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Executive Summary  
This study aimed to evaluate the performance, energy efficiency, and carbon emissions 
reduction potential of gas absorption heat pump water heaters (GAHPs) in real-world 
applications, focusing on addressing barriers to adoption. Conducted under Phase 2F of a 
pilot study within the Gas Emerging Technologies (GET) Program, the research was 
implemented at a multifamily housing site in Rowland Heights, California. The project sought 
to provide critical data on GAHP operation in domestic hot water (DHW) systems, filling 
gaps in understanding related to performance, maintenance, costs, reliability and 
compatibility with existing infrastructure. While the results were promising, follow-up work 
is recommended to improve the GAHP system integration performance. 

The GAHP employs an ammonia-water absorption cycle to extract heat from ambient air, 
achieving thermal efficiencies above 100%. Compared to baseline systems reliant on gas-
fired boilers, the GAHP demonstrated marked performance improvements. The post-
installation system achieved an average coefficient performance (COP) of 0.70, 
representing a 12% increase from the initial baseline COP of 0.63 and a 5% increase from 
the re-baseline COP of 0.67. The re-baseline efficiency increase was due to boiler #2 being 
replaced with a new one midway through the post-installation period. The GAHP’s 
performance was affected by shorter runtimes, averaging 17.9 minutes per cycle, which 
prevented the system from achieving its optimal COP of 1.1 or higher. Annual gas savings 
were calculated at 2,158 therms, translating to an 8.5% reduction in gas consumption. The 
GAHP is projected to emit 123.37 metric tons of CO2 annually at this site, which is 44.90 
metric tons higher compared to an electric heat pump water heater (EHPWH) serving the 
same DHW load.  

During the installation phase, the project team faced some issues, such as integrating heat 
exchangers, integrating the recirculation DHW load, and installing/programming controls, 
which revealed gaps in contractor familiarity and poor manufacturer support. Data 
collection was disturbed at several points throughout the project by faulty sensors, site 
plumbing issues, and equipment malfunctions. The most significant disturbance was boiler 
#2 failure in July 2024, which necessitated two re-baselining periods to accurately 
compare the post-installation energy use to the baseline. The installation of a new boiler #2 
increased the baseline efficiency by about 5%, but did not increase the post-installation 
efficiency by the same amount, which resulted in decreased overall annual energy savings.  
To address the lower-than-expected performance, the study recommends executing a 
follow-on project to install an additional DHW storage tank or indirect storage tank (IST), 
modify the control settings, and incorporate the recirculation load into the load served by 
the GAHP.   
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The report makes multiple suggestions to overcome installation barriers.  Manufacturers 
must provide better engineering support, including thorough system design and installation 
advice. Expanded training programs and marketing efforts should educate contractors, 
facility managers, and building owners on the benefits of GAHP, such as lower operating 
costs as a trade-off to higher capital costs, lower emissions to meet carbon emission and 
sustainability goals, and compatibility with existing gas infrastructure. 
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Introduction  
Domestic hot water systems have emerged as a point of focus for enhancing efficiency, 
mainly due their widespread usage across different building types and potential for energy 
savings. Conventional water heating technologies, including gas-fired boilers and electric 
resistance heaters, have been a long time standard for both residential and commercial 
applications. This report addresses the pressing need for technologies that reduce energy 
use and greenhouse gas emissions in DHW. The gas absorption heat pump (GAHP) 
technology examined in this report offers a potential solution to optimize current gas-fired 
domestic hot water heaters by improving system efficiency and reducing emissions. GAHPs 
not only align with decarbonization goals but also offer increased energy efficiency and 
reduced operational costs, all without needing costly electrical panel upgrades often 
required by competing technologies like electric heat pump water heaters (EHPWHs). This 
study highlights adoption barriers and offers helpful and practical on field guidelines to 
assist stakeholders in realizing GAHPs' potential as an affordable, sustainable, and scalable 
way to address contemporary DHW requirements. 

GAHPs utilize a gas absorption heat pump cycle driven by a chemical absorption process. 
They commonly use a water-ammonia mixture solution as the refrigerant. They are similar 
to electric air-source heat pump systems because they capture “free” energy from the 
ambient air via an evaporator, and transfer it to incoming water via a condenser. This 
approach significantly improves thermal efficiency, reduces natural gas consumption and 
operational costs, and supports ambitious decarbonization goals. Additionally, these 
systems are compatible with existing on-site gas infrastructure without the need to 
upgrade electric panels, and because they use natural gas, they do not increase the DHW 
system operating costs. This makes them a viable option for retrofits in commercial and 
multifamily buildings.  

Studies for GAHPs have centered on combining space and water heating (combination 
systems), leaving gaps in understanding their performance as standalone DHW solutions. 
These gaps include: 

1. Limited field data on GAHPs operating in DHW-only applications. 

2. Uncertainty about suitable site characteristics and sizing for optimal performance. 

3. Lack of accurate cost data, including labor, materials, design, and permiting. 

4. Insufficient information to expand existing measure packages to include additional 
building types beyond multifamily. 

5. Limited familiarity among contractors, trade allies, implementers and building 
owners, reducing market acceptance. 
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This study addresses these research gaps by conducting field testing of a commercially 
available GAHP unit installed in a DHW-only application at a multifamily building in Rowland 
Heights, California. The study gathers critical data on energy savings, performance, and 
operational costs, contributing to the development of utility measure packages. 
Additionally, the study provides practical insights into site selection, installation challenges, 
and operational best practices, aiming to bridge the gap between technology innovation 
and real-world adoption. 
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Background  
Over the past few decades, water heating technologies have gradually evolved, with the 
main goals being increased efficiency and decreased emissions. A GAHP is an example of 
an emerging technology that is redefining water heating. These devices improve efficiency 
by heating potable water using thermodynamic principles commonly used in space heating 
that transfer “free” heat from outside air with a refrigerant. They have been studied by 
various other organizations.  

The Northwest Energy Efficiency Alliance (NEEA) conducted a field study in a senior living 
building in Salem, Oregon, to determine the effectiveness and efficiencies of the GAHP. The 
GAHP was installed to pre-heat incoming water for both space heating and DHW (i.e., a 
combination application). The results showed an 18% yearly gas savings and 1.06 coefficient 
of performance (COP) in the post-installation system (GAHP operating alongside boilers). 
The NEEA results showed GAHP COP greater than 1.0 when outside air temperatures are 
greater than 40°F making it an ideal technology for California’s mild climate. The GAHPs' 
modular design allowed for scaling, while its ammonia-based refrigerant ensured 
environmentally friendly operations. Importantly, the equipment performed consistently 
throughout a variety of ambient air temperatures, decreasing dependency on traditional 
gas-fired water heating systems. [1] 

The Atmospheric Fund (TAF) conducted a field study in Toronto, Canada, which 
investigated GAHPs in a multi-unit residential complex. This project also installed the GAHP 
in a combination application. Over six months, the GAHPs attained a mean COP of 1.14, 
which was consistent with the specifications provided by the manufacturer. This study 
focused on the environmental benefits of GAHPs, which lowered natural gas use by 20-50% 
compared to traditional systems. The use of ammonia as a refrigerant, which has zero global 
warming potential (GWP), enhanced its environmental benefits. The study established 
GAHPs as an option for areas where high electricity bills and cold weather prevent the use 
of electric heat pumps. Additionally, the study projects 10.1 tonnes CO2 equivalent 
reductions in greenhouse gas emissions, allowing sustainable building operations. [2] 

The California Energy Commission (CEC) conducted another field study at two restaurants 
in California in a combination application. This research showed that GAHPs have multiple 
advantages where they are combined with water heating and air conditioning systems. The 
GAHP had reduced NOx and greenhouse gas emissions by up to 50%. The analysis also 
highlighted operational cost advantages from lower energy use and the potential for 
reducing air conditioning loads. These findings position GAHPs as a solution for industries 
with intense energy demands. [3] 

While the previous research shows huge potential for GAHPs, it focuses on GAHPs 
supporting combination applications. Hydronic space heating systems are not common in 
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central and Southern California because of the mild weather so a GAHP is less likely to be 
installed in this combination space/water heating application. This has led to many gaps in 
the application of GAHPs in DHW-only applications which are: 

▪ Limited data for DHW-only applications 

Recent field testing was mostly on GAHPs combined with hydronic space heating 
systems. This has led to insufficient knowledge of their performance in DHW-only 
systems, especially in moderate areas like California where space heating is not a 
main requirement. 

▪ Sizing and Integration with Existing DHW System 

GAHPs are generally most cost-effective when they are sized to meet the base 
water-heating load.  There is a knowledge gap in the industry on how to size these 
systems to obtain the most benefits. Additionally, there is a knowledge gap about 
how best to integrate a GAHP with an existing DHW system. 

▪ Unclear Maintenance Requirements 

Concerns related to long-term maintenance, reliability, and availability of qualified 
experts discourage adoption. Previous research has shown gaps in understanding 
the operational needs and service needs of GAHPs, leading to doubt among 
implementers/customers/end users. [2] 

▪ Uncertain Payback Periods 

GAHPs are more expensive than gas-fired water heaters and their installation cost is 
also higher. This makes acceptance difficult, especially for companies that are small 
or medium-sized. Without performance data or case studies where GAHPs are 
installed in DHW-only applications, it is difficult or impossible to project operational 
cost savings to estimate payback periods. 

▪ Need for Accurate Cost Data 

Reliable equipment and installation cost data is one of the largest gaps for GAHPs. 
GAHPs require materials and labor and may additionally incur engineering and 
permitting costs. Without accurate cost data, contractors are hesitant to pitch 
GAHPs to building owners who could benefit from the technology. Additionally, cost 
data is a critical component of utility measure packages. 

▪ Lack of Public Awareness 

Many building owners, facilities managers, and contractors are unaware of GAHP 
benefits. The lack of targeted marketing and instructional activities restricts 
acceptance. Raising confidence in technology requires the effective sharing of 
performance statistics, case studies, and practical advantages. 

▪ Incomplete Utility Measure Packages 
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Program Administrators have yet to completely apply GAHPs into their incentive 
frameworks due to a lack of standard cost evaluations and long-term performance 
data. The absence of such parameters makes GAHPs less competitive when 
compared to typical water heating systems or even the EHPWH. [3] 

This study has addressed many of the gaps listed above. This study gathered real-world 
performance data of a GAHP in a DHW-only application along with the cost and learnings 
about integrating a GAHP into an existing DHW system. The study results will be made 
available for measure package development or expansion. Additionally, the study results 
are in a public-facing report which will be presented at various outreach events and 
conferences to increase awareness of the technology in the market. However, while this 
study was a great start to filling the gaps mentioned above, there is still more work to be 
done which is addressed later in this report. 
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Emerging Technology/Product  
A GAHP heats water by drawing heat from the surrounding air using an absorption cycle. An 
absorption cycle uses a combination of Lithium-Bromide (LiBr) and water or Ammonia and 
water. In a LiBr-water system, water is the refrigerant and LiBr is the absorbent. In an 
Ammonia-water system, ammonia is the refrigerant and water is the absorbent. The GAHP 
unit in this study uses Ammonia and water. Ammonia is evaporated from the Ammonia-
water mixture by a gas-fired generator and then moves to a condenser. The condenser 
exchanges heat with incoming water causing it to condense into a liquid. It crosses an 
expansion valve as it moves into the evaporator which reduces its boiling point. As it travels 
across the evaporator, it returns to a vapor state as it picks up heat from the surrounding 
air. This is “free” heat from the outside air captured by the Ammonia refrigerant. The 
Ammonia gas recombines with the water remaining from the generator after the Ammonia 
was first boiled off and it absorbs back into the water. It crosses another expansion valve 
and the process repeats. Error! Reference source not found. shows these steps in an 
easy-to-understand diagram. The main difference between an absorption heat pump and a 
direct-expansion (traditional) heat pump is the former is driven by a chemical absorption 
process while the latter is driven by a compressor.  

Figure 1: Flow Diagram of GAHP  [4] 
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Because this technology is able to extract heat from the surrounding environment, it is able 
to reach efficiencies exceeding 100%. Previous work has shown efficiencies as high as 1.2 
from organizations such as NEEA, CEC, and TAF as shown in Figure 2 and Figure 3. 

Figure 2: Daily GAHP Performance Based on NEEA Study [1] 

 

Figure 3: Daily GAHP Performance from TAF Study  [2] 

 

manufacturer 
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A COP of 1.0 or more can be achieved at temperatures as low as -15°C (5°F) according to 
the TAF study1. The lowest temperatures in California using CZ2022 data range between 9°F 
in Climate Zone (CZ) 16 (CZ16) to 42°F in CZ06 as seen in Table 1. The range of 3rd Percentile 
temperatures is between 25°F in CZ16 to 50.5°F in CZ07. Major cities like Los Angeles CZ06, 
CZ08, CZ09, CZ10, San Diego CZ07, San Francisco CZ03 and San Jose CZ04 fall in climate 
zones with minimum temperatures that are well within the operating temperature range of 
GAHP, making it a technology that can save energy year-round.  

Table 1: Climate Zone and Lowest CZ2022 Temperature 

Climate Zone Minimum Temp 3rd Percentile 

CZ01 32.0 39.4 
CZ02 24.1 37.2 
CZ03 30.4 43.9 
CZ04 32.2 42.9 
CZ05 28.9 39.9 
CZ06 41.5 50.0 
CZ07 41.0 50.5 
CZ08 38.3 47.7 
CZ09 39.0 48.7 
CZ10 34.0 46.0 
CZ11 28.2 37.8 
CZ12 27.0 37.7 
CZ13 30.0 39.0 
CZ14 24.6 37.9 
CZ15 28.4 46.0 
CZ16 9.0 25.0 

 

Existing Technologies and Their Limitations 
Gas-fired water heaters, gas-fired boilers, and electric-resistance water heaters are the 
incumbent DHW technologies. Gas-fired water heaters and boilers generally have a thermal 
efficiency between 80% and 97%. Typically, electric-resistance water heaters can convert 
electrical energy into heat with 95–100% site efficiency (~ 30-36% source efficiency).  

EHPWHs can have COPs as high as 4.9 at rated conditions [5] (~ 30-36% source efficiency). 
However, in California, the electricity costs are high which results in the EHPWH having 
higher operating costs. Additionally, they can have high capital costs when electric panel 

 
1 GUE in this figure stands for “Gas Utilization Efficiency” which is not a metric discussed in this study.  
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and wiring upgrades are required to install them. Lastly, they have many of the same 
barriers as GAHPs as indicated in the “Market Barriers” section below.  

GAHP Advantages Over Existing Technologies 
▪ Higher Efficiency: GAHPs can deliver efficiencies exceeding 120%, significantly 

reducing energy consumption. 

▪ Lower Emissions: GAHPs increase efficiency which reduces greenhouse gas 
emissions compared to incumbent technologies. 

▪ Zero Global Warming Potential (GWP) Refrigerant: GAHPs typically use ammonia 
as the refrigerant, which has a global warming potential (GWP) of zero. By contrast, 
many EHPWHs use hydrofluorocarbon (HFC) refrigerants with GWPs greater than 
1,000. 

▪ Minimal Electric Load Increase: GAHPs minimally increase the electric load 
(compared to a gas-fired boiler or water heater) with additional controls and small 
pumps and fans. This contrasts with EHPWHs that when widely adopted 
substantially increase the load on the electric grid as compared to the gas water 
heaters.  

▪ Cost Savings: Reduced energy use translates into lower operational costs over the 
system’s lifetime. 

▪ Compatibility: GAHPs can integrate with existing gas-fired systems, making 
retrofitting viable for a wide range of applications. 

Market Barriers 
While the GAHP has energy savings potential and many advantages, previous field work has 
focused on utilizing the technology in combination applications. Hydronic space heating 
systems can be found in California, but they are much less common than in colder parts of 
North America. GAHPs would be adopted more frequently if they could be used in a DHW-
only application. However, this presents several challenges which are listed below: 

1. Peak Loads: DHW loads have peaks and valleys because many occupants use hot 
water over the same period each day and then don’t use much hot water the rest of 
the day. Conversely, combination space and water heating can still rely on the space 
heating load even when the water heating load is not present. The GAHP technology 
requires some time to “warm-up” to reach those higher COPs.  If there is not enough 
DHW load, it will short cycle leading to degraded efficiency and potentially zero 
energy savings.  
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2. DHW Load Sizing: Existing DHW sizing tools and methods aim to size DHW 
capacities to the peak DHW loads so building occupants never run out of hot water. 
Additionally, there is a consensus in the water heating industry that existing 
methods oversize DHW systems with respect to these peak loads. GAHPs require a 
minimum load to operate efficiently which is a different way of sizing than the water 
heating industry has used in the past.  There is currently no industry standard or 
guideline for estimating the minimum water heating load at a site. Since there is no 
reliable way to estimate the load, contractors, trade allies, and implementers do not 
have an easy way of identifying suitable site candidates2.  

3. Contractor Familiarity: Traditional gas-fired boilers are usually installed by 
plumbers. Plumbers tend to be unfamiliar with heat pump technologies. Familiarity is 
increasing as EHPWHs are more commonly adopted. Plumbers are less likely to 
recommend or install a technology that they are uncomfortable with and do not 
understand. Additionally, the installation of a GAHP also requires a heat exchanger or 
IST and some piping design which may require the help of an engineer or designer. 
This study helps to close this relationship and the familiarity gap. Additionally, a 
standardized GAHP system design or set of designs should be established which will 
cut down on engineering and permitting costs.  

4. Regulatory Barriers: More incentives are needed for GAHP solutions. 

Current Practices Without GAHPs 
In the absence of GAHP technology, end-users in multifamily and commercial sectors 
typically rely on centralized gas-fired boilers or electric resistance water heaters. These 
systems are less efficient, more costly to operate, and contribute to higher emissions. 

Assessment Objectives  
The primary objective of this study is to analyze the performance, energy savings, and 
carbon reduction potential of a commercially available GAHP in a real-world, DHW-only 
application. This field study aims to prove the benefits of technology compared to 
traditional DHW system while addressing gaps and barriers discussed in previous sections. 

 
2 This study highlights this gap, and provides some recommendations, but the gap remains and 
requires further study. This was the subject of another GET study (ET23SWG0012) where additional 
recommendations were provided, the most important of which is to measure the water heating load 
to ensure enough load is present for efficient GAHP operation. 



Gas-Fired Heat Pump Water Heating & Combination System Pilot - Phase 2F – Site #1 ET23SWG0002 

©ICF 2025  13 

Key Objectives 

1. Energy Savings: 

▪ Quantify energy savings compared to an existing non-condensing gas boiler 
DHW system. 

▪ Evaluate annualized gas and electric energy usage to determine efficiency 
improvements. 

2. Carbon Emissions: 

▪ Compare post-installation CO2 emissions to EHPWH CO2 emissions. 

3. Performance Validation: 

▪ Develop a post-installation system performance map. 

4. Market Barrier Mitigation: 

▪ Identify potential implementation, installation, and operational challenges and 
provide proactive recommendations. 

▪ Gather cost and performance data to support the development of utility 
incentive programs and/or the development/expansion of a measure package. 

▪ Address gaps in knowledge and uncertainty about the technology’s reliability 
and maintenance. 

Approach 
This is a field technology assessment conducted at a customer site, selected based on its 
estimated DHW loads. Measurement and Verification (M&V) methods were employed to 
capture and analyze energy consumption, operational performance, and CO2 emissions. The 
findings are compared against baseline data collected from the incumbent system. CO2 
emissions are also compared to an EHPWH system.  
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Technology/Product Evaluation  

Assessment Type 
This study is a field technology assessment conducted at a customer site. A field 
assessment provides the most realistic evaluation of system performance under actual 
operating conditions, including variable weather and hot water demand. 

Site Selection and Criteria 
The assessment site was chosen based on its alignment with the study’s objectives: 

▪ Operational Compatibility: The site has existing gas-fired DHW boilers that allow 
for a direct comparison of pre- and post-installation performance. 

▪ Customer Collaboration: The customer agreed to support the installation and 
monitoring activities and signed an agreement to solidify their interest. 

Staff and Qualifications 
The assessment was conducted by Lincus, a qualified consultant with extensive experience 
in energy efficiency and emerging technologies. The Lincus team includes an engineering 
manager, engineers, and technicians experienced in: 

▪ Designing and implementing M&V plans. 

▪ Analyzing energy savings and emissions reductions. 

▪ Past and ongoing GET studies. 

Additionally, ICF provided project oversight and quality control, and a qualified contractor 
assisted with site recruitment and executed the installation. 

Assessment Activities 
▪ Existing Site Qualification: The Study Team used the customer’s gas bill, and a site 

screening tool developed in GET project ET23SWG0005 to qualify the study site. 
The Study Team was originally looking for a  

▪ site with a minimum monthly gas use of 900 therms, and this customer site met that 
requirement. The Study Team also utilized the site screening tool to estimate the hot 



Gas-Fired Heat Pump Water Heating & Combination System Pilot - Phase 2F – Site #1 ET23SWG0002 

©ICF 2025  15 

water load at the site3. The DHW load was estimated by the site screening tool to be 
372,958 Btu/hr, which was greater than the GAHP capacity of 123,500 btu/hr.   

▪ Baseline Data Collection: M&V equipment was installed to monitor the existing 
system’s energy use and DHW load. 

▪ System Installation: The Study Team collaborated with the contractor to install the 
GAHP and auxiliary equipment (controls, heat exchanger, circulation pump, piping, 
insulation and wiring) ensuring integration with the existing DHW systems.  

▪ Post-Installation Monitoring: Additional M&V equipment was installed at the same 
time the new GAHP went in to capture GAHP-specific data points.  

▪ Performance Comparison: The post-installation system was evaluated against 
baseline data and theoretical EHPWH projections. 

By selecting a customer site and conducting a detailed field assessment, this study ensures 
actionable insights into the real-world feasibility and benefits of GAHP technology. 

Technical Approach/Test Methodology M&V Plan  
The selected IPMVP option for this study is Option B – Retrofit Isolation: All Parameter 
Measurement. For this option, savings are determined by measurement of all performance 
parameters which define the energy use and efficiency of the measure’s affected system. 
The seasonal performance and energy consumption values of the GAHP product and 
baseline existing systems will be characterized during “real world” operation in the sites 
where installed.  

Baseline & Post Data Period 

The data logging period is defined to be long enough to represent a full range of operating 
conditions for both the baseline and installed cases. The baseline M&V duration was chosen 
to at least cover a period of 4 weeks to accurately calculate the in-place DHW system 
efficiencies. The post-M&V period was expected to last until the recorded weather factors 
(dry-bulb temperature) covered 110% of the maximum and 90% of the minimum values of 
temperature values used to normalize the proposed system model’s operational curves 
(load and efficiency). This is in accordance with American Society of Heating, Refrigeration, 
and Air-Conditioning Engineers (ASHRAE) Guideline 14. In combination, the baseline and 
post-installation M&V periods were expected to be at least sufficient to fulfill the weather 

 
3 The Site Screening Tool uses the American Society of Heating, Refrigerating, and Air-Conditioning 
(ASHRAE) DHW Sizing method with a “Medium” usage factor which was based on the site occupant 
demographics.  
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coverage requirements and at least 12 months to encompass the yearly fluctuations in 
DHW demand that may not be captured by the weather coverage factor.  

The normalized temperature conditions are represented by the appropriate CZ2022 
weather data for this site’s location (CZ09) and utilized to normalize the final energy 
consumption and efficiency curve values. 

Figure 4 and Figure 5 show the prototype schematic of the pre-installation and post-
installation DHW system with M&V points called out. Each monitored point was captured 
continuously in 1-minute intervals and data was transmitted every 10 minutes to an online 
platform where data could be easily downloaded and viewed. 
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Figure 4: Pre-Installation DHW System Schematic 
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Figure 5: Post-Installation Combination Prototype System Schematic 
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Details of Adjustments Necessary for Gas Input Values 
Diaphragm gas meters were installed to monitor the volumetric gas flow (cubic foot pulses) 
into the GAHPs and existing DHW boilers. All meters were temperature-compensated and 
equipped with electronic pulse output. The monthly natural gas High Heating Value (HHV) 
was obtained from the gas utility bill and adjusted for line pressure to account for the 
pressure of the installed gas meters. 

Meter Specifications 
Below in Table 2 are the meter specifications.  

Table 2: Meter Specifications 

Metering 
Equipment Phase Measurement Unit Range Accuracy 

Surface Mounted 
Temperature 
Sensor 

Pre Temperature °F -67° to 257°F 
<±0.4% from -
14° to 185°F 

Surface Mounted 
Temperature 
Sensor 

Post Temperature °F -40° to 212°F 
< ±0.36°F from 
32° to 122°F 

Immersion 
Temperature 
Sensor 

Pre/Post Temperature °F -52° to 302°F ±0.81°F 

¾” in-line flow 
meter Pre/Post Water Flow GPM 

2 to 20 GPM 
190°F Maximum 
Operating 
Temperature 

Transitional 
Flow: ±3%; 
Nominal Flow: 
±1.5% 

1.5” in-line flow 
meter Post 

Water/Glycol 
Flow GPM 

5 to 100 GPM 
190°F Maximum 
Operating 
Temperature 

Transitional 
Flow: ±3%; 
Nominal Flow: 
±1.5% 

2” in-line flow 
meter Pre/Post Water Flow GPM 

8 to 160 GPM 
190°F Maximum 
Operating 
Temperature 

Transitional 
Flow: ±3%; 
Nominal Flow: 
±1.5% 

Diaphragm gas 
meter Pre/Post 

Natural Gas 
Flow 

Cubic 
Feet 

0.25 PSIG – 425 
SCGH 
25 PSIG – 1462 SCFH 

~0.3 ms 
bounce time 
for pulse 
output 
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Metering 
Equipment Phase Measurement Unit Range Accuracy 

5 amp and 20-
amp Current 
Transducers  

Pre 
Electrical 
Current Amps 5 & 20 amps rated 

±3% from 10% 
to 
120% Rated 
Current 

5-amp current 
transducer Post 

Electrical 
Current Amps 0.5 to 5 Amps Rated 

±1% at 10% to 
130% of rated 
current 

20-amp current 
transducer 

Post 
Electrical 
Current 

Amps 
5 to 20 Amps rated 
-22°F to 131°F 
Operating Range 

±0.75% from 
1% to 120% of 
rated primary 
current 

Temperature & 
Humidity Sensor Pre 

Ambient 
Temperature 
and Relative 
Humidity 

°F 
% RH 

0-99.9% RH at -40°F 
to 176°F Operating 
Range 

±0.36°F from 
32°F to 194°F 
± 2%RH (0-
100%RH) 

Temperature and 
Humidity Sensor Post 

Ambient 
Temperature 
and Relative 
Humidity 

°F 
% RH 

0-100% RH at -40°F 
to 167°F Operating 
Range 

±0.38°F from 
32°F to 122°F, 
+/- 2.5% from 
10% to 90% RH 
(typical) to a 
maximum of 
+/- 3.5% 

BluSense Building 
Performance 
Analyzer 

Pre 
Data Logging 
Station - 

Unlimited digital 
inputs  

Dependent on 
sensors 

Remote 
Monitoring Station Post 

Data Logging 
Station - 

-40° to 140°F 
Operating Range 
Maximum 15 Smart 
Sensors Channels, 8 
Analog Channels, and 
326 Wireless Sensors  

Time Accuracy: 
±30 seconds 
per month in -
40° to 140°F 
range 

Baseline System and Data Analysis  
The baseline system is comprised of two non-condensing DHW boilers; System #1 is a 750 
kBtu/h DHW boiler with an efficiency of 80% and System #2 is a 650 kBtuh boiler with an 
efficiency of 83%. These systems have been coupled with two constant volume return 
recirculation pumps, as well as two constant volume pumps that operate in tandem with 
the DHW boilers to charge the storage tanks (115 gallons each). In addition, there are related 
controls for DHW boilers and constant volume recirculation pumps. For further details 
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regarding the existing system component sizing and lay-out, please refer to Figure 2 and 
Table 3. 

Table 3: DHW System Details 

 System #1 System #2 

# of Units Served 36 36 

Boiler Capacity [btuh] 750,000 650,000 

Boiler Efficiency 80% 83% 

Storage Tank Capacity [Gallons] 115 115 

 

Baseline Results 
DHW boiler #2 was replaced in July 2024 because it failed. It was replaced with a new 
boiler of the same efficiency and capacity. As a result, the Study Team had to “rebaseline” 
the site because the new Boiler #2 would impact the efficiency of the entire DHW system. 
This section presents the baseline results of the Initial Baseline and the Re-Baseline.  

Initial Baseline (10/14/23 – 12/15/23) 

The initial Baseline COP for the entire site (including both DHW systems) is 0.62.  The 
individual COPs are 0.58 and 0.68 for system #1 and system #2 respectively.  These COPs 
consider the boiler gas, boiler electricity (boiler controls & boiler pump), and recirculation 
pump electricity. System #2 has a boiler pump set to run 24/7 while System #1 has a boiler 
pump that only runs when the boiler is ON. However, System #2 has a more efficient 
recirculation pump than System #1. The details of each system’s COPs are shown below in 
Table 4: Initial Baseline ResultsError! Reference source not found.. These COPs are 
reasonable considering the boilers' nameplate efficiencies, the boilers' ages, and the fact 
that none of the piping in the boiler enclosures (which are both outdoors) is insulated. The 
Study Team noted that the baseline boilers cycle for very short periods of time, usually 2-5 
minutes, which could also be impacting their overall efficiency.  

The Net Heat Output (NHO) is the energy supplied by the DHW system subtracted by the 
energy coming into the DHW system from the make-up water and the recirculation water. 
Equation 1 from Appendix A is used to calculate NHO. It is printed below for convenience. 

𝑯𝒆𝒂𝒕𝑶𝒖𝒕𝒑𝒖𝒕𝑩 [
𝑩𝑻𝑼

𝒉𝒓
] = 𝑸̇𝒔𝒖𝒑𝒑𝒍𝒚 − 𝑸̇𝑴𝒂𝒌𝒆−𝑼𝒑 − 𝑸̇𝑹𝒆𝒕𝒖𝒓𝒏 (1) 
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Where: 

𝐻𝑒𝑎𝑡𝑂𝑢𝑡𝑝𝑢𝑡𝐵  is the sum of heat output from each DHW boiler in BTU/hr (i.e the Net Heat 
Output or NHO). 

𝑄̇𝑠𝑢𝑝𝑝𝑙𝑦  is the sum supply of water energy from each of the DHW systems in BTU/hr. 
supplied to the apartment units. 

𝑄̇𝑀𝑎𝑘𝑒−𝑈𝑝  is the sum of the make-up water energy into each DHW system. 

𝑄̇𝑅𝑒𝑡𝑢𝑟𝑛  is the return water energy into the DHW system returning from the apartment units. 

See Appendix A for how 𝑄̇𝑠𝑢𝑝𝑝𝑙𝑦 , 𝑄̇𝑀𝑎𝑘𝑒−𝑈𝑝, and 𝑄̇𝑅𝑒𝑡𝑢𝑟𝑛 are calculated.  

Table 4: Initial Baseline Results 

  DHW System #1 DHW System #2 Total 

Total Measured Net Heat 
Output [Btu] 95,956,358 85,113,320 181,069,678 

Total Measured Gas Energy 
Input [Btu] 164,866,793 123,139,675 288,006,467 

Total Measured Gas + Electric 
Energy Input [Btu] 166,354,401 125,077,418 291,431,819 

System COPGas 0.58 0.69 0.63 

System COPGas+Electric 0.58 0.68 0.62 

Data Period 10/14/23 – 12/15/23 

 

When the initial M&V plan was written, it was hypothesized that the DHW System COPs 
would correlate with the outside air temperature (OAT) on an hourly basis. However, the 
Study Team was only able to establish a correlation between the average weekly system 
COP and the average weekly OAT.  

Initial baseline results are shown for completeness but are not used in the overall annual 
energy use projections. The post-installation system efficiency and gas input are both 
affected by the efficiency of boiler #2, so a comparison with the initial baseline before 
boiler #2 was replaced would not be an apples-to-apples comparison. 

Re-Baseline (07/26/24 – 8/14/24; 11/12/24 – 11/24/24) 

Re-baselining occurred from July 26, 2024 to August 14, 2024 and again from November 11, 
2024 to November 24, 2024.  Two separate re-baseline periods were selected so the data 
covered a significant range of outside air temperatures. The OAT affects the Net Heat 
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Output of the DHW system. The re-baseline COP for the entire site is 0.67.  The individual 
COPs are 0.61 and 0.75 for System #1 and System #2 respectively.  System #2 has a higher 
COP because the boiler is new. The details of each system’s COPs are shown below in 
Error! Reference source not found.Error! Reference source not found..  

Table 5: Re-Baseline Results 

  DHW System #1 DHW System #2 Total 

Total Measured Net Heat 
Output [Btu] 48,761,090 41,272,778 90,033,867 

Total Measured Gas Energy 
Input [Btu] 

79,490,670 54,488,002 133,978,672 

Total Measured Gas + Electric 
Energy Input [Btu] 80,214,939 55,026,775 135,241,714 

System COPGas 0.61 0.76 0.67 

System COPGas+Electric 0.61 0.75 0.67 

Data Period 
07/26/24 – 8/14/24 
 11/12/24 – 11/24/24 

 

The system COPs for these two systems are rather low compared to their rated efficiencies 
of 80% and 83%.  The Study Team believes the age of the boilers, the uninsulated DHW 
piping (all DHW piping is located outside or underground), and frequent cycling are all 
impacting the efficiency of the two systems. However, the Study Team believes this case 
may not be unrepresentative of many multifamily systems based on feedback from the 
contractor.  During site recruitment, when the Study Team asked the contractor if a site 
with newer boilers could be found, the contractor told the Study Team that it is common 
for multifamily systems to run their DHW equipment into the ground, not maintain it well, 
and for DHW systems to be located outside if there is sufficient space outdoors. The 
storage tanks at this site may be undersized for the total number of apartments, but in 
another GET study ET23SWG0012, the Study Team found that manufacturer 
recommendations of storage tank volume for 100 apartments in CZ09 range between 80 
gallons to 440 gallons and the total storage tank volume at this site (230 gallons) falls within 
that range. Note the current site has limited space for additional storage capacity. 

Once again, correlations could not be established between the baseline COP and OAT on 
an hourly or daily level. Figure 6 below shows a scatterplot of the hourly COP-Gas between 
system #1 and hourly OAT which illustrates this. The same kind of scatterplot was found 
between system #2 and the OAT but is not shown in this report.   
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Figure 6: System #1 Hourly GOP-Gas versus Hourly OAT 

 

The initial baseline calculation showed better correlations between the weekly average 
COP-Gas with the weekly average OAT. The study team examined the weekly COP-Gas 
versus the weekly average OAT for the re-baseline and it did not correlate. This can be seen 
in Figure 7 below, where the R-squared is 0.0827 for System #1. This is partly because the 
second two-week interval does not have full weeks of data. The week starts on 11/12/24 (a 
Tuesday) because the contractor did not work Saturdays or the Veteran’s Day holiday 
(11/11/24), and Thanksgiving was in the middle of the week beginning 11/23/24.  
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Figure 7: System #1 Weekly COP-Gas vs. Average Weekly OAT 

 

Since the weekly average COP did not correlate with the weekly average OAT in the re-
baseline period, the Study Team instead found a correlation between the gas input and the 
NHO.  

Net Heat Output (NHO) 

The NHO from each boiler system is calculated using Equation 1 from Appendix A which is 
reprinted again below: 

𝑯𝒆𝒂𝒕𝑶𝒖𝒕𝒑𝒖𝒕𝑩 [
𝑩𝑻𝑼

𝒉𝒓
] = 𝑸̇𝒔𝒖𝒑𝒑𝒍𝒚 − 𝑸̇𝑴𝒂𝒌𝒆−𝑼𝒑 − 𝑸̇𝑹𝒆𝒕𝒖𝒓𝒏 (1) 

 
Where: 

𝐻𝑒𝑎𝑡𝑂𝑢𝑡𝑝𝑢𝑡𝐵  is the sum of heat output from each DHW boiler in BTU/hr (i.e the Net Heat 
Output or NHO). 

𝑄̇𝑠𝑢𝑝𝑝𝑙𝑦  is the sum supply of water energy from each of the DHW systems in BTU/hr. 
supplied to the apartment units. 

𝑄̇𝑀𝑎𝑘𝑒−𝑈𝑝  is the sum of the make-up water energy into each DHW system. 

𝑄̇𝑅𝑒𝑡𝑢𝑟𝑛  is the return water energy into the DHW system returning from the apartment units. 

See Appendix A for how 𝑄̇𝑠𝑢𝑝𝑝𝑙𝑦 , 𝑄̇𝑀𝑎𝑘𝑒−𝑈𝑝, and 𝑄̇𝑅𝑒𝑡𝑢𝑟𝑛 are calculated.  
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The Study Team analyzed the hourly baseline gas energy input versus the hourly NHO for 
the re-baseline period. The baseline gas energy input includes the gas into both boiler #1 
and boiler #2. The baseline gas energy input correlates well with NHO with an R-squared 
value of 0.9599, as seen in Figure 8 below. This correlation also meets the goodness of fit 
criteria which is shown in  

. The equation describing baseline gas energy input as a function of NHO is shown in 
Equation 2 below.  

Figure 8: Hourly Baseline Gas Energy Input vs NHO 

 

Baseline Gas Energy Input = 1.28*NHO + 22,835 (2) 

Table 6: Goodness of Fit Metrics for Baseline Gas Energy Input   

Metric Name Metric Number Goodness of Fit Requirement 

R2 0.96 >0.70 

CV(RMSE) 8.1% <25% 

NMBE 0.00% -0.05%<NMBE<0.05% 

 

Equation 2 is used to calculate the annual baseline gas energy consumption for savings 
comparisons later in this report. 
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Installation  
Installation of the GAHP began on 12/15/23 with the installation of a new concrete pad for 
the GAHP and buffer tank and extension of the existing boiler enclosure (See Figure 9 Top 
Left). Between 12/18/23 to 12/29/23, new piping was run for the water glycol loop between 
the GAHP and the heat exchangers (HXs) (See Figure 9, Figure 10 and Figure 11).  This was 
time consuming because System #1 is approximately 57 feet away from the GAHP location 
on the other side of the common laundry room. The contractor had to bring piping through 
the adjacent car port and trench under a sidewalk and under the boiler enclosure for 
System #1. Additionally, it was raining for several days between 12/18/23 and 12/29/23 so 
the contractor could not work on those days. The property did not want to do a hot water 
shut off over the holidays, so the GAHP system was not tied into the existing DHW systems 
until 1/8/24 because it required a hot water shut down.  

Initially, the contractor set up the GAHP with their own controller because they did not 
understand how to set up the manufacturer controls and they did not have the required 
wire for the manufacturer controls. New piping was insulated to Title 24 requirements on 
1/18/24 (see Figure 11 Bottom Right). The GAHP manufacturer DDC controller was finally 
installed and commissioned on 2/13/24 (See Figure 12).  
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Figure 9: GAHP Installation Photos #1:  

Top Left: New Concrete Pad and Extended Boiler Enclosure, Top Right: Trench with new 
GAHP Water/Glycol Loop Piping to System #1, Bottom Left: New GAHP Water/Glycol Loop 
Piping Through Adjacent Carport, Bottom Right: GAHP Being Placed on New Concrete Pad 
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Figure 10: GAHP Installation Photos #2  

Top Left: New Water/Glycol Buffer Tank, Top Right: Failed Water Pressure Regulator 
Discovered While Trenching, Bottom Left: HX for System #2, Bottom Right: HX with Piping 
for System #1 
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Figure 11: GAHP Installation Photos #3 

Top Left: Completed HX Piping for System #1, Top Right: Bird’s Eye View of New GAHP and 
Buffer Tank, Bottom Left: Completed HX Piping for System #2, Bottom Right: Insulated 
Piping for System #2 
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Figure 12: Manufacturer DDC Controller 

 

Installation Challenges 
The installation had many challenges which are discussed below. It should be noted that 
this study was launched without a site recruited and this was the first time a GAHP had 
been installed in a DHW-only application in California that the Study Team or the 
manufacturer knew about. There were many unknowns about the design and controls 
before the study was launched. It was difficult to find a contractor who was willing to 
provide a quote for work that was not discreetly defined and for a site which was not yet 
recruited.  The contractor on this study was willing to do that and came recommended by 
others. Additionally, this contractor sent several technicians to the SoCalGas Energy 
Resource Center for two days of manufacturer-provided training in February 2023. The 
Study Team dealt with challenges that came up along the way to honor the contractor’s 
willingness to commit to a study with many unknowns and “get the ball rolling” so to speak. 
If not for the contractor’s “yes” the Study Team would not have been able to gain the 
experience from this pilot study. However, it is worth noting that the initial manufacturer-
provided training did not seem to be particularly effective. This could be because there 
were 11 months between initial training and actual installation.  
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Design Challenges 

The contractor selected for this study did not have in-house staff capable of creating a 
plumbing diagram nor did the contractor have in-house engineering staff. As a result, the 
contractor was relying heavily on recommendations from the GAHP manufacturer regarding 
recommended Heat Exchanger (HX) manufacturers and sizes as well as GAHP control 
settings. The manufacturer was not very supportive in providing concrete 
recommendations and often referred the contractor to their installation guides or other 
manufacturer guidance documents. The manufacturer stated to the Study Team that they 
could not provide engineering design support because they do not hold a Professional 
Engineer license in California. They also did not have straightforward guidance on how to 
size a HX or an IST for a GAHP supporting a DHW system. The manufacturer stated that they 
recommended an IST instead of a plate and frame HX for the heat transfer from the 
water/glycol to the potable water but could not recommend a specific IST at the time. The 
contractor was not able to bridge the gap to size and select an IST without a manufacturer 
recommendation, and a plate and frame HX was ultimately installed.  

The contractor shared that they rarely (if ever) have to provide engineered plumbing plans 
for DHW systems including solar water heating and EHPWHs.  For EHPWH installations, they 
usually get plumbing diagrams directly from the manufacturer. It is then a relatively easy 
process to bid and build the new system based on the provided designs. The permit for this 
study from Los Angeles County did not require engineered plans or a P.E stamp so this 
seems a reasonable statement by the contractor. The contractor was expecting the same 
kind of design support from the GAHP manufacturer that they get from the EHPWH 
manufacturers, and the GAHP manufacturer was not willing to provide this level of support. 
This issue has been mitigated in future GET studies by requiring the contractor to have 
engineered plumbing plans written into the scope of work. However, it is the Study Team’s 
opinion that if this gap between manufacturer design support and contractor lack of 
design expertise is not solved, the GAHP will not be successful as an EE measure in 
Program Administrator portfolios. The same contractor on another GET study has had to 
engage an outside engineering firm for design and expressly stated that it’s difficult to get a 
good price on engineering design for a single study using a novel technology like the GAHP.  
The Study Team has had a similar experience with a second contractor on a third GAHP 
field study (i.e., the contractor must engage an outside engineering firm for design, and they 
do not usually do this).  

In addition to the overall design challenge, this study was especially hard to implement 
because there were two systems that needed to be integrated which required two HXs and 
additional piping to connect them to the GAHP in parallel. The existence of two sets of 
piping meant circuit setters had to be installed to regulate the water flow between each 
system. Additionally, there were long piping runs through a carport and under a sidewalk to 
connect the GAHP to System #1. 
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Controls Challenges 

The GAHP manufacturer has two controllers. One of their controllers is meant to control the 
GAHP itself and the other goes on top of the first and is meant to control the boilers. 
Although explicitly asked about, it was not clear at the outset of this study that the 
controllers are separate and must be ordered separately. Additionally, connecting two sets 
of controllers was not written into the contractor’s scope of work, so they did not connect a 
second controller.  They did connect the first controller, but again, the contractor was 
relying heavily on the manufacturer for support and the manufacturer often referred the 
contractor to their installation guidance. The installation guidance seemed to be tailored to 
a space heating operation, and it took the contractor some time to understand how to wire 
the system and set up the controls. This issue is mitigated in future GET studies by writing 
controls wiring and set up into the contractor scope. It seems the next site GAHP 
contractor is more familiar with the controls, and this will hopefully not be an issue in the 
future.  However, this may be an issue if a contractor unfamiliar with the technology 
installs a GAHP. 

Water Pressure Regulator Challenges 

The contractor had to lay water piping underground between the GAHP and System #1. As 
a result, they had to trench several feet between the laundry room and System #1 (The 
common area laundry room is between System #2 and System #1).  During the trenching 
process, the contractor discovered a water leak and notified the property manager. The 
water leak was coming from the city water pressure regulator valve for the back building 
served by System #1. The property management got the regulator fixed by another 
contractor during the same time the GAHP installation occurred. The water pressure did not 
seem to be an issue in the baseline monitoring period, but it did seem to be an issue after 
the installation of the GAHP. After installation of the GAHP, the make-up water temperature 
on System #1 would “spike” to 100⁰F for short periods and the data was showing negative 
supply flow values for many hours of the day. It was assumed by the Study Team that water 
was backflowing through the make-up water line instead of flowing through the supply line. 
On 2/13/24, an additional check valve4 was installed on the new make-up water piping that 
was added during the GAHP installation (See Error! Reference source not found.). This 
decreased the spiking temperature to 90⁰F rather than 100⁰F, but it did not solve the 
observed negative supply flow issue. On 3/13/24, the Study Team asked the installation 
contractor to measure the make-up water pressure at hose bibs across the property. The 
back building served by System #1 was at 30 psi and the front buildings served by System 
#2 were at 100 psi (See Figure 14). The Study Team also found out from the property 
manager that the water pressure in showers and sinks served by System #1 had been an 

 
4 Note that there was a check valve installed initially during GAHP installation, the installed check 
valve was a second one. 
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issue for some time. The Study Team informed the property owner that there was likely an 
issue with the water pressure regulator, and it needed to be fixed. At that time, the Study 
Team had the contractor close the GAHP water/glycol loop valve to System #1, so the 
GAHP was only serving System #2. The property owner fixed the water pressure regulator 
on 4/26/24 and the Study Team had the contractor open the GAHP water/glycol loop valve 
to System #1 on 5/6/24.  

Figure 13: New Check Valve Installed on 2/13/24 

 

Figure 14: Water Pressures: 

Pressure at Buildings Served by System #1 (Left), Pressure at Building Served by System #2 
(Right) 
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Supply Water Flow Meter Challenges 

After 5/6/24, the Study Team still observed negative supply flow in System #1 even though 
the make-up water temperature was no longer spiking. The Study Team compared the 
baseline supply water flow rates and post-installation supply water flow rates and found 
that the supply flows after GAHP installation were all lower than in the baseline. The Study 
Team determined that the supply flow meter must have been broken sometime during the 
installation. The supply flow meter showed signs of scaling on the inside, so some sediment 
may have been knocked loose during GAHP installation and damaged the internal 
mechanism inside the meter (See Figure 15). A new supply flow meter was installed on 
6/6/24 and the supply flow rates were back at their normal levels and System #1 was not 
showing any negative flow rates.  

Figure 15: System #1 Supply Flow Meter (Original Meter) 
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Boiler #2 Failure Challenge 

On 7/11/24, the property manager informed the Study Team that Boiler #2 was leaking 
profusely and might need to be replaced. On 7/16/24, the boiler was replaced by a new 
boiler of the same size and efficiency. The replacement was done by a different plumbing 
contractor chosen by the property owner. The Study Team had the GAHP installation 
contractor turn the GAHP loop OFF completely during the installation of the new boiler #2. 
The boiler #2 installation contractor had difficulty getting the boiler controls set properly 
and it took until 7/26/24 for boiler #2 to be properly commissioned with a 130⁰F supply 
water temperature. The GAHP was OFF from 7/16/24 to 8/14/24 so the system could be re-
baselined. The GAHP was turned ON 8/15/24. It should be noted here that another 
contractor unrelated to this field study had difficulties setting up boiler controls, which 
should be easier and more well known to contractors than GAHP controls. There may be 
a general lack of understanding of DHW controls in the contractor community.  

Results  
Post-Installation COP 
The Study Team analyzed different functions that would best fit the GAHP COP. The first 
attempts were to find a correlation between GAHP COP versus OAT2 and between GAHP 
COP versus OAT. These models did not return an acceptable R2 and other goodness of fit 
metrics. The best fit for hourly GAHP COP identified by the Study team is a function of NHO 
(Net Heat Output) and OAT shown in Equation 3. This correlation meets the goodness of fit 
criteria as seen in Error! Reference source not found.. 

GAHP COP = 0.000109*NHO + (0.0046797) *OAT+ (-0.02489) (3) 

Table 7:  Goodness of Fit Metrics for GAHP COP, f (OAT & NHO) 

Metric Name Metric Number Goodness of Fit Requirement 

R2 0.78 >0.70 

CV(RMSE) 19% <25% 

NMBE 0.00% -0.05%<NMBE<0.05% 

Post-Installation Gas Energy Input 
The Study Team determined the hourly post-installation gas energy input versus the hourly 
NHO and hourly OAT. The correlation is described by Equation 4 and the goodness of fit 
metrics are in Error! Reference source not found.. The post-installation gas energy input 
includes the gas input to both boilers and the GAHP.  

Post-Installation Gas Energy Input = 1.0513*NHO + (-488.18) *OAT+ 78,106.35  (4) 
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Table 8: Goodness of Fit Metrics for Post-Installation Gas Energy Input 

Metric Name Metric Number Goodness of Fit Requirement 

R2 0.93 >0.70 

CV(RMSE) 7.9% <25% 

NMBE 0.00% -0.05%<NMBE<0.05% 

 

Post-Installation GAHP Performance Time Distribution 
GAHP COPs do not reach a steady state until the unit has run for about 20 minutes which is 
illustrated in Figure 16. The reason that it appears to diverge after 60 minutes in Figure 16 is 
because minute-level data is being shown with gas meters and water meters that pulse. 
This pulsing results in COPs that vacillate each minute between a high and a low value 
depending on whether the gas or the water meter pulsed more that minute. This vacillation 
would go away as there are more runtimes in the 60+ minute range or if water and gas 
meters pulsed at smaller intervals (i.e. 1/2 cubic feet of water or gas). The steady-state COP 
after 20 minutes is 1.14. However, the weighted average COP when the GAHP is running is 
only 0.75.  This happens because the weighted average COP takes into account the COP 
values when run-time is less than 20 minutes, and those COP values are very low. The 
average run time for the GAHP during the post-installation period was 17.9 minutes. Figure 
17 below shows the number of times the GAHP ran for a certain number of minutes. The 
data is consistent with lab testing data done in GET project ET23SWG0015 [6] which also 
showed that it takes about 20 minutes for the GAHP to hit a steady-state heating output 
and return temperature.  

The average GAHP efficiency is very sensitive to run times, and shorter run times will 
significantly impact the energy savings from a GAHP system.  
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Figure 16: GAHP Performance Distribution 

 

 

Figure 17: Runtime Frequencies during Post-Installation Period  

 

Total Energy Savings 
The Study Team calculated theoretical baseline energy use during the post-installation 
period using Equation 2. This was then compared to the actual minute-level post-
installation energy use to determine the total and percentage energy savings. The overall 
energy savings for the post-installation period are shown in Table 9. 
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Table 9: Energy Savings 

Metric Value 

Post-Installation Net Heat Output [Btu] 233,218,011 

Theoretical Baseline Gas Use [Btu] 347,102,703 

Post-Installation Gas Use [Btu] 333,706,359 

Average Post-Installation System COP 0.70 

Savings [Btu] 13,396,345 

Savings [Therm] 134 

% Savings 4% 

Post-Installation Data Period 08/16/24 - 11/11/24 

Number of Days 88 

Temperature Coverage Factor 93% 

CZ2022 Time Coverage Factor 99% 

The average post-installation COP with System #1, System #2, and the GAHP operating was 
0.70. The overall percentage energy savings during the post-installation monitoring period 
is 134 therms or 4%.  In a previous GET study (ET22SWG0002) [7], the projected energy 
savings when using a GAHP in a DHW-only application was 30%. The Study Team screened 
the site based upon the gas bill and the site screening tool developed in project 
ET23SWG0008 [8] which showed it should have enough DHW load to keep the GAHP 
operating most of the time. The reasons that the GAHP is not achieving the expected 
energy savings are as follows: 

1. The gas bill includes the gas energy use from the existing boilers to reheat the 
recirculation water. As discussed in the Installation section, the contractor struggled 
with the piping design at this site and ultimately did not incorporate the 
recirculation load into the load served by the GAHP.   

2. The Site Screening Tool developed in ET23SWG0008 used the ASHRAE DHW sizing 
method which predicts the peak DHW load, and it is not a good tool to predict 
minimum DHW loads.  More about this is discussed in GET project ET23SWG0012 
[9]. There is currently no reliable way to predict minimum DHW loads so they must 
be measured to ensure there is sufficient minimum DHW load for the GAHP to 
achieve long run times.  

3. The replacement of Boiler #2 resulted in an average baseline COP of 0.67 while the 
average COP of the post-installation system with the GAHP is 0.70.  The actual COP 
fluctuates hourly which is why the overall percentage energy savings is 4%.  
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4. The average GAHP runtime is only 17.9 minutes which results in a weighted average 
COP of only 0.75.  

5. The GAHP can boost the make-up water temperature by a maximum of 18°F in a 
single-pass. This system was set up to do single-pass heating pre-heating of the 
make-up water which means an incoming water temperature of 80°F could only be 
boosted to 98°F and then the boiler would have to further boost the temperature. 
The GAHP may perform better in a multi-pass system where the incoming water 
temperature can be continuously boosted until it reaches the maximum output 
temperature of the GAHP.  

A follow-on study is proposed which will incorporate the recirculation DHW load into the 
load served by the GAHP and will add an IST or additional hot water storage. The Study 
Team will also hire a contractor to recommend different controls settings for the GAHP.  All 
these changes are expected to increase the GAHP run times which are, in turn, expected to 
increase the overall post-installation efficiency (more details in Follow On-Work Section).  

Annualized Results 

Net Heat Output 

Weekly Net Heat Output 

The NHO is independent of the type of equipment used to provide the heat (boiler, GAHP 
or both). Therefore, the initial baseline, re-baseline and post-installation data can be 
combined to determine correlations between NHO and other variables. The NHO is then 
used along with Equations 2 and 4 to project annual energy use and energy savings using 
CZ2022 data from CZ09.  

Figure 18 and Figure 19 show that the weekly total NHO correlates with weekly average OAT 
for System #1 and System #2, respectively. Figure 20 shows that the combined weekly 
total NHO (the total NHO for System #1 and System #2) correlates with the weekly average 
OAT. The Combined NHO is described by Equation 5 and the goodness of fit criteria for 
Equation 5 is shown in Error! Reference source not found.. 
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Figure 18: System #1 Weekly Total NHO vs. Weekly Average OAT 

 

Figure 19: System #2 Weekly Total NHO vs. Weekly Average OAT 
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Figure 20: Combined (System #1 & #2) Net Heat Output vs. Weekly Average OAT 

 

Equation 5 below describes the weekly total combined NHO as a function of Weekly 
Average OAT. 

𝑁𝐻𝑂𝑊𝑘𝑙𝑦 = −1,397,818.33 ∗ 𝑂𝐴𝑇𝑤𝑘𝑙𝑦,𝑎𝑣𝑔 + 126,156,310.67 (5) 

Table 10: Combined Net Heat Output Goodness of Fit Metrics 

Metric Metric Number Goodness of Fit Requirement 

R2 0.86 >0.70 

CV(RMSE) 16% <25% 

NMBE 0.000% -0.05%<NMBE<0.05% 

Daily and Hourly Net Heat Output 

Equations 2 and 4 use the hourly NHO, so the weekly NHO must be split up into an hourly 
NHO to apply those equations. First, the weekly NHO is split into daily NHO. Error! 
Reference source not found. shows that the daily NHO is between 14 to 15% of the weekly 
NHO. To split weekly NHO into daily NHO the weekly NHO is divided by 7 days since the 
daily NHO only varies by 1% each day.  
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Table 11: Daily NHO Breakdown 

Day of Week Total Avg Net Heat Output [Btu] % 

1 82,113,418.73 14% 

2 81,513,631.36 14% 

3 81,171,046.16 14% 

4 79,147,204.31 14% 

5 84,784,124.44 15% 

6 84,970,723.77 15% 

7 86,771,939.58 15% 

Total 580,472,088.34 100% 
 

Next, the daily NHO has to be broken down into hourly NHO as shown in Error! Reference 
source not found.. 

Table 12: Hourly NHO Breakdown 

Hour of Day Total Avg Net Heat Output [Btu] % 

0 19,335,907 3% 

1 15,763,289 3% 

2 13,876,477 2% 

3 13,445,961 2% 

4 13,640,538 2% 

5 14,580,557 3% 

6 19,516,320 3% 

7 23,849,422 4% 

8 31,580,330 5% 

9 30,477,800 5% 

10 25,860,742 4% 

11 23,142,227 4% 

12 21,723,966 4% 

13 21,350,823 4% 

14 20,528,221 4% 

15 21,264,950 4% 

16 24,656,611 4% 

17 26,750,037 5% 
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Hour of Day Total Avg Net Heat Output [Btu] % 

18 33,342,617 6% 

19 38,255,782 7% 

20 38,792,964 7% 

21 35,394,466 6% 

22 29,924,565 5% 

23 23,417,517 4% 

Annual Energy Use 
Equation 5 is used to calculate the weekly NHO as a function of the weekly average OAT 
from CZ2022 CZ09 data. Then a series of look up functions are utilized in MS Excel to break 
the weekly NHO into hourly NHO values using the values in Error! Reference source not 
found. and Error! Reference source not found.. Finally, Equations 2 and 4 are used to 
calculate the hourly gas input for the baseline and post-installation DHW systems. Baseline 
and post values are summed up for the whole year to determine annual energy use and 
energy savings. The results are shown in Error! Reference source not found.. The 
annualized therm savings and energy savings are higher than they were in the post-
installation period because the OATs and resulting hourly NHOs using CZ2022 data are 
more favorable to the post-installation gas input. This can be seen when the post-
installation average COP of 0.79 in Error! Reference source not found. is compared with 
the post-installation COP of 0.70 from Error! Reference source not found..  

Table 13: Annualized Savings 

 Net Heat Output [Btu] Gas Input [therms] Average COP-Gas 

Baseline 1,825,129,383 25,392.07 0.72 

Post 1,825,129,383 23,233.95 0.79 

Savings N/A 2,158.12 0.07 

Savings % N/A 8.5% 9.3% 

 

Annualized CO2 Analysis  
The post-installation CO2 emissions were calculated and compared to a theoretical EHPWH 
system. The hourly NHO was already calculated in the annualized energy savings. Since the 
NHO is measured in Btuh, calculating the CO2 emissions is straightforward. The CO2 
tonnes/Therm is constant at 0.00531 and obtained from 2024 Avoided Cost Calculator 
(ACC) [10]. This constant is multiplied by hourly therms to get yearly CO2 emissions for the 
post-installation system. 
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The EHPWH COP is determined using Equation 6 below which comes from the DEER Water 
Heater Calculator [11].  

  𝐶𝑂𝑃ℎ𝑝 = 𝐶𝑂𝑃ℎ𝑝,𝑟𝑎𝑡𝑒𝑑(𝐶1 + 𝐶2𝑇𝑊𝑏 + 𝐶3𝑇𝑤𝑏
2 + 𝐶4𝑇𝑡𝑎𝑛𝑘 + 𝐶5𝑇𝑡𝑎𝑛𝑘

2 + 𝐶6𝑇𝑤𝑏𝑇𝑡𝑎𝑛𝑘 (6) 
 

Where: 

COPhp = efficiency of the heat pump (Btu/Btu) 

COPhp, rated = rated COPhp at 57°F wet bulb and 120°F tank temperature 

Ttank = average tank temperature (°C) – Average of Supply Temperature for both the tanks 

Twb = ambient wet bulb temperature (°C)  

C1 = 1.192E+00  

C2 = 4.247E-02  

C3 = –3.795E-04  

C4 = –1.110E-02  

C5 = –9.400E-07  

C6 = –2.657E-04. 

COPhp,rated was chosen to be 3.0 because MP SWWH028 (Large Heat Pump Water Heater, 
Commercial and Multifamily Fuel Substitution) only has COP=3.0 for the multifamily 
permutations.  The COPs for the EHPWHs in the DEER Water Heater Calculator range from 
2.34 to 4.30 so 3.0 seems a reasonable number to use. 

Ttank was the average supply water temperature from all the monitored data throughout the 
course of the study (131°F). 

The hourly COP of the EHPWH was multiplied by the hourly NHO and converted to kWh to 
get the theoretical EHPWH energy input. The electric CO2 (tonnes/MWh) varies hourly and 
obtained from the 2024 ACC [12].  



Gas-Fired Heat Pump Water Heating & Combination System Pilot - Phase 2F – Site #1 ET23SWG0002 

©ICF 2025  46 

Table 14: CO2 Emissions 

System Annual CO2 [Metric Tons CO2] 

GAHP 123.37 

Theoretical EHPWH 78.47 

Annual CO2 Savings with EHPWH 44.90 

% CO2 Savings with EHPWH 36% 

 

Customer Satisfaction 
The Study Team conducted a brief customer satisfaction survey with the customer’s 
utilities manager and the customer’s on-site property manager. The raw responses are 
shown in Table 15. The survey questions and evaluates the cost, value for money, 
comparison to alternatives, and likelihood of recommending a GAHP based on the 
customer’s responses. The survey results show that both respondents gave high 
satisfaction and performance ratings, with just a slight variance in comments. The utilities 
manager rated overall satisfaction 4/5, stating "some bumps in the road" during the initial 
setup phase, indicating difficulties upfront. In contrast, the property manager gave 5/5 and 
made no more remarks, suggesting that everything went smoothly. Both gave the system a 
5/5 rating for quality and performance, with the utilities manager highlighting its reliability 
by saying, "It works, it doesn't break down all the time."  

The survey asked several questions about the value for money which was answered by the 
utilities manager who makes purchasing decisions5. The project cost to retrofit GAHP was 
about $38,000 (labor and material) and the utilities manager feels that the GAHP is not 
worth that cost. The cost to replace the failed boiler #2 was $25,000 which is $13,000 less 
than the GAHP retrofit cost. The customer expects boiler replacements to cost an average 
of $30,000 depending on the size and efficiency of the boiler and is willing to pay this 
price. The utilities manager has installed various highly efficiency DHW systems along with 
other DHW measures in the price range of $20,000 to $40,000 in the past year, and the 
project costs were offset by incentives from another program. The customer approved the 
boiler replacements of $40,000+ because the incentives brought the project cost to an 
acceptable level. From the customer’s perspective, the cost of $38,000 for the GAHP to 
augment the boilers is too high because the boilers eventually have to be replaced incurring 
another $20,000+ cost. If the GAHP could replace the boiler and an incentive for the GAHP 
was offered, the customer would be willing to pay for a GAHP depending on the payback 
period. The maximum payback period from the customer perspective is half of the GAHP’s 

 
5 These questions were not asked to the property manager because this person does not influence 
purchasing decisions 
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useful life and an earlier payback period is preferred. The customer also noted that even if 
the GAHP saves $5,000 in energy costs over its lifetime, it might also result in additional 
maintenance calls toward the end of its life because it is an extra piece of equipment. 
Maintenance calls average about $2,500 so just two additional maintenance calls would 
wipe out the potential energy cost savings if the energy cost savings was only $5,000.  
Overall, the customer stressed the importance of incentives and payback periods in 
influencing GAHP adoption.  

Lastly, the customer indicated they would recommend the GAHP to others under 
conditions where it makes sense to do so. The customer felt that the application where a 
GAHP would make sense is rather narrow so it could not always be recommended. A good 
application depends upon the hot water load at the site, the cost of gas, and the 
complexity of the installation.  

Overall, the customer was satisfied with the GAHP and did not have any complaints from 
management or tenants about the system. The customer stressed that up-front cost, 
incentives, cost of gas, and cost of potential maintenance calls were important to make 
future DHW purchasing decisions.  This underscores the need for field studies like this one 
which provide information about up-front cost, energy savings (which impact incentives) 
and investigate potential maintenance items and costs associated with the GAHP. 



Gas-Fired Heat Pump Water Heating & Combination System Pilot - Phase 2F – Site #1 ET23SWG0002 

©ICF 2025  48 

Table 15: Customer Survey Responses 

# Topic Question 

Utility 
Manager 

Response Utility Manager Comments 

On-Site 
Property 
Manager 

Response 

1 Overall 
Satisfaction 

On a scale of 1-5 with 5 being the 
highest, how satisfied are you with 
the new equipment you received? 

4 During initial installation, there were some 
bumps in the road. Issues up front. Happy with 
equipment now. 

5 

2 Quality and 
Performance 

On a scale of 1-5 with 5 being 
the highest, how would you rate 
the quality of the equipment? 

5 It works, it does not break down 
constantly. 5 

3 Quality and 
Performance 

Have you experienced any 
performance issues? 

No None. 
No 

4 Quality and 
Performance 

On a scale of 1-5 with 5 being 
the highest, how would you rate 
the quality of the installation? 

5 Not very involved in installation but have 
had no complaints. 
 

5 

4a Value for 
Money 

The cost of this retrofit was 
$38,000 for labor and materials.  
Do you feel the product is worth 
the price?   

No Have been replacing a bunch of boilers. 
The combined cost to replace a boiler plus 
add the GAHP makes the total system cost 
much higher and the time to recover that 
cost difference on a gas system where the 
price of gas is not that high is probably not 
worth it. Last year, installed a lot of high 
efficiency DHWs. Those are $20k to $40k 
depending on the size (this is boiler + 
storage tank + installation + some other 
measures sometimes). Cost to replace 
Boiler #1 (96% efficiency) + new storage 
tank + labor was $38,000 at this site (after 
this project was completed). 

N/A 
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# Topic Question 

Utility 
Manager 

Response Utility Manager Comments 

On-Site 
Property 
Manager 

Response 

4b Value for 
Money 

If no, what cost do you feel is 
worth the price? 

$30k  Price expectation is set by the lower 
efficiency units (83%/85%) which is 
roughly $25k per boiler for this system. 
$30k is where they hit a breakeven point 
because of gas costs. It cost $25k to 
replace boiler #2 which includes boiler + 
new tank + labor.  

N/A 

4c Value for 
Money 

If yes, what is the maximum cost 
you would be willing to pay for 
this product? 

N/A  
N/A 

5 Value for 
Money 

How does the price compare to 
similar products on the market? 

More 
Expensive 

Even if you can put in a smaller boiler, you 
still have to pay additional cost on top of 
the equipment and there is additional 
installation because you have more 
plumbing. Maintenance could possibly 
become a greater issue in 10 or 15 years. 
Extra equipment, extra piping, think it's 
more complicated to maintain.  

N/A 

6a Value for 
Money 

Would you purchase this 
equipment instead of a 
traditional boiler without an 
incentive? 

Yes, 
depending 
on the 
price 

 

N/A 
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# Topic Question 

Utility 
Manager 

Response Utility Manager Comments 

On-Site 
Property 
Manager 

Response 

6b Value for 
Money 

Would you purchase this 
equipment to augment a boiler 
without an incentive? 

No It depends on the regulatory landscape in 
California. If cost of water heating 
becomes much higher - then a more 
expensive up front cost to get a higher 
efficiency might be more doable. 

N/A 

6c Value for 
Money 

If not, how much incentive is 
necessary to influence your 
decision to use this equipment 
instead of a traditional boiler? 

See Notes The additional cost of the equipment has 
to pay back in half of the lifetime of the 
equipment to even consider the retrofit, so 
the incentive needs to be set to be 
whatever that is.  It can't be a break even 
scenario where there is potential for extra 
maintenance burden and it doesn't break 
even until equipment breaks down. Needs 
to be offset by the gas savings and gas is 
cheap. If save $5k, that could be a couple 
of maintenance calls. Maintenance calls 
are about $2k each. 

N/A 

7 Value for 
Money 

Did you notice a drop in your gas 
bills after this equipment was 
installed? 

No Haven't been looking at it that closely and 
there have been a lot of different things 
happening. There were issues with water 
pressure Jan - Apr 2024 so GAHP was not 
operating, replaced boiler #2 July 2024, 
switched over to another gas provider 
effective July 2024.  

N/A 
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# Topic Question 

Utility 
Manager 

Response Utility Manager Comments 

On-Site 
Property 
Manager 

Response 

8 Comparison 
to 
Competitors 

How does this equipment 
compare to other water heating 
equipment? 

 Can’t answer, don’t know. 
N/A 

9 Likelihood to 
Recommend 

On a scale of 1-5 with 5 being 
the highest, how likely are you to 
recommend this equipment to 
an industry contact or 
colleague?  

3 Would recommend with conditions, there 
are some use cases where this would be 
useful, especially in cases where the 
potential for greater efficiency would pay 
off. The thing this would fit for is a bit of a 
narrow application.  

N/A 

10 Other 
comments 

  No additional comments 
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Planned Follow-work 
A follow-on project is planned at this site in 2025 and 2026. The follow-on project will 
incorporate the recirculation load into the load served by the GAHP, install an IST or 
additional DHW storage, and adjust the GAHP control settings. The goal of these 
modifications is to increase the GAHP run-times so the efficiency of the GAHP is higher and 
saves more energy and to compare performance from the recently completed lab data 
from GET project ET23SWG0015 [6] to field conditions.  

Additionally, the GET Team has another field study in process at a hotel in Southern 
California and another one planned for a different multifamily site. A fourth study at a hotel 
is also planned. The Study Team is taking the learnings from this field study and applying it 
to the in-process and future GET studies to select sites with sufficient minimum DHW loads 
and improve the DHW system design with a GAHP. Additionally, the GET Team has several 
completed and in process lab studies (ET23SWG0015 [6], ET24SWG0003 [13]) which have 
or will provide GAHP performance data for two different GAHP equipment manufacturers.   

Conclusions  
The field evaluation of the GAHP system confirmed its potential as a viable and energy-
efficient solution for water heating in multifamily and commercial applications. Key findings 
demonstrated modest performance improvements, with the post-installation system 
achieving an average COP of 0.70 (System #1, System #2, and GAHP combined), compared 
to a baseline COP of 0.67 (System #1 and System #2), and reducing gas consumption 
during the post-installation period by 134 therms (a 4% savings). When these results are 
projected annually using CZ2022 weather data, the annual energy savings are about 8.5%.  
These efficiency gains translated into annual CO2 emissions measured at 123.37 metric tons. 
However, this is 36% more emissions than an EHPWH serving the same load in the same 
climate zone. Future studies will also investigate the annual fuel costs to operate a GAHP 
and EHPWH in a real-world application since end-use customers also take operating cost 
into account when making DHW purchasing decisions.  

Despite its advantages, several barriers to adoption were identified. A lack of contractor 
familiarity with piping design, heat exchanger and tank sizing, and controls installation was a 
significant barrier. In addition, the manufacturer did not provide enough support to 
overcome this barrier. The barrier has been addressed for future GET projects by engaging 
DHW designers, but if this gap between manufacturer design support and contractor lack of 
design expertise is not solved, the GAHP will not be successful as an EE measure in utility 
portfolios.  Contractor training on GAHP site selection and installation will be critical to the 
success of this measure in utility energy efficiency portfolios.  
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Additionally, the GAHP did not achieve the expected energy savings of around 30%. This 
was because it requires at least 20 minutes to reach steady-state COP and the average run 
time during the post-installation period was only 17 minutes. Continuous operation is 
desired to reach 30% energy savings. The minimum DHW load is a critical factor in site 
selection for GAHPs, and this site does not have enough load being supported by the GAHP. 
Follow on work is planned to increase the DHW load supported by the GAHP and extend the 
run time by putting in additional hot water storage and making modifications to control 
settings.  

By addressing these challenges through extended analysis and planned follow-up work, 
GAHPs can emerge as a proven technology in energy efficiency and decarbonization 
efforts. Their ability to reduce operational costs, achieve high efficiencies, and support 
sustainable building operations makes them a compelling solution for modern water-
heating needs. 
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Appendix A – M&V Analysis Procedure and Formulas 
Spreadsheet calculations will be performed to calculate the domestic water and heating 
load of each building where the GAHP will be implemented, as well as pre- and post-
installation energy usage, and operational efficiency for each case. The annual energy 
savings are expected to be created from the proportion of DHW loads, depending on the 
design of the pre-and post-systems, that the GAHP will offset at a higher operational 
efficiency.  

The following equations and steps will be used in the calculations, and will assume a 
combination system: 

DHW Heat Output 

Determine the heat output of DHW Boiler #1 and DHW Boiler #2 using the supply and 
return, water, flow, and natural gas input on each of the systems using the following 
equations.  

𝑯𝒆𝒂𝒕𝑶𝒖𝒕𝒑𝒖𝒕𝑩 [
𝑩𝑻𝑼

𝒉𝒓
] = 𝑸̇𝒔𝒖𝒑𝒑𝒍𝒚 − 𝑸̇𝑴𝒂𝒌𝒆−𝑼𝒑 − 𝑸̇𝑹𝒆𝒕𝒖𝒓𝒏 ( 1 ) 

𝑸̇𝒔𝒖𝒑𝒑𝒍𝒚 = ∑ 𝝂̇𝒘𝒂𝒕𝒆𝒓,𝒔𝒖𝒑𝒑𝒍𝒚 ∗ 𝝆𝒘𝒂𝒕𝒆𝒓 ∗ 𝒄̅𝒘𝒂𝒕𝒆𝒓 ∗ (𝑻𝑺𝒖𝒑𝒑𝒍𝒚 − 𝑻𝒓𝒆𝒇) ( 2 ) 

𝑸̇𝑹𝒆𝒕𝒖𝒓𝒏 = ∑ 𝝂̇𝒘𝒂𝒕𝒆𝒓,𝒓𝒆𝒕𝒖𝒓𝒏 ∗ 𝝆𝒘𝒂𝒕𝒆𝒓 ∗ 𝒄̅𝒘𝒂𝒕𝒆𝒓 ∗ (𝑻𝒓𝒆𝒕𝒖𝒓𝒏 − 𝑻𝒓𝒆𝒇) ( 3 ) 

𝑸̇𝑴𝒂𝒌𝒆−𝑼𝒑 = ∑ 𝝂̇𝒘𝒂𝒕𝒆𝒓,𝒎𝒂𝒌𝒆−𝒖𝒑 ∗ 𝝆𝒘𝒂𝒕𝒆𝒓 ∗ 𝒄̅𝒘𝒂𝒕𝒆𝒓 ∗ (𝑻𝒎𝒂𝒌𝒆−𝒖𝒑 − 𝑻𝒓𝒆𝒇) ( 4 ) 

𝝂̇𝒘𝒂𝒕𝒆𝒓,𝒎𝒂𝒌𝒆−𝒖𝒑 =  ∑[𝝂̇𝒘𝒂𝒕𝒆𝒓,𝒔𝒖𝒑𝒑𝒍𝒚 − 𝝂̇𝒘𝒂𝒕𝒆𝒓,𝒓𝒆𝒕𝒖𝒓𝒏] ( 5 ) 

 
Where: 

𝐻𝑒𝑎𝑡𝑂𝑢𝑡𝑝𝑢𝑡𝐵 is the sum of heat output from each DHW boiler in BTU/hr. 

𝑄̇𝑠𝑢𝑝𝑝𝑙𝑦 is the sum supply water energy from each of the DHW systems in BTU/hr. supplied 
to the apartment units. 

𝑄̇𝑀𝑎𝑘𝑒−𝑈𝑝 is the sum of the make-up water energy into each DHW system. 

𝑄̇𝑅𝑒𝑡𝑢𝑟𝑛 is the return water energy into the DHW system returning from the apartment units. 

𝜈̇𝑤𝑎𝑡𝑒𝑟 is the volumetric flow of water on each side, in GPM. 

𝜌𝑤𝑎𝑡𝑒𝑟 is the density of water in 𝑙𝑏

𝑔𝑎𝑙𝑙𝑜𝑛
,8.33 𝑙𝑏

𝑔𝑎𝑙𝑙𝑜𝑛
 at 65°F, 8.22 𝑙𝑏

𝑔𝑎𝑙𝑙𝑜𝑛
 at 135°F 
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𝑐𝑤̅𝑎𝑡𝑒𝑟 is the specific heat of water in 𝐵𝑇𝑈

𝑙𝑏−°𝐹
, 1 𝐵𝑇𝑈

𝑙𝑏−°𝐹
 at 65°F, 0.95 𝐵𝑇𝑈

𝑙𝑏−°𝐹
 at 135°F 

𝑇𝑠𝑢𝑝𝑝𝑙𝑦is the water temperature supplied by each DHW boiler, in °F 

𝑇𝑟𝑒𝑡𝑢𝑟𝑛is the header water temperature coming into each DHW boiler, in °F 

𝑇𝑚𝑎𝑘𝑒−𝑢𝑝 is the water temperature of each incoming city make-up water for the DHW boiler, 
in °F 

𝑇𝑟𝑒𝑓 is thermodynamics reference temperature to establish the temperature scale for the 
system. Usually located at 0° Rankine and ignored when operating different equations to 
establish heat gain or loss results. 

It is assumed that heat losses in the pipes outside the system boundary in the pre-and 
post-installation cases are going to be the same.  

GAHP Heat Output 

𝑯𝒆𝒂𝒕 𝑶𝒖𝒕𝒑𝒖𝒕𝑮𝑨𝑯𝑷 [
𝑩𝑻𝑼

𝒉𝒓
] = 𝑸̇𝑮𝑨𝑯𝑷,𝒔𝒖𝒑𝒑𝒍𝒚 − 𝑸̇𝑮𝑨𝑯𝑷,𝑹𝒆𝒕𝒖𝒓𝒏 ( 6 ) 

𝑸̇𝑮𝑨𝑯𝑷,𝒔𝒖𝒑𝒑𝒍𝒚 = 𝝂̇𝒘𝒂𝒕𝒆𝒓/𝒈𝒍𝒚𝒄𝒐𝒍 ∗ 𝝆𝒘𝒂𝒕𝒆𝒓/𝒈𝒍𝒚𝒄𝒐𝒍 ∗ 𝒄̅𝒘𝒂𝒕𝒆𝒓/𝒈𝒍𝒚𝒄𝒐𝒍 ∗ (𝑻𝑮𝑨𝑯𝑷 𝑯𝑿 𝑰𝒏,𝒈𝒍𝒚𝒄𝒐𝒍 − 𝑻𝒓𝒆𝒇) ( 7 ) 

𝑸̇𝑮𝑨𝑯𝑷,𝒓𝒆𝒕𝒖𝒓𝒏 = 𝝂̇𝒘𝒂𝒕𝒆𝒓/𝒈𝒍𝒚𝒄𝒐𝒍 ∗ 𝝆𝒘𝒂𝒕𝒆𝒓/𝒈𝒍𝒚𝒄𝒐𝒍 ∗ 𝒄̅𝒘𝒂𝒕𝒆𝒓/𝒈𝒍𝒚𝒄𝒐𝒍 ∗ (𝑻𝑮𝑨𝑯𝑷 𝑯𝑿 𝑶𝒖𝒕,𝒈𝒍𝒚𝒄𝒐𝒍 − 𝑻𝒓𝒆𝒇) ( 8 ) 

 

Where: 

𝐻𝑒𝑎𝑡 𝑂𝑢𝑡𝑝𝑢𝑡𝐺𝐴𝐻𝑃 is the heat output from the GAHP in BTU/hr. 

𝑄̇𝐺𝐴𝐻𝑃,𝑠𝑢𝑝𝑝𝑙𝑦 is the supply energy of the water/glycol solution entering the heat exchanger in 
BTU/hr. 

𝑄̇𝐺𝐴𝐻𝑃,𝑅𝑒𝑡𝑢𝑟𝑛 is the return energy of the water/glycol solution exiting the heat exchanger in 
BTU/hr. 

𝑇𝐺𝐴𝐻𝑃 𝐻𝑋 𝐼𝑛,𝑔𝑙𝑦𝑐𝑜𝑙 is the temperature of the glycol/water solution entering the heat exchanger 
from the GAHP loop 

𝑇𝐺𝐴𝐻𝑃 𝐻𝑋 𝑂𝑢𝑡,𝑔𝑙𝑦𝑐𝑜𝑙 is the temperature of the water/glycol solution exiting the heat exchanger 
in the GAHP loop 

𝑣̇𝐺𝑙𝑦𝑐𝑜𝑙 is the volumetric flow of glycol water solution, in GPM 
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𝜌𝐺𝑙𝑦𝑐𝑜𝑙 is the density of glycol solution, in 𝑙𝑏

𝑔𝑎𝑙𝑙𝑜𝑛
, 8.505 𝑙𝑏

𝑔𝑎𝑙𝑙𝑜𝑛
 for 20% glycol solutions at 120°F 

𝑐𝐺̅𝑙𝑦𝑐𝑜𝑙 is the specific heat of glycol solution, in 𝐵𝑇𝑈

𝑙𝑏−°𝐹
 0.928 𝐵𝑇𝑈

𝑙𝑏 − ℉
 for 20% glycol solutions at 

120°F 

Gas Input 

Calculate gas input to the DHW Boiler and GAHP using the following equation: 

𝑮𝒂𝒔 𝑰𝒏𝒑𝒖𝒕𝑩/𝑮𝑨𝑯𝑷 [
𝑩𝑻𝑼

𝒉
] = 𝝂̇𝑵𝑮𝑩/𝑮𝑨𝑯𝑷

∗ 𝑯𝑯𝑽 ∗
𝑷𝒃𝒂𝒓+𝑷𝒍𝒊𝒏𝒆

𝑷𝒔
 ( 9 ) 

Where: 

𝜈̇𝑁𝐺 is the volumetric flow of natural gas, in 𝑓𝑡3

ℎ
 

𝐻𝐻𝑉 is the high heating value of gas from monthly gas bills in 𝐵𝑇𝑈

𝑓𝑡3  

𝑃𝑏𝑎𝑟  is the barometric pressure from the nearest weather station in psia 

𝑃𝑙𝑖𝑛𝑒  
 is the line pressure of the natural gas pipe in psig, measured once during logger 

installation 

𝑃𝑠  is standard pressure, 14.696 psia 

Electricity Input 

Calculate electricity input to the DHW Boiler systems, Circulator Pumps and GAHP system 
using the following equations: 

𝑷̇𝑩/𝑮𝑨𝑯𝑷  [𝒌𝑾] =  ∑ 𝑨𝒎𝒑𝒔𝑩/𝑮𝑨𝑯𝑷 ∗ 𝑽𝑩/𝑮𝑨𝑯𝑷 ∗ 𝑺𝑩/𝑮𝑨𝑯𝑷  ∗ 𝑷𝑭𝑩/𝑮𝑨𝑯𝑷 ( 10 ) 

𝑷̇𝑪𝑷𝑩/𝑪𝑷𝑮𝑨𝑯𝑷  [𝒌𝑾] = ∑ 𝑨𝒎𝒑𝒔𝑪𝑷𝑩/𝑪𝑷𝑮𝑨𝑯𝑷 ∗ 𝑽𝒐𝒍𝒕𝒔𝑪𝑷𝑩/𝑪𝑷𝑮𝑨𝑯𝑷 ∗ 𝑷𝑭𝑪𝑷𝑩/𝑪𝑷𝑮𝑨𝑯𝑷 ( 11 ) 

Where: 

𝑃̇𝐵/𝐺𝐴𝐻𝑃  is the electricity input to the DHW Boiler or the GAHP in kW 

𝐴𝑚𝑝𝑠𝐵/𝐺𝐴𝐻𝑃 are the amps into the DHW Boiler or GAHP in Amps 

𝑉𝐵/𝐺𝐴𝐻𝑃 are the volts into the DHW Boiler or GAHP in Volts 

𝑆𝐵/𝐺𝐴𝐻𝑃 is a variable that indicates if the Boiler or GAHP is enabled or not, as follows, 
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𝒊𝒇 𝑨𝒎𝒑𝒔𝑩/𝑮𝑨𝑯𝑷 > 𝟎 𝒕𝒉𝒆𝒏 𝑺𝑩/𝑮𝑨𝑯𝑷 = 𝟏, 𝒆𝒍𝒔𝒆  𝑺𝑩/𝑮𝑨𝑯𝑷 = 𝟎 ( 12 ) 

𝑃̇𝐶𝑃𝐵/𝐶𝑃𝐺𝐴𝐻𝑃 is the circulator pump for the DHW boiler or GAHP measured input power in kW 

𝐴𝑚𝑝𝑠𝐶𝑃𝐵/𝐺𝐴𝐻𝑃 are the amps into the circulator pump in Amps 

𝑉𝐶𝑃𝐵/𝐺𝐴𝐻𝑃 are the volts into the circulator pump in Volts 

𝑃𝐹𝐵/𝐺𝐴𝐻𝑃 is the measured Power Factor reading in the Boiler/GAHP electrical single-phase 
line. 

𝑃𝐹𝐶𝑃𝐵/𝐶𝑃𝐺𝐴𝐻𝑃 is the measured Power Factor reading in the Circulator Pump, either in the 
DHW side or GAHP system single phase lines. 

Total Energy Input 

Calculate the total energy input including the natural gas input to the boiler, the electrical 
input to the boiler and the circulator pump electricity use. 

𝑬𝒏𝒆𝒓𝒈𝒚 𝑰𝒏𝒑𝒖𝒕𝑩/𝑮𝑨𝑯𝑷 =  𝑮𝒂𝒔 𝑰𝒏𝒑𝒖𝒕𝑷/𝑮𝑨𝑯𝑷 +  𝑷̇𝑩/𝑮𝑨𝑯𝑷 +  𝑷̇𝑪𝑷𝑩/𝑪𝑷𝑮𝑨𝑯𝑷  ( 13 ) 

Where: 

𝐸𝑛𝑒𝑟𝑔𝑦 𝐼𝑛𝑝𝑢𝑡𝐵/𝐺𝐴𝐻𝑃  is the total gas and electrical energy input to either DHW boiler or the 
GAHP. 

Calculate the hourly energy input to the baseline system using the following equations: 

𝑮𝒂𝒔𝑬𝒏𝒆𝒓𝒈𝒚𝑰𝒏𝒑𝒖𝒕𝑩𝒂𝒔𝒆,𝒉𝒓𝒍𝒚 = 𝒇(𝑵𝒆𝒕𝑯𝒆𝒂𝒕𝑶𝒖𝒕𝒑𝒖𝒕𝒉𝒓𝒍𝒚) ( 14 ) 

 

𝑮𝒂𝒔𝑬𝒏𝒆𝒓𝒈𝒚𝑰𝒏𝒑𝒖𝒕𝑩𝒂𝒔𝒆,𝒉𝒓𝒍𝒚 =  𝑬𝒏𝒆𝒓𝒈𝒚𝑰𝒏𝒑𝒖𝒕𝑩𝟏,𝒉𝒓𝒍𝒚 +  𝑬𝒏𝒆𝒓𝒈𝒚𝑰𝒏𝒑𝒖𝒕𝑩𝟐,𝒉𝒓𝒍𝒚 ( 15 ) 

 

𝑮𝒂𝒔𝑬𝒏𝒆𝒓𝒈𝒚𝑰𝒏𝒑𝒖𝒕𝑩𝒂𝒔𝒆,𝑨𝒏𝒏𝒖𝒂𝒍 =  ∑ 𝑮𝒂𝒔𝑬𝒏𝒆𝒓𝒈𝒚𝑰𝒏𝒑𝒖𝒕𝒃𝒂𝒔𝒆,𝒊
𝟖𝟕𝟔𝟎
𝒊=𝟏  ( 16 ) 

 
Where: 

𝐸𝑛𝑒𝑟𝑔𝑦𝐼𝑛𝑝𝑢𝑡𝐵1.ℎ𝑟𝑙𝑦 and 𝐸𝑛𝑒𝑟𝑔𝑦𝐼𝑛𝑝𝑢𝑡𝐵2,ℎ𝑟𝑙𝑦 are the hourly energy input for boiler #1 and #2 
respectively, calculated using Equation ( 9. 

𝐺𝑎𝑠𝐸𝑛𝑒𝑟𝑔𝑦𝐼𝑛𝑝𝑢𝑡𝐵𝑎𝑠𝑒.ℎ𝑟𝑙𝑦 is the hourly baseline gas energy input calculated as a function of 
the Net Heat Output. 
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𝑁𝑒𝑡𝐻𝑒𝑎𝑡𝑂𝑢𝑡𝑝𝑢𝑡 is the hourly net heat output from the system calculated using Equation ( 1. 

𝐺𝑎𝑠𝐸𝑛𝑒𝑟𝑔𝑦𝐼𝑛𝑝𝑢𝑡𝐵𝑎𝑠𝑒,𝐴𝑛𝑛𝑢𝑎𝑙 is the annual baseline gas energy Input. 

Calculate the hourly input to the post-installation system using the following equations: 

𝑮𝒂𝒔𝑬𝒏𝒆𝒓𝒈𝒚𝑰𝒏𝒑𝒖𝒕𝑷𝒐𝒔𝒕,𝒉𝒓𝒍𝒚 = 𝒇(𝑵𝒆𝒕𝑯𝒆𝒂𝒕𝑶𝒖𝒕𝒑𝒖𝒕𝒉𝒓𝒍𝒚) ( 17 ) 

𝑮𝒂𝒔𝑬𝒏𝒆𝒓𝒈𝒚𝑰𝒏𝒑𝒖𝒕𝑷𝒐𝒔𝒕,𝒉𝒓𝒍𝒚 =  𝑬𝒏𝒆𝒓𝒈𝒚𝑰𝒏𝒑𝒖𝒕𝑩𝟏,𝒉𝒓𝒍𝒚 +  𝑬𝒏𝒆𝒓𝒈𝒚𝑰𝒏𝒑𝒖𝒕𝑩𝟐,𝒉𝒓𝒍𝒚 +

 𝑬𝒏𝒆𝒓𝒈𝒚𝑰𝒏𝒑𝒖𝒕𝑮𝑨𝑯𝑷,𝒉𝒓𝒍𝒚 ( 18) 

𝑮𝒂𝒔𝑬𝒏𝒆𝒓𝒈𝒚𝑰𝒏𝒑𝒖𝒕𝑷𝒐𝒔𝒕,𝑨𝒏𝒏𝒖𝒂𝒍 =  ∑ 𝑮𝒂𝒔𝑬𝒏𝒆𝒓𝒈𝒚𝑰𝒏𝒑𝒖𝒕𝒑𝒐𝒔𝒕,𝒊
𝟖𝟕𝟔𝟎
𝒊=𝟏  ( 19 ) 

 

Where: 

𝐸𝑛𝑒𝑟𝑔𝑦𝐼𝑛𝑝𝑢𝑡𝐺𝐴𝐻𝑃,ℎ𝑟𝑙𝑦 is the hourly energy input for the GAHP calculated using Equation ( 9. 

𝐺𝑎𝑠𝐸𝑛𝑒𝑟𝑔𝑦𝐼𝑛𝑝𝑢𝑡𝑃𝑜𝑠𝑡,ℎ𝑟𝑙𝑦 Is the hourly post-installation gas energy input calculated as a 
function of the Net Heat Output 

𝐺𝑎𝑠𝐸𝑛𝑒𝑟𝑔𝑦𝐼𝑛𝑝𝑢𝑡𝑃𝑜𝑠𝑡,𝐴𝑛𝑛𝑢𝑎𝑙 is the annual post-installation gas energy input. 

The hourly Net Heat Output is calculated based on the weekly Net Heat Output which is 
detailed in the section titled “Annualized Results”.  

Energy Savings  

Calculate annual energy savings for the overall Baseline and Post-Installation systems and 
compare the overall average annual COP for the Baseline and Post-Installation systems. 

𝑮𝒂𝒔𝑺𝒂𝒗𝒊𝒏𝒈𝒔𝑨𝒏𝒏𝒖𝒂𝒍 =  𝑮𝒂𝒔𝑬𝒏𝒆𝒓𝒈𝒚𝑰𝒏𝒑𝒖𝒕𝑩𝒂𝒔𝒆,𝑨𝒏𝒏𝒖𝒂𝒍 − 𝑮𝒂𝒔𝑬𝒏𝒆𝒓𝒈𝒚𝑰𝒏𝒑𝒖𝒕𝑷𝒐𝒔𝒕,𝑨𝒏𝒏𝒖𝒂𝒍 ( 20 ) 


