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Notice 
This report was prepared by M/E Engineering, P.C. in the course of performing work contracted for and 

sponsored by the New York State Energy Research and Development Authority (hereafter "NYSERDA"). 

The opinions expressed in this report do not necessarily reflect those of NYSERDA or the State of New 

York, and reference to any specific product, service, process, or method does not constitute an implied  

or expressed recommendation or endorsement of it. Further, NYSERDA, the State of New York, and M/E 

Engineering, P.C. make no warranties or representations, expressed or implied, as to fitness for particular 

purposed or merchantability of any product, apparatus, or service, or the usefulness, completeness, or 

accuracy or any processes, methods, or other information contained, described, disclosed, or referred to  

in this report. NYSERDA, the State of New York, and M/E Engineering, P.C. make no representation  

that the use of any product, apparatus, process, method, or other information will not infringe privately 

owned rights and will assume no liability for any loss, injury, or damage resulting from, or occurring  

in connection with, the use of information contained, described, disclosed, or referred to in this report. 

NYSERDA makes every effort to provide accurate information about copyright owners and related 

matters in the reports we publish. Contractors are responsible for determining and satisfying copyright  

or other use restrictions regarding the content of reports that they write, in compliance with NYSERDA's 

policies and federal law. If you are the copyright owner and believe a NYSERDA report has not properly 

attributed your work to you or has used it without permission, please email print@nyserda.ny.gov 

Information contained in this document, such as web page addresses, are current at the time  

of publication. 
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Abstract 
Syracuse University desires carbon neutrality by 2040, which requires an electrified heating solution.  

A community geothermal heat pump loop was explored for eight buildings on the south campus and 

compared against both the existing buildings and code-compliant individual heat pump systems. Each 

option was investigated for feasibility with a utility analysis, block load energy modeling, and life  

cycle cost analysis. Additionally, incentive opportunities, regulatory roadblocks, and complementary 

technologies were explored for a holistic evaluation of the proposed system. Ultimately, a community 

geothermal system as proposed would reduce the carbon emissions of the included buildings by an 

estimated 46 percent and provides a framework for the electrification of the campus heating systems. 

Keywords 
community heat pumps; district thermal network; ground source heat pumps; geothermal; 

decarbonization; electrification 
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Executive Summary 
Syracuse University, located in Syracuse, NY, has committed to carbon neutrality by 2040. To reach this 

goal, reduced carbon technologies such as geothermal heat pumps will be necessary in campus buildings. 

As a city campus, many buildings are in close proximity, which makes the school a good candidate for a 

community-style geothermal approach. 

M/E Engineering, P.C., through the New York State Energy Research and Development Authority 

(NYSERDA) Community Heat Pump Pilot Program, has evaluated a community geothermal system  

for eight buildings on the Syracuse University South Campus: 

• 623 Skytop Data Center 
• 621 Skytop Office Building 
• Tennity Ice Skating Pavilion 
• Goldstein Student Center 
• Skytop Office Building 
• Ski Lodge 
• 460 Winding Ridge Apartments 
• 480 Winding Ridge Apartments 

A high-level budget cost estimate, whole building block load-energy modeling, and a life-cycle  

cost analysis has been completed. Furthermore, additional renewable technologies that can be 

incorporated into the project have been reviewed, as well as potential incentive opportunities  

and regulatory roadblocks. The results of the analysis are summarized below:  

Table ES-1. Budget Cost Estimate for Syracuse University Heat Pump Study 

Options Summary 

Design Option Construction 
Cost 

Estimated 
Incentives 

Total First 
Cost 

Annual 
Maintenance 

Annual 
Energy 
Costs 

Total 
Annual 
Costs 

Annual 
Carbon 

(lb CO2e) 
25-Year  
NPV ($) 

Baseline System: 
Replace systems in 

kind 
$4,918,071 $0 $4,918,071 $72,218 $576,589 $648,807 4,258,576 ($17,310,608) 

Code-Compliant 
System: Individual 

building heat pumps 
$17,719,877 $789,601 $16,930,276 $57,679 $567,206 $624,885 2,445,722 ($30,466,790) 

Proposed System: 
Community heat 

pumps 
$17,628,502 $5,201,701 $12,426,801 $58,127 $536,322 $594,449 2,319,039 ($24,376,589) 
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1 Project Rationale 
Syracuse University is committed to sustainability, and in 2009, published their climate action plan  

with a commitment to obtain carbon neutrality by 2040. One component of their five-faceted approach  

is to attain energy efficiency through emerging technologies. Ground source heat pump (GSHP or 

geothermal) systems have been in use for some time, but technological advances and increased interest  

in carbon-efficient technologies has improved the feasibility and benefits of geothermal heat pump system 

installation. In particular, the improvement of water-to-water heat pumps has simplified the integration  

of geothermal systems into existing buildings, which often include chilled and hot water heating in the 

northern climate zones. 

Geothermal heat pumps provide carbon reduction in two ways: energy efficiency and electrification.  

First, heat pump technology is significantly more energy efficient than natural gas systems. Heat pumps 

utilize the refrigeration cycle with high-efficiency refrigerant and compressors to provide heating or 

cooling to water loops or directly to space supply air. Water (or ground) source heat pumps utilize a  

water loop to either cool or warm the compressor as required for the heat pump loads. Geothermal heat 

pump systems, in particular, provide enhanced energy efficiency by taking advantage of the constant 

moderate temperature of the earth to maintain the temperatures of the heat pump loop, pumping water 

through wells drilled deep below grade.  

In a typical natural gas heating situation, the expected maximum thermal efficiency is approximately  

98 percent, with a code minimum efficiency of 80 percent. With geothermal heat pumps, it is possible  

to achieve a heating seasonal performance factor (HSPF) of up to 13.5, which equates to an overall 

efficiency of 400 percent. Even code-minimum ground source heat pumps have a full-load Coefficient  

of Performance (COP) of 2.5, or 250 percent efficiency.  

The energy efficiency of a GSHP system is enhanced by the ability to "share" energy through the  

heat pump water loop. When areas with differing loads are both serviced with heat pumps, heat  

removed from one area (in cooling mode) can be transferred as "free" energy to add heat to another  

area (in heating mode). This energy sharing can contribute an estimated additional 30 percent of  

energy savings. 
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Secondly, heat pumps utilize electricity for heating, instead of fossil fuels. Electricity, which is provided 

by an increasingly cleaner electric grid, provides energy with a continually reduced carbon footprint.  

The New York State electric grid is already one of the cleanest in the nation and is working toward  

being 100 percent fossil-fuel free by 2040. Electrified heating systems can be directly offset by on- or  

off-site solar panels or wind-harvesting technologies as well. 

The use of community heat pump systems provide an additional opportunity for energy savings and 

carbon reduction. Community heat pump systems utilize a common loop as a heat source/sink and in  

the case of geothermal, the wellfield is applied. All buildings tied into the loop can take advantage of  

the energy sharing on the heat pump loop, both individually inside the buildings and collectively on the 

campus loop. In this way, building types with differing loads can obtain the benefits of heat pump energy 

sharing among other buildings, even when the loads in the building do not contrast significantly. Because 

of the energy sharing, the wellfield can be downsized from what it would need to be for each building 

individually as well.  

Because of Syracuse University's commitment to carbon neutrality, as well as the advantages of  

a community heat pump system, several buildings were selected to explore the feasibility for an 

evaluation of a community heat pump system: 

• 623 Skytop Data Center 
• 621 Skytop Office Building 
• Tennity Ice Skating Pavilion 
• Goldstein Student Center 
• Skytop Office Building 
• Ski Lodge 
• 460 Winding Ridge Apartments 
• 480 Winding Ridge Apartments 

This cluster of buildings is well suited for a community style heat pump approach for several reasons: 

1. The buildings are of a variety of types with differing occupancies, and do not all experience  
their individual heating and cooling loads/peaks simultaneously. This permits load-sharing to 
improve energy efficiency, and the combined geothermal well field can be economically sized. 

2. The project includes a data center that is continually rejecting a significant amount of thermal 
energy. This introduction of thermal energy into the heat pump loop provides a continuous  
"free" heat source during the heating season. 
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3. The eight buildings are relatively in close proximity, so a heating/cooling loop can  
be economically installed. 

4. Syracuse University owns all of the buildings and property and maintains the systems that  
involve this proposed community heat pump area. Barriers to installation (such as required 
permissions and variances) will be minimal. 

Should the university choose to implement the recommendations in the report, this initial heat pump 

community can be used as a prototype for future communities at other locations throughout the campus. 
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2 Existing Conditions: Utility Baseline 
2.1 Site Overview  

Founded in 1870, Syracuse University is located in Syracuse, NY. The private research institution  

is home to 21,322 students, with over 200 majors and advanced degree programs. The buildings in  

this study are located on the University's South Campus, on or near Skytop Road. 

2.2 Establishing a Baseline  

Existing utility data for the project buildings was reviewed and analyzed, in order to better understand  

the building loads and to calibrate the energy models. This establishes a baseline for energy savings 

calculations and provides estimates for more reliable energy savings. Generally, modeling program 

defaults based on occupancy for schedules, plug loads, etc., were used to calibrate the models, and 

modified as required to match the known information regarding the building. 

2.3 General Building Information 

The buildings analyzed are eight buildings in a cluster on the Syracuse University South Campus.  

General data for each of the facilities are shown in Table 1. 
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Table 1. Building Summary 

Building 
Name Use Area (sf) 

Daily 
Operating 

Hours 

Building 
Age 

HVAC 
System 

Age 

Current Heating 
System 

Current 
Cooling 
System 

Current 
Domestic 
Hot Water 

System 

Comments 

623 Skytop Data 
Center Data Center 12,073 24/7 2009 2009 Hot Water Chilled Water Hot Water 

Building systems are excellent. The 
central plant equipment is lacking 
proper redundancy. 

621 Skytop 
Office Building Office 95,800 

7:00 AM - 
6:00 PM M-F  

1968 1968 Steam Boilers Chilled Water Gas Fired  

623 and 621 Share central heating/ 
cooling plant equipment. 621 is a dual 
duct system served by steam/ chilled 
water air handlers. 

Tennity Ice 
Skating Pavilion Ice Rink 47,823 24/7 2000 2000 

Gas fired 
dehumidification 

unit  
Chilled Water Gas Fired Cooling is only provided by rink. Chiller 

and tower replaced in 2014. 

Goldstein 
Student Center 

Student 
Center 43,888 

6:30 AM - 
11:59 PM 

1990 1990 

Water source heat 
pump, gas fired 
boilers, DOAS 

AHUs 

Water source 
heat pump Gas Fired 

Miscellaneous heat pumps have been 
replaced and renovations have added 
air handlers. 

Skytop Office 
Building Office 52,900 

6:00 AM - 
6:00 PM M-F 

1972 2018 Gas Fired Boilers Rooftop  Gas Fired Recently renovated with RTU’s and 
VAV boxes. 

Ski Lodge Restaurant/ 
Bar 9,342 

11 AM - 
12 AM  

1948 1948 Gas Fired Steam  Ductless 
Split Gas fired Building lacks makeup air for kitchen 

hoods. 

480 Winding 
Ridge (Typical 
Apartment 
Building) 

Apartment 6,257 24/7 1972 1997 Electric Resistance None Electric 
Resistance Baseboard electric heat. 

460 Winding 
Ridge (Typical 
Large Apartment 
Building) 

Apartment 9,356 24/7 1972 1997 Electric Resistance None Electric 
Resistance Baseboard electric heat. 
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2.4 623 Skytop Data Center 

This 12,073 square foot building is a data center, connected to the adjacent 621 Skytop office building. 

The data center supports the Syracuse University campus, operating 24 hours per day, 365 days per year. 

The central plant systems are shared between the two buildings, and thus the utility information must be 

combined to get an accurate assessment of the overall facility. Previously, a combination of natural gas 

microturbines and absorption chillers provided electricity and chilled water to the facility but were taken 

offline in 2018. The baseline utility data shows natural gas load in the early months of the data, but it has 

been adjusted to eliminate that load. 

The Commercial Building Energy Consumption Survey (CBECS) that is aggregated by Energy Star® 

indicates the national average Power Usage Effectiveness (PUE) for a data center is a ratio of 1.82.  

For a data center which requires 100 tons of cooling—assuming that it follows a ASHRAE 90.1-2016 

computer data room schedule—translates to roughly 990 thousand Bristish thermal units per square  

feet (kBtu/sf). The adjusted Energy Utilization Index (EUI) of the existing building is 925.1 kBtu/sf, 

which suggests an energy efficient building. However, some of the cooling energy is relegated to the 

adjacent office building and is not included in the building utility data. 

It is clear from the trend data that the data center is consistently used throughout the year, and not greatly 

affected by the time of year. 

Figure 1. 623 Skytop–Utility Consumption 
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Figure 1 continued 
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Table 2. 623 Skytop–Utility Bills 

623 Skytop Road–Data Center 

Statement 
Date 

Electricity Natural Gas Adjusted Natural Gas Total Energy 
Usage 
(kWh) Cost ($)  Rate 

($/kWh) 
Usage 
(therm) Cost ($)  Rate 

($/therm) 
Usage 
(therm) Cost ($)  Usage 

(mmBtu) Cost ($)  Carbon Emissions 
(lb CO2e) 

EUI 
(kBtu/sf) 

Jan-18 322,834 $13,394 $0.041 72,542 $27,522 $0.379 0 $0 1,102 $13,394 74,994 91.3 
Feb-18 319,942 $11,130 $0.035 41,582 $15,839 $0.381 0 $0 1,092 $11,130 74,323 90.4 
Mar-18 316,257 $12,363 $0.039 99,681 $38,248 $0.384 0 $0 1,079 $12,363 73,467 89.4 
Apr-18 270,337 $10,835 $0.040 24,976 $12,785 $0.512 0 $0 923 $10,835 62,799 76.4 
May-18 265,728 $10,393 $0.039 54,209 $20,645 $0.381 0 $0 907 $10,393 61,728 75.1 
Jun-18 261,547 $9,199 $0.035 66,151 $25,548 $0.386 0 $0 893 $9,199 60,757 73.9 
Jul-18 251,431 $12,316 $0.049 40,142 $16,175 $0.403 0 $0 858 $12,316 58,407 71.1 
Aug-18 244,170 $16,009 $0.066 0 $149 -- 0 $0 833 $16,009 56,721 69.0 
Sep-18 238,014 $15,541 $0.065 0 $149 -- 0 $0 812 $15,541 55,291 67.3 
Oct-18 263,947 $17,689 $0.067 0 $149 -- 0 $0 901 $17,689 61,315 74.6 
Nov-18 263,616 $17,815 $0.068 0 $149 -- 0 $0 900 $17,815 61,238 74.5 
Dec-18 277,692 $18,435 $0.066 0 $149 -- 0 $0 948 $18,435 64,508 78.5 

Jan-19 269,811 $17,409 $0.065 0 $0 -- 0 $0 921 $17,409 62,677 76.3 
Feb-19 235,414 $15,292 $0.065 0 $0 -- 0 $0 803 $15,292 54,687 66.6 
Mar-19 262,992 $17,455 $0.066 0 $0 -- 0 $0 898 $17,455 61,093 74.3 
Apr-19 264,138 $18,401 $0.070 0 $0 -- 0 $0 902 $18,401 61,359 74.7 
May-19 266,902 $18,314 $0.069 0 $0 -- 0 $0 911 $18,314 62,001 75.5 
Jun-19 253,427 $17,293 $0.068 0 $0 -- 0 $0 865 $17,293 58,871 71.6 
Jul-19 256,104 $18,189 $0.071 0 $0 -- 0 $0 874 $18,189 59,493 72.4 
Aug-19 273,616 $14,882 $0.054 0 $0 -- 0 $0 934 $14,882 63,561 77.4 
Sep-19 285,662 $12,999 $0.046 0 $0 -- 0 $0 975 $12,999 66,359 80.8 
Oct-19 304,152 $13,677 $0.045 0 $0 -- 0 $0 1,038 $13,677 70,655 86.0 
Nov-19 281,837 $14,082 $0.050 0 $0 -- 0 $0 962 $14,082 65,471 79.7 
Dec-19 295,377 $14,863 $0.050 0 $0 -- 0 $0 1,008 $14,863 68,616 83.5 

2018 Total 3,295,515 $165,119 $0.050 399,283 $157,510 $0.394 0 $0 11,248 $165,119 765,548 931.6 

2019 Total 3,249,432 $192,856 $0.059 0 $0 -- 0 $0 11,090 $192,856 754,843 918.6 
2-year 

Average 3,272,473 $178,988 $0.055 199,642 $78,755 $0.394 0 $0 11,169 $178,988 760,196 925.1 

 
* Red italic text indicates adjusted or assumed utility data as described. 
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2.5 621 Skytop Office Building 

Connected to the 623 Skytop Data Center, this 95,800 square foot office building contains offices, labs, 

conference rooms, classrooms, etc. As an office building, it operates weekdays 7:00 a.m.–6:00 p.m., with 

reduced summer hours. It shares a central plant with the data center. When the absorption chillers were 

taken offline and replaced with traditional systems, the electricity consumption moderately increased to 

account for the additional load on the central plant. Thus, the utility data has been adjusted to increase  

the electricity data at the beginning of 2018 as well.  

Energy Star indicates that a typical office building has an EUI of 52.9 kBtu/sf (per the CBECS). 

Moreover, ASHRAE 100 suggests an energy goal of 56 EUI for an office building in the Syracuse, NY 

climate zone (5A). This building shows an overall EUI of 162.0 kBtu/sf. The high rating suggests an 

inefficient building. However, the calculation includes some cooling energy for the data center, which 

creates a misleading statistic. 

Like the data center, the electricity usage in this building is fairly flat throughout the year, with some 

increased usage in the summer months. This further shows that the data center, which has a consistent 

cooling load regardless of time of year, has a significant impact on the building, and drives up the energy 

consumption. Conversely, the natural gas usage follows typical weather patterns—peaks in winter and 

summer, as expected for an office building. 

Figure 2. 621 Skytop–Utility Consumption 
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Figure 2 continued 
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Table 3. 621 Skytop–Utility Bills 

621 Skytop Road–Office Building 

Statement 
Date 

Electricity Adjusted Electricity Natural Gas Total Energy 

Usage 
(kWh) 

Demand 
(kW) Cost ($)  Rate 

($/kWh) 
Usage 
(kWh) Cost ($)  Usage 

(therm) Cost ($)  Rate 
($/therm) 

Usage 
(mmBtu) Cost ($)  

Carbon 
Emissions 
(lb CO2e) 

EUI 
(kBtu/sf) 

Jan-18 122,451 267.6 $5,081 $0.041 169,007 $7,012 17,251 $7,666 $0.444 2,302 $14,678 230,243 24.0 
Feb-18 101,112 309.6 $3,517 $0.035 147,668 $5,137 7,006 $3,339 $0.477 1,205 $8,476 105,442 12.6 
Mar-18 110,242 283.4 $4,309 $0.039 156,798 $6,129 10,268 $4,613 $0.449 1,562 $10,743 145,721 16.3 
Apr-18 102,887 314.8 $4,124 $0.040 149,443 $5,990 8,771 $4,989 $0.569 1,387 $10,978 126,501 14.5 
May-18 112,361 335.9 $4,395 $0.039 158,917 $6,216 3,142 $1,708 $0.544 857 $7,924 62,856 8.9 
Jun-18 116,805 391.7 $4,108 $0.035 163,361 $5,745 2,211 $1,125 $0.509 779 $6,871 52,997 8.1 
Jul-18 156,002 394.6 $7,642 $0.049 202,558 $9,922 1,201 $792 $0.660 811 $10,714 50,288 8.5 
Aug-18 176,595 436.5 $11,579 $0.066 176,595 $11,579 1,274 $797 $0.626 730 $12,376 55,926 7.6 
Sep-18 161,892 400.8 $10,570 $0.065 161,892 $10,570 3,433 $1,722 $0.501 896 $12,292 77,766 9.4 
Oct-18 155,612 395.3 $10,429 $0.067 155,612 $10,429 5,116 $2,556 $0.500 1,043 $12,984 95,994 10.9 
Nov-18 143,484 425.1 $9,697 $0.068 143,484 $9,697 10,317 $5,332 $0.517 1,521 $15,029 154,017 15.9 
Dec-18 169,292 430.1 $11,239 $0.066 169,292 $11,239 13,778 $9,418 $0.684 1,956 $20,657 200,498 20.4 

Jan-19 166,656 409.6 $10,753 $0.065 166,656 $10,753 16,381 $9,194 $0.561 2,207 $19,947 230,334 23.0 
Feb-19 132,544 361.3 $8,610 $0.065 132,544 $8,610 16,489 $8,424 $0.511 2,101 $17,033 223,674 21.9 
Mar-19 144,047 377.1 $9,561 $0.066 144,047 $9,561 8,119 $4,061 $0.500 1,304 $13,621 128,436 13.6 
Apr-19 171,313 347.3 $11,934 $0.070 171,313 $11,934 9,847 $5,361 $0.544 1,569 $17,295 154,983 16.4 
May-19 182,252 413.0 $12,506 $0.069 182,252 $12,506 5,606 $3,021 $0.539 1,183 $15,526 107,915 12.3 
Jun-19 166,234 452.3 $11,343 $0.068 166,234 $11,343 3,278 $1,814 $0.553 895 $13,157 76,961 9.3 
Jul-19 215,000 480.0 $15,269 $0.071 215,000 $15,269 1,723 $1,215 $0.705 906 $16,484 70,100 9.5 
Aug-19 182,000 480.0 $9,899 $0.054 182,000 $9,899 2,207 $1,444 $0.654 842 $11,343 68,095 8.8 
Sep-19 166,000 478.0 $7,554 $0.046 166,000 $7,554 1,993 $1,287 $0.646 766 $8,841 61,875 8.0 
Oct-19 160,000 399.0 $7,195 $0.045 160,000 $7,195 5,793 $2,813 $0.486 1,125 $10,008 104,933 11.7 
Nov-19 133,000 385.0 $6,645 $0.050 133,000 $6,645 9,969 $4,872 $0.489 1,451 $11,517 147,510 15.1 
Dec-19 151,000 400.0 $7,598 $0.050 151,000 $7,598 11,276 $5,231 $0.464 1,643 $12,829 166,981 17.1 

2018 Total 1,628,735 436.5 $86,689 $0.053 1,954,629 $99,665 83,768 $44,057 $0.526 15,048 $143,722 1,358,249 157.1 
2019 Total 1,970,046 480.0 $118,867 $0.060 1,970,046 $118,867 92,681 $48,736 $0.526 15,992 $167,603 1,541,797 166.9 

2-year 
Average 1,799,391 458.2 $102,778 $0.057 1,962,338 $109,266 88,225 $46,397 $0.526 15,520 $155,663 1,450,023 162.0 

* Red italic text indicates adjusted or assumed utility data as described. 
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2.6 621 and 623 Skytop (combined) 

Since 621 and 623 Skytop share a central plant, it is important to look at both buildings together.  

Using the CBECS/Energy Star benchmarks, weighted by square footage, a typical building would use 

157.8 kBtu/sf. The adjusted utility data shows an overall EUI for both buildings combined is 247.4 EUI, 

suggesting that the combined buildings are not energy efficient. This is not a surprising result, since  

the main heating, ventilation, and air conditioning (HVAC) system in the office building dates from  

1968 and is a constant volume dual duct system, which utilizes simultaneous heating and cooling.  

In addition, there are labs in the office space, which have a typical EUI of 115.3 and tend to increase 

energy consumption. However, some of the disparity in the EUI may be based upon differing  

assumptions in the data center EUI calculation, as the PUE utilizes additional data when calculating. 

Figure 3. 621 and 623 Skytop–Utility Consumption  
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Table 4. 621 and 623 Skytop–Utility Bills  

621 and 623 Skytop Road (Combined) 

Statement 
Date 

Adjusted Electricity Adjusted Natural Gas Total Energy 

Usage 
(kWh) 

Cost 
($)  

Rate 
($/kWh) 

Usage 
(therm) Cost ($)  Rate 

($/therm) 
Usage 

(mmBtu) Cost ($)  
Carbon 

Emissions 
(lb CO2e) 

EUI 
(kBtu/sf) 

Jan-18 491,841 $20,407 $0.041 17,251 $7,666 $0.444 3,404 $28,072 316,052 31.6 
Feb-18 467,610 $16,267 $0.035 7,006 $3,339 $0.477 2,297 $19,605 190,580 21.3 
Mar-18 473,055 $18,492 $0.039 10,268 $4,613 $0.449 2,641 $23,105 230,003 24.5 
Apr-18 419,780 $16,825 $0.040 8,771 $4,989 $0.569 2,310 $21,814 200,116 21.4 
May-18 424,645 $16,609 $0.039 3,142 $1,708 $0.544 1,764 $18,317 135,399 16.3 
Jun-18 424,908 $14,944 $0.035 2,211 $1,125 $0.509 1,671 $16,069 124,570 15.5 
Jul-18 453,989 $22,238 $0.049 1,201 $792 $0.660 1,670 $23,030 119,511 15.5 
Aug-18 420,765 $27,588 $0.066 1,274 $797 $0.626 1,563 $28,385 112,647 14.5 
Sep-18 399,906 $26,111 $0.065 3,433 $1,722 $0.501 1,708 $27,833 133,056 15.8 
Oct-18 419,559 $28,117 $0.067 5,116 $2,556 $0.500 1,944 $30,673 157,309 18.0 
Nov-18 407,100 $27,512 $0.068 10,317 $5,332 $0.517 2,421 $32,844 215,255 22.4 
Dec-18 446,984 $29,674 $0.066 13,778 $9,418 $0.684 2,903 $39,093 265,005 26.9 

Jan-19 436,467 $28,162 $0.065 16,381 $9,194 $0.561 3,128 $37,356 293,012 29.0 
Feb-19 367,958 $23,901 $0.065 16,489 $8,424 $0.511 2,905 $32,325 278,360 26.9 
Mar-19 407,039 $27,016 $0.066 8,119 $4,061 $0.500 2,201 $31,077 189,529 20.4 
Apr-19 435,451 $30,335 $0.070 9,847 $5,361 $0.544 2,471 $35,696 216,343 22.9 
May-19 449,154 $30,820 $0.069 5,606 $3,021 $0.539 2,094 $33,841 169,916 19.4 
Jun-19 419,661 $28,637 $0.068 3,278 $1,814 $0.553 1,760 $30,451 135,832 16.3 
Jul-19 471,104 $33,458 $0.071 1,723 $1,215 $0.705 1,780 $34,673 129,593 16.5 
Aug-19 455,616 $24,781 $0.054 2,207 $1,444 $0.654 1,776 $26,225 131,656 16.5 
Sep-19 451,662 $20,553 $0.046 1,993 $1,287 $0.646 1,741 $21,840 128,235 16.1 
Oct-19 464,152 $20,872 $0.045 5,793 $2,813 $0.486 2,163 $23,685 175,587 20.1 
Nov-19 414,837 $20,727 $0.050 9,969 $4,872 $0.489 2,413 $25,599 212,981 22.4 
Dec-19 446,377 $22,461 $0.050 11,276 $5,231 $0.464 2,651 $27,692 235,597 24.6 

2018 Total 5,250,144 $264,784 $0.050 83,768 $44,057 $0.526 26,296 $308,841 2,199,502 243.8 
2019 Total 5,219,478 $311,724 $0.060 92,681 $48,736 $0.526 27,082 $360,459 2,296,641 251.1 

2-year 
Average 5,234,811 $288,254 $0.055 88,225 $46,397 $0.526 26,689 $334,650 2,248,072 247.4 

2.7 Tennity Ice Skating Pavilion 

The 47,823 square foot Tennity Ice Pavilion contains two ice rinks, as well as some minimal support 

space. It is available 24 hours per day, 7 days per week, and is generally operational all year round. In 

summer 2018, the chilled water plant was updated, which is reflected in the utility data by higher energy 

consumption starting in late 2018. Thus, the utility data has been adjusted to increase the electricity data 

at the beginning of 2018 as well. 
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An ice rink is not directly addressed in by Energy Star or the CBECS; instead, it is classified as the more 

generic "recreation." A recreation building has an average EUI of 50.8 kBtu/sf, and the ice rink building 

utilizes 170.5 kBtu/sf. However, this encompasses buildings such as bowling alleys, fitness centers, roller 

rinks, pools, as well as ice rinks. A 2009 ASHRAE Journal article cites an average of 1,500,000 kilowatt 

hours (kWh) for a standard rink. At an adjusted annual consumption of 1,684,902 kWh, Tennity Ice Rink 

uses 12 percent more than average, which suggests a building of standard efficiency. 

Because the building must maintain ice temperatures throughout the year, the electric trend data shows  

a flat yearly demand profile. Conversely, the natural gas usage follows typical weather patterns, which 

peaks in winter and minimal gas for dehumidification in the summer months. 

Figure 4. Tennity Ice Rink–Utility Consumption 
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Table 5. Tennity Ice Rink–Utility Bills 

Tennity Ice Rink 

Statement 
Date 

Electricity Adjusted Electricity Natural Gas Total Energy 

Usage 
(kWh) Cost ($)  Rate 

($/kWh) 
Usage 
(kWh) Cost ($)  Usage 

(therm) Cost ($) Rate 
($/therm) 

Usage 
(mmBtu) Cost ($)  

Carbon 
Emissions 
(lb CO2e) 

EUI 
(kBtu/sf) 

Jan-18 108,600  $4,506   $0.041  141,406  $5,867  5,280  $2,547   $0.482  899  $7,053  86,992 18.8 
Feb-18 106,600  $3,708   $0.035  139,406  $4,850  4,458  $2,187   $0.490  810  $5,895  76,912 16.9 
Mar-18 102,700  $4,015   $0.039  135,506  $5,297  3,959  $2,043   $0.516  746  $6,058  70,168 15.6 
Apr-18 103,800  $4,160   $0.040  136,606  $5,475  4,364  $2,261   $0.518  791  $6,422  75,162 16.5 
May-18 29,100  $1,138   $0.039  137,772  $5,389  2,966  $1,439   $0.485  396  $2,577  41,455 8.3 
Jun-18 25,200  $886   $0.035  140,613  $4,945  1,246  $685   $0.550  211  $1,571  20,429 4.4 
Jul-18 108,398  $5,310   $0.049  141,204  $6,917  1,330  $711   $0.534  503  $6,020  40,739 10.5 
Aug-18 144,031  $9,444   $0.066  144,031  $9,444  1,477  $779   $0.527  639  $10,223  50,736 13.4 
Sep-18 144,089  $9,408   $0.065  144,089  $9,408  1,616  $837   $0.518  653  $10,245  52,375 13.7 
Oct-18 149,023  $9,987   $0.067  149,023  $9,987  1,375  $751   $0.546  646  $10,738  50,702 13.5 
Nov-18 136,966  $9,256   $0.068  136,966  $9,256  2,124  $1,111   $0.523  680  $10,367  56,663 14.2 
Dec-18 137,379  $9,120   $0.066  137,379  $9,120  3,508  $2,048   $0.584  820  $11,168  72,949 17.1 

Jan-19 148,953  $9,611   $0.065  148,953  $9,611  3,954  $2,629   $0.665  904  $12,239  80,855 18.9 
Feb-19 135,753  $8,818   $0.065  135,753  $8,818  3,929  $2,221   $0.565  856  $11,039  77,496 17.9 
Mar-19 148,645  $9,866   $0.066  148,645  $9,866  3,573  $1,803   $0.505  865  $11,669  76,326 18.1 
Apr-19 138,623  $9,657   $0.070  138,623  $9,657  2,573  $1,448   $0.563  730  $11,105  62,300 15.3 
May-19 144,202  $9,895   $0.069  144,202  $9,895  1,760  $1,008   $0.573  668  $10,903  54,086 14.0 
Jun-19 139,301  $9,506   $0.068  139,301  $9,506  1,123  $677   $0.603  588  $10,182  45,496 12.3 
Jul-19 139,945  $9,939   $0.071  139,945  $9,939  1,051  $702   $0.668  583  $10,641  44,804 12.2 
Aug-19 138,940  $7,557   $0.054  138,940  $7,557  1,157  $837   $0.724  590  $8,394  45,810 12.3 
Sep-19 143,128  $6,513   $0.046  143,128  $6,513  1,178  $833   $0.707  606  $7,346  47,029 12.7 
Oct-19 140,155  $6,302   $0.045  140,155  $6,302  1,460  $905   $0.620  624  $7,207  49,637 13.1 
Nov-19 136,916  $6,841   $0.050  136,916  $6,841  2,325  $1,265   $0.544  700  $8,106  59,003 14.6 
Dec-19 131,243  $6,604   $0.050  131,243  $6,604  3,509  $1,824   $0.520  799  $8,428  71,535 16.7 

2018 Total 1,295,886  $70,938   $0.055  1,683,999  $85,954  33,703 $17,398   $0.516  7,793  $88,336  695,282 163.0 

2019 Total 1,685,804 $101,10
9   $0.060  1,685,804 $101,109  27,592  16,152   $0.585  8,513 $117,261  714,376 178.0 

2-year 
Average 1,490,845  $86,023   $0.058  1,684,902  $93,531  30,648 $16,775   $0.547  8,153 $102,799  704,829 170.5 

 
* Red italic text indicates adjusted or assumed utility data as described.  

2.8 Goldstein Student Center 

Goldstein Student Center is a 43,888 square foot community building, containing dining, laundry 

facilities, meeting rooms, and offices. It is available for use from 6:30 a.m. to midnight, 7 days per  

week. During the summer months, the building remains open for use, but is utilized less frequently. 
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This building utilizes a high amount of energy. Energy Star indicates that the average social/meeting  

hall building consumes 56.1 kBtu/sf. The Goldstein Student Center utilizes 226.5 kBtu/sf, much greater 

than average for a generic building of this type. However, the student center incorporates several  

different space types: fast food restaurant (402.7 EUI), laundromat, office (52.9 EUI), convenience  

store (231.4 EUI), and meeting hall. Weighted by space type, you may expect the building to use  

roughly 186.8 kBtu/sf. This suggests some inefficiencies in the building and/or heavy utilization. 

For electricity use, the building follows expected occupancy and weather trends. It begins to rise in  

the spring, then drops off significantly during summer break. As expected, in the fall months, electricity 

use increases when occupancy returns, only to fall somewhat when the weather cools. Natural gas peaks 

in winter and is low during the summer months, which suggests minimal summer-time occupancy. 

Figure 5. Goldstein Student Center–Utility Consumption 
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Figure 5 continued 
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Table 6. Goldstein Student Center–Utility Bills 

Goldstein Student Center 

Statement 
Date 

Electricity Natural Gas Total Energy 

Usage 
(kWh) 

Demand 
(kW) Cost ($)  Rate 

($/kWh) 
Usage 
(therm) Cost ($)  Rate 

($/therm) 
Usage 

(mmBtu) Cost ($)  
Carbon 

Emissions 
(lb CO2e) 

EUI 
(kBtu/sf) 

Jan-18 126,791 246.8 $5,261 $0.041 5,241 $2,533 $0.483 957 $7,794 61,365 21.8 
Feb-18 130,087 265.6 $4,525 $0.035 8,237 $3,541 $0.430 1,268 $8,066 96,416 28.9 
Mar-18 128,447 248.3 $5,021 $0.039 5,874 $2,757 $0.469 1,026 $7,779 68,770 23.4 
Apr-18 133,840 330.1 $5,364 $0.040 7,010 $3,514 $0.501 1,158 $8,878 82,078 26.4 
May-18 110,704 359.5 $4,330 $0.039 3,840 $1,846 $0.481 762 $6,175 45,003 17.4 
Jun-18 85,580 259.7 $3,010 $0.035 269 $197 $0.731 319 $3,206 3,207 7.3 
Jul-18 94,739 261.7 $4,641 $0.049 144 $112 $0.778 338 $4,753 1,745 7.7 
Aug-18 123,277 342.9 $8,083 $0.066 350 $229 $0.655 456 $8,312 4,174 10.4 
Sep-18 168,713 339.5 $11,016 $0.065 2,076 $1,058 $0.510 783 $12,074 24,363 17.9 
Oct-18 157,249 325.5 $10,538 $0.067 3,438 $1,791 $0.521 880 $12,329 40,292 20.1 
Nov-18 138,386 261.4 $9,352 $0.068 5,085 $2,627 $0.517 981 $11,980 59,544 22.3 
Dec-18 134,052 262.4 $8,899 $0.066 7,025 $3,966 $0.565 1,160 $12,865 82,237 26.4 

Jan-19 135,867 268.8 $8,766 $0.065 4,540 $3,010 $0.663 918 $11,776 53,170 20.9 
Feb-19 132,209 260.8 $8,588 $0.065 8,744 $4,390 $0.502 1,326 $12,977 102,345 30.2 
Mar-19 127,987 249.8 $8,495 $0.066 7,548 $3,539 $0.469 1,192 $12,034 88,352 27.2 
Apr-19 140,967 278.6 $9,820 $0.070 5,838 $3,037 $0.520 1,065 $12,858 68,356 24.3 
May-19 106,167 268.6 $7,285 $0.069 4,431 $2,444 $0.552 805 $9,729 51,895 18.4 
Jun-19 78,952 172.6 $5,388 $0.068 372 $265 $0.713 307 $5,653 4,392 7.0 
Jul-19 96,959 240.2 $6,886 $0.071 112 $107 $0.953 342 $6,993 1,366 7.8 
Aug-19 123,834 313.2 $6,735 $0.054 193 $179 $0.928 442 $6,914 2,330 10.1 
Sep-19 146,023 317.4 $6,645 $0.046 2,208 $1,507 $0.683 719 $8,152 25,902 16.4 
Oct-19 140,444 308.7 $6,315 $0.045 3,091 $1,850 $0.598 788 $8,165 36,229 18.0 
Nov-19 123,938 243.8 $6,193 $0.050 4,535 $2,407 $0.531 877 $8,600 53,106 20.0 
Dec-19 110,050 244.3 $5,538 $0.050 6,427 $3,197 $0.497 1,018 $8,734 75,238 23.2 

2018 Total 1,531,865 359.5 $80,040 $0.052 48,589 $24,171 $0.497 10,087 $104,211 568,464 229.8 
2019 Total 1,463,397 317.4 $86,654 $0.059 48,039 $25,931 $0.540 9,798 $112,585 562,020 223.3 

2-year 
Average 1,497,631 338.4 $83,347 $0.056 48,314 $25,051 $0.519 9,943 $108,398 565,242 226.5 

2.9 Skytop Office Building 

The 52,900 square foot office building located at 640 Skytop Road is a two-story building, open 6:00 a.m. 

to 6:00 p.m., Monday through Friday. Containing the Comptroller's Office and Human Resources, it is 

primarily open office space. Note that the original data indicated a building area of 78,301 square feet. 



 

19 

Electricity data was not available for this building. Data was estimated based on weather and  

occupancy data, as well as an assumed electricity EUI. The building was recently renovated in 2018,  

so the ASHRAE 100 electricity target for an existing professional office of 18 EUI was utilized. The 

provided natural gas EUI is 18 percent less than the target fossil fuel EUI, so the assumed electricity  

has been reduced accordingly.  

Similarly, natural gas was available for only one year, due to a building renovation. Since trend data 

shows that the consumption follows weather patterns as expected for a heating system, an additional  

year was assumed, following 2019 weather patterns. Combined, the overall building is estimated to  

have a EUI of 44.5 kBtu/sf. Energy Star indicates that the average office building is 52.9 kBtu/sf, 

suggesting that the Skytop Office building runs relatively efficiently.  

Figure 6. 640 Skytop–Utility Consumption 
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Table 7. 640 Skytop–Utility Bills 

640 Skytop Office Building 

Statement 
Date 

Assumed 
Electricity Natural Gas Adjusted Natural 

Gas Total Energy 

Usage 
(kWh) Cost ($)  Usage 

(therm) Cost ($)  Rate 
($/therm) 

Usage 
(therm) 

Cost 
($)  

Usage 
(mmBtu) Cost ($)  

Carbon 
Emissions 
(lb CO2e) 

EUI 
(kBtu/sf) 

Jan-18 21,774  $1,244  1,365  $821   $0.601  1,365  $821  211 $2,065  21,025 4.0 
Feb-18 19,464  $1,112  2,367 $1,171   $0.495  2,367  1,171  303 $2,283  32,210 5.7 
Mar-18 20,931  $1,196  1,893  $951   $0.502  1,893  $951  261 $2,146  27,006 4.9 
Apr-18 19,671  $1,124  1,231  $686   $0.557  1,231  $686  190 $1,809  18,969 3.6 
May-18 21,533  $1,230  403  $325   $0.806  403  $325  114 $1,555  9,716 2.2 
Jun-18 27,410  $1,566  111  $198   $1.783  111  $198  105 $1,764  7,666 2.0 
Jul-18 50,184  $2,866  0  $149   --  0  $149  171 $3,016  11,658 3.2 
Aug-18 47,567  $2,717  0  $149   --  0  $149  162 $2,866  11,050 3.1 
Sep-18 35,514  $2,029  264  $282   $1.068  264  $282  148 $2,310  11,338 2.8 
Oct-18 20,773  $1,187  611  $373   $0.610  611  $373  132 $1,559  11,973 2.5 
Nov-18 19,967  $1,140  1,939  $954   $0.492  1,939  $954  262 $2,095  27,320 5.0 
Dec-18 17,702  $1,011  2,857 $1,219   $0.427  2,857 $1,219  346 $2,230  37,533 6.5 

Jan-19 21,881  $1,250  0  $–  --  2,586 $1,443  333 $2,693  5,083 6.3 
Feb-19 20,759  $1,186  0  $–  --  2,052 $1,145  276 $2,331  4,822 5.2 
Mar-19 20,538  $1,173  0  $–  --  1,932 $1,078  263 $2,251  4,771 5.0 
Apr-19 17,636  $1,007  0  $–  --  970  $541  157 $1,549  4,097 3.0 
May-19 17,949  $1,025  0  $–  --  488  $272  110 $1,297  4,169 2.1 
Jun-19 28,346  $1,619  0  $–  --  102  $57  107 $1,676  6,585 2.0 
Jul-19 54,336  $3,104  0  $–  --  0  $– 185 $3,104  12,622 3.5 
Aug-19 39,000  $2,228  0  $–  --  10  $5  134 $2,233  9,060 2.5 
Sep-19 25,675  $1,467  0  $–  --  136  $76  101 $1,543  5,964 1.9 
Oct-19 18,659  $1,066  0  $–  --  699  $390  134 $1,456  4,334 2.5 
Nov-19 19,557  $1,117  0  $–  --  1,660  $926  233 $2,043  4,543 4.4 
Dec-19 17,776  $1,015  0  $–  --  2,046 $1,142  265 $2,157  4,129 5.0 

2018 Total 322,490 $18,420  13,041 $7,277   $0.558  13,041 $7,277  2,405 $7,277  227,464 45.5 
2019 Total 302,112 $17,256  0  $–  --  12,680 $7,076  2,299  $– 70,181 43.5 

2-year 
Average 312,301 $17,838  6,521 $3,639   $0.558  12,860 $7,177  2,352 $3,639  148,822 44.5 

 
* Red italic text indicates adjusted or assumed utility data as described.  

2.10 Ski Lodge 

The Inn Complete, also known as the Ski Lodge, is a 9,342 square foot bar and restaurant. The building  

is open 11:00 a.m. to midnight, two days per week. It is a lightly used facility that includes conference 

space as well. 
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Only six months of electricity data is available for the facility for the end of 2019. The known usage has 

been combined with weather and occupancy data to create a projected two-year load profile. The usage  

is exceptionally low and indicates a sparsely occupied building; however, the gas load is high compared 

to the electric consumption. Typically, this space type is 38 percent electric. The low usage and high gas 

load suggests a very inefficient heating system, as well as likely high infiltration—all of which is not 

surprising, since the building and HVAC systems date from 1948.  

The national average EUI for a bar/nightclub is 130.7 kBtu/sf, and this facility utilizes 130.1 kBtu/sf. 

However, the electric load is minimal, and virtually all the energy is natural gas, which follows very 

closely to weather data. These results suggest that HVAC setback controls and/or envelope  

improvements would be a significant benefit to the building. 

Figure 7. Ski Lodge–Utility Consumption 
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Figure 7 Continued 
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Table 8. Ski Lodge–Utility Bills 

Ski Lodge 

Statement 
Date 

Electricity Projected Electricity Natural Gas Total Energy 

Usage 
(kWh) 

Cost 
($)  

Rate 
($/kWh) 

Usage 
(kWh) 

Cost 
($)  

Usage 
(therm) 

Cost 
($)  

Rate 
($/therm) 

Usage 
(mmBtu) 

Cost 
($)  

Carbon 
Emissions 
(lb CO2e) 

EUI 
(kBtu/sf) 

Jan-18  -- $–  --  1,005  $53  2,483 $1,195   $0.481  252 $1,248  29,279 26.9 
Feb-18 -- $–  --  1,332  $70  1,843  $938   $0.509  189 $1,008  21,868 20.2 
Mar-18 -- $–  --  1,223  $64  1,378  $749   $0.544  142  $813  16,404 15.2 
Apr-18 -- $–  --  1,114  $58  1,598  $865   $0.541  164  $924  18,952 17.5 
May-18 -- $–  --  942  $49  622  $348   $0.560  65  $398  7,495 7.0 
Jun-18 -- $–  --  703  $37  146  $117   $0.803  17  $154  1,871 1.8 
Jul-18 -- $–  --  951  $50  112  $92   $0.824  14  $142  1,531 1.5 
Aug-18 -- $–  --  984  $52  110  $91   $0.825  14  $142  1,515 1.5 
Sep-18 -- $–  --  1,030  $54  96  $82   $0.850  13  $136  1,362 1.4 
Oct-18 -- $–  --  1,281  $67  430  $275   $0.640  47  $342  5,328 5.1 
Nov-18 -- $–  --  1,223  $64  1,131  $619   $0.547  117  $683  13,514 12.6 
Dec-18 -- $–  --  787  $41  1,787 $1,072   $0.600  181 $1,113  21,087 19.4 

Jan-19 -- $–  --  1,005  $53  1,709 $1,170   $0.684  174 $1,222  20,225 18.7 
Feb-19 -- $–  --  1,332  $70  2,281 $1,314   $0.576  233 $1,384  26,992 24.9 
Mar-19 -- $–  --  1,223  $64  1,944 $1,008   $0.518  199 $1,072  23,024 21.3 
Apr-19 -- $–  --  1,114  $58  1,266  $743   $0.587  130  $801  15,068 14.0 
May-19 -- $–  --  821  $43  671  $422   $0.629  70  $465  8,040 7.5 
Jun-19 -- $–  --  727  $38  312  $232   $0.745  34  $271  3,819 3.6 
Jul-19 906  $64   $0.071  1,059  $56  126  $117   $0.930  16  $173  1,720 1.7 
Aug-19 724  $39   $0.054  761  $40  134  $131   $0.980  16  $171  1,744 1.7 
Sep-19 721  $33   $0.046  783  $41  94  $98   $1.038  12  $139  1,281 1.3 
Oct-19 1,225  $55   $0.045  1,252  $66  412  $300   $0.728  45  $365  5,110 4.9 
Nov-19 1,208  $60   $0.050  1,223  $64  1,123  $642   $0.572  116  $706  13,421 12.5 
Dec-19 515  $26   $0.050  514  $27  1,676  $903   $0.539  169  $930  19,725 18.1 

2018 Total 0  $–  --  12,574  $659  11,736 $6,444   $0.549  1,217 $7,103  140,205 130.2 
2019 Total 5,298 $278   $0.052  11,813  $619  11,748 $7,080   $0.603  1,215 $7,358  140,169 130.1 

2-year 
Average 2,649 $139   $0.052  12,194  $639  11,742 $6,762   $0.576  1,216 $6,901  140,187 130.1 

 
* Red italic text indicates adjusted or assumed utility data as described.  

2.11 480 Winding Ridge Apartments 

The 8-unit apartment building at 480 Winding Ridge, totaling of 6,257 square feet, is occupied all year, 

although some tenants leave during summer break. The all-electric building does not include cooling or 

consistent ventilation. 
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The electricity usage available is low for the square footage and suggests that the meter tracks only  

a portion of the building. A typical residential building, according to Energy Star, is 57.6 kBtu/sf, and  

the utility data shows 12.4 kBtu/sf. Thus, the utility data has been adjusted to reflect whole building 

consumption, adjusted for this building, for a revised EUI of 49.7. 

The energy usage follows weather data closely. Since there is no cooling, energy consumption in  

the summer is very stable. During the winter months, the usage peaks as the temperature drops. 

Figure 8. 480 Winding Ridge–Utility Consumption 
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Table 9. 480 Winding Ridge–Utility Bills  

480 Winding Ridge Apartments 

Statement 
Date 

Electricity Adjusted 
Electricity Total Energy 

Usage 
(kWh) 

Demand 
(kW) Cost ($)  Rate 

($/kWh) 
Usage 
(kWh) Cost ($)  Usage 

(mmBtu) Cost ($)  
Carbon 

Emissions 
(lb CO2e) 

EUI 
(kBtu/sf) 

Jan-18 3,731 8.5 $315 $0.085 15,575 $1,373 53 $1,373 3,618 8.5 
Feb-18 2,805 8.5 $238 $0.085 11,220 $989 38 $989 2,606 6.1 
Mar-18 3,054 8.5 $257 $0.084 12,216 $1,077 42 $1,077 2,838 6.7 
Apr-18 2,288 8.4 $195 $0.085 9,152 $807 31 $807 2,126 5.0 
May-18 467 8.2 $61 $0.130 1,868 $165 6 $165 434 1.0 
Jun-18 411 1.0 $71 $0.174 1,644 $145 6 $145 382 0.9 
Jul-18 467 1.3 $72 $0.155 1,868 $165 6 $165 434 1.0 
Aug-18 532 1.4 $76 $0.142 2,128 $188 7 $188 494 1.2 
Sep-18 550 8.4 $64 $0.116 2,200 $194 8 $194 511 1.2 
Oct-18 1,659 8.5 $149 $0.090 6,636 $585 23 $585 1,542 3.6 
Nov-18 2,689 8.4 $229 $0.085 10,756 $948 37 $948 2,499 5.9 
Dec-18 3,022 8.5 $261 $0.086 12,088 $1,066 41 $1,066 2,808 6.6 

Jan-19 4,248 9.9 $347 $0.082 16,992 $1,498 58 $1,498 3,947 9.3 
Feb-19 3,178 8.4 $264 $0.083 12,712 $1,121 43 $1,121 2,953 6.9 
Mar-19 2,977 10.6 $254 $0.085 11,908 $1,050 41 $1,050 2,766 6.5 
Apr-19 1,701 8.8 $156 $0.092 6,804 $600 23 $600 1,581 3.7 
May-19 2,373 8.2 $255 $0.107 9,492 $837 32 $837 2,205 5.2 
Jun-19 393 1.0 $61 $0.154 1,572 $139 5 $139 365 0.9 
Jul-19 470 1.0 $65 $0.139 1,880 $166 6 $166 437 1.0 
Aug-19 500 1.0 $62 $0.124 2,000 $176 7 $176 465 1.1 
Sep-19 536 2.3 $50 $0.093 2,144 $189 7 $189 498 1.2 
Oct-19 1,204 8.4 $83 $0.069 4,816 $425 16 $425 1,119 2.6 
Nov-19 2,851 9.6 $188 $0.066 11,404 $1,006 39 $1,006 2,649 6.2 
Dec-19 3,283 9.6 $229 $0.070 13,132 $1,158 45 $1,158 3,051 7.2 

2018 Total 21,675 8.5 $1,989 $0.092 87,351 $7,703 298 $7,703 20,292 47.6 
2019 Total 23,714 10.6 $2,014 $0.085 94,856 $8,364 324 $2,014 22,035 51.7 

2-year 
Average 22,695 9.6 $2,001 $0.088 91,103 $8,033 311 $2,001 21,163 49.7 

 
* Red italic text indicates adjusted or assumed utility data as described.  

2.12 460 Winding Ridge Apartments 

The apartment building at 460 Winding Ridge is 12 units and has the same apartment layout and systems 

as 480 Winding Ridge. The buildings are adjacent in the same complex. The only significant difference  

is the extra four apartments and the building orientation. 
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No utility data was available for this building; however, since the building is so similar to 480 Winding 

Ridge, utility data can be utilized and scaled for the larger building. Again, Energy Star indicates that 

residential buildings have an average of 57.9 kBtu/sf, and this building is projected at 49.7 kBtu/sf. 

Figure 9. 460 Winding Ridge–Utility Consumption 



 

27 

Table 10. 460 Winding Ridge–Utility Bills  

460 Winding Ridge Apartments 
  Assumed Electricity Total Energy 

Statement 
Date 

Usage 
(kWh) Cost ($)  Rate 

($/kWh) 
Usage 

(mmBtu) Cost ($)  
Carbon 

Emissions 
(lb CO2e) 

EUI 
(kBtu/sf) 

Jan-18 22,386 $1,893 $0.085 76 $1,893 440 8.2 
Feb-18 16,830 $1,428 $0.085 57 $1,428 332 6.1 
Mar-18 18,324 $1,543 $0.084 63 $1,543 358 6.7 
Apr-18 13,728 $1,173 $0.085 47 $1,173 272 5.0 
May-18 2,802 $366 $0.130 10 $366 85 1.0 
Jun-18 2,466 $429 $0.174 8 $429 100 0.9 
Jul-18 2,802 $435 $0.155 10 $435 101 1.0 
Aug-18 3,192 $454 $0.142 11 $454 105 1.2 
Sep-18 3,300 $383 $0.116 11 $383 89 1.2 
Oct-18 9,954 $891 $0.090 34 $891 207 3.6 
Nov-18 16,134 $1,376 $0.085 55 $1,376 320 5.9 
Dec-18 18,132 $1,564 $0.086 62 $1,564 363 6.6 

Jan-19 25,488 $2,079 $0.082 87 $2,079 483 9.3 
Feb-19 19,068 $1,585 $0.083 65 $1,585 368 7.0 
Mar-19 17,862 $1,522 $0.085 61 $1,522 354 6.5 
Apr-19 10,206 $936 $0.092 35 $936 217 3.7 
May-19 14,238 $1,529 $0.107 49 $1,529 355 5.2 
Jun-19 2,358 $363 $0.154 8 $363 84 0.9 
Jul-19 2,820 $393 $0.139 10 $393 91 1.0 
Aug-19 3,000 $371 $0.124 10 $371 86 1.1 
Sep-19 3,216 $300 $0.093 11 $300 70 1.2 
Oct-19 7,224 $500 $0.069 25 $500 116 2.6 
Nov-19 17,106 $1,129 $0.066 58 $1,129 262 6.2 
Dec-19 19,698 $1,374 $0.070 67 $1,374 319 7.2 

2018 Total 130,050 $11,933 $0.092 444 $11,933 2,772 47.4 
2019 Total 142,284 $12,081 $0.085 486 $12,081 2,806 51.9 

2-year 
Average 136,167 $12,007 $0.088 465 $12,007 2,789 49.7 

 
* Red italic text indicates adjusted or assumed utility data as described.  
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3 Existing Conditions: Energy Profile 
3.1 Developing An Energy Profile 

Each of the buildings in this study were modeled to establish a complete energy profile for the heat pump community. To ensure  

that the calculated load profiles represent the actual building, a calibrated model was attempted to bring the projected energy to within  

10 percent of the annual consumption of each utility. Building data was gathered through a combination of building drawings, discussions  

with the owner, utility bill evaluation, and typical assumptions. Known and assumed building conditions have been indicated. The summarized 

modeling results are shown below. 

Table 11. Summarized Baseline Modeling Results 

Building Name 
Existing Energy Consumption Modeled Baseline Consumption 

Model 
Calibration  

(% Difference) 
Electric 
(kWh) 

Natural Gas 
(therm) 

Energy 
(mmBtu) 

Carbon 
(lb CO2e) Cost ($) Electric 

(kWh) 
Natural Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Electric Natural 
Gas 

623 Skytop Data Center 3,272,473 0 11,169 760,196 $178,988 3,225,477 2,441 11,253 777,832 $177,380 -1.4% -- 

621 Skytop Office Building 1,962,338 88,225 15,520 1,487,876 $158,482 1,710,014 89,963 14,833 1,449,598 $144,984 -12.9% 2.0% 

Tennity Ice Skating Pavilion 1,684,902 30,648 8,815 749,908 $113,996 1,643,578 29,196 8,529 723,330 $110,817 -2.5% -4.7% 

Goldstein Student Center 1,497,631 48,314 9,943 913,063 $108,398 1,191,176 53,750 9,440 905,462 $94,162 -20.5% 11.3% 

Skytop Office Building 312,301 12,860 2,352 222,985 $24,258 285,863 13,295 2,305 221,927 $23,054 -8.5% 3.4% 

Ski Lodge 12,194 11,742 1,216 140,187 $7,401 21,632 10,745 1,148 130,717 $7,322 77.4% -8.5% 

480 Winding Ridge Apartments 91,103 0 311 21,163 $8,033 84,801 0 289 19,699 $7,478 -6.9% -- 

460 Winding Ridge Apartments 136,655 0 466 31,745 $12,050 129,187 0 441 30,010 $11,392 -5.5% -- 
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3.2 623 Skytop Data Center 

Built in 2009, the 623 Skytop Data Center is a data center containing an estimated 100 tons of server 

equipment. The data center itself is conditioned through a subfloor system, which incorporates both 

chilled water (CHW) computer room air conditioning (CRAC) units and in-rack cooling. Minimal heat  

is required in ancillary spaces, utilizing hot water (HW) from the neighboring building. The loops are 

variable flow with variable speed pumping. Additional ancillary air conditioning (AC) units and fan  

coils units are provided in conjunction with an energy recovery unit for ventilation. Instantaneous  

electric hot water heater provides handwashing water for the lavatory. 

The cooling load is driven mainly by the server consumption, and energy efficiency measures have 

already been included in the server room cooling. Additional energy savings can be found mainly  

with a higher efficiency chilled water generator, such as a geothermal heat pump. 

Table 12. 623 Skytop–Existing Conditions 

Existing Conditions 

623 Skytop Data 
Center 

Building Type Data Center 

Square Footage 12073 

Year Built 2009 

Number of Floors 1,P 

Exterior Walls Metal panel, 2" rigid, 8" CMU 

Roof 2" deck, built up roof (R-30 assumed) 

Window-Wall Ratio 2% 

Window Type Equal to ASHRAE 90.1-2007 curtainwall (U-0.55, SHGC-0.4) 

HVAC System Boiler/WC chiller, CHW CRAC, FCUs 

HVAC Efficiencies 70% boiler (621), 0.59 kW/ton chiller, 73% ERU 

Lighting 30% better than ASHRAE 90.1-2007 

Table 13. 623 Skytop–Baseline Modeling  

Building 
Name 

Existing Energy Consumption Modeled Baseline Consumption 
Model 

Calibration  
(% Difference) 

Electric 
(kWh) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Electric 
(kWh) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Electric Natural 
Gas 

623 Skytop 
Data Center 3,272,473 0 11,169 760,196 $178,988 3,225,477 2,441 11,253 777,832 $177,380 -1.4% -- 
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3.3 621 Skytop Office Building 

The office building at 621 Skytop is a sprawling one-story building with two mechanical penthouses. It 

houses offices as well as laboratories, classrooms, and conference rooms. The bulk of the building was 

constructed in 1968 and has not undergone a major HVAC renovation since. Thus, the building systems 

remain the same—a constant volume, dual-duct air handling system with chilled water and steam heat. 

An air cooled chiller and steam boiler condition the building loops, utilizing variable speed pumping for 

the CHW loops. The west addition has variable air volume (VAV) packaged air handling units (AHU) 

with direct exapansion (DX) cooling and a furnace, combined with hot water reheat at the terminal units. 

A steam-to-water heat exchanger provides domestic hot water. 

The building at 621 Skytop has very high energy consumption for an office/lab building, due in  

large part to the constant volume dual duct HVAC system. This type of system requires simultaneous 

heating and cooling throughout the year and is generally inefficient. Additionally, the existing systems 

may require more outdoor air than is required for the current configuration of the building, as it was  

set up to include many fume hoods in the laboratories. The modeling of the building includes high 

internal loads combined with high fan power which drives up electricity usage. In addition to  

replacing the central plants with high-efficiency systems for more efficient building loops, the  

HVAC systems should be updated with variable airflow units. The controls should be evaluated,  

and additional control points provided to ensure the building is operated as required for the current 

occupants. Furthermore, as an older building, it is likely that during construction no exterior insulation  

or infiltration was considered. When a building retrofit is planned, the energy consumption of this 

building could be significantly reduced. 

Table 14. 621 Skytop–Existing Conditions 

Existing Conditions 

621 Skytop Office 
Building 

Building Type Office 

Square Footage 95800 

Year Built 1968 

Number of Floors 1,P 

Exterior Walls 4" brick, 8" CMU 

Roof 2" deck, built up roof (R-30 assumed) 

Window-Wall Ratio 9% 

Window Type Metal framed, double, no thermal break (U-0.9, SHGC-0.57) 

HVAC System Boiler/chiller with dual duct AHUs, DX/gas RTUs 

HVAC Efficiencies 70% boiler, 5.6 COP chiller, 12.1 EER and 80% RTU 

Lighting Approximately equal to 2007 ECCCNYS 
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Table 15. 621 Skytop–Baseline Modeling 

Building 
Name 

Existing Energy Consumption Modeled Baseline Consumption Model Calibration  
(% Difference) 

Electric 
(kWh) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Electric 
(kWh) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Electric Natural 
Gas 

621 Skytop 
Office Building 1,962,338 88,225 15,520 1,487,876 $158,482 1,710,014 89,963 14,833 1,449,598 $144,984 -12.9% 2.0% 

3.4 621 and 623 Skytop (combined) 

Since 621 and 623 Skytop share central plants, both buildings should be evaluated together. As known from the utility analysis, some  

of the cooling load in 623 is provided by building 621. Thus, the modeled electricity in 623 is somewhat low, but when taken together  

with 621, the buildings fall within calibration parameters. 

Table 16. 621 and 623 Skytop (Combined)–Baseline Modeling 

Building Name 
Existing Energy Consumption Modeled Baseline Consumption 

Model 
Calibration  

(% Difference) 

Electric 
(kWh) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Electric 
(kWh) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Electric Natural 
Gas 

621+623 Skytop 
(Combined) 5,234,811 88,225 26,689 2,248,072 $337,470 4,935,491 92,404 26,085 2,227,430 $322,364 -5.7% 4.7% 
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3.5 Tennity Ice Skating Pavilion 

Recreational ice-skating is available at the Tennity Ice Skating Pavilion with its two rinks that make up 

roughly 22,700 square feet of ice. The ice skating rink is cooled with a 2014 water cooled chiller, with  

a gas fired dehumidification unit. Heat is recovered from the chiller and utilized for under-slab heating 

and snow pile melting. Support spaces utilized a packaged VAV rooftop unit with gas heating and energy 

recovery, as well as some ancillary gas fired unit heaters. Domestic water is provided by a natural gas 

storage unit, which also provides reheat for the VAV terminal units. 

This building has cooling available all year round, and capitalizes on this to capture rejected heat. Some 

of the effectiveness of converting to geothermal may be lost, since free heat is already being utilized.  

Table 17. Tennity Ice Rink–Existing Conditions  

Existing Conditions 

Tennity Ice 
Skating Pavilion 

Building Type Ice Rink 

Square Footage 47823 

Year Built 2000 

Number of Floors 1 

Exterior Walls Metal panel walls, R-19 batt insulations 

Roof Metal deck (R-30 assumed) 

Window-Wall Ratio 2% 

Window Type Metal framed, double, no thermal break (U-0.9, SHGC-0.57) 

HVAC System Gas fired DOAS, ice rink WC chiller 

HVAC Efficiencies 80% heating, 4.1 COP chiller, 11.3 EER VAV, 52% ERW 

Lighting Approximately equal to 2007 ECCCNYS 

Table 18. Tennity Ice Rink–Baseline Modeling 

Building 
Name 

Existing Energy Consumption Modeled Baseline Consumption 
Model 

Calibration  
(% Difference) 

Electric 
(kWh) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb 
CO2e) 

Cost ($) Electric 
(kWh) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Electric Natural 
Gas 

Tennity Ice 
Skating 
Pavilion 

1,684,902 30,648 8,815 749,908 $113,996 1,643,578 29,196 8,529 723,330 $110,817 -2.5% -4.7% 
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3.6 Goldstein Student Center 

The two-story student activities center, Goldstein Student Center, contains a convenience store,  

dining area, laundromat, computer lab, conference space, and offices.  

Water source heat pump (WSHP) units condition most of the building, utilizing a high-efficiency  

gas fired boiler and cooling tower in conjunction with energy recovery units to capture waste heat from 

the kitchen and laundry areas. Air handling units with water cooled DX cooling and hot water heat have 

been added to the building during upgrades (assumed 15 percent of the floor area). Hot water is provided 

by gas fired storage type heaters.  

The building has a very high energy utilization, which suggests occupancy dependent equipment use,  

or some other substantial process load. The model was unable to reach the desired calibration levels,  

since the variable in question is process load and utilization schedules, and the steep drop off during 

summer months makes it difficult to understand the base loads. However, for the purposes of this  

study, the increased process load does not substantially alter the heating and cooling impact. Prior to 

implementing any system upgrades, a thorough assessment of the building loads should be undertaken  

to ensure that all relevant loads are accounted for.  

Table 19. Goldstein Student Center–Existing Conditions 

Existing Conditions 

Goldstein Student 
Center 

Building Type Student Center 

Square Footage 43888 

Year Built 1990 

Number of Floors B,1,2,A 

Exterior Walls Metal stud walls, R-13 insulation 

Roof 2" concrete deck, built up roof (R-20 assumed) 

Window-Wall Ratio 40% 

Window Type Metal framed, double, no thermal break (U-0.9, SHGC-0.57) 

HVAC System WSHP, HW boiler, DOAS 

HVAC Efficiencies 93% boiler, 9.3+12 EER and 3.3+4.2 COP HP. 52%+60% ERU 

Lighting Approximately equal to 2007 ECCCNYS 



 

34 

Table 20. Goldstein Student Center–Baseline Modeling 

Building 
Name 

Existing Energy Consumption Modeled Baseline Consumption 
Model 

Calibration  
(% Difference) 

Electric 
(kWh) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Electric 
(kWh) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Electric Natural 
Gas 

Goldstein 
Student 
Center 

1,497,631 48,314 9,943 913,063 $108,398 1,191,176 53,750 9,440 905,462 $94,162 -20.5% 11.3% 

3.7 Skytop Office Building 

In 2018, the office building at 640 Skytop underwent a major renovation, including the HVAC  

systems and additional insulation. Variable air volume rooftop units with DX cooling and hot water 

reheat condition the space, which is entirely office space in a primarily open area. A condensing  

boiler with a variable flow loop supplies the reheat coils, snowmelt, and a limited number of unit  

heaters. Domestic water is provided by the boiler via heat exchanger. 

The building at 640 Skytop has all new systems and is generally energy efficient. However, there  

are energy savings to be captured via a high-efficiency system, such as a geothermal heat pump system. 

Table 21. Skytop Office Building–Existing Conditions 

Existing Conditions 

Skytop Office 
Building 

Building Type Office 

Square Footage 52900 

Year Built 1972 

Number of Floors 1,2 

Exterior Walls 8" concrete, R-13.6 in furring 

Roof Concrete deck, built up roof (R-30 assumed) 

Window-Wall Ratio 29% 

Window Type Metal framed, double, no thermal break (U-0.9, SHGC-0.57) 

HVAC System RTUS, HW boiler 

HVAC Efficiencies 93% boiler, 11.3 EER RTUs 

Lighting 30% better than ASHRAE 90.1-2013 
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Table 22. Skytop Office Building–Baseline Modeling 

Building 
Name 

Existing Energy Consumption Modeled Baseline Consumption 
Model 

Calibration  
(% Difference) 

Electric 
(kWh) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Electric 
(kWh) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Electric Natural 
Gas 

Skytop Office 
Building 312,301 12,860 2,352 222,985 $24,258 285,863 13,295 2,305 221,927 $23,054 -8.5% 3.4% 

3.8 Ski Lodge 

The Ski Lodge is a sparsely occupied restaurant/lounge building adjacent to the ski slopes. Built in  

1948, the original steam system is still in place. Split system air conditioning is provided for the main 

seating area and kitchen in conjunction with unit heaters throughout the building. The building lacks  

both ventilation and makeup air, other than infiltration. Domestic hot water for the kitchen is provided  

by natural gas storage-type heaters. 

Utility data provided for this facility indicates very low electric consumption, which poses difficulties  

for model calibration. Although the electric portion indicates a wide disparity, it represents only 3 percent 

of the overall building energy usage. 

When considering renovation for this facility, it will be important to ensure that the building is brought  

up to current ventilation codes. As a 1948-era building with a stone basement, it is likely that there is a 

significant quantity of air infiltration used to provide fresh air to the facility. Air leakage should be  

sealed, and mechanical ventilation provided to ensure a high-functioning building. 

Table 23. Ski Lodge–Existing Conditions 

Existing Conditions 

Ski Lodge 

Building Type Restaurant/Bar 

Square Footage 9342 

Year Built 1948 

Number of Floors B,1,2 

Exterior Walls Stud walls, R-11 insulation 

Roof Peaked roof, wood deck, R-26 at deck 

Window-Wall Ratio 11% 

Window Type Metal framed, double, no thermal break (U-0.9, SHGC-0.57) 

HVAC System Steam boiler, DX cooling 

HVAC Efficiencies 70% boiler, 10 SEER split systems 

Lighting Approximately equal to 2007 ECCCNYS 
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Table 24. Ski Lodge–Baseline Modeling 

Building 
Name 

Existing Energy Consumption Modeled Baseline Consumption 
Model 

Calibration  
(% Difference) 

Electric 
(kWh) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Electric 
(kWh) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Electric Natural 
Gas 

Ski Lodge 12,194 11,742 1,216 140,187 $7,401 21,632 10,745 1,148 130,717 $7,322 77.4% -8.5% 

3.9 480 Winding Ridge Apartments 

Part of the larger Winding Ridge Apartment Complex, the 8-unit building at 480 is a typical one of many 

8-unit buildings in the complex. Each unit is all-electric, utilizing electric resistance baseboard heat and 

electric water heaters in lieu of any natural gas. No cooling is provided for the apartments. The buildings 

are simple, with no common space in the building and the same layout for each unit. 

In an all-electric building such as the Winding Ridge Apartments, each unit has the capacity to switch to  

a heat pump system. However, for a one-for-one replacement, a separate water-to-water heat pump would 

be required. In this case, it may make sense to replace the baseboard with a forced air unit, which would 

have the added benefit of ventilation in the dwelling unit.  

Table 25. 480 Winding Ridge–Existing Conditions 

Existing Conditions 

480 Winding 
Ridge Apartments 

Building Type Apartment 

Square Footage 6257 

Year Built 1972 

Number of Floors 1,2 

Exterior Walls Stud walls, R-11 insulation 

Roof Wood deck, built up roof (R-20 assumed) 

Window-Wall Ratio 22% 

Window Type Metal framed, double, no thermal break (U-0.9, SHGC-0.57) 

HVAC System Electric resistance 

HVAC Efficiencies 100% resistance heating 

Lighting 1.1 W/sf dwelling units 
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Table 26. 480 Winding Ridge–Baseline Modeling 

Building 
Name 

Existing Energy Consumption Modeled Baseline Consumption 
Model 

Calibration  
(% Difference) 

Electric 
(kWh) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Electric 
(kWh) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Electric Natural 
Gas 

480 Winding 
Ridge 

Apartments 
91,103 0 311 21,163 $8,033 84,801 0 289 19,699 $7,478 -6.9% -- 

3.10 460 Winding Ridge Apartments 

With 12-units, the apartment building at 460 Winding Ridge is virtually the same as 480 Winding  

Ridge, but 50 percent larger. It uses the same electric resistance building systems and identical apartment 

layouts. The challenges and advantages will be the same among the two buildings, and likely most of the 

Winding Ridge Apartment Complex buildings as well. 

Table 27. 460 Winding Ridge–Existing Conditions  

Existing Conditions 

460 Winding 
Ridge Apartments 

Building Type Apartment 

Square Footage 9356 

Year Built 1972 

Number of Floors 1,2 

Exterior Walls Stud walls, R-11 insulation 

Roof Wood deck, built up roof (R-20 assumed) 

Window-Wall Ratio 23% 

Window Type Metal framed, double, no thermal break (U-0.9, SHGC-0.57) 

HVAC System Electric resistance 

HVAC Efficiencies 100% resistance heating 

Lighting 1.1 W/sf dwelling units 

Table 28. 460 Winding Ridge–Baseline Modeling  

Building 
Name 

Existing Energy Consumption Modeled Baseline Consumption 
Model 

Calibration  
(% Difference) 

Electric 
(kWh) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Electric 
(kWh) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Electric Natural 
Gas 

460 Winding 
Ridge 

Apartments 
136,655 0 466 31,745 $12,050 129,187 0 441 30,010 $11,392 -5.5% -- 
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3.11 Combined Load Profile 

One advantage of a geothermal heat pump system is the ability to share energy on the loop. When  

one area is heating and another is cooling, the loads offset each other, and can reduce the mechanical 

conditioning required. When sizing a geothermal wellfield, the number of wells can be reduced due  

to this phenomenon. 

In a traditional system, each building is separate, and the HVAC system must be sized for the building 

peak. When combining multiple buildings, the equipment size is simply the sum of the peaks. 

When multiple buildings can share a HVAC system, the overall equipment size can be reduced by 

considering the peak of the additive hourly loads, since every building typically peaks at a different time. 

In the case of a geothermal system, the heating and cooling loads can offset each other over the course  

of the year, and the peak is only part of the equation for the wellfield. Nevertheless, when the heating  

and cooling peaks offset each other during the course of the year, they are further reduced. 

The differences in the building peaks are noted in the following table: 

Table 29. Combined Load Profile 

Sum of Peaks 
(Baseline) 

Individual GSHP Loop 
Peaks  

(Code-Compliant) 

Combined Building Peaks 

GSHP Loop Peak Peak with Cooling Tower 
(Proposed) 

Heating 
(tons) 

Cooling 
(tons) 

DHW 
(tons) 

Heating 
(tons) 

Cooling 
(tons) 

Heating 
(tons) 

Cooling 
(tons) 

Heating 
(tons) 

Cooling 
(tons) 

785 623 34 726 659 667 617 667 521 
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4 Proposed System: Community Geothermal 
System 

4.1 Determining the Optimal Energy Source 

Once the energy profile of the buildings has been established, the design for the community heat pump 

system can be determined. Equipment is selected based upon the existing systems and feasibility of the 

upgrade, with a primary goal of energy efficiency. Generally, primary equipment has been selected to 

match the existing equipment, but the wellfield is sized based upon the calculated energy profile. Energy 

savings are shown compared against the existing systems, as well as independent individual building  

heat pump systems with code-minimum efficiencies.  

4.2 Test Well 

To ensure a properly sized geothermal wellfield, a test well must be drilled to determine the thermal 

conductivity of the earth. All sites have differing composition, so utilizing assumptions to size a  

wellfield may either cause capacity problems (undersized) or incur unnecessary expense (oversized). 

The well was drilled behind the Carriage House on Farm Acres Road, north of the proposed  

building cluster.  

Nothnagle Drilling, Inc. performed the drilling and thermal conductivity testing. The test well drilled  

is as follows: 

• Single vertical well  
• 5.75 inches diameter bore 
• 1 1/4 inches SR11 HDPE pipe 
• 400 feet deep 
• U-Bend 
• Geo-clips (to space tubes apart) 
• High performance grout (1.2 Btu/h*ft*°F) 
• 36-hour test 
• 5 day "rest" period prior to testing to equalize temperature 

Thermal conductivity was calculated to be 1.54 Btu/h*ft*°F with a thermal diffusivity of 1.02 ft²/day.  

See appendix for complete test well results.  
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Figure 10. Test Well Location 

4.3 Proposed Central Wellfield 

To maximize energy sharing, the proposed system is a community heat pump system. The wellfield 

includes the same deep wells as the test well, on a 20 by 20-foot grid as feasible. Each well must  

be installed to avoid existing utilities but does not require future access. Typical well locations  

are in open fields and lawn areas, and below parking lots. 

In this case, the test well was drilled in a location north of the buildings. However, this location does  

not have sufficient open area to accommodate all the wells required. Instead, the overflow parking lot 

near the south athletic has space available to accommodate all wells together. Although there is a utility 

easement with overhead power lines running through the lot, it is generally clear of underground utilities. 

Alternatively, there are several smaller lawn areas throughout the site that may be appropriate for satellite 

wellfield locations. However, pumping would likely need to be distributed as well, or the campus loop 

would require larger primary-only pumps. Should future expansion of the district systems be desired, the 

existing test well would work well in a satellite wellfield location serving the surrounding residences.  

The wellfield will consist of 210 wells circuited together in rows, spaced 20 feet on center. The supply 

and return of each 4-inch circuit header will be brought back independently into a piping manifold. The 

manifold will be in a large utility vault located at the head end of the wellfield where the branches will be 

combined into a main 12-inch pipe header for distribution throughout the campus. The 12-inch main will 

be routed to the data center, where dedicated variable speed wellfield pumps will control the flow in the 
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wellfield. Secondary variable flow distribution pumps will pump the heat pump loop water throughout the 

campus, and individual branch lines will bring the loop to each building. Each building will have another 

set of tertiary loop pumps to move the condenser water throughout the building, through heat pumps, and 

back to the main campus loop. 

The total building cluster as modeled requires 352 wells to provide sufficient capacity for all the  

buildings and to ensure that the wellfield can maintain the water temperatures desired. However, the 

cluster is unbalanced, and has more cooling load than heating, due in large part to the data center. This 

high cooling load is an advantage when combined with buildings with high heat loads, but in this case, 

there is excess cooling on the loop. For a more cost-effective solution, the cooling tower in the data center 

should be maintained to cool the loop in the hottest months. For the purposes of this study, it is assumed 

that the cooling tower will handle the heat rejection from the data center in the months of June, July, 

August, and September. With a more balanced loop, the wellfield is significantly downsized. A robust 

control system will permit the cooling tower to operate based on loop temperatures to ensure that the 

wellfield is balanced and the earth surrounding the wellfield does not continue to increase in temperature 

over time. Note that the proposed wellfield as sized is insufficient to keep the wellfield balanced, and 

without the cooling tower, the ground temperatures will continue to creep up over time and decrease  

the available heat rejection capacity of the wellfield.  

To further maximize the wellfield potential, oversized piping and an oversized utility vault could  

be installed. This will allow future wells to be installed and additional buildings to be brought online. 

Additionally, since the heat pump loop is cooling dominated, more heating-dominated buildings could  

be added to the loop for little impact on the wellfield size. For example, most residential buildings in  

this climate have weather dependent loads and therefore are heating dominated. There are a substantial 

number of residences on the South Campus in close proximity, and additional buildings can be brought 

online with minimal cost. 

Proposed Equipment: 

• 210 wells (400 ft, 20 x 20) as described in the "Test Well" section of this report. 
• 4-inch circuit pipe headers, 12-inch campus loop piping. 
• Wellfield circulation pumps (x4, n+1 redundant) with variable frequency drive (VFD)  

(50 horsepower (HP)). 
• Campus ground loop distribution pumps (x4, n+1 redundant) with VFD (75 HP). 
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Table 30. Estimated Overall Savings 

Building 
Name 

Modeled 
Option 

Modeled Consumption Savings vs. Baseline 

Electric 
(kWh) 

Demand 
(kW) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Energy 
(mmBtu) 

Energy 
(%) 

Carbon 
(lb CO2e) 

Carbon 
(%) 

Cost 
($) 

Cost 
(%) 

Entire 
Eight 

Building 
Cluster 

Existing 
Baseline 8,291,728 1,871 199,390 48,239 4,258,576 $576,589 -- -- -- -- -- -- 

Community 
Heat Pumps 9,384,267 2,723 11,889 33,217 2,319,039 $536,322 15,021 31% 1,939,536 46% $40,267 7% 

Figure 11. Community Wellfield Layout 
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The modeled load profile of the community heat pump loop is shown below: 

Figure 12. Overall Annual Load Profile 

This chart shows that the heating and cooling loads are in contrast to each other, and the community is 

cooling dominated. When combined into a geothermal loop, both loads moderate, and the final thermal 

load is in between. This saves substantial energy over a traditional system, which must handle each load 

independently of each other. 

4.4 623 Skytop Data Center 

When the Skytop Data Center was built in 2009, it was designed as a "green" data center, utilizing  

energy efficient systems, including energy recovery, displacement underfloor air systems, and in-rack 

cooling. It is recommended that these systems are maintained, and only the chiller be upgraded for a 

geothermal system.  

Instead of utilizing a traditional chiller, a water-to-water heat pump is recommended. In this  

building, since the primary load is cooling with minimal heat load, the heat pump will function much  

like a traditional chiller but can accommodate the low water temperatures of the geothermal condenser 

loop. The condenser loop will recover the rejected heat from the compressors and add it to the 

community-wide geothermal loop to be used in other buildings. 
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The combined energy profile of the buildings show that the community system is cooling-dominated,  

due in part to the data center and high internal loads of other buildings. To lower the cooling load on the 

geothermal loop, the existing closed-circuit cooling tower is recommended to be tied into the geothermal 

loop to provide an additional mechanism for heat rejection. This allows the wellfield to be downsized to 

better balance the heating and cooling system. However, there is some efficiency loss, due to the power 

required for cooling tower fans and pumps. To optimize the wellfield size, the calculations assume that 

the cooling tower will provide the heat rejection for the data center cooling load in only the months of 

June through August.  

The existing pumping systems are variable flow/variable speed and are efficient. These can be maintained 

and reused for the chilled water loop. The existing hot water loop is fed from the adjacent building and 

will remain. However, the hot water is provided via fossil fuel boiler, and until the 621 Skytop Office 

building undergoes renovation to convert the hot water to an electrified source, the data center will  

not be fully electrified. 

The chiller in this building has been newly replaced, so it may not be cost-effective to replace this  

chiller at once. Instead, the chiller can utilize economizer cooling with the geothermal loop when 

conditions permit. Economizer cooling bypasses the chiller compressor and utilizes the cold condenser 

water (from the geothermal loop) to cool the chilled water directly. This arrangement will limit the ability 

of the campus loop to recover heat from the data center but will provide energy savings via compressor-

less cooling. However, the proposed chiller is intended to be utilized to provide hot water for the adjacent 

building at 621 Skytop, so supplementary heating may be required in the building until the chiller can  

be upgraded.  

The heat pump change in the data center itself does not require an electrical service upgrade, since  

the load will not differ greatly from the existing chiller. Additionally, the data center was designed with 

spare capacity for up to two more chillers. However, the installation of the campus ground loop pumps 

adds a significant load, which requires a service upgrade, from an estimated 1000 amperage (A) service  

to a 1600A. The previous removal of the microturbines and designation of future chiller space provides 

ample room for heat pump related equipment installation.  
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Equipment to be removed: 

• 250-ton water cooled chiller. 
• Primary chiller pumps (7.5 HP). 

Proposed Equipment: 

• Modular 250-ton ground source water-to-water heat pump, 18.2 EER cooling, 3.4 COP heating. 
• Ground source heat pump loop pump with VFD (10 HP). 
• Chilled water primary pumps with VFD (7.5 HP). 
• Campus ground loop equipment as noted in the section "Proposed Central Wellfield" of  

this report. 

The expected energy savings are as follows: 

Table 31. 623 Skytop–Estimated Savings 

Building 
Name 

Modeled 
Option 

Modeled Consumption Savings vs. Baseline 

Electric 
(kWh) 

Demand 
(kW) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Energy 
(mmBtu) 

Energy 
(%) 

Carbon 
(lb CO2e) 

Carbon 
(%) 

Cost 
($) 

Cost 
(%) 

623 
Skytop 
Data 

Center 

Existing 
Baseline 3,225,477 375 2,441 11,253 777,832 $177,380 -- -- -- -- -- -- 

Code-
Compliant 

Heat Pumps 
3,452,622 523 0 11,784 802,044 $188,841 -531 -5% -24,212 -3% 

-
$11,
461 

-6% 

Community 
Heat Pumps 3,327,950 762 0 11,358 773,083 $182,022 -106 -1% 4,750 1% 

-
$4,6
42 

-3% 

The energy consumption actually increases with the community heat pump system, thanks to the 

installation of the wellfield pumps in this facility. However, even with the increased pump load,  

the community heat pump system still demonstrates carbon savings. 

The annual load profile: 
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Figure 13. 623 Skytop–Annual Load Profile 

Note that the GSHP load is more than the cooling load because it includes the heat of the heat  

pump compressor, which the geothermal loop must alleviate. 

4.5 621 Skytop Office Building 

The primary HVAC system in the 621 Skytop Office Building is a dual-duct constant volume system. 

This system is original to the building and inefficient. Any renovation of this building should include  

a replacement of the air handling units. 

The proposed system will replace the existing steam boilers and air cooled chiller with a modular  

water-to-water heat pump. The heat pump will be tied into the geothermal loop to maximize efficiency, 

and both the chilled water and hot water loops will be tied into adjacent data center to share hot and 

chilled water. The main large air handling unit will be removed in its entirety and replaced with a  

VAV unit with hot and chilled water coils, the dual-duct terminal units will be replaced with variable  

air volume units with reheat as required, the hot supply duct will be removed, and the cool supply  

duct will remain. All pumps will be replaced with premium efficient pumps with variable speed drives. 

Existing DX/natural gas rooftop units will be removed and replaced with units with hot and chilled  

water coils. Any steam unit heaters will be replaced with hot water heaters, and the stand-alone  

AC units will be replaced with chilled water fan coil units. New reheat piping will be routed  

throughout the building for the VAV units as well. 
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A smaller additional dedicated domestic hot water heat pump (tied into the ground loop) will be  

provided for service water heating, combined with a domestic water storage tank. 

An alternative solution for this building is to remove the centralized air handler altogether and replace  

the dual-duct terminal units with water-to-air ground source heat pumps. A dedicated outdoor air system 

(DOAS) with energy recovery would be necessary to supply ventilation air. This arrangement would 

likely save fan power, but the distributed heat pumps would require additional maintenance when 

compared to the more centralized water-to-water heat pumps. 

Utilizing a water-to-water heat pump system to produce hot and chilled water leaves open opportunities 

for additional energy efficient systems. For example, the VAV boxes can be eliminated, and decoupled 

fan coils or even chilled beams employed in conjunction with a DOAS system.  

Additional electric capacity is expected to be required for the new geothermal heat pumps. The  

building was designed with capacity for a future chiller and cooling towers, and there is likely  

spare capacity. However, the heat pumps, especially during the dead of winter, have a significant 

electrical demand. The service is expected to require an increase from 1200A to 1400A. The removal  

of the existing boilers and chiller as well as designation of space for future boiler and chiller provides 

ample space for the installation of the heat pumps in the mechanical penthouse. 

Equipment to be removed: 

• 76,000 cubic feet per minute (cfm) air handling unit 
• DX/Gas VAV rooftop units 
• 450-ton air cooled chiller 
• 3000 mbh steam boilers x2 
• Heat exchanger 
• Chilled water pump (40 HP) 
• Hot water distribution pumps (1 1/2 HP x2) 
• Dual duct terminal boxes 
• Steam unit heaters 
• AC units 
• Domestic water heaters 
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Proposed Equipment: 

• VAV air handling units and an energy recovery unit (CHW/HW)  
• Modular 250-ton ground source water-to-water heat pump, 18.2 EER cooling, 3.4 COP heating 
• Ground source heat pump loop with VFD (10 HP) 
• Chilled water primary pumps with VFD (7.5 HP) 
• Hot water primary pumps with VFD (5 HP) 
• Chilled water distribution pumps with VFD (40 HP) 
• Hot water distribution pumps with VFD (25 HP) 
• VAV terminal boxes with hot water 
• HW unit heaters 
• AC units 
• Ground source water-to-water heat pump water heater (5 ton), 2.9 COP heating 
• Domestic hot water storage tank 

The expected energy savings are as follows: 

Table 32. 621 Skytop–Estimated Savings  

Building 
Name 

Modeled 
Option 

Modeled Consumption Savings vs. Baseline 

Electric 
(kWh) 

Demand 
(kW) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) 
Cost 
($) 

Energy 
(mmBtu) 

Energy 
(%) 

Carbon 
(lb CO2e) 

Carbon 
(%) 

Cost 
($) 

Cost 
(%) 

621 
Skytop 
Office 

Building 

Existing 
Baseline 1,710,014 610 89,963 14,833 1,449,598 $144,984 -- -- -- -- -- -- 

Code-
Compliant 

Heat Pumps 
2,032,382 1,065 0 6,937 472,122 $116,086 7,896 53% 977,475 67% $28,898 20% 

Community 
Heat Pumps 1,810,176 870 0 6,178 420,504 $103,394 8,654 58% 1,029,094 71% $41,590 29% 

The annual load profile: 
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Figure 14. 621 Skytop–Annual Load Profile 

4.6 Tennity Ice Skating Pavilion 

The main energy consumer at Tennity Ice Skating Pavilion is the equipment associated with ice  

making. In 2014, this system was replaced with a high-efficiency system with heat recovery. Since this  

is a modern, high-efficiency system and the free heat is already being utilized in the rinks themselves, 

adding the ice-skating rink to the geothermal system is not recommended. Furthermore, as a process 

cooling system, the needs of the rinks are unique and extreme, and benefit from a dedicated system to 

maintain proper control. Instead, only the space conditioning systems are recommended to be upgraded  

to a geothermal system. 

In this building, a new water-to-water heat pump is recommended to be used for hot water generation. 

The hot water will be distributed to unit heaters and fan coil units (in lieu of gas unit heaters and 

furnaces), as well as VAV reheat. The desiccant unit is nearing the end of its useful life and is 

recommended to be replaced with a unit containing energy recovery, as well as with hot water coils 

instead of natural gas heaters. The VAV rooftop unit will be replaced with a water cooled heat pump  

unit as well, but the VAV boxes will remain. 

A smaller additional dedicated domestic hot water heat pump (tied into the ground loop) will be  

provided for service water heating, combined with a domestic water storage tank. The hot water  

pumps will be replaced to accommodate the additional load and provided with a VFD. 
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A service line upgrade may be required to accommodate the new heat pumps. No electric chiller  

is being replaced to mitigate the load impact of the heat pumps. The load increase is estimated to  

be ~100 kilowatts (kW), which would upsize the service from an estimated 800A service to 1000A.  

Space for the heat pump is sparse as well. The domestic water system can be installed in the mechanical 

room where the existing domestic hot water (DHW) system is located in the addition. The larger hot 

water generator may fit in the mechanical room with the existing furnaces but if space is limited,  

may require taking a section of the adjacent equipment room instead. 

A potential difficulty in this building is the large open ice rink area that any hot water piping must cross 

to get between the original office area and the addition. Piping should not be routed directly above the ice 

rink, to reduce the risk of condensation, and should be installed with additional insulation to mitigate the 

effects of the ice rink temperatures.  

Equipment to be removed: 

• VAV rooftop unit 
• Desiccant dehumidifier 
• Heat exchanger 
• Gas unit heaters 
• Gas furnaces 
• Domestic water heaters 

Proposed Equipment: 

• VAV air handling unit (CHW/HW) 
• Desiccant dehumidifier (HW) 
• Modular 150-ton ground source water-to-water heat pump, 18.2 EER cooling, 3.4 COP heating 
• Ground source heat pump loop pumps with VFD (5 HP) 
• Hot water primary pumps with VFD (3 HP) 
• Hot water distribution pumps with VFD (7.5 HP) 
• Chilled water pumps with VFD (1 HP) 
• Hot water unit heaters 
• Hot water fan coil units 
• Ground source water-to-water heat pump water heater (10 ton), 2.9 COP heating 
• Domestic hot water storage tanks 

The expected energy savings are as follows: 
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Table 33. Tennity Ice Rink–Estimated Savings  

Building 
Name 

Modeled 
Option 

Modeled Consumption Savings vs. Baseline 

Electric 
(kWh) 

Demand 
(kW) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb 
CO2e) 

Cost ($) Energy 
(mmBtu) 

Energy 
(%) 

Carbon 
(lb 

CO2e) 
Carbon 

(%) Cost ($) Cost 
(%) 

Tennity Ice 
Skating 
Pavilion 

Existing 
Baseline 1,643,578 279 29,196 8,529 723,330 $110,817 -- -- -- -- -- -- 

Code-
Compliant 

Heat Pumps 
2,033,466 380 0 6,940 472,374 $117,333 1,589 19% 250,955 35% -$6,516 -6% 

Community 
Heat Pumps 1,979,395 338 0 6,756 459,813 $114,213 1,773 21% 263,516 36% -$3,396 -3% 

The annual load profile: 

Figure 15. Tennity Ice Rink–Annual Load Profile 

Note the load profile does not include the cooling for the ice. 
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4.7 Goldstein Student Center 

Much of the existing building at the Goldstein Student Center is already serviced by water source heat 

pumps. However, typical WSHPs are not rated for the low temperatures of a ground source loop, and  

the units must be replaced for a geothermal system. Since this building has distributed systems, the air 

handling units will be replaced with water cooled heat pump units as well. 

The existing boiler and cooling tower attached to the water loop will be removed and the existing loop 

will instead be tied into the campus geothermal loop. A new water-to-water heat pump will be provided 

for the existing hot water loop. The loop pumps will be upsized as required to accommodate the new 

AHUs and provided with VFDs. 

A smaller additional dedicated domestic hot water heat pump (tied into the ground loop) will be provided 

for service water heating, combined with domestic water storage tanks.  

A service line upgrade may be required to accommodate the new, large air handler heat pumps. The  

load increase is estimated to be ~125 kW, which would upsize the service from an estimated 400A  

service to 600A. The new central heat pump equipment will be located in the boiler room, located in  

the place of the existing boilers. 

Equipment to be removed: 

• Standard water source heat pumps 
• Air handling units 
• Boilers (1000 mbh x2) 
• Cooling tower (515 gallons per minute (gpm)) 
• Hot water loop pumps (10 HP) 
• Heat pump loop pumps (20 HP) 
• Domestic water heaters 
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Proposed Equipment: 

• Water-to-air ground source heat pumps, 16.9-20.3 EER cooling, 3.7-4.4 COP  
heating (19.3 EER and 4 COP used in model) 

• Energy recovery units (HW) 
• Water cooled heat pump air handling units 
• Modular 100-ton ground source water-to-water heat pump, 18.2 EER cooling, 3.4 COP heating 
• Ground source heat pump loop pumps with VFD (20 HP) 
• Hot water primary pumps with VFD (3 HP) 
• Hot water distribution pumps with VFD (10 HP) 
• Ground source water-to-water heat pump water heater (20 ton), 2.9 COP heating 
• Domestic hot water storage tanks 

The expected energy savings are as follows: 

Table 34. Goldstein Student Center–Estimated Savings 

Building 
Name 

Modeled 
Option 

Modeled Consumption Savings vs. Baseline 

Electric 
(kWh) 

Demand 
(kW) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb 
CO2e) 

Cost 
($) 

Energy 
(mmBtu) 

Energy 
(%) 

Carbon 
(lb 

CO2e) 
Carbon 

(%) 
Cost 
($) 

Cost 
(%) 

Goldstein 
Student 
Center 

Existing 
Baseline 1,191,176 355 53,750 9,440 905,462 $94,162 -- -- -- -- -- -- 

Code-
Compliant 

Heat Pumps 
1,700,100 548 11,522 6,955 529,714 $100,589 2,486 26% 375,748 41% -$6,427 -7% 

Community 
Heat Pumps 1,618,895 463 11,522 6,677 510,850 $96,070 2,763 29% 394,612 44% -$1,908 -2% 

The annual load profile: 
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Figure 16. Goldstein Student Center–Annual Load Profile 

4.8 Skytop Office Building 

Recently renovated, the Skytop Office Building utilizes VAV systems with hot water throughout. To 

maintain the updated systems and the updated office space, a water-to-water heat pump is recommended 

for this building. Hot water systems will be maintained, and distributed DX systems will be replaced  

with chilled water.  

The new heat pump will provide both chilled and hot water, and the existing boiler will be removed.  

New chilled water piping will be circulated through the building, and all rooftop units will be removed 

and replaced with air handling units with hot and chilled water coils. Stand-alone AC units will be 

replaced with chilled water fan coil units. New primary and secondary chilled water pumps will be 

provided, as well as a new primary HW loop pump and a GSHP condenser water loop pump; all  

will have VFDs. 

A smaller additional dedicated domestic hot water heat pump (tied into the ground loop) will be  

provided for service water heating, combined with a domestic water storage tank.  
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A service line upgrade is likely required to accommodate the new heat pumps. The increase is mitigated 

somewhat due to the presence of DX coils; however, especially with the snowmelt load, the electricity 

needed for peak heating exceeds what is currently needed for cooling. The load increase is estimated to  

be ~90 kW, which would upsize the service from an estimated 400A service to 600A. The removal of  

the existing boilers is expected to provide sufficient space for the installation of the heat pumps in the  

boiler room. 

Equipment to be removed: 

• Boilers (1200 thousand British thermal units per hour (mbh)) 
• Boiler pumps (3/4 HP) 
• DX/HW rooftop units 
• AC units  
• Domestic water heater 

Proposed Equipment: 

• Modular 200-ton ground source water-to-water heat pump, 18.2 EER cooling, 3.4 COP heating 
• VAV air handling units (CHW/HW) 
• Ground source heat pump loop pumps with VFD (5 HP) 
• Chilled water primary pumps with VFD (3 HP) 
• Hot water primary pumps with VFD (3 HP) 
• Chilled water distribution pumps with VFD (7.5 HP) 
• GSHP pumps + VFD (10 HP) 
• AC Units (CHW) 
• Ground source water-to-water heat pump water heater (10 ton), 2.9 COP heating 
• Domestic hot water storage tank 

The expected energy savings are as follows: 

Table 35. Skytop Office Building–Estimated Savings 

Building 
Name 

Modeled 
Option 

Modeled Consumption Savings vs. Baseline 

Electric 
(kWh) 

Demand 
(kW) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb 
CO2e) 

Cost ($) Energy 
(mmBtu) 

Energy 
(%) 

Carbon 
(lb 

CO2e) 
Carbon 

(%) Cost ($) Cost 
(%) 

Skytop 
Office 

Building 

Existing 
Baseline 285,863 126 13,295 2,305 221,927 $23,054 -- -- -- -- -- -- 

Code-
Compliant 

Heat Pumps 
476,243 228 0 1,625 110,631 $26,048 680 29% 111,296 50% -$2,994 -13% 

Community 
Heat Pumps 427,902 199 0 1,460 99,402 $23,404 845 37% 122,525 55% -$350 -2% 
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The annual load profile: 

Figure 17. Skytop Office Building–Annual Load Profile 

4.9 Ski Lodge 

The equipment at Ski Lodge is very old and in need of replacement. Much of the building is heating  

only, as it is ancillary space, with the main dining area and kitchen cooled. To minimize extraneous 

HVAC noise in the seating area, fan coil units are recommended, since they do not have compressors. 

High-wall fan coil units, located where the split system air-conditioning units are now, will provide  

both heating and cooling in this space in conjunction with new hot water convectors. 

The kitchen will have ceiling mounted fan coil units, and the remainder of the space will utilize 

convectors and unit heaters. As a restaurant, the domestic hot water load is significant, so a ground  

source heat pump hot water heater with storage is required. The chilled and hot water produced by  

the heat pump unit will be circulated with primary-only pumping with variable speed drives. 

A service line upgrade may be required to accommodate the new heat pumps. The load increase is 

estimated to be ~25 kW, which would upsize the service from an estimated 400A service to 600A.  

There is ample storage space, and in conjunction with the removal of the existing boilers, there is 

sufficient clearance for installation in the basement of this facility. 
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Energy savings include increased insulation and envelope sealing, recommended to save energy  

and downsize equipment. It is also recommended irrespective of the option selected, so costs  

associated with envelope modifications have not been included in the cost estimate. 

Equipment to be removed: 

• Steam unit heaters 
• Steam convectors  
• Steam boiler (~400 mbh) 
• Gas domestic water heater 
• AC units  

Proposed Equipment: 

• Fan coils 
• Hot water unit heaters 
• Hot water convectors 
• Modular 15-ton ground source water-to-water heat pump, 18.2 EER cooling, 3.4 COP heating 
• Ground source heat pump loop pumps with VFD (5 HP) 
• Chilled water distribution pumps with VFD (3 HP) 
• Hot water distribution pumps with VFD (1.5 HP) 
• Ground source water-to-water heat pump water heater (10 ton), 2.9 COP heating 
• Domestic hot water storage tank 

The expected energy savings are as follows: 

Table 36. Ski Lodge–Estimated Savings 

Building 
Name 

Modeled 
Option 

Modeled Consumption Savings vs. Baseline 

Electric 
(kWh) 

Demand 
(kW) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb 
CO2e) 

Cost 
($) 

Energy 
(mmBtu) 

Energy 
(%) 

Carbon 
(lb 

CO2e) 
Carbon 

(%) 
Cost 
($) 

Cost 
(%) 

Ski Lodge 

Existing 
Baseline 21,632 15 10,745 1,148 130,717 $7,322 -- -- -- -- -- -- 

Code-
Compliant 

Heat Pumps 
72,958 44 367 286 21,241 $4,037 863 75% 109,476 84% $3,285 45% 

Community 
Heat Pumps 66,821 40 367 265 19,816 $3,716 884 77% 110,901 85% $3,607 49% 
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The annual load profile: 

Figure 18. Ski Lodge–Annual Load Profile 

4.10 480 Winding Ridge Apartments 

The apartments at Winding Ridge are simple systems, which utilize electric resistance. To replace the 

existing systems with geothermal, a hydronic system would be required. Since the system requires the 

baseboard be replaced in its entirety, an upgrade to an air-side system to add cooling and provide 

increased comfort conditions is recommended.  

An option for residential units is a combined geothermal heat pump with domestic water generation as 

one packaged unit. It is primarily a water-to-air heat pump, with domestic hot water as a value-add. This 

eliminates the need for a separate water heater and provides on-demand hot water. Due to the small size 

of the apartments, the in-unit hot water generation is expected to be sufficient alone for the needs of the 

dwelling unit. Additional ductwork will be required to accommodate the air-side system. The ground  

loop water will be circulated with variable flow pumping. 

Because the existing system is resistance heating, and heat pumps use significantly less energy, an 

electrical service upgrade is not expected to be required. The new heat pumps will be placed in the 

individual unit mechanical rooms, which previously housed electric furnaces. 
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Equipment to be removed: 

• Electric baseboard 
• Electric water heater 

Proposed Equipment: 

• Ground source water-to-air heat pumps with domestic hot water generation (1.5 tons). 
• Ground source heat pump loop pumps with VFD (2 HP). 

The expected energy savings are as follows: 

Table 37. 480 Winding Ridge–Estimated Savings 

Building 
Name 

Modeled 
Option 

Modeled Consumption Savings vs. Baseline 

Electric 
(kWh) 

Demand 
(kW) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Energy 
(mmBtu) 

Energy 
(%) 

Carbon 
(lb CO2e) 

Carbon 
(%) 

Cost 
($) 

Cost 
(%) 

480 Winding 
Ridge 

Apartments 

Existing 
Baseline 84,801 44 0 289 19,699 $7,478 -- -- -- -- -- -- 

Code-
Compliant 

Heat 
Pumps 

63,795 21 0 218 14,820 $5,625 72 25% 4,880 25% $1,852 25% 

Community 
Heat 

Pumps 
60,498 20 0 206 14,054 $5,335 83 29% 5,646 29% $2,143 29% 

The annual load profile is shown below: 

Figure 19. 480 Winding Ridge–Annual Load Profile 



 

60 

4.11 460 Winding Ridge Apartments 

Since 460 Winding Ridge is identical to 480, except in the number of units, the proposed systems are 

identical. This proposed system can likely be repeated throughout the entire Winding Ridge Apartment, 

should the wellfield be sized for the additional buildings. 

Equipment to be removed: 

• Electric baseboard 
• Electric water heater 

Proposed Equipment: 

• Ground source water-to-air heat pumps with domestic hot water generation (1.5 tons). 
• Ground source heat pump loop pumps with VFD (2 HP). 

The expected energy savings are as follows: 

Table 38. 460 Winding Ridge–Estimated Savings 

Building 
Name 

Modeled 
Option 

Modeled Consumption Savings vs. Baseline 

Electric 
(kWh) 

Demand 
(kW) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb 
CO2e) 

Cost ($) Energy 
(mmBtu) 

Energy 
(%) 

Carbon 
(lb 

CO2e) 
Carbon 

(%) Cost ($) Cost 
(%) 

460 
Winding 
Ridge 

Apartments 

Existing 
Baseline 129,187 67 0 441 30,010 $11,392 -- -- -- -- -- -- 

Code-
Compliant 

Heat Pumps 
98,043 32 0 335 22,775 $8,645 106 24% 7,235 24% $2,746 24% 

Community 
Heat Pumps 92,630 30 0 316 21,518 $8,168 125 28% 8,492 28% $3,224 28% 



 

61 

The annual load profile is shown below: 

Figure 20. 460 Winding Ridge–Annual Load Profile 

4.12 Code-Compliant System: Individual Building Geothermal  

A community heat pump has its advantages but may not be the ideal scenario for a particular location. 

Specifically, the large upfront cost of the district wellfield, plus the campus distribution pumps and  

piping may cost more than is feasible. As a comparison, a code-compliant geothermal heat pump  

system has been evaluated as well. For this option, all buildings are assumed to have individual 

wellfields, with individual wellfield pumps. Where the size of the wellfield indicates it, a piping  

manifold for the wellfield piping is included. Additionally, the heat pumps in the buildings have  

been modeled with code-minimum efficiencies. 

Note that for the purposes of this alternative, 621 and 623 Skytop are part of the same wellfield system,  

as their systems are intertwined. Additionally, to keep the calculations consistent, the data center cooling 

tower utilization during the summer months has been included in this option as well to reduce the number 

of wells. The data center, although contributing greatly to the district geothermal system, is unbalanced  

on its own and requires a large wellfield to function.  

All other items are the same between both options. 
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Excluded Equipment (versus Proposed System) 

• 210 wells (400 ft, 20 x 20) as described in the "Test Well" section of this report. 
• 4-inch circuit pipe headers, 12-inch campus loop piping. 
• Wellfield circulation pumps (x4, n+1 redundant) with VFD (50 HP). 
• Campus ground loop distribution pumps (x4, n+1 redundant) with VFD (75 HP). 

Code-Compliant System Equipment 

• 315 wells (400 ft, 20 x 20) as described in "Test Well" 
• 621+623 Skytop: Wellfield Pumps with VFD (25 HP) 
• Tennity: Wellfield Pumps with VFD (7.5 HP) 
• Goldstein: Wellfield Pumps with VFD (20 HP) 
• 640 Skytop: Wellfield Pumps with VFD (10 HP) 
• Ski Lodge: Wellfield Pumps with VFD (2 HP) 
• 480 Winding: Wellfield Pumps with VFD (3/4 HP) 
• 460 Winding: Wellfield Pumps with VFD (1 HP) 

Table 39. Code-Compliant Load Profile 

Sum of Individual Buildings 
(Code-Compliant System) 

Combined Building Loads Peak 
(Proposed Community System) 

Heating 
Peak (tons) 

Cooling 
Peak (tons) 

Number of 
Wells 

Number of 
Wells with CT 

Heating 
Peak (tons) 

Cooling 
Peak (tons) 

Number of 
Wells 

Number of 
Wells with CT 

726 659 474 315 667 617 352 210 

Table 40. Code-Compliant Estimated Savings 

Building 
Name 

Modeled 
Option 

Modeled Consumption Savings vs. Baseline 

Electric 
(kWh) 

Demand 
(kW) 

Natural 
Gas 

(therm) 
Energy 

(mmBtu) 
Carbon 

(lb CO2e) Cost ($) Energy 
(mmBtu) 

Energy 
(%) 

Carbon 
(lb 

CO2e) 
Carbon 

(%) Cost ($) Cost 
(%) 

Entire 
Eight 

Building 
Cluster 

Code-
Compliant 

Heat Pumps 
9,929,609 2,842 11,889 35,079 2,445,722 $378,365 -- -- -- -- -- -- 

Community 
Heat Pumps 9,384,267 2,723 11,889 33,217 2,319,039 $354,300 1,861 5% 126,683 5% $24,065 6% 
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5 Economic Analysis 
5.1 Analyzing Economic Impacts 

While carbon neutrality is the ultimate goal of the university, carbon reduction is one of several factors 

that needs to be understood for a project of this scale. In order to determine the feasibility of the proposed 

system, it is necessary to evaluate project costs.  

5.2 Summary of Costs 

The results of the cost analysis are summarized below. See "Cost Estimates" in the appendix for a detailed 

breakdown of the installation and maintenance costs of each system.  

Table 41. Economic Summary 

Economic Summary 

Design Option Construction 
Cost 

Estimated 
Incentives 

Total First 
Cost 

Annual 
Mainten

ance 

Annual 
Energy 
Costs 

Total 
Annual 
Costs 

Annual 
Carbon 

(lb CO2e) 
Baseline System: Replace 
systems in kind $4,918,071 $0 $4,918,071 $72,218 $576,589 $648,807 4,258,576 

Code-Compliant System: 
Individual building heat pumps $17,719,877 $789,601 $16,930,276 $57,679 $567,206 $624,885 2,445,722 

Proposed System: Community 
heat pumps $17,628,502 $5,201,701 $12,426,801 $58,127 $536,322 $594,449 2,319,039 

Economic Savings vs. Baseline 

Design Option First Cost ($) First Cost 
(%) 

Annual Costs 
($) 

Annual 
Costs 

(%) 

Simple 
Payback 
(Years) 

Annual 
Carbon 

(lb CO2e) 

Annual 
Carbon 

(%) 
Baseline System: Replace 
systems in kind -- -- -- --   -- -- 

Code-Compliant System: 
Individual building heat pumps -12,012,205 -244% 23,922 4% 502 1,812,853 43% 

Proposed System: Community 
heat pumps -7,508,730 -153% 54,358 9% 138 1,939,536 46% 

Compared to the existing systems, and maintaining the status quo, the geothermal wellfield does  

not provide a reasonable simple payback. Therefore, it does not make sense to install the system  

based on economic reasons alone. However, to achieve net-zero carbon in the future, as is the goal  

for Syracuse University, an electrified heating solution is imperative. When compared to individual 

building geothermal heat pumps, the community system is both less expensive (especially when  

including financial incentives) and is less costly to operate from an energy perspective. 
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Although the costs of the proposed option are high, the carbon emission reductions with the  

community heat pump system is remarkable—saving almost 50 percent of the entire cluster's emissions. 

With New York State's ever-greener electrical grid, the carbon reduction will continue to improve with 

the utility grid. According to United States Environment Protection Agency, Upstate New York has an 

emissions factor of 232.3-pound carbon dioxide per megawatt hour (pounds CO2/MWh) of electricity.  

For comparison, the Midwest has a factor almost seven times as high, 1584.4-pound CO2/MWh. As New 

York State continues to push for a greener electric grid, a geothermal heat pump system will continue  

to reduce carbon emissions with no additional energy efficiency measures or costs.  

5.3 Life-Cycle Cost Analysis 

One advantage of a geothermal heat pump system is the longevity of the equipment. Typical geothermal 

heat pumps have an expected useful life of 25 years, with the wellfield itself lasting 50 years or longer. 

Maintenance costs are less than traditional systems as well, thanks to the lack of moving parts in the 

wellfield and the use of a single piece of equipment for both heating and cooling. 

To fully understand the proposed system, it is helpful to look at the overall life-cycle cost over the 

expected useful life of the equipment. Normally, a geothermal heat pump system is expected to last  

25 years, and a traditional system is 15–20 years. The expected lifespan of the installed equipment is  

as follows: 

Table 42. Equipment Expected Useful Lifespan 

Expected Useful Lifespan 
Equipment Description Years Equipment Description Years 

Air cooled chiller 15 Natural gas DWH 15 
Water cooled chiller 20 Electric DWH 13 
Cooling tower 15 Air handling unit 20 
Natural gas boiler 25 Rooftop unit 15 

Geothermal W-W heat pump 25 Rooftop WSHP 20 
Geothermal W-A heat pump 25 Unitary AC 15 
Geothermal GSHP DWH 20 Fan coil unit 25 
Pumps 15 Gas fired unit heater 15 
Controls 15 Hydronic unit heater 25 

When considering the lifecycle cost, we must consider escalation in both utility and construction costs,  

as well as the discount rate to account for risk and the time value of money. The results of the net  

present value calculations are summarized in the following table:  
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Table 43. Life-Cycle Cost Analysis 

Discount Rates       

Medium-Risk Generative 7.25% (for energy objectives)    
 

Escalation Rates       

Energy Related: 6.600%      
 

Electricity: 4.10%      
 

All Other Cost Items: 2.50%      
 

Energy Rates        

Description Cost Units Source Notes 
 

Electricity: $0.056 /kWh Energy Budget Provided by Owner  

Natural Gas: $0.522 /therm Energy Budget Provided by Owner  

Life-Cycle Cost Analysis (LCCA) Results     

Description Option Estimated 
First Cost 

Annual Energy 
Cost, 

First Year 

Annual Maintenance 
Cost, 

First Year 

Life 
Expectancy 

(Years) 

25-Year LCCA 
Net Present 

Value 

NPV Difference 
vs. Option 1 

Baseline System: Replace 
Systems in Kind 1 ($4,918,071) ($576,589) ($72,218) 20 ($17,310,608) -- 

Code-Compliant System: 
Individual Building 
Geothermal Heat Pumps 

2 ($16,930,276) ($567,206) ($58,127) 25 ($30,466,790) ($13,156,182) 

Proposed System: 
Community Geothermal Heat 
Pumps 

3 ($12,426,801) ($536,322) ($57,679) 25 ($24,376,589) ($7,065,981) 

Note: Annual Maintenance Costs are intended to represent the differences between the measures, in order to determine 
which measure is more feasible and do not take into consideration all maintenance costs for the building. 

Ultimately, both heat pump options have a negative net present value (NPV) when compared  

to the existing systems. However, thanks in large part to potential incentives offered by the NYSERDA 

Community Heat Pump Program, the proposed district geothermal system shows an NPV) of $4,000,000 

more than the individual building systems. This indicates that although the community system is a large 

financial outlay, it is prudent to act to take advantage of the incentive offers available. 
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5.4 Incentive Programs 

To assist in financing, there are many incentive programs through the government and utilities that offer 

financial support for energy efficiency projects. The programs may be aimed toward specific 

technologies, or simply based upon energy reduction. Generally, incentives are paid upon completion of 

the construction project and are subject to program guidelines. Estimated incentives for the proposed 

project are as follows: 

Table 44. Estimated Incentives  

Possible Incentives 

Program 
Proposed 

Community 
Award  

Code-
Complaint 

System 
Award  

Included 
in 

LCCA?  
Comments  

NYSERDA Community Heat 
Pump–Category B (Design) $500,000 $ - No 

For design study (not construction) based on 
design fee, competitive process, not available  
for GSHP individual systems 

NYSERDA Community Heat 
Pump–Category C 
(Implementation) 

$4,000,000 $ - Yes* 
Competitive process, some or all of award may  
not be granted, not available for individual  
GSHP systems 

NYS Clean Heat Program 
(National Grid) $1,201,701 $789,601 Yes Assumes only 75% of calculated energy savings  

is eligible for incentive 

NYSERDA New 
Construction $554,878 $554,878 No 

Only available for gut rehabs, project may not be 
eligible. Program currently closed but expected  
to reopen in a different form. 

Total $6,256,579 $1,344,479     

Note: Additional tax incentives are available for geothermal system, which are not shown above. Please consult  
with tax attorney for value of these incentives. These incentives can be significant and may increase the  
feasibility of the project. 

Besides rebate-type programs, such as NYSERDA and National Grid, there are tax incentives as well, 

including tax credits and accelerated depreciation. The value of these incentives is dependent on the  

tax structure of the project owner. As a nonprofit, Syracuse University may not be eligible for the  

tax incentives, and advice from a tax attorney should be sought for confirmation. 

The bulk of the potential incentive is through the NYSERDA Community Heat Pump program, which  

is a competitive process in a new program, and the likelihood of attaining the award in full or in part  

is yet to be understood. It may require additional energy efficiency work in the buildings to make this 

community stand out among other applicants. However, the incentive is significant and progressing  

in a path to achieve the award is recommended. 

Specific incentive programs that may be applicable to this project are described below: 
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5.4.1 NYSERDA Programs  

5.4.1.1 NYSERDA Community Heat Pump Systems PON 4614 

Project has already won NYSERDA funding for Category A: Site-Specific Scoping Study  

(this document): 

• Competitive bid process with application deadlines. 
• Category A: Award of up to $100,000 for a community geothermal feasibility  

study for a specific cluster of buildings. 
• Category B: Award of up to $500,000 or a maximum of ~50 percent of costs  

for a more focused design study for implementation.  
• Category C: Award of up to $4,000,000 or a maximum of ~50 percent of costs  

for the implementation of the community wellfield design project. 
• For more information about the program: https://www.nyserda.ny.gov/All-

Programs/Community-Heat-Pump-Systems/Community-Heat-Pumps-Pilot-Program 

5.4.1.2 NYSERDA New Construction Program  

***NOTE: The New Construction Program (NCP) is currently CLOSED for new projects. The  

program is expected to be reestablished; however, incentives are unknown at this time and likely  

to change. It is expected that incentives will be geared toward technical assistance during the design  

phase and less toward financial assistance. The following information is based upon the NCP program 

that closed in early 2023 and is provided for reference only. 

***Applicable to All-Electric Projects Only—New Construction or Major Rehabilitation 

Support Level 2 Carbon Neutral Ready 

• Technical Support: 

o Compliance Path A:  

 Pre-Schematic/Schematic Design Phase  
 Applicant partners receives funding for a Primary Energy Consultant to complete  

an Energy Model documenting 15 percent source energy savings beyond NYS 
Energy Code. The building may not include any fossil fuel use on site. Eligible 
projects for Compliance Path A must be a minimum of 5,000 square feet. 

https://www.nyserda.ny.gov/All-Programs/Community-Heat-Pump-Systems/Community-Heat-Pumps-Pilot-Program
https://www.nyserda.ny.gov/All-Programs/Community-Heat-Pump-Systems/Community-Heat-Pumps-Pilot-Program
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o Compliance Path C:  

 Pre-Schematic/Schematic Design Phase  
 Applicant partners receives funding for a Primary Energy Consultant to complete  

an Energy Model documenting energy performance to meet NYStretch Code). The 
building may not include any fossil fuel use on site. Eligible projects for Compliance 
Path A must be a minimum of 5,000 square feet. 

• Financial Support:  

o Compliance Path A:  

 Energy Performance Incentive of 15 percent AND No Fossil Fuel  
use on site = $2.00/Square foot of the total impacted project area. 

 The maximum Energy Performance Incentive is up to $750,000 per project  
(up to $800,000 for projects located in a disadvantaged community).  

o Compliance Path C:  

 Design and constructed to meet or exceed NYStretch AND No Fossil  
Fuel use on site = $1.50/Square foot of the total impacted project area.  

 The maximum Energy Performance Incentive is up to $750,000 per project 
(up to $800,000 for projects located in a disadvantaged community).  

• Other Compliance Paths apply to projects that are out of the Pre-Schematic or Schematic 
Design Phase. Those projects are eligible for financial support, but minimal technical support.  

o For more information: https://www.nyserda.ny.gov/All-Programs/Programs/New-
Construction-Program 

5.4.1.3 NY-Sun 

• The NY-Sun program offers incentives and financing for NY businesses purchasing  
and installing solar panel systems. 

• There are also NYS tax credits available, if eligible. 
• Current incentives: 

o Non-residential (<200 kW): $0.35/W. 
o Commercial (>200 kW): $0.15/W ($0.12/W expected soon). 

• Incentives reduce over time after a certain number of projects are awarded. 
• To determine eligibility, you will need to work with a participating NY-Sun contractor: 

o https://www.nyserda.ny.gov/All-Programs/Programs/NY-Sun/Solar-for-Your-
Business/How-to-Go-Solar/Find-a-contractor 

• For more information about the program: https://www.nyserda.ny.gov/All-
Programs/Programs/NY-Sun 

https://www.nyserda.ny.gov/All-Programs/Programs/New-Construction-Program
https://www.nyserda.ny.gov/All-Programs/Programs/New-Construction-Program
https://www.nyserda.ny.gov/All-Programs/Programs/NY-Sun/Solar-for-Your-Business/How-to-Go-Solar/Find-a-contractor
https://www.nyserda.ny.gov/All-Programs/Programs/NY-Sun/Solar-for-Your-Business/How-to-Go-Solar/Find-a-contractor
https://www.nyserda.ny.gov/All-Programs/Programs/NY-Sun
https://www.nyserda.ny.gov/All-Programs/Programs/NY-Sun
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5.4.1.4 NYSERDA Flexible Technical Assistance (FlexTech) 

• Shares the cost to produce an objective, site-specific, and targeted study on how best  
to implement clean energy and/or energy efficiency technologies (NYSERDA pays  
50% of study cost). 

• For more information: https://www.nyserda.ny.gov/All-Programs/Programs/FlexTech-Program 

5.4.2 National Grid Rebates 

5.4.2.1 NYS Clean Heat Statewide Heat Pump Program 

• Custom incentive of up to $80/MMBtu for systems > 300,000 Btu/h full load heating capacity 
• Must utilize NYSERDA-participating contractor or designer, subject to installation 

requirements.  
• For more information: https://www.nationalgridus.com/media/pdfs/bus-ways-to-

save/nys_clean_heat_1pager_2022.pdf 

5.4.2.2 National Grid Commercial Rebates 

• Prescriptive rebates: Fixed dollar amount for specific predetermined measures such as lighting, 
$4–$275 based on fixture type.  

• Custom rebates: Performance-based rebates that require project specific assessment and  
cost-benefit analysis. 

o $0.197/kWh saved (non-lighting), $0.13/kWh (custom lighting), and $1.00/therm saved,  
up to 50 percent of incremental cost of project (compared to code minimum equipment). 

• For more information: https://www.nationalgridus.com/Upstate-NY-Business/Energy-Saving-
Programs/ 

5.4.2.3 National Grid Make-Ready Program 

• Will fund up to 50 percent (or 90 percent if made available to the public) of the  
electric infrastructure costs associated with new vehicle charging stations. 

• For more information: https://www.nationalgridus.com/media/pdfs/bus-ways-to-save/cm8214-
ev-infrastructure-brochure.pdf 

5.4.3 Tax Incentives  

5.4.3.1 Federal Tax Incentives for Commercial Geothermal Heat Pumps 

• Investment Tax Credit: 

o 30 percent bonus rate for geothermal systems based on total system cost. 
o Additional 10 percent bonus rate for domestic content projects. 
o Construction must begin before January 1, 2035, credit reduces in 2032. 
o Large projects (over 1 megawatt) must meet prevailing wage and  

apprenticeship requirements. 
o Can offset both regular income taxes and alternative minimum taxes. 

https://www.nyserda.ny.gov/All-Programs/Programs/FlexTech-Program
https://www.nationalgridus.com/media/pdfs/bus-ways-to-save/nys_clean_heat_1pager_2022.pdf
https://www.nationalgridus.com/media/pdfs/bus-ways-to-save/nys_clean_heat_1pager_2022.pdf
https://www.nationalgridus.com/Upstate-NY-Business/Energy-Saving-Programs/
https://www.nationalgridus.com/Upstate-NY-Business/Energy-Saving-Programs/
https://www.nationalgridus.com/media/pdfs/bus-ways-to-save/cm8214-ev-infrastructure-brochure.pdf
https://www.nationalgridus.com/media/pdfs/bus-ways-to-save/cm8214-ev-infrastructure-brochure.pdf
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• Accelerated Depreciation of Energy Property: 

o Classified as 5-year property. 
o 100 percent bonus depreciation in the first year. 

5.4.3.2 Federal Investment Tax Credit for Commercial Solar Photovoltaics 

• This is a federal corporate income tax credit based on 10 percent of the cost of  
the solar photovoltaic system. 

• For additional information: www.energy.gov/eere/solar 

5.4.3.3 NYS Electric Vehicle Recharging Property Tax Credit: 

• Credit the lesser of $5,000 or 50% of the cost of property less any cost paid  
from the proceeds of grants. 

• For additional information: https://www.tax.ny.gov/pit/credits/alt_fuels_elec_vehicles.htm 

5.4.4 Energy Efficiency Financing 

5.4.4.1 Property Assessed Clean Energy Financing (Open C-PACE) 

• The full cost of renewable energy improvements (including solar energy, geothermal  
heat pumps, and air source heat pumps) can be financed through one’s property tax bills.  
This means that the entire cost of these systems (including all labor and including the 
distribution system and possibly domestic hot water) does not need to be financed through  
the mortgage. Loan terms may range from 20–30 years, with competitive interest rates  
from a range of potential capital providers.  

• For additional information: https://www.eicpace.org/eicopencpace 

5.5 Other Business Model Options 

A typical construction project involves initiating the project, engaging a design team, selecting  

an installation contractor, and ultimately being responsible for operating and maintaining the  

equipment. This has generally worked well for Syracuse University, since they are knowledgeable  

about how their buildings operate and have a robust maintenance staff with the necessary expertise to 

operate and maintain their buildings. Utilizing the traditional path of constructing the project allows  

the university to have more input and control in both the design and operation of the building systems. 

Because of this, a traditional approach is recommended. 

http://www.energy.gov/eere/solar
https://www.tax.ny.gov/pit/credits/alt_fuels_elec_vehicles.htm
https://www.eicpace.org/eicopencpace
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The design-build-own-operate-maintain business model follows a similar path, but simplifies the  

work required by the owner. The owner hires one contractor for a task, and it is up to the contractor to 

determine the means and methods to ensure that the job is completed as requested. Eventually, after the 

project is in operation for an agreed upon period of time, it is turned over to the owner. The contractor 

bears all the responsibility, including construction issues and maintenance. However, Syracuse University 

would give up much of the control in the process. 

"Energy as a service" is useful when the customer would like the benefits of a system while minimizing 

upfront costs. This is typically used when a particular technology is desired, such as solar panels. In  

this model, the customer engages a service company to install and maintain the desired equipment, in 

exchange for a monthly lease fee. In the case of renewable energy, instead of a lease, a power purchase 

agreement may be put into place, in which the customer agrees to buy the energy produced at an agreed 

upon rate. This model is worth considering for the solar panels. The university would be able to reap  

the benefits of a solar array without bearing the initial upfront cost. 

Similarly, "heat as a service" is when a customer enters into an agreement with a supplier simply  

to provide heat at a fixed cost and not based on usage. It is the responsibility of the suppler to install  

and maintain the equipment for the building and ensure comfort conditions. In this case, a separate  

entity would own the wellfield and the HVAC equipment in the building, and Syracuse University  

would pay a fee for the heating (and cooling) in their buildings. The university would not be responsible 

for the associated energy bills. This is not recommended since the university has a maintenance staff  

and generally prefers to maintain control of their own buildings. 
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6 Additional Technologies 
To mitigate the electricity consumption of the electrified heating system and to attempt to achieve  

net-zero carbon emissions, power generation is required. In an ideal situation, 100 percent of the 

electricity consumed by the building cluster serviced by the proposed geothermal wellfield would  

be provided by renewable sources.  

6.1 Solar Photovoltaics 

Solar photovoltaics (PV) provide an additional opportunity to reduce the energy consumption  

and operation cost of the community. PV systems harvest the ambient solar energy and convert it  

to electricity, which can reduce the electricity required from the utility grid. When combined with  

a high-efficiency all-electric building, utility-supplied energy usage can even be eliminated.  

Typically, the on-site PV system is tied into the grid, so any shortage is supplemented by the utility  

grid and any excess solar energy is delivered back to the utility. New York State has a net metering  

law which allows the excess production to be credited at the same rate as energy supplied from the grid. 

In this way, a facility can take advantage of the energy that is produced, even if the building has low 

electric use during periods of high sunlight when the panels produce more than the building requires. 

All of the buildings considered are low-rise buildings, many of which have flat roofs to provide  

ample roof area for roof-mounted panels. The campus is a fairly dense area, and much of the lawn  

space is shaded by buildings or utilized for athletic fields, which limits the installation area for additional 

ground mounted solar panels. However, there may be lawn space behind the 621 Skytop building  

and parking lot as well as along Skytop Road. Solar panels can also be installed above the geothermal 

wellfield if desired; however, the recommended location of the wellfield is beneath a parking lot.  

At an additional cost, parking canopies can provide a location for solar panels as well. 

Several size arrays were evaluated, based on the desired reduction of energy use per option. Optimally, 

the solar panels would be sized to offset the electricity in its entirety; however, that requires a large 

upfront cost and likely additional coordination with the utility company. The options evaluated include 

100 percent of the electricity (to understand what area would be required), the roof area available for  

solar panels, and the size required to offset only the estimated increase in electric consumption of  

the community geothermal system. The results are as follows: 
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Table 45. Solar Panel Array–Estimated Savings 

Solar Panel Array 

System Size 
(kW) Description Area of 

Panel(sf) 
Annual 
Output 
(kWh) 

Annual 
Electric 
Savings 

Avoided 
Energy 

Cost 
Installation 
Cost($2/W) 

Potential 
Incentives* Net Cost 

Simple 
Payback 
(years) 

800 10% of proposed electric use 43896 940196 10% $53,390  $1,600,000 $120,000 $1,480,000 27.7 

880 Consumption differential 48285 1034215 11% $58,729  $1,760,000 $132,000 $1,628,000 27.7 

1700 Roof area available 93278 1997916 21% $113,455  $3,400,000 $255,000 $3,145,000 27.7 

2000 25% of proposed electric use 109739 2350489 25% $133,476  $4,000,000 $300,000 $3,700,000 27.7 

8000 100% of proposed electric use 438957 9401957 100% $533,904  $16,000,000 $1,200,000 $14,800,000 27.7 
 
** Subject to installation requirements and approval by NYSERDA. Requires use of NYSERDA participating 

contractor. Incentives reduce based on number of approved projects in program. 

The interconnection of a solar array requires approval by the utility to ensure that it does not  

negatively affect the utility grid. All installations must follow the requirements of the Interconnection 

Tariff (NYSIR), which lays out the required equipment, procedures, listings standards, and relevant 

codes. All systems much include an inverter and a disconnect, as well as specific certifications  

(i.e., UL1741) and other accessories. System designers should also refer to the National Grid Electric 

Tariff PSC 220 and the National Grid Electric Service Bulletins (ESBs) for additional requirements.  

Once the system is designed, an application is submitted. Due to the size of the solar array, a Coordinated 

Electric System Interconnection Review (CESIR) will be required, performed by the utility to evaluate 

the proposed design for any concerns. If issues are found, the application could be denied, or additional 

equipment (such as a dedicated transformer) may be necessary at the owner’s cost. Periodic verification 

testing of the protective equipment is required as well. 

No significant issues are expected for the interconnectIon of the solar grid. Despite the urban setting,  

the site is not in an underground secondary network area, which can cause connection complications  

for the utility. In 2020, Syracuse University successfully installed a 50-kW solar array at Shine Student 

Center. Note that a distributed solar field system (i.e., on many roofs) would require multiple inverters 

and interconnection applications to the utility grid. However, smaller sized panel arrays (≤50 kW) can  

go through a simplified application process. Should solar panels be desired for this facility, it is 

imperative to include the utility at early planning stages. 
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An alternative to site-installed solar panels is utilizing Community Distributed Generation (CDG),  

in which a developer installs a solar field at an offsite location, and the power is injected directly into  

the grid. The university would join the CDG community for a membership fee, and then would get 

monthly utility bill credits per the Value of Distributed Energy Resources (VDER) tariff, based upon  

the output of the CDG PV system. In this way, the campus can utilize solar power, without incurring  

the costs of a solar panel installation. Of course, the cost savings of this method are less than that  

of a site solar panel system; however, it does not require a significant financial outlay, construction 

coordination, or maintenance responsibilities. 

6.2 Electric Vehicle Charging 

According to the EPA, the transportation sector is responsible for the majority of carbon  

emissions in this country. At Syracuse University, many students and employees commute on a  

daily basis, contributing to global emissions through burning fossil fuels and tailpipe emissions.  

Because carbon-neutrality is the ultimate goal of the university, adding electric vehicle (EV) charging 

stations to help to offset some of the impact from carbon emissions produced by daily commuters  

aligns with their ultimate goals. 

There are three types of charging stations, each requiring different power demands: Level 1–slow 

charging, Level 2–typical chargers, and Level 3–DC fast charging (DCFC). Level 1 is best for hybrids 

and overnight charging, requiring only a standard household plug. This is typically feasible for places 

with long-term parking. Level 2 requires 240 Volt (V) chargers, and can fill an EV in several hours,  

such as during the workday. This requires more infrastructure than Level 1 but is generally more useful 

for public use. Level 3 fast charging provides full charging in less than an hour, but requires more 

intensive electrical infrastructure, including a 480 V service and has minimally 50 kW demand (up  

to ~400 kW at present). There are no industry standard DCFC plugs, and they are most useful at  

locations with transient occupants. 

At a university, most occupants stay several hours, either for work, classes, or staying home, and EVs can 

remain plugged in for an extended period. Therefore, Level 2 charging is the most suitable type of charger 

for a university. To determine the proper number of charging stations for the site occupants, an EV survey 

of the occupants is recommended to determine interest. This will ensure that there are a sufficient number 

of stations and encourage EV usage on campus. In lieu of a survey, NYStretch Energy Code suggests a 

total of 5 percent of parking spaces be provided with Level 2 EV charging stations.
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The university may choose to offer free charging to vehicles on site or may charge to generate revenue with the stations to recouple  

installation and energy costs. With current volatile prices of energy, it is recommended to offer paid charging.  

The energy and cost implications of the EV charging stations are as follows: 

Table 46. Electric Vehicle Charging–Estimated Savings 

Electric Vehicle Charging 

Building 
Number of 

Parking 
Spaces 

Number of 
Charging 
Stations 

Estimated 
Installation 

Cost 

Estimated 
Incentive 

(National Grid) 
Total 
Cost 

Daily 
Uses per 
Station 

Peak 
Demand 

(kW) 

Estimated 
Annual 
Energy 

Consumption 
(kWh) 

Estimated 
Annual 
Energy 

Cost 

Potential 
Annual 

Revenue 

Simple 
Payback 
(Years) 

621/623 Skytop 281 14 $142,100 $52,500 $89,600 0.5 134.4 41,104 $2,283 $9,013 13 

Tennity 44 2 $20,300 $7,500 $12,800 0.5 19.2 5,872 $339 $1,302 13 

Goldstein 67 4 $40,600 $15,000 $25,600 2 38.4 46,976 $2,614 $10,306 3 

640 Skytop 184 10 $101,500 $37,500 $64,000 0.5 96.0 29,360 $1,606 $6,409 13 

Ski Lodge 44 2 $20,300 $7,500 $12,800 0.5 19.2 5,872 $308 $1,267 13 

Winding Ridge 51 2 $20,300 $7,500 $12,800 0.5 19.2 5,872 $518 $1,508 13 

Total 671 34 $345,100 $127,500 $217,600   326.4 135,055 $7,667 $29,805 10 

Note: Assumes 30% reduction of use in June, July, and August. 

Annual EV Carbon Emissions 

Electric Gasoline Savings vs. Gasoline 

Fuel Efficiency: 
Average as 
Published  
(kWh/mi) 

Annual 
Mileage 

(mi) 

Carbon 
Emissions 
(lb CO2e) 

Fuel 
Efficiency: US 
EPA Average 

(mi/gal) 

Carbon 
Consumption 

(lb CO2e)* 

Carbon 
Savings 
(lb CO2e) 

Carbon 
Savings 

(%) 

0.346 390,331 31,373 22 347,610 316,237 91% 

*US EPA: 8887 g CO2/gal 



 

76 

With the green electric grid of Upstate New York, electric vehicles consume 91 percent less carbon 

emissions when compared to gasoline vehicles, and and the installation payback is reasonable. However, 

the peak demand of a large number of charging stations can add an additional burden on the building 

electric service, so it is recommended that the stations be installed in conjunction with the solar panels.  

An alternative method of financing electric vehicle charging station is employing the "Charging as  

a Service" business model. In this method, the university partners with an electric vehicle charging 

company (such as WattsLogic or EVConnect) to install the stations. The university does not pay for  

the installation, but instead pays a monthly subscription fee to cover the installation, maintenance, and 

software costs of the stations. The charging company is responsible for the upkeep. This is ultimately 

more costly than a self-financed installation but transfers the burden of ownership to a third party.  

The university may still choose to offer either paid or free charging. Due to the large first cost of the 

Community Heat Pump System, requiring payment may be a preferable option for the university. 

6.3 Battery Energy Storage 

Solar photovoltaics, while excellent at providing renewable energy, only provide electricity while there  

is adequate sunlight. At all other times, the building must utilize the grid for electricity needs. This means 

that solar PV will reduce the grid-supplied electricity consumed in a building, but may not impact the 

overall demand on the grid if conditions are not favorable during periods of high demand. In particular, 

with an electrified heating system, the winter demand peaks are often early in the morning or late in the 

day, when outdoor temperatures are cooler and the ventilation systems are operating—and when, in 

northern climates, it may still be dark. 

The use of battery energy storage allows for "peak shaving," which uses smart controls to manage  

the stored energy in the battery to provide electricity at the demand peak, which reduces the overall  

strain on the energy grid. A well-designed battery storage system may also minimize required electrical 

service upgrades for the proposed community heat pump system by allowing the battery to operate in  

lieu the electrical service. This type of energy storage can be used as a carbon-friendly replacement to 

fossil-fuel emergency generators as they utilize the sun to build up the reserve power. Generators are  

very inefficient for making electricity, and carbon savings are significant even when batteries are  

charged with traditional grid-supplied electricity. When the battery is part of a solar PV system, the 

carbon savings are compounded. 
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Besides the benefits to the electricity grid, battery storage saves cost by reduced demand charges. The 

current National Grid cost per kilowatt peak demand for Large General Service class SC-3 (for customers 

with less than 2,000 kW demand) is $11.38, and when eliminated, can show significant savings. Three 

scenarios are analyzed for sizing purposes: (1) batteries sized per building based upon evening out the 

peak of the demand day, (2) sized to match the existing building peak, and (3) sized for 4-hour standby 

power instead of a gas generator. The results are summarized as follows: 

Table 47. Battery Charging: Demand Day–Estimated Savings 

Battery Charging–Sized Based on Demand Day Needs 

Building 
Battery 

Size 
(kW) 

Storage 
Capacity 

(kWh) 

Peak 
Demand 

(kW) 

Peak 
Demand 

with Battery 
(kW) 

Average 
Monthly 
Demand 
Savings 

(kW) 

Annual 
Demand 
Savings 

(kW) 

Annual 
Demand 
Charge 

Savings ($) 

Estimated 
Installation 

Cost 

Simple 
Payback 
(Years) 

623 Skytop Data 111 0 681 578 49.0 588 $6,693  $175,469 26 

621 Skytop Data 284 1055 913 649 231.7 2780 $31,640  $446,611 14 

Tennity 30 111 341 313 27.8 334 $3,796  $47,072 12 

Goldstein 97 363 479 388 90.7 1088 $12,380  $153,534 12 

640 Skytop 57 213 210 157 48.8 586 $6,664  $90,358 14 

Ski Lodge 10 41 40 30 7.3 87 $995  $16,202 16 

480 Winding 
Ridge 5 19 20 16 4.2 50 $568  $8,034 14 

460 Winding 
Ridge 8 29 31 24 6.4 77 $877  $12,136 14 

Total 603 1831 2715 2154 466 5590 $63,614  $949,416  15 

Table 48. Battery Charging: Existing Peaks–Estimated Savings  

Battery Charging–Sized to Match Existing Peaks 

Building Battery 
Size (kW) 

Storage 
Capacity 

(kWh) 

Peak 
Demand 

(kW) 

Peak 
Demand with 

Battery 
(kW) 

Average 
Monthly 
Demand 

Savings (kW) 

Annual 
Demand 
Savings 

(kW) 

Annual 
Demand 
Charge 

Savings ($) 

Estimated 
Installation 

Cost 

Simple 
Payback 
(Years) 

623 Skytop Data 329 622 681 526 54.9 659 $7,502  $518,508 69 

621 Skytop Data 326 1213 913 610 249.1 2989 $34,014  $513,386 15 

Tennity 66 246 341 299 49.4 593 $6,750  $104,287 15 

Goldstein 133 496 479 355 118.6 1423 $16,192  $209,931 13 

640 Skytop 91 320 210 130 56.5 678 $7,710  $142,585 18 

Ski Lodge 27 57 40 26 7.7 93 $1,054  $42,181 40 

480 Winding 
Ridge 0 0 20 20 0.0 0 $0  $0 -- 

460 Winding 
Ridge 0 0 31 31 0.0 0 $0  $0 -- 

Total 972 2954 2715 1997 536 6434 $73,222  $1,530,877  21 
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Table 49. Battery Charging: Emergency Generation–Estimated Savings  

Battery Charging–Sized for Emergency Generation 

Building 
Battery 

Size 
(kW) 

Storage 
Capacity 

(kWh) 

Generator 
Exercise NGas 

Use (therm) 

Generator 
NGas 

Costs ($) 
Equiv. Battery 
Testing (kWh) 

Battery 
Electric 

Costs ($) 

Carbon 
Savings 
(lb CO2e) 

Carbon 
Savings 

(%) 

Estimated 
Installation 

Cost 

Estimated 
Generator 

Cost 

Estimated 
Incremental 

Cost 

Simple 
Payback 
(Years) 

623 Skytop Data 370 1481 379 $150 185 $10 4393 99% $583,281 $166,652 $416,629 2988 

621 Skytop Data 529 2116 542 $214 265 $15 6275 99% $833,175 $238,050 $595,125 2997 

Tennity 204 817 209 $83 102 $6 2424 99% $321,847 $91,956 $229,891 3000 

Goldstein 287 1150 294 $116 144 $8 3409 99% $452,616 $129,319 $323,297 2991 

640 Skytop 126 504 129 $51 63 $3 1496 99% $198,632 $56,752 $141,880 2988 

Ski Lodge 24 96 25 $10 12 $1 284 99% $37,712 $10,775 $26,937 2979 

480 Winding 
Ridge 12 49 13 $5 6 $1 145 99% $19,258 $5,502 $13,755 3127 

460 Winding 
Ridge 18 74 19 $7 9 $1 219 99% $29,081 $8,309 $20,772 3127 

Total 1572 6287 1609 $635  786 $45  18643 99% $2,475,602  $707,315  $1,768,287  2996 

Battery storage is a cost-effective solution when sized appropriately. Due to the shorter paybacks, batteries sized for the building peaks are 

recommended. Should generators be due for replacement, battery storage may be a viable alternative thanks to the carbon reduction, depending  

on building requirements for emergency power. Unfortunately, from a simple payback perspective, battery storage is not yet cost effective as  

a generator replacement. Should the generator be required to operate for a longer term during the year, it will increase the energy and carbon 

savings based on usage. 

Due to the chemicals in the batteries, they can be a fire hazard and have strict code considerations. They require a separate fire-rated room, 

ventilation, fire suppression, and may also require a certified large scale fire test to determine allowable separations. An alternative to modifying 

the existing building is to install the battery system in an exterior enclosure, although many of the same requirements remain. Batteries lose 

efficiency during extreme temperatures, especially in cold temperatures, so any outdoor location may require supplemental heat. Small systems 

(<20 kW) may be exterior wall mounted.
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Should the Community Distributed Generator option for solar panels be selected, a battery storage system 

may still make sense. Ultimately, it functions the same as the battery without solar, except that power to 

charge the battery will come directly from the grid during periods of low demand (i.e., overnight), and  

the costs for doing so will be largely offset by Value of Distributed Energy Resources credits.  

Battery storage requires the same application process with the utility company as solar PV, including 

specific equipment and testing. 
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7 Regulatory Requirements 
All construction projects must undergo a permitting process to ensure the proposed design meets the 

requirements of the Authority Having Jurisdiction (AHJ). The South Campus site at Syracuse University 

is located in two townships: a portion in the City of Syracuse and a portion in the Town of Onondaga. 

Therefore, building permit applications will need to be submitted to both AHJs, and can be expected to 

take between two to six weeks, depending on the available bandwidth of the building departments. Some 

extra coordination may be required to ensure that the concerns of both AHJs are adequately addressed; 

however, the only item that crosses townships is distribution piping, so significant delay is unlikely. 

All buildings are required to follow the 2020 New York State Uniform Fire Prevention and Building 

Code and the 2020 Energy Conservation Construction Code and all referenced standards within. As  

part of the building permit application, a Short Environmental Assessment Form is to be submitted to  

the AHJ to ensure that the construction will not negatively impact the surrounding environment. This 

form was already filled out and submitted for the construction of the test well (see appendix). Due to the 

size of the wellfield, the site will also likely have a Stormwater Pollution Protection Plan. However, all 

the site trenching will be backfilled and graded, and returned back to their previous ground cover (either 

pavement or lawn) and is likely to have a minimal impact on stormwater except during construction.  

The site is not located on or near protected wetlands, nor within the 100-year floodplain.  

Both photovoltaics and battery storage systems require approval by National Grid. This process may  

take two months for approval for large systems because the utility must perform a study to determine  

if the grid can handle the power generation. Working with the utility company from early design is 

imperative to ensure that the full costs are understood, and requirements are met prior to committing  

to this path.  

Battery storage has historically been a point of contention in some jurisdictions, due to the fire hazard, 

and some permit offices were reluctant to approve them. However, in 2018 and again in 2021, the codes 

regarding battery storage (i.e., NFPA 1 and IFC) were updated to increase the stringency of installation 

requirements, which alleviates much of the fear surrounding the batteries. Combined with increased 

climate awareness and the carbon-neutrality push of New York State, AHJ reluctance has largely 

subsided, and no issues are expected. 
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The entire site, including the buildings and roadways and most of the surrounding infrastructure are 

owned and maintained by Syracuse University. Therefore, right-of-way permits will not be required. 

However, there are a number of utility easements including an easement for overhead electrical 

transmission running above the proposed wellfield. No wells are proposed for installation within the 

easement, but several geothermal distribution lines will cross the easement. The utility rights franchise 

agreement will need to be consulted, along with the plans approved by the town engineering department; 

however, it is not unusual for other site utilities to cross utility easements and it is not expected to pose  

a problem. Additionally, the existing transmission lines are overhead and are unlikely to require the  

use of the underground space in the easement. 

Although a district geothermal is not yet a common design for building HVAC systems, traditional 

geothermal heat pump systems have been approved for installations for decades. Ultimately, since 

Syracuse University owns all the buildings and land in question and is responsible for all the utility bills, 

the installation can be considered from a regulatory perspective as a typical installation, albeit a large one. 

Phasing, financing, and other potential obstacles are strictly at the owner's discretion and are not expected 

to pose difficulty in the permitting process. 
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8 Analysis 
8.1 Site Considerations  

This study encompassed eight buildings on the Syracuse University South Campus as previously 

described. The building cluster contains many different building types, including office, food service,  

data center, ice rink, and community and residential areas. Combining the buildings on a large thermal 

network to offset the differing loads both increases energy efficiency of the buildings and allows for  

a reduction in the wellfields required for the buildings to operate.  

Syracuse University is the only member in the proposed community and is the sole arbiter of this  

project moving forward. This project does not demonstrate a reasonable payback, but the carbon benefits 

are great and an electrified heating system is necessary for the University to meet their carbon-neutrality 

goals in the future. Combined with the current potential incentive available for the installation, it may  

be sufficient to bring this concept into design.  

A properly phased project is one that provides the most value in the beginning phases. In this  

community, the first phase should include the wellfield and distribution network, bringing the piping  

into the data center. Upgrades to the data center and 621 Skytop should follow, since the wellfield  

pumps are located in the data center, and the large cooling loads are necessary to offset heat loads  

in the district system. The 621 Skytop building, which shares HVAC systems with the data center,  

is old and in need of renovation. It will provide the greatest energy savings from the onset.  

In the next phase, the upgrades should be performed at Tennity. The data center heavily skews the 

thermal network to cooling, and Tennity requires the most heat, thanks to the desiccant dehumidification 

system and the ice rink (which is not connected to the geothermal system). Tennity can be paired with the 

apartments at Winding Ridge and the Ski Lodge, as they have older systems in need of replacement and 

are relatively easily implemented once the wellfield is in place.  

Lastly, 640 Skytop and Goldstein remain. Goldstein should be the last installed because it has a 

significant cooling load due to the restaurant and community spaces. A second phase of wells could  

be installed with these buildings as well.  
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The site lends itself well to a community geothermal system. Although primarily located in the city of 

Syracuse, it is relatively flat with a fair amount of open land as well as parking lots. However, as with 

most communities, there are underground utilities throughout, which requires careful coordination during 

installation, though wells can be installed around them as feasible. The proposed location of the wellfield 

has no utilities and has ample room for both this community wellfield and future capacity. The smaller 

lawn or parking areas can be utilized as locations for satellite wellfields as well. Also, since the university 

owns the streets in this community, wells could be installed beneath the pavement.  

Generally, this study focused on the buildings included in the current opportunity for NYSERDA. 

However, with the number of nearby buildings, the district system could be easily expanded. In fact,  

there are a large number of heating-dominated residences on campus, which would pair nicely with  

the cooling load of the data center and may not even require additional wells. If needed, additional 

satellite wellfields can tie directly into the geothermal loop. 

8.2 Technologies Assessed 

The proposed design includes a ground source heat pump system. This type of technology utilizes  

the refrigerant cycle to efficiently move energy from the earth (via water loop) into the buildings  

(into another water loop or the air directly). When a heat pump removes heat from a space, for example,  

it must have an area in which to place the heat. These heat pumps use the ground source water loop to 

dissipate that heat into the earth. Ultimately, the recommended in-building systems are primarily  

water-to-water heat pumps, with some water-to-air units in select locations. Generally, high-efficient 

equipment was selected and was compared against both the existing building systems and geothermal  

heat pumps with code-minimum efficiencies. 

For a wellfield, it is important to keep the thermal load balanced. Over time, if there is more cooling  

than heating, for example, that heat causes the ground temperature to slowly increase, which in turn 

increases the temperatures in the water piping. This provides less capacity for the in-building system, 

reduces efficiency, and can eventually cause equipment failure in the cooling mode. An unbalanced  

load profile requires a larger number of wells to slow the heat gain or loss from the surrounding earth, 

which may delay the complications to beyond the useful life of the geothermal system. However,  

given a long enough time, the impacts of the imbalance will be seen. 
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In this community, the wellfield is not well balanced. In fact, the data center cooling is the vast majority 

of the load on the loop. To maintain a better balance and to achieve longevity in the wellfield operation, 

the existing cooling tower at the data center is recommended to remain, providing additional cooling to 

the loop.  

Because the geothermal system is an electrified heating system in a heating dominated climate, the  

system will cause increased strain on the electric grid. To mitigate the impacts, distributed clean energy 

systems are of increased value on these projects. Solar photovoltaics harvest energy from the sun to offset 

the electric consumption and provide free electricity for the operation of the heat pumps. However, solar 

energy does not help in reducing the peak demand on the electricity grid. Combining the solar energy 

with energy storage allows the solar panels to charge the battery with free electricity, and then discharge  

it during periods of high demand. This way electricity consumption of the building is optimized for the 

utility grid and thus the energy bills. 

8.3 Analytical Methods 

Every building was modeled utilizing the eQuest 3.65 simulation program, and simulated for a period  

of one year, with Syracuse NY TMY2 Typical Meteorological Year weather data.  

All models are identical, except as indicated as part of the HVAC system design. Generally, the  

models follow the guidelines set forth for the proposed model in ASHRAE 90.1-2016 Appendix G, in 

conjunction with COMNET modeling guidelines and industry standard energy modeling assumptions. 

Code minimum efficiencies are based on 2020 NYS Energy Code. Additional sources include the United 

States Environmental Protection Agency, United States Department of Energy, NYSERDA, PV Watts, 

ASHRAE standards, and others as noted. 

A test well was drilled during the study to determine the thermal properties of the earth in the area of  

the drilling site. The wellfield was sized based on the resulting data in conjunction with the eQuest  

model output data. The hourly thermal load data on the geothermal loop was combined into a monthly 

load profile and sized utilizing GLHEPro v5.0.4. Instead of sizing based on peak tonnage on the system, 

which is an outdated way of sizing the wellfield, the number of wells is determined based on both the 

monthly heating and cooling loads and peaks over the course of a year. 
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The eQuest energy model includes all components of the geothermal system, including pumps and 

compressors, both of which add heat to the geothermal loop. In fact, given the same load and same 

efficiency in both heating and cooling seasons, the energy added or removed to the loop is greater  

in cooling season, due to the compressor itself supplementing the heat in heating mode, which adds  

to the load in cooling mode. 

To provide a workable solution to Syracuse University, this study focused on how to incorporate a  

district geothermal system that utilizes the building systems as they stand today to mitigate first cost, 

while upgrading systems where necessary to ensure energy efficiency. Because of the large capital  

costs that must be shouldered entirely by the university, it is necessary to be prudent with the cost  

of recommendations.  

8.4 Proposed Design  

To determine the optimal conceptual design for the university, various options were analyzed,  

finally landing on the proposed design. Generally, the design was intended to minimize equipment 

replacement within buildings and not to require major overhauling of building systems. The only 

exception is 621 Skytop, which has a constant volume dual duct system that is in need of replacement. 

With that in mind, all of the buildings have an existing heating loop of some kind for unit heaters  

and/or radiation. To maintain similar systems, heat generation is required; once there is a heat pump  

in place, it makes sense to utilize it for cooling as well. In Goldstein, where there are already water-to-air 

water source heat pumps, they are replaced directly with ground source heat pump units. Water-to-air  

heat pumps were considered and evaluated for Tennity, Ski Lodge, and 621 Skytop, but ultimately, the 

hot water/chilled water systems were more feasible for the current layout and usage of the buildings. One 

major advantage of water-to-water heat pumps is the centralized location for the heat pump compressors, 

so maintenance for the systems are in one place, and the noise in the conditioned spaces is reduced. 

Water source variable refrigerant flow (VRF) systems were also considered and ultimately rejected.  

The campus expressed uneasiness with this equipment, and the amount of refrigerant required can be 

great. This is a concern when considering leakage, especially in light of refrigerant regulation changes 

expected in the next few years. Instead, premium efficient ground source heat pumps were selected, 

which can mitigate most of the efficiency benefits of VRF. 
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Domestic hot water with heat pump systems can pose a challenge. For carbon emission reduction,  

an electrified water heating solution is desired. Air source heat pumps do not function well in the 

Syracuse climate zone, due to cold winter temperatures (outdoor units) or the cooling it adds to the  

space (indoor units). Tank-type geothermal water heaters are not commercially viable, so a boiler  

and storage tank system is required. However, this takes up a fair amount of floor space. Because  

of the cooling-dominated nature of the wellfield loop, GSHP domestic water heaters have been 

recommended for the buildings. However, until a more practical storage-type unit becomes available,  

the buildings may be better served with gas storage water heaters, and the cooling load balanced  

with alternative heat sources (i.e., additional buildings).  

Phasing may also be a challenge within buildings to minimize disruption to the building occupants.  

The heat pumps require the floor space that the boilers are currently occupying for installation. Where 

possible, the proposed main heat pumps will swap in for the existing equipment, but in many cases,  

the air distribution systems need to be replaced, as they won't function with the geothermal system  

without upgrades. 

Individual building heat pump systems are unable to share energy among buildings and require many 

distributed wellfields along with the associated accessories. Space is required for each of these wellfields, 

and the wellfields require careful planning and coordination with utilities. The total number of wells is 

increased as a result;, however, individual systems reduce the piping required to interconnect all the 

buildings. The additional district loop piping adds some heat to the system via friction. Piping should  

be slightly oversized to reduce the friction, which also reduces pump head and allows for smaller district 

pumps. The long piping runs have an additional benefit as well, as the additional thermal loss through the 

distribution network functions somewhat as additional wells by tempering water temperatures in the loop. 

8.5 Business Model 

Since Syracuse University is the sole owner of the site and the surrounding land, the district thermal 

network does not require special considerations, such as contractual agreements between interested 

parties, other than typical contractor or incentive program terms. As the only interested party, the 

University can take advantage of all eligible monetary and tax incentives and would receive the full 

award, assuming compliance with all program requirements. Most incentives are awarded after 

construction, so funding must be secured to finance the project prior to receipt, although typically  

an offer letter is initiated at the end of design. Regulatory hurdles are limited with this project. 
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8.6 System Impact 

The difference in the number of geothermal wells required in the individual building scenario in  

contrast to the district wellfield is great: 315 versus 210. However, much of the initial cost savings  

of the community well system is eliminated due to the infrastructure required to connect the buildings.  

The energy and carbon savings is improved in the district energy system, although not by a great  

amount, saving modest annual operating costs. Ongoing maintenance costs are also slightly less with  

the centralized system. Fundamentally, there is not a major difference between the selected systems,  

except for potential incentives. 

The available incentives are substantial, especially through the NYSERDA Community Heat Pump 

program. In fact, ultimately, this large incentive makes up the majority of the difference between the 

individual system and the community system, should the project be awarded this incentive. This is  

a competitive incentive and is not guaranteed to be awarded for this project. From a life-cycle cost 

standpoint, this sets the community energy system apart. 

Although cost is a primary consideration of any construction project, the overarching goal is not cost 

savings—it is carbon reduction. When compared against the existing baseline system, the geothermal 

system saves almost half of the overall carbon. This carbon savings will be compounded with a  

renewable energy system and will continue to grow as the grid evolves. 

The following is a summary of the data: 

Table 50. Options Summary 

Options Summary 

Design Option Construction 
Cost 

Estimated 
Incentives 

Total First 
Cost 

Annual 
Maintenance 

Annual 
Energy 
Costs 

Total 
Annual 
Costs 

Annual 
Carbon 

(lb CO2e) 
25-Year NPV ($) 

Baseline System: Replace 
systems in kind $4,918,071 $0 $4,918,071 $72,218 $576,589 $648,807 4,258,576 ($17,310,608) 

Code-Compliant System: 
Individual building heat 
pumps 

$17,719,877 $789,601 $16,930,276 $57,679 $567,206 $624,885 2,445,722 ($30,466,790) 

Proposed System: 
Community heat pumps $17,628,502 $5,201,701 $12,426,801 $58,127 $536,322 $594,449 2,319,039 ($24,376,589) 
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Table 51. Savings over Existing Systems 

Options Savings vs. Baseline  

Design Option First Cost ($) 
First 
Cost 
(%) 

Annual 
Costs 

($) 

Annual 
Costs 

(%) 

Simple 
Payback 
(Years) 

Annual 
Carbon 

(lb CO2e) 

Annual 
Carbon 

(%) 
25-Year  
NPV($) 

25-Year 
NPV (%) 

Baseline System: Replace 
systems in kind -- -- -- -- --  -- -- -- -- 

Code-Compliant System: 
Individual building heat pumps ($12,012,205) -244% $23,922  4% 502 1,812,853 43% $13,156,182  -76% 

Proposed System: Community 
heat pumps ($7,508,730) -153% $54,358  9% 138 1,939,536 46% $7,065,981  -41% 

Table 52. Savings over Code-Compliant System  

Comparison of Heat Pump Systems vs. Individual Systems 

Design Option First Cost 
($) 

First 
Cost 
(%) 

Annual 
Costs 

($) 

Annual 
Costs 

(%) 

Simple 
Payback 
(Years) 

Annual 
Carbon 

(lb CO2e) 

Annual 
Carbon 

(%) 
25-Year 
NPV ($) 

25-Year 
NPV (%) 

Code-Compliant System: 
Individual building heat pumps -- -- -- --  -- -- -- -- -- 

Proposed System: Community 
heat pumps $4,503,475  27% $30,436  5% 148 126,683 5% $6,090,201  -25% 

8.7 Conclusions 

The recommended system from this analysis is the community heat pump system. The solar panels and 

battery storage will provide additional value but come at a cost premium. The ideal size of a solar array  

is to offset the power completely, with a battery storage system to match, but any amount will help to 

reduce the carbon footprint of the building cluster. 

The next step, should Syracuse University choose to move forward with the community heat  

pump system, is to transition to the design phase, and to apply for the category B incentive through  

the NYSERDA Community Heat Pump Program to assist in the design effort. During the design, 

additional team members will be brought into the project, such as design engineers, the utilities,  

heat pump manufacturer representatives, and additional key stakeholders from the university. 
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For additional value, the district system can also be designed for future expansion. Mainly, it would 

require oversized district piping to allow for future flows, and a larger pipe manifold to accommodate 

additional circuits. There can be several satellite wellfields as well to contribute to the thermal network, 

interconnected via district piping. Wellfields require little maintenance, and once in place, permit the use 

of the land above as usual, so additional concerns for satellite wellfields are limited and can continually 

be added if desired. 

The community wellfield will provide great energy and carbon reduction, making great strides in moving 

Syracuse University to their goal of carbon-neutrality by 2040. 
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Appendix A. Supplemental Information 
A.1 Project Contacts  

A.1.1 Site Owner 

Syracuse University 
Jason D. Plumpton, P.E. 
Assistant Director, Engineering, Utilities and Sustainability 
Campus Planning, Design and Construction 
1320 Jamesville Ave 
Syracuse, NY 13244 
(315) 447-0916 
jplumpto@syr.edu 

A.1.2 NYSERDA Project Manager 

Andrew Piper 
Contractor–Clean Heating and Cooling 
17 Columbia Circle 
Albany, NY 12203-6399  
(518) 862-1090  
andrew.piper@nyserda.ny.gov 

A.1.3 Primary Energy Consultant 

M/E Engineering, P.C. 
60 Lakefront Blvd., Suite 320 
Buffalo, NY 14202 
(716) 845-5092 
 
Project Manager: 
Melanie Stachowiak, PE, LEED AP BD+C, CMVP 
Partner, Sustainability/Commissioning Services Group 
(716) 845-5092 x1207 
mgstachowiak@meengineering.com 
 
Anna E. Szweda, LEED AP BD+C, CMVP, CEA, CPD  
Senior Energy Engineer 
(716) 845-5092 x1223 
aeszweda@meengineering.com 

mailto:jplumpto@syr.edu
mailto:andrew.piper@nyserda.ny.gov
mailto:mgstachowiak@meengineering.com
mailto:aeszweda@meengineering.com


 

A-2 

A.2 Modeling Program Outputs 

A.2.1 Baseline Models 

A.2.1.1 623 Skytop Data Center 

A.2.1.2 621 Skytop Office Building 

A.2.1.3 Tennity Ice Skating Pavilion 
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A.2.1.4 Goldstein Student Center 

A.2.1.5 Skytop Office Building 

A.2.1.6 Ski Lodge 

A.2.1.7 480 Winding Ridge 
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A.2.1.8 460 Winding Ridge Apartments 

A.2.2 Proposed Model 

A.2.2.1 623 Skytop Data Center 

With Cooling Tower 



 

A-5 

Without Cooling Tower 

A.2.2.2 621 Skytop Office Building 

A.2.2.3 Tennity Ice Skating Pavilion 

A.2.2.4 Goldstein Student Center 

A.2.2.5 Skytop Office Building 
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A.2.2.6 Ski Lodge 

A.2.2.7 480 Winding Ridge 

A.2.2.8 460 Winding Ridge Apartments 

A.2.5 Code-Compliant Model 

A.2.5.1 623 Skytop Data Center 
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With Cooling Tower 

Without Cooling Tower 

A.2.5.2 621 Skytop Office Building 

A.2.5.3 Tennity Ice Skating Pavilion 

A.2.5.4 Goldstein Student Center 
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A.2.5.5 Skytop Office Building 

A.2.5.6 Ski Lodge 

A.2.5.7 480 Winding Ridge 

A.2.5.8 460 Winding Ridge Apartments 
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A.3 Test Well Results 
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A.4 Cut Sheets 
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A.5 Cost Estimates 
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A.6 Life Cycle Cost Analysis 
A-1 Life Cycle Cost Analysis Summary 

LIFE-CYCLE COST ANALYSIS 

Project Information Prepared by: M/E Engineering, P.C. 
Date: July 22, 2022 
Client Name: Syracuse University 
Project Name: NYSERDA Community Heat Pump Program 
Project Number: 201362 

Project Address: South Campus Syracuse, NY 

Building Name: Community Heat Pump Cluster 
Construction Year: 2023 

Project Objective: Energy Objective 
 

Discount Rates 
Medium-Risk Generative 7.25% (for energy objectives) 

 
Escalation Rates  

Energy Related: 6.600% 

Electricity: 4.10% 

All Other Cost Items: 2.50% 
 

Energy Rates 

Description Cost Units Source Notes 

Electricity: $0.056 /kWh Energy Budget Provided by Owner 

Natural Gas: $0.522 /therm Energy Budget Provided by Owner 
 

Life-Cycle Cost Analysis (LCCA) Results 

Description Option 
Estimated 
First Cost 

Annual 
Energy Cost, 

First Year 

Annual 
Maintenance 
Cost, First 

Year 

Life 
Expectancy 

(Years) 

25-Year LCCA 
Net Present 

Value 

NPV 
Difference vs. 

Option 1 

Baseline System: Replace 
Systems in Kind 1 ($4,918,071) ($576,589) ($72,218) 20 ($17,310,608) -- 

Code-Compliant System: 
Individual Building 

Geothermal Heat Pumps 
2 ($16,930,276) ($567,206) ($58,127) 25 ($30,466,790) ($13,156,182) 

Proposed System: 
Community Geothermal Heat 

Pumps 
3 ($12,426,801) ($536,322) ($57,679) 25 ($24,376,589) ($7,065,981) 

 
Note: Annual Maintenance Costs are intended to represent the differences between the measures, in order to 
determine which measure is more feasible and do not take into consideration all maintenance costs for the building 
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A-2 LCCA by Year–Baseline System 

Project Year 0 1 2 3 4 5 6 7 8 9 
Calendar Year 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 

OPTION 1           
Life Expectancy: 20 years         

Measure 
Description: Baseline System: Replace Systems in kind  

Objective: Energy Objective            

Discount Rate: 7.25%                   

Investment Costs                     

Project Cost: ($4,918,071) 0 0 0 0 0 0 0 0 0 
Design/Support: 0 0 0 0 0 0 0 0 0 0 

Recurring 
Expenses: 0 0 0 0 0 0 0 0 0 0 
Revenue: 0 0 0 0 0 0 0 0 0 0 

Operational Costs                     

Electric Cost: 0 ($470,858) -490163 -510259.7 -531180.3 -552958.7 -575630 -599230.9 -623799.3 -649375.1 

Natural Gas Cost: 0 ($105,731) -112709 -120148 -128078 -136531 -145542 -155148 -165387 -176303 
Maintenance: 0 ($72,218) -74023 -75874 -77771 -79715 -81708 -83751 -85845 -87991 

Other 
Costs/Savings: 0 0 0 0 0 0 0 0 0 0 

Salvage/Residual 
Value: 0 0 0 0 0 0 0 0 0 0 

Total: -4918071 -648807 -676896 -706282 -737029 -769205 -802880 -838129 -875031 -913669 

Present Value: -4918071 -604948 -588474 -572514 -557052 -542070 -527554 -513488 -499856 -486646 
Net Present Value: -4918071 -5523019 -6111493 -6684007 -7241058 -7783128 -8310682 -8824170 -9324026 -9810672 

Project Year 10 11 12 13 14 15 16 17 18 19 
Calendar Year 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 

OPTION 1           
Investment Costs                     

Project Cost: v0 0 0 -91918.11 0 -2568504 0 0 0 0 
Design/Support: 0 0 0 0 0 0 0 0 0 0 

Recurring 
Expenses: 0 0 0 0 0 0 0 0 0 0 

Revenue: 0 0 0 0 0 0 0 0 0 0 

Operational 
Costs                     

Electric Cost: -675999.5 -703715.4 -732567.8 -762603.1 -793869.8 -826418.4 -860301.6 -895574 -932292.5 -970516.5 

Natural Gas Cost: -187939 -200343 -213566 -227661 -242687 -258704 -275778 -293980 -313382 -334066 
Maintenance: -90190 -92445 -94756 -97125 -99553 -102042 -104593 -107208 -109888 -112635 

Other 
Costs/Savings: 0 0 0 0 0 0 0 0 0 0 

Salvage/Residual 
Value: 0 0 0 0 0 0 0 0 0 0 

Total: -954129 -996504 -1040890 -1179307 -1136110 -3755669 -1240673 -1296762 -1355563 -1417218 

Present Value: -473843 -461433 -449404 -474747 -426440 -1314401 -404856 -394554 -384564 -374876 
Net Present 

Value: -10284515 -10745948 -11195352 -11670099 
-

12096539 -13410939 -13815796 
-

14210349 -14594913 
-

14969789 



 

A-41 

Project Year 20 21 22 23 24 25 
Calendar Year 2043 2044 2045 2046 2047 2048 

OPTION 1       
Investment Costs             

Project Cost: -1132283 0 0 0 0 0 

Design/Support: 0 0 0 0 0 0 
Recurring Expenses: 0 0 0 0 0 0 

Revenue: 0 0 0 0 0 0 

Operational Costs             

Electric Cost: -1010308 -1051730 -1094851 -1139740 -1186469 -1235115 

Natural Gas Cost: -356114 -379618 -404672 -431381 -459852 -490202 
Maintenance: -115451 -118338 -121296 -124328 -127437 -130623 

Other Costs/Savings: 0 0 0 0 0 0 

Salvage/Residual Value: 0 0 0 0 0 0 

Total: -2614156 -1549685 -1620820 -1695449 -1773758 -1855939 

Present Value: -644741 -356369 -347531 -338959 -330643 -322575 

Net Present Value: -15614530 -15970900 
-

16318431 
-

16657390 
-

16988033 -17310608 
 
A-3 LCCA by Year–Code-Compliant System 

Project Year 0 1 2 3 4 5 6 7 8 9 
Calendar Year 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 

OPTION 2           
Life Expectancy: 30 years         

Measure 
Description: Code-Compliant System: Individual Building Geothermal Heat Pumps  

Objective: Energy Objective            

Discount Rate: 7.25%                   

Investment Costs                    

Project Cost: $(16,930,276) 0 0 0 0 0 0 0 0 0 
Design/Support: 0 0 0 0 0 0 0 0 0 0 

Recurring 
Expenses: 0 0 0 0 0 0 0 0 0 0 
Revenue: 0 0 0 0 0 0 0 0 0 0 

Operational Costs                   

Electric Cost: 0 ($561,020) -584022.2 -607967.1 -632893.7 -658842.4 -685854.9 -713975 -743247.9 -773721.1 

Natural Gas 
Cost: 0 ($6,186) -6594 -7029 -7493 -7987 -8515 -9077 -9676 -10314 

Maintenance: 0 ($58,127) -59580 -61070 -62596 -64161 -65765 -67409 -69095 -70822 
Other 

Costs/Savings: 0 0 0 0 0 0 0 0 0 0 

Salvage/Residual 
Value: 0 0 0 0 0 0 0 0 0 0 

Total: -16930276 -625333 -650196 -676066 -702983 -730991 -760135 -790461 -822018 -854857 

Present Value: -16930276 -583061 -565262 -548021 -531319 -515140 -499467 -484283 -469573 -455321 
Net Present 

Value: -16930276 -17513337 
-

18078599 -18626620 
-

19157939 
-

19673080 
-

20172547 
-

20656830 
-

21126403 -21581724 
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Project Year 10 11 12 13 14 15 16 17 18 19 
Calendar Year 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 

OPTION 2           
Investment Costs                    

Project Cost: 0 0 0 0 0 -5419793 0 0 0 0 
Design/Support: 0 0 0 0 0 0 0 0 0 0 

Recurring 
Expenses: 0 0 0 0 0 0 0 0 0 0 
Revenue: 0 0 0 0 0 0 0 0 0 0 

Operational Costs                   

Electric Cost: -805443.7 -838466.9 -872844 -908630.6 -945884.5 -984665.7 -1025037 -1067064 -1110813 -1156356 

Natural Gas 
Cost: -10995 -11721 -12494 -13319 -14198 -15135 -16134 -17199 -18334 -19544 

Maintenance: -72593 -74407 -76268 -78174 -80129 -82132 -84185 -86290 -88447 -90658 
Other 

Costs/Savings: 0 0 0 0 0 0 0 0 0 0 

Salvage/Residu
al Value: 0 0 0 0 0 0 0 0 0 0 

Total: -889031 -924595 -961606 -1000124 -1040211 -6501725 -1125356 -1170552 -1217594 -1266559 

Present Value: -441514 -428135 -415173 -402614 -390444 -2275459 -367226 -356153 -345423 -335025 
Net Present 

Value: -22023238 -22451373 
-

22866547 -23269161 
-

23659605 
-

25935065 
-

26302290 
-

26658443 
-

27003866 -27338891 
           

Project Year 20 21 22 23 24 25     
Calendar Year 2043 2044 2045 2046 2047 2048     

OPTION 2           
Investment 

Costs                 

Project Cost: -5347268 0 0 0 0 0     
Design/Support: 0 0 0 0 0 0     

Recurring 
Expenses: 0 0 0 0 0 0     
Revenue: 0 0 0 0 0 0     

Operational 
Costs                 

Electric Cost: -1203767 -1253122 -1304500 -1357984 -1413661 -1471621     

Natural Gas 
Cost: -20834 -22209 -23675 -25237 -26903 -28678     

Maintenance: -92925 -95248 -97629 -100070 -102572 -105136     
Other 

Costs/Savings: 0 0 0 0 0 0     

Salvage/Residu
al Value: 0 0 0 0 0 0     

Total: -6664794 -1370578 -1425803 -1483291 -1543136 -1605436     

Present Value: -1643769 -315181 -305717 -296543 -287653 -279036     
Net Present 

Value: -28982659 -29297841 
-

29603557 -29900101 
-

30187754 
-

30466790     
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A-4 LCCA by Year–Proposed System 

Project Year 0 1 2 3 4 5 6 7 8 9 
Calendar Year 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 

OPTION 3           
Life 

Expectancy: 30 years         
Measure 

Description: Proposed System: Community Geothermal Heat Pumps 

Objective: Energy Objective            

Discount Rate: 7.25%                   

Investment Costs                    

Project Cost: ($12,426,801) 0 0 0 0 0 0 0 0 0 
Design/Support: 0 0 0 0 0 0 0 0 0 0 

Recurring 
Expenses: 0 0 0 0 0 0 0 0 0 0 
Revenue: 0 0 0 0 0 0 0 0 0 0 

Operational Costs                    

Electric Cost: 0 ($530,136) -551871.9 -574498.6 -598053 -622573.2 -648098.7 -674670.8 -702332.3 -731127.9 

Natural Gas 
Cost: 0 ($6,186) -6593.831 -7029.024 -7492.939 -7987.474 -8514.647 -9076.613 -9675.67 -10314.26 

Maintenance: 0 ($57,679) -59121 -60599 -62114 -63667 -65258 -66890 -68562 -70276 
Other 

Costs/Savings: 0 0 0 0 0 0 0 0 0 0 

Salvage/Residu
al Value: 0 0 0 0 0 0 0 0 0 0 

Total: -12426801 -594001 -617587 -642127 -667660 -694228 -721872 -750637 -780570 -811718 

Present Value: -12426801 -553847 -536912 -520510 -504622 -489233 -474325 -459885 -445896 -432344 
Net Present 

Value: -12426801 -12980648 -13517560 -14038069 -14542691 -15031924 -15506249 -15966134 
-

16412030 -16844374 
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Project Year 10 11 12 13 14 15 16 17 18 19 
Calendar Year 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 

OPTION 3           
Investment Costs                    

Project Cost: 0 0 0 0 0 -4371304 0 0 0 0 
Design/Support: 0 0 0 0 0 0 0 0 0 0 

Recurring 
Expenses: 0 0 0 0 0 0 0 0 0 0 
Revenue: 0 0 0 0 0 0 0 0 0 0 

Operational Costs                    

Electric Cost: -761104.1 -792309.4 -824794.1 -858610.6 -893813.7 -930460 -968608.9 -1008322 -1049663 -1092699 

Natural Gas Cost: -10995.01 -11720.68 -12494.24 -13318.86 -14197.91 -15134.97 -16133.87 -17198.71 -18333.83 -19543.86 

Maintenance: -72033 -73834 -75680 -77572 -79511 -81499 -83536 -85625 -87765 -89960 
Other 

Costs/Savings: 0 0 0 0 0 0 0 0 0 0 

Salvage/Residual 
Value: 0 0 0 0 0 0 0 0 0 0 

Total: -844132 -877864 -912968 -949501 -987523 -5398398 -1068279 -1111145 -1155762 -1202203 

Present Value: -419216 -406497 -394174 -382235 -370668 -1889319 -348600 -338078 -327882 -318001 
Net Present 

Value: -17263590 -17670087 -18064261 -18446496 -18817164 -20706483 -21055083 -21393161 -21721043 -22039044 
           

Project Year 20 21 22 23 24 25     
Calendar Year 2043 2044 2045 2046 2047 2048     

OPTION 3           
Investment Costs               

Project Cost: -2516089 0 0 0 0 0     

Design/Support: 0 0 0 0 0 0     
Recurring 
Expenses: 0 0 0 0 0 0     

Revenue: 0 0 0 0 0 0     

Operational Costs                 

Electric Cost: -1137500 -1184137 -1232687 -1283227 -1335840 -1390609     

Natural Gas Cost: -20833.75 -22208.78 -23674.56 -25237.08 -26902.73 -28678.31     
Maintenance: -92209 -94514 -96877 -99299 -101781 -104326     

Other 
Costs/Savings: 0 0 0 0 0 0     

Salvage/Residual 
Value: 0 0 0 0 0 0     

Total: -3766631 -1300860 -1353238 -1407763 -1464523 -1523613     

Present Value: -928981 -299149 -290157 -281444 -272999 -264815     
Net Present 

Value: -22968026 -23267175 -23557332 -23838776 -24111775 -24376589     
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A.7 Short Environmental Assessment Form 
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A.8 Kickoff Meeting Notes 
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NYSERDA, a public benefit corporation, offers objective 
information and analysis, innovative programs, 
technical expertise, and support to help New Yorkers 
increase energy efficiency, save money, use renewable 
energy, and reduce reliance on fossil fuels. NYSERDA 
professionals work to protect the environment 
and create clean-energy jobs. NYSERDA has been 
developing partnerships to advance innovative energy 
solutions in New York State since 1975. 

To learn more about NYSERDA’s programs and funding opportunities, 

visit nyserda.ny.gov or follow us on Twitter, Facebook, YouTube, or 

Instagram.

New York State  
Energy Research and 

Development Authority

17 Columbia Circle
Albany, NY 12203-6399

toll free: 866-NYSERDA
local: 518-862-1090
fax: 518-862-1091

info@nyserda.ny.gov
nyserda.ny.gov



State of New York 
Kathy Hochul, Governor

New York State Energy Research and Development Authority
Richard L. Kauffman, Chair  |  Doreen M. Harris, President and CEO
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