
Technical Appendix: 

SECTION 1: OVERALL PROJECT SUMMARY AND APPROACH  
Referenced in Transforma�ve Impact Sec�on 1c, page 8: 

Cost Projec�ons for HVAC Heat Pump and Heat Pump Water Heaters 
Higher market demand will reduce costs by 30-40% for heat pump HVAC systems and 50-55% for heat pump water 
heaters by 2050. The PFRIP heat pump installations will act as a demand signal to boost the regional supply chain, 
ultimately reducing costs. 

 
Figure T1: Source: Feinstein, Laura. 2024. “Closing the Electrifica�on Affordability Gap.” SPUR. Exhibit 4, Page 15. 
htps://www.spur.org/publica�ons/spur-report/2024-02-26/closing-electrifica�on-affordability-gap. 

SECTION 2: IMPACT OF GHG REDUCTION MEASURES 
a. Magnitude of GHG Reduc�ons from 2025 through 2030 
 
According to the San Benito County and Santa Clara County MSA Priority Climate Ac�on Plan (PCAP), the MSA has 
630 municipally owned buildings totaling 53,200 square feet (sq�) of es�mated building space with collec�ve GHG 
reduc�on poten�al of at least 32,970 MT CO2 for the 2025-2030 period. Buildings account for 43% of greenhouse 
gas emissions in Santa Clara County, with 23% of that coming from natural gas appliances. Details about the 
accoun�ng methods used in the PCAP can be found in the atached PCAP copy. Figure T2 shows the relevant table 
lis�ng in the PCAP, Figure T3 shows the relevant page, and Figure T4 shows the relevant assumed building counts 
and square footage.  

Pilot implementa�on will achieve widescale decarboniza�on of major appliances and addi�onal decarboniza�on 
via microgrid resiliency technology and EV charger infrastructure at 62 very large facili�es in Santa Clara County. 
Based on the PCAP, each building has an average 2025-2030 period reduc�on poten�al of 52.33 MT CO2. However, 
using a per sq� es�mate, PFRIP measures implemented can reduce greenhouse gas emissions by up to 0.62 MT 
CO2 per sq� for the 2025-2030 period. Based on the San José HPWH cohort of known building gross floor area 
(GFA), the PFRIP Coali�on has poten�al GHG reduc�on of over 2,100,860.18 MT CO2. These GHG Reduc�on 
calcula�ons are available in the GHGcalcs_SVCE _PFRIP.xlsx, Tab en�tled “PCAP Calcula�ons”. 

 

https://www.spur.org/publications/spur-report/2024-02-26/closing-electrification-affordability-gap


 

Figure T2: PCAP Table 2 showing the relevant calculated emissions reduc�ons poten�als for PFRIP which is line-
item BE-2 “Establish a Public Facility Community Resiliency and Implementa�on Fund”.  



 

Figure T3: Page 19 of the PCAP describes the PFRIP project objec�ves and lists the relevant GHG reduc�ons 
poten�als. 



 

 

Figure T4: PCAP emissions reduc�ons documenta�on, Appendix B, page 169. The PCAP assumes a total building count of 630 buildings and 53,200 sq� of 
building space.  

 

 

 

 

 



 

 

The PCAP emission poten�al benefits were calculated using IPCC recommended methods and under an EPA-
approved QAPP. However, due to the stringent �meline associated with the CPRG program, this analysis used a very 
conserva�ve es�mate of countywide building counts and square footages that did not include other types of public 
facili�es, such as pools, park bathrooms, or pump sta�ons, that are included in PFRIP, and assumes only 6 buildings 
per municipality, based on public records that are o�en inaccurate, par�cularly for GFAs. The City of San José 
manages over 200 buildings alone, and 400 energy consuming facili�es totaling over 5 million sq�. The PCAP 
es�mated emissions based on an average per building energy usage and local u�lity provider fuel mix specifica�ons 
rather than through benchmarking individual publicly owned assets.  

According to the Natural Resources Defense Council (NRDC)1, heat pump water heater conversion can reduce 
onsite emissions by up to 50-70%. Microgrids can provide the poten�al for full electrifica�on of a building 
combined with power savings during �mes of peak grid demand, such as summer and fall 5-9 pm hours, or during 
�mes when the grid is typically gas power plant fed, such as 12-4 am. 

Wishing to address some of these assump�ons that were not addressed under the PCAP, and to get a baseline GHG 
reduc�on based on actual building performance, the City of San José conducted a benchmarking analysis to scope 
the GHG reduc�on poten�al for the pilot por�olio u�lizing the EPA’s ENERGY STAR Por�olio Manager (ENERGY 
STAR) and real building energy usage values on a subset of available buildings’ energy data. 12 months of electricity 
and gas u�lity data from each of the City of San José’s 50 planned heat pump retrofit sites were entered to ENERGY 
STAR for the calendar years of 2022 and 2023 to provide annual 2022 and 2023 Direct GHG Emissions (Metric Tons 
CO2e) and Indirect (Loca�on-Based) GHG Emissions (Metric Tons CO2e) value for each building as calculated by 
ENERGY STAR Por�olio Manager. Data was exported from ENERGY STAR and applied to the heat pump water 
emissions reduc�ons factor of 50% for each loca�on to achieve an expected annual emissions reduc�on. In a few 
instances 2023 data was not fully available, so 2022 values were subs�tuted where available. The City of San José 
benchmarks its buildings as individual Parent Proper�es including all meters contained within the building and does 
not u�lize Parent-Child rela�onships for large campuses, such as Happy Hollow Park and Zoo-Kelley Park complex. 
For this reason, some proper�es with mul�ple buildings will have mul�ple Por�olio Manager IDs. A total of 55 
proper�es are displayed on the output due to this method of benchmarking. The appendix spreadsheet provides 
details about the calcula�ons and includes the ENERGY STAR data output including relevant building ENERGY STAR 
IDs and denoted subs�tuted values. This conserva�ve assessment assumed that all HPWH replacements will be 
completed by 2029, with only one year of opera�on for the period, and 50% GHG reduc�on. According to the 
NRDC, these retrofits could hold 70% reduc�ons and per work plan, ~24 units per year will be installed star�ng in 
2025, crea�ng addi�onal years of expected GHG savings for the 2025-2030 period that will be assessed in the 
project performance evalua�on led by SPUR and displayed in real-�me through the project website sponsored by 
the City of San José.   
 
b. Magnitude of GHG Reduc�ons from 2025 through 2050 
According to the PCAP, the MSA’s 630 municipally owned buildings covering 53,200 square feet (sq�) have a 
collec�ve GHG reduc�on poten�al of at least 655,774 MT CO2 for the 2025-2050 period, providing an average per 
building reduc�on es�mate of 1040.91 and per sq� reduc�on of 12.33 MT CO2. 

Pilot implementa�on will achieve widescale decarboniza�on of major HVAC and hea�ng appliances and addi�onal 
decarboniza�on via microgrid resiliency technology and EV charger infrastructure at 62 facili�es in Santa Clara 
County. Based on the PCAP, measures implemented can reduce greenhouse gas emissions by up to 64,536 MT CO2 
for the 2025-2050 period. However, based on the San José HPWH cohort of known building gross floor area (GFA), 
the PFRIP Coali�on has poten�al GHG reduc�on of over 41,786,153.49 MT CO2. 

 
1 Electric Heat Pumps Can Slash Emissions in California Homes (nrdc.org) 

https://www.nrdc.org/bio/pierre-delforge/electric-heat-pumps-can-slash-emissions-california-homes#:%7E:text=Switching%20to%20a%20heat%20pump,the%20gas%20technology%20they%20replace.


 

 

San José ENERGY STAR analysis supports the hypothesis that the annual emissions reduc�on poten�al from these 
measures could be much greater than indicated in the PCAP, as emissions reduc�ons for the San José subset of 
heat pump water heater replacements alone showed poten�al direct GHG savings of at least 30987.5 MTCO2 for 
2025-2050, plus indirect GHG emissions savings of 45,788.75 MTCO2 by 2050, or 76,776.25 MT CO2. 

 
c. Cost Effec�veness of GHG Reduc�ons 
Cost effec�veness values were calculated using the EPA’s required cost effec�veness calcula�on equa�on applied to 
1) whole cost of all PFRIP measures (including all budget categories) divided by the Sum of Quan�fied GHG 
reduc�ons from 2025-2030 according to the PCAP and 2) whole cost of San José heat pump conversions (including 
all budget categories) alone divided by the Sum of Quan�fied GHG reduc�ons from 2025-2030 according to the 
ENERGY STAR analysis. GHG Reduc�on calcula�ons are available in the spreadsheet atachment GHGcalcs_SVCE 
_PFRIP.xlsx, under the tab en�tled “Cost Effec�veness”. 

Cost effec�veness of GHG reduc�ons = (Requested CPRG funding) / (Sum of Quan�fied GHG reduc�ons from CPRG 
funding from 2025-2030) 

SECTION 3: ENVIRONMENTAL RESULTS – OUTPUTS, OUTCOMES, AND PERFORMANCE MEASURES 
a. Expected Outputs and Outcomes 

i. GHG Reduc�on Performance: 

Expected Outputs were taken directly from the PCAP. Expected Outcomes include those from the PCAP plus 
addi�onal outcomes devised by the Coali�on and supported by advisement and cost es�mates from TRC through 
their associa�on with SPUR.  

b. Performance Measures and Plan 

i. GHG Reduc�on Performance: 

The GHG Performance plan was devised by the Coali�on and advised by TRC through their associa�on with SPUR, 
who provided a Leter of Commitment and the following technical resources: 

Approach and Methodology 

TRC’s measurement and verification (M&V) plan follows a three-step process outlined in the figure T5 below. The 
plan will be international performance measurement and verification protocol (IPMVP) compliant; and establish 
baseline operation at project onset, complete a mid-project M&V analysis at one year of operation, and a final 
analysis after two years of operation. Facilities that will not be able to have full term assessments will be 
modelled based on minimum two-month temporary metering and profiles of like counterparts within the 
project’s portfolio or other similar existing facilities. 



 

 

 
Figure T5: The M&V three step process 

Key baseline and ex post data sources are outlined below:  

Baseline • Utility meter. This data is critical for determining energy flow across the system 
boundary. We will acquire data from the utility through Share My Data platforms, 
UtilityAPI, or TRC’s Green Button solution. Experience has taught us that multiple solutions are often 
needed. Although consistency is desired, expediency is more important, and historical utility data is 
the key to accurate system sizing. 
• GHG factors. Our analysis will accommodate TOU factors as well as average value. The 

          finer the time resolution, the more accurate our GHG impact analysis.  

Ex Post Data 
Sources 

Due to the interaction between the PV systems, BESS2, and other installed technologies, we typically 
base verification activities on at least a full year of post-installation data. Grant requirements will 
extend data collection for a full two years. Data sources include: 
• Utility meter. As with baseline data collection, we will need to remain flexible in our data 
sources. Baseline and Ex Post sources will remain consistent for each project. 
• BESS & generation status. During project design we will ensure we will have access to deep 
telemetry into the operation and status of all generation and storage assets at the project sites. 
• Submeters. TRC will rely upon submeters for projects with limited compartmentalized scope. 

Through M&V activities, the project team will know actual asset performance and have the data to support future 
planning activities. 
 

ii. Work Plan Performance: Design Guidelines and Evalua�on 

The Design Parameters Performance was devised by ProspectSV, and advised its consul�ng team, Point Energy 
Innova�ons and IDeAs Consul�ng.  

Problems / Challenges:  
New regula�ons are driving decarbonized buildings and EV fleets, which requires addi�onal power that exis�ng 
local power capaci�es, infrastructure and electrical grids cannot always support. 

 
2 Batery Energy Storage System 



 

 

Significant increases in severe weather phenomena and natural disasters significantly impact communi�es, 
especially underserved and low-income communi�es. Infrastructure failures, electricity transmission losses, threats 
of cyber-atacks, and high maintenance & costs are addi�onal challenges with centralized grid and power delivery.  
Building new infrastructure would be highly expensive compared to modifying exis�ng facili�es to provide 
protec�on and service to vulnerable popula�ons. 

Gap / What is needed:  
Microgrids offer integrated renewable energy and storage to provide power in the event of grid failure, and 
effec�ve infrastructure that can address both electric building and fleet opera�ons. These systems reduce grid 
energy consump�on and when paired with more efficient electric systems (hea�ng, water hea�ng) can provide 
significantly reduced opera�ng costs to the site. For facili�es vulnerable to grid down�me (fire sta�ons, factories, 
schools, shared workspaces, etc.) this approach protects cri�cal infrastructure for con�nuity of opera�ons, 
maximum produc�vity, etc. For public facili�es, this approach can also provide a Community Safe Haven via energy 
resilience that enables essen�al services to remain opera�onal during emergencies. This can include cri�cal 
emergency func�ons in buildings and vehicle charging capabili�es. 

Critical Project Elements:  
Accomplishing this goal is a highly complex mater that requires not only appropriate engineering decisions, but 
also appropriate economic tradeoffs to provide op�mal use of resources. Cri�cal aspects of the design include: 

- Establish a clear hierarchy of fuel switching measures that enable resiliency capabili�es, including on-site 
solar and batery storage, switching of natural gas systems such as hea�ng, water hea�ng, and cooking to 
electric alterna�ves, system controls and other features 

- Appropriately sizing system replacements so as not to overspend on components and limit overall project 
scope - heat pump, batery, and other systems are commonly oversized resul�ng in higher than necessary 
project budgets at the expense of a deeper set of alterna�ves 

- Clear, consistent implementa�on documenta�on and qualifica�ons-based selec�on of design and build 
teams for lowest risk implementa�ons 

Current infrastructure: 
Legacy facility systems are fed directly from electric, gas, and water u�li�es (Figure T6). Each are vulnerable to a 
u�lity system failure: 

Figure T6 – Typical facility infrastructure using electric, gas, and water u�li�es. 



 

 

A trend is to electrify gas equipment and deploy photovoltaics, bateries and EV charging as part of the electrical 
system, crea�ng opportunity to reduce energy bills by genera�ng electricity from PV as well as reducing peak 
period energy and power use with the batery. These systems are required by code for new construc�on in 
California, and now require power supplies for electric vehicles, represented by the green system in Figure T7. 

 

Figure T7 – Typical California code compliant systems. 

Concept Solution: 
With minor adjustments, these new systems can be modified to create a microgrid, able to provide resilience by 
isola�ng itself and providing its own power in the event of a power outage (Figure T8).  

Figure T8 – Simple microgrid upgrades for resilience. 

Controls in the building can also provide power to cri�cal systems during grid outages or even supply the en�re 
site. This makes the available PV and energy storage resources available during power outages or in the event of a 
natural disaster. The simple addi�on of a water storage tank can ensure a supply of fresh drinking water in the 
event that city water service is disrupted. This solu�on would preserve cri�cal building / system func�onality and 
leverage solar PV and batery resources for resilience.  



 

 

How It Works: 
The solar PV and batery storage systems would be designed for two performance scenarios: 

1. Under normal condi�ons, renewable electricity is supplied to the campus and the grid. Bateries are used 
to manage peak demand for the campus. Systems are sized to offset peak u�lity pricing period energy use 
and provide demand response. During power failures or disasters, the microgrid would enable opera�on 
independent of the grid in "island" mode and support cri�cal func�ons. The solar PV and batery would 
power the cri�cal loads, enabling accommoda�ons, meal prepara�on and workspace for emergency relief 
workers. Depending on the weather and �me of year, the system would have the poten�al to run for long 
periods of �me (Figure T9). 

Figure T9 – PV/Storage systems in island mode. 

2. On sites with access to a swimming pool, such as a school or community center, a further enhancement 
could be to add piping and equipment to use pool water both for toilet flushing and for hot showers - 
subject to approval by the authority having jurisdiction (Figure T10). 

Figure T10 –Facili�es with pool facili�es may have addi�onal enhancements. 
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