 5 tilt South, 6” spacing between rows, 
16’ above the ground

• Roof - 29 tilt for Roof A, 25 tilt for Roof B, 33 tilt 
for Roof C

o 3’ setback for typical panels, 0’ offset for 
SunStyle shingles

Estimated Energy Consumption is based on our 
Preliminary PV study using the water source heat 
pump with a geothermal loop (HVAC Case 6). 

Estimated Energy Consumption 410
(MWh/year)

Image Credit: 
Curbed Chicago Image Credit: SunStyle

$/kW 
Installed

Parking $4,300
Roof $2,600

https://www.sunstyle.com/portfolio/terracotta-solar-tiles-on-an-18th-century-house-in-france/


Summary of Array Options

A, BD, E

B

C

Size 
(kW)

Annual Carbon 
Offset (Metric 

Tons CO2/year)

Annual Energy 
Production 
(MWh/year)

Estimated 
Cost

Energy 
Usage Offset

A
On-Site Parking 
(Optimized) 185 0 190 $796,000 47%

B
On-Site Parking 
(Max Out) 232 0 266 $998,000 66%

C Lot 67 Parking 128 0 156 $551,000 39%
D Lot 11 Parking 95 0 115 $409,000 29%
E Roof 71 0 71 $184,000 18%
F Roof (Sun Style) 153 0 169 $398,000 42%



On-Site Parking Array
A: On-Site Parking 
(Optimized)

Image Credit: 
Curbed Chicago

47% energy 
consumption offset

Size 
(kW)

Annual Carbon 
Offset (Metric 

Tons CO2/year)

Annual Energy 
Production 
(MWh/year)

Estimated 
Cost

Energy 
Usage Offset

A
On-Site Parking 
(Optimized) 185 0 190 $796,000 47%

B
On-Site Parking 
(Max Out) 232 0 266 $998,000 66%

*Note that the estimated price reflects the cost of the array and not the cost associated with 
running conduit to the project site. 

B: On-Site Parking 
(Max-Out)

66% energy 
consumption offset



Offsite Parking Arrays
C: Lot 67 Parking

67% energy 
consumption offset

Image Credit: 
Curbed Chicago

*Note that the estimated price reflects the cost of the array and not the cost associated with 
running conduit to the project site. 

Size 
(kW)

Annual Carbon 
Offset (Metric 

Tons CO2/year)

Annual Energy 
Production 
(MWh/year)

Estimated 
Cost

Energy 
Usage Offset

C Lot 67 Parking 128 0 156 $551,000 39%
D Lot 11 Parking 95 0 115 $409,000 29%

D Lot 11 Parking



Roof Array Options

E: Roof

F: Roof (Sunstyle)

18% energy 
consumption 

offset

42% energy 
consumption 

offset

Image Credit: SunStyle

Size 
(kW)

Annual Carbon 
Offset (Metric 

Tons CO2/year)

Annual Energy 
Production 
(MWh/year)

Estimated 
Cost

Energy 
Usage Offset

E Roof 71 0 71 $184,000 18%
F Roof (Sun Style) 153 0 169 $398,000 42%

*Note that the estimated price reflects the cost of the array and not the cost 
associated with running conduit to the project site. 

***This estimate is reflective of the $/installed kW for typical roof systems. The 
SunStyle system may have a significant (2-3x) premium. 

https://www.sunstyle.com/portfolio/terracotta-solar-tiles-on-an-18th-century-house-in-france/


Generation Combinations vs. HVAC Case
Opting for a higher performing HVAC system has a direct correlation with the downsizing of a solar array. Among 
the four HVAC cases that were tested out, generation production to meet net zero ranges from 300-530 MWh/year. 

HVAC case 5 requires a 480 kW array to reach net zero

HVAC case 9 requires a 280 kW 
array to reach net zero

Size 
(kW)

Annual Carbon 
Offset (Metric 

Tons 
CO2/year)

Annual Energy 
Production 
(MWh/year)

Estimated 
Cost

Solar Combination Minimum

A
On-Site Parking 
(Optimized) 185 26 190 $796,000

D Lot 11 Parking 95 16 115 $409,000

Total 280 42 305 $1,205,000

Solar Combination Max Out

A
On-Site Parking 
(Optimized) 185 26 190 $796,000

C Lot 67 Parking 128 22 156 $551,000
D Lot 11 Parking 95 16 115 $409,000
E Roof 71 10 71 $184,000

Total 479 74 532 $1,940,000



Grid Emissions
The Illinois grid mix is primarily made 
up of nuclear, coal, gas, and wind.



Carbon Emissions vs. HVAC Case 6
Illinois’s utility grid is more dependent on non-renewables both in winter and at night. Modeled energy usage 
decreases slightly in the summer due to more available daylight and reduced buildings loads compared to winter. 

Utility Grid Carbon Emissions Factor Modeled Energy Usage

Energy Usage (kWh)

               0          55            110

Carbon Emissions (kg/hr)

               -20          0             40
        Net Positive!

Winter evening emissions 
are high because coal is 
the main source of energy. 

Summer peak production is 
produced with renewable energy. 



Carbon Emissions vs. HVAC Case 6

Peak carbon emissions are 
equivalent to the weight of a 

baby calf. 

On-site PV production from a net zero array size (~390 kW) will reduce carbon emissions from the grid by 60% 
annually. This offset rate can be scaled based on array size. 

Modeled Carbon Emissions Modeled Emissions + Solar Offset

Carbon Emissions (kg/hr)

           -20          0           40
     Net Positive!


