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SUBJECT:

AGENDA ITEM NUMBER 11, Discuss the Draft 2017-2020
Implementation Plan (SIP) and Direct Staff on Next Steps

Sustainability

Executive Summary
This is an informational addendum to the April 17, 2017 Council Agenda Item 11, Staff Report 7305
titled Discuss the Draft 2017-2020 Sustainability Implementation Plan (SIP) and Direct Staff on Next
Steps. It is intended to assist with Council deliberations on that item. No additional actions are
recommended in this addendum.
This report summarizes information presented by staff and discussions by the Utilities Advisory
Commission (UAC) at their March 1, 2017 and April 5, 2017 meetings. The Mobility, Energy, and
Water SIP Components of the Sustainability and Climate Action Plan (S/CAP) Implementation Plan
(SIP) were discussed, as were multiple topics related to electrification.
Discussion
At its March and April meetings, the UAC considered three topics relevant to the discussion of
S/CAP SIPs by the Council at its April 17, 2017 meeting.
Review of the Mobility, Energy, and Water SIP Components
On April 5, 2017 the UAC considered the Mobility, Energy, and Water SIP components, with only
the Key Actions related to electric vehicles in the Mobility SIP being considered. The staff report
for this meeting can be found in Attachment A. No action was requested. A summary of UAC
comments follows:
• Several Commissioners said it was important that when considering electrification-related SIP
Key Actions, the Council should understand the UAC's concerns about electrification discussed
at the March 1, 2017 meeting. See below ("March l, 2017 UAC Colleague's Memo Regarding
Electrification or Fuel Switching") for a summary of this discussion.
• The UAC asked staff to clarify the timeline for an evaluation of smart grid investment merits.
The Energy SIP stated the evaluation would not be completed until 2019, but staff had stated

•

the assessment would largely be completed in 2017 or early 2018. Staff agreed with the
comment, which was incorporated into the Energy SIP.
Individual Commissioners made a variety of other suggestions, including evaluating electric
bikes to reduce vehicle trips, evaluating more high-density housing, crowd-sourcing
sustainability ideas from the public, and supporting an evaluation of on-site use and reuse of
non-potable water sources.

Development Services Evaluation of Heat Pump Water Heating and Space Heating Mandates
On March 1, 2017, the UAC heard a report by Development Services staff its evaluation of the
feasibility of a local amendment to the California Building Code and California Energy Code to
mandate heat pump space. heating (HPSH) and heat pump water heating (HPWH). The California
Energy Commission {CEC) requires that a cost-effectiveness study be conducted and filed to
ensure the amendments to the code are financially responsible to the commercial and residential
applicants. A discussion of this Palo Alto Electrification Study, as well as the study itself, can be
found in the March 1, 2017 UAC report (Attachment B). In addition, Development Services staff
convened an Electrification Task Force (ETF) composed of members of the community with an
interest in building electrification. The task force included residents, architects, engineers,
contractors, green building experts, energy modelers, advocates, and staff. The task force met
three times to review the electrification study outline and goals of the study. The results of the
study were distributed to the ETF for review and comment.
The analysis found that most scenarios for HPWH and some scenarios for HPSH installation were
not cost-effective. Further, discussions with the ETF found multiple market barriers that would
make a mandate to instCl'll HPSH and HPWH imprudent at this time. Examples of these barriers
include contractor inexperience and electrical upgrade requirements. Overall, installations of
these technologies require a more robust compliance and installation process compared to
traditional gas-fired appliances. Therefore, staff does not plan to devote any additional resources
to evaluating building code mandates related to electrification of natural gas appliances at this
time. Staff intends to revisit the topic of building code mandates for electrification within five
years. Instead, Development Services staff will focus on regulations related to commissioning
requirements for new and existing buildings and achieving deep energy efficiency savings within
existing buildings through building benchmarking, ensuring transparent tracking and monitoring of
building performance, and training of building operators to ensure data-driven decision making.
The Utilities Department plans to continue pilot scale customer program efforts to lower adoption
barriers and to encourage early adopters over the next five years. The goal of these pilot-scale
efforts would be to decrease barriers to the point that HPSH and HPWH programs became costeffective and more accepted in the market, potentially paving the way for larger-scale incentive
programs or requirements. Utilities Department and Development Services staff will collaborate in
efforts to decrease market barriers.
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Nearly all UAC members and several community members expressed support for the staff
approach to defer HPWH and HPSH mandates and proceeding with pilot programs to reduce
market barriers. In addition, several UAC members commented that promoting electric vehicle use
and electric vehicle charger installations should be a priority over building electrification,
particularly due to some of the concerns raised in the UAC colleague's memo as described later in
the Discussion section of this report. One Commissioner and one community member expressed
concern that the timeline for building electrification was not ambitious enough, and
recommended considering mandates for small commercial building electrification in the next
Building Code update cycle. Staff expressed concerns to the Commission, that in order to include
an electrification mandate in the next code cycle, a second analysis would have to begin in 2018 in
order to impact changes for the next building code update, which is targeted to go into effect in
2020. Given this timeline constraint, staff commented back to the Commission that not enough
time would have passed to result in a significant change in the market to make such a mandate
feasible. All UAC and community member comments are reflected in the March 1, 2017 UAC
Minutes excerpt in Attachment C.
March 1. 2017 UAC Colleague's Memo Regarding Electrification or Fuel Switching
Utility Advisory Commissioners Schwartz and Ballantine raised a number of topics related to Palo
Alto's electrification initiatives in a Colleague's Memo dated February 21, 2017 (see Attachment
D). The memo was discussed at the March 1, 2017 UAC meeting. It expressed the following
concerns:

1. New electric loads like electrified heating in buildings and electric vehicles might consume
energy at times the City's renewable energy resources were not generating. The City's Carbon
Neutral Electric Portfolio ensures the City is carbon neutral on an annual basis, but does not
mean that renewable energy is matched with electric load at every hour of the day. That
means the actual energy might come from a gas plant, even if the carbon was offset by
renewable energy generation at some other time of the day or year. The City should be wary of
proceeding with electrification without being clear on whether these new loads would be
matched directly with renewable generation rather than gas generation.
2. Heat pumps (water heating or space heating), if powered by a gas generating plant, might not
achieve carbon savings. However, at the meeting, the authors and a member of the public who
assisted with the memo clarified that although the memo had expressed doubt that heat pump
water heaters would result in carbon savings, after revising the analysis, it was clear that
electrifying natural gas water heaters in Palo Alto and California could result in an overall
reduction of Greenhouse Gas {GHG) emissions given a high enough efficiency factor for the
appliance and an appropriate use case.
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3. Other concerns about electrification were also expressed, including noise impacts, reliability
concerns related to having electricity as a home's only source of energy, and consumer
reactions to electrification mandates.
4. The authors stated that more effort should be spent on promoting electric vehicles rather than
electrification.
5. The authors felt that electrification would not reduce fugitive emissions in the near term.
6. They described solar hot water heating as an important technology to promote (staff notes
that the City has an existing solar hot water rebate program).
Prior to the March 1, 2017 meeting several community members representing Carbon Free Palo
Alto shared their perspective in a memo dated February 28, 2017, agreeing with some of aspects
of the Colleague's Memo, while disagreeing with others (see Attachment E). Other members of the
public spoke during the Public Comment period. An excerpt of the UAC minutes can be found in
Attachment.C. Comments were made in the memo and at the UAC meeting that in the near term a
greater effort should be placed on lowering GHG through encouraging adoption of electric vehicles
(EV) compared to effort spent electrifying natural gas appliances . This perspective reflects current
allocations of staff efforts in these areas: a) staff is not pursuing a mandate for heat-pump water
heating and heat-pump space heating appliances in buildings through the building code at the
current time, b) staff will continue to implement HPWH and HPSH pilot scale programs to
encourage early adopters and reduce barriers to customer adoption of such technologies, and c)
staff intended to expend relatively more effort/resource to lower GHG emissions through
electrification of the transportation sector compared to the building sector. As mentioned above,
there were a number of UAC comments supportive of these priorities, though some UAC and
public comments were in favor of a more ambitious approach to building electrification.
Following the meeting, staff facilitated a follow-up community meeting with interested community
members on March 13, 2017 to foster further community dialogue and informational exchange to
inform future electrification initiatives. The presentation made by staff at the meeting is provided
as Attachment F.

Attachments
A. April 5, 2017 UAC Report, "Discussion of Three Utility-Related Sustainability/Climate Action
Plan Implementation Plan Components: Mobility, Efficiency and Electrification, and Water
Management."
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B. March 1, 2017 UAC Report, "Discussion of Staff Plans to; (1) Suspend Additional Work on
Evaluating the Feasibility of Implementing Local Building Code Amendments to Mandate
Heat Pump Water Heaters and Space Heaters ; (2) Continue to Implement Pilot Scale
Customer Programs for Heat Pump Water Heaters and Initiate a Pilot Program for Space
Heater"
C. Excerpt of March 1, 2017 UAC Minutes
D. UAC Colleague's Memo from Commissioners Schwartz and Ballantine titled "Electrification
or Fuel Switching"
E. Memo from Carbon Free Palo Alto (CFPA) Sharing their Perspective of the UAC Colleagues

Memo
F. Staff presentation made to the community members on March 13, 2017

Ed Shlkada
General Manager I Assistant City Manager
Utilities Department

lfef~~i8jad
Development Services Director
Development Center
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Attachment A

MEMORANDUM

1

TO:

UTILITIES ADVISORY COMMISSION

FROM:

UTILITIES DEPARTMENT

DATE:

April 5, 2017

SUBJECT:

Discussion of Three Utility-Related Sustainability/Climate Action Plan
Implementation Plan Components: Mobility, Efficiency and Electrification, and
Water Management

RECOMMENDATION
Staff requests that the Utilities Advisory Commission (UAC) discuss and provide feedback on
three Utility-related Sustainability/Climate Action Plan (S/CAP) Implementation Plan
components related to Mobility, Efficiency and Electrification, and Water Management.
EXECUTIVE SUMMARY
On April 17, 2017 the Council is scheduled to discuss a proposed implementation plan draft
staff is working to prepare as a follow up to the S/CAP Framework adopted on November 28,
2016.1 At its November meeting the Council directed staff to return with a detailed
Sustainability Implementation Plan (SIP) for various items identified in the S/CAP Framework.
The SIP components most relevant to the City’s utility operations (Mobility, Efficiency and
Electrification, and Water Management) are the focus of this report.
BACKGROUND
On April 18, 2016 the Council first received and discussed the draft S/CAP and unanimously
(8-0) approved the following motions:
A. Adopt a goal of 80% greenhouse gas (GHG) reduction by 2030, calculated utilizing the
1990 baseline;
B. Direct staff to return within two months with a process for integration of the S/CAP with
the Comprehensive Plan Update;
C. Support the general framework of the S/CAP;
D. Support the S/CAP Guiding Principles, which are to be reviewed and formally adopted
within six months.
1

Staff Report 7304 (Discuss and Approve Sustainability and Climate Action Plan (S/CAP) Framework, Principles &
Guidelines), November 28, 2016
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On November 28, 2016 the Council discussed the S/CAP Framework and unanimously (9-0)
approved the following motions
A. Adopt the draft Sustainability/Climate Action Plan (S/CAP) Framework, including its
Guiding Principles, Decision Criteria and Design Principles as the road map for
development of a subsequent Sustainability Implementation Plan (SIP); and
B. Direct Staff to return to Council with a Sustainability Implementation Plan; and
C. Direct Staff to make its best effort to incorporate Council Member comments.
In response to these directives, Staff formed seven inter-departmental teams to jointly develop
a “Sustainability Implementation Plan” covering key S/CAP sections: Mobility, Energy, Water,
Zero Waste, Municipal Operations, Adapting to Climate Change and Sea Level Rise, and Natural
Environment.
DISCUSSION
Excerpts from three of the SIP components are included in Attachment A for UAC review:
Mobility, Energy, and Water Management. These proposed SIP components, once finalized and
adopted (including performance of all necessary environmental reviews) are intended to guide
City actions through 2020, at which point new goals would be established. Programs with a “P”
listed next to them will require further program or policy approvals, and those with a “$” next
to them have new funding proposed in the FY 2018 budget. Sustainability office staff intends to
bring summary drafts of the proposed SIPs to Council for discussion and feedback at Council’s
Earth Day meeting. Proposed SIPs will also need to undergo the requisite environmental review
prior to any Council action.
Mobility
As discussed in the S/CAP, 61% of Palo Alto’s emissions come from road travel. As a result,
reducing road travel is a major component of the S/CAP. The S/CAP framework anticipates
achieving reductions through reducing the number of vehicle trips taken in Palo Alto and
decarbonizing the vehicles themselves by encouraging electric vehicle adoption. The mobility
SIP focuses on both types of strategies, but staff is only requesting UAC comment on the utilityrelated SIP key actions associated with electric vehicles (EVs):
Mobility SIP Component – Key Actions related to Electric Vehicles
• Promote EV charger installation.
• Evaluate incentives, policies and funding sources to stimulate ownership/use of EVs.
• Encourage local ownership of 3-5,000 EVs by 2020 through programs such as group buys.
Explore ways to reduce process and other barriers (such as fee- and rate-related barriers).
Electric vehicle adoption in Palo Alto has increased substantially in recent years, with an
estimated 2,000 electric vehicles registered in Palo Alto by the end of the 2016. It is estimated
that about 4% of the passenger vehicles registered in Palo Alto are electric vehicles (as
compared to 2% statewide). Though the early adoption lead compared to the state is expected
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to decline, the overall adoption rate is currently projected to continue to increase substantially
to between 3,000 and 5,000 EVs by 2020 as the market matures.
A number of efforts are already in place or are on the Utilities Department’s list of initiatives to
explore, to meet the goal of stimulating EV conversion among Palo Alto residents and visitors.
These efforts include:
•
•

•

Permit process streamlining for Electric Vehicle Supply Equipment (EVSE).
Ordinances requiring installation of EVSE in all new single-family homes, installation of
one EVSE outlet for every new multi-family residential unit built as well as EVSE in 25%
of guest parking spaces, and requiring that at least 25% of parking spaces for new nonresidential construction be EVSE-ready (conduit installed), with at least 5% of spaces
containing EVSE outlets, and higher requirements for hotels.
Palo Alto’s partnership with other Bay Area communities to ‘bulk buy’ EVs at
discounted prices.

Staff has implemented or is in the process of implementing a number of additional programs
using resources that are already covered in the current budget and under existing Council
authority, including:
•
•
•
•

A pilot Time of Use (TOU) electric rate that encouraged off-peak EV charging that was
coordinated with the Residential CustomerConnect Smart Meter Pilot Program.
Using Low-Carbon Fuel Standard (LCFS) funds to provide rebates for EV charger
installation in multi-family and non-residential buildings, reduce the impact of
interconnection charges, and fund education, outreach, and pilot programs. 2
Examining ways to reduce fee- and rate-related disincentives to electric vehicle
adoption while ensuring alignment with cost of service principles.
Working to install City-owned EVSE on four City-owned parking structures in conjunction
with PaloAltoCLEAN solar projects on those structures. 3

Other potential programs under consideration would require additional Council approvals,
which may potentially require approval of contracts, budgets, and/or policy. Programs that staff
may consider prior to 2020 include:
•
•

Exploring additional ways, over and above LCFS rebates, to increase the supply of public
charging facilities and overcome hurdles to installing chargers at multi-family dwellings
in Palo Alto.
Design and implement pricing policies for public EV charging stations.

2

Program adopted March 14, 2016. See Staff Report 6489, Approval of Master Agreement to Sell Low Carbon Fuel
Standards Credits and Utilize the Revenue for the Benefit of Current or Future Electric Vehicle Customers
3
See Staff Report 6535 (Lease Agreement with Komuna Energy), January 25, 2016
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•

Explore expanding the current TOU rates to all residential customers, including EV
customers, subject to cost of service principles and availability of staffing and
infrastructure to support such an effort.

Existing and planned initiatives identified above were initiated by Utilities based on direction
provided in the Council-adopted electrification work plan, which staff plans to integrate into
the SIPs at the appropriate point in the process. 4
Energy
The SIP Energy component covers building efficiency, building electrification, and facilitating
the adoption and integration of distributed generation and other grid-interactive devices
(commonly referred to under the broad term “Distributed Energy Resources” or “DERs”).
Building efficiency and electrification need to be a significant part of achieving carbon emissions
levels 80% lower than 1990 levels. After transportation, which represents 61% of 2015
emissions, the second largest source of emissions in Palo Alto is natural gas use, at 27% of 2015
emissions. This is primarily related to natural gas use in buildings. GHG emission reduction in
this area can be achieved both through more energy efficient buildings and through electrifying
buildings to take advantage of low carbon electricity sources. The pace and timing of
electrification efforts require consideration of the carbon content of the electricity source,
customer impacts and preferences, and market readiness. Through 2020, the City will focus
primarily on building efficiency, while continuing to reduce barriers for voluntary building
electrification.
The focus on building efficiency is primarily reflected in the following SIP measures, though
other SIP measures support efficiency:
Energy SIP Component – Key Actions related to Building Efficiency
• Develop higher local energy efficiency (& Net Zero) standards for new & existing buildings
through codes & standards.
• Develop a post-occupancy regulatory process for commissioning/retro-commissioning, and
energy benchmarking to improve building design, construction, and performance.
• Explore options for using performance requirements and transparency to increase learning
and accountability of building operators; use data driven decision criteria to improve
building performance.
• Develop a Zero Net Energy (ZNE) Roadmap and baseline energy study for existing buildings.
• Implement utility energy efficiency (EE) programs to achieve cumulative electric and gas EE
savings of 2% by 2020.

4

Staff Report 5961, Utilities Advisory Commission Recommendation to Approve Work Plan to Evaluate and
Implement Greenhouse Gas Reduction Strategies by Reducing Natural Gas and Gasoline use Through Electrification,
approved by Council August 17, 2015
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These proposed SIP measures are consistent with a variety of programs already being
implemented under existing Council direction:
•
•

The City has adopted local amendments to the Green Building Ordinance and Energy
Code to mandate higher energy efficiency and solar-ready construction for new
construction.
Utilities staff continues to implement existing gas and electric efficiency programs and is
adding new programs, such as training of building operators.

Staff is exploring additional efficiency programs that will require additional approvals from
Council. For example, Development Services staff is exploring measures to achieve deep
efficiency savings in existing buildings and move toward net-zero-energy building standards.
Utilities Department staff continues to explore new methods of achieving electric and gas
energy efficiency.
To date, the City’s work on electrification has been driven by a Council-adopted work plan 5
developed in response to a Council Colleagues Memo.6 Updates on this work plan have been
provided as part of the City’s annual Earth Day report and at other times for specific issues. The
proposed Energy SIP component is consistent with and may eventually subsume elements of
this work plan. SIP items relevant to building electrification include:
Energy SIP Component – Key Actions related to Building Electrification
• Encourage voluntary electrification of natural gas appliances by reducing barriers where
legally and practically possible (processes, fees, financing, regulation, supply chain, and
other costs or secondary disincentives where legally and practically feasible), educate
consumers and contractors, and implementing utility pilot programs (e.g. heat pump
water heaters and space heaters).
So far, the following efforts have been completed or are in progress to implement the
electrification work plan:
•
•

Utilities and Development Services staff worked with the California Energy Commission
(CEC) to reduce or eliminate barriers in the state’s Building Energy Code to installing
heat pump water heaters.
Development Services staff analyzed the feasibility of mandating electrification in
buildings through local amendments to the Energy Code. Staff found that most potential
electrification measures were not cost-effective using the CEC assessment methodology

5

Staff Report 5961, Utilities Advisory Commission Recommendation to Approve Work Plan to Evaluate and
Implement Greenhouse Gas Reduction Strategies by Reducing Natural Gas and Gasoline use Through Electrification,
approved by Council August 17, 2015
6
December 15, 2014 Colleagues Memo From Council Members Berman, Burt, and Klein Regarding Climate Action
Plan Implementation Strategy to Reduce Use of Natural Gas and Gasoline Through “Fuel Switching” to Carbon-free
Electricity
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•
•

required for such mandates, and that there were significant market barriers that made
mandates imprudent even for cost-effective measures. 7
Utilities staff launched a pilot program to gain experience with heat pump water heaters
and is working to develop a heat pump space heating pilot program. Public outreach
and training workshops are also being planned.
Utilities staff is collaborating with other groups to advocate before the CEC and the Air
Resource Board for voluntary building electrification as a strategy to meet the state’s
GHG emissions and energy efficiency goals.

Staff intends to explore the following programs, which would require additional Council
approvals, which may potentially require approval of contracts, budgets, and/or policy:
•

•
•
•

Try to identify possible funding sources for electrification incentive programs by
exploring the legal and practical aspects of various possible sources. Many available
funding sources are legally restricted in the way they can be used, while others may face
practical barriers.
Explore further educational and outreach programs to help develop the market for
electrification, and identify effective intervention times (e.g. water heater end of life) for
informational programs.
Explore ways to reduce fee- and rate-related disincentives to electrification while
ensuring alignment with cost of service principles.
Explore the feasibility of district heating.

Another component of the efficiency and electrification SIP relates to DERs. The SIP reflects
current and future utility efforts to encourage DERs and configure the distribution system to
enable their integration. Relevant SIP actions include:
Energy SIP Component – Key Actions related to Distributed Energy Resources
• Facilitate the adoption of local distributed energy resources such as PVs, EVs, and storage
and achieve the Local Solar Plan goal of generating 2% of electricity needs locally by 2020
(and 4% by 2023).
• Ensure Utilities Strategic Plan addresses resource needs and business model changes to
implement sustainability initiatives, including adapting to impacts of distributed energy
resources, new technologies, and other changes to the utility service model.
• Complete assessment of smart grid investment merits and long term electric distribution
system investment needs by 2019 to enable energy and electrification goals.
Activities supporting these SIPs will require additional Council approvals, which may potentially
require approval of contracts, budgets, and/or policy. Work efforts in progress include:
7

See March 1, 2017 Utilities Advisory Commission staff report titled Discussion of Staff Plans to: (1) Suspend
Additional Work on Evaluating the Feasibility of Implementing Local Building Code Amendments to Mandate
Heat Pump Water Heaters and Space Heaters ; (2) Continue to Implement Pilot Scale Customer Programs for
Heat Pump Water Heaters and Initiate a Pilot Program for Space Heaters
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•
•
•
•

Developing a work plan to reassess the merits of smart grid investment.
Developing a work plan to assess DER potential and to integrate DERs.
Taking into account the impacts of DERs, new technologies, and other utility services in
the Utilities Strategic Plan.
Continuing to implement the Local Solar Plan, including exploring potential projects and
programs like community solar and group buys and taking them for Council approval.

Water Management
While managing water resources has been an important part of resource planning in California
for decades, the past several years of severe drought conditions and this year’s flooding have
highlighted the need to actively engage in water supply reliability projects as well as watershed
protection.
The S/CAP Framework includes goals to reduce water consumption and, as much as possible,
match the right quality of water to the use of that water through a diversified supply portfolio
that includes water reuse. The Framework also recognizes the need to protect our local
watershed including our groundwater aquifer, the bay, marshlands, salt ponds, sloughs and
creeks. Of course, maintaining the City’s urban canopy is also very important.
Palo Alto is already engaged in a variety of valuable water-related initiatives such as water
conservation and education programs, initiatives to reduce the salinity of the City’s recycled
water, source control efforts to reduce storm water pollution, and a comprehensive Recycled
Water Strategic Plan. The 2015 Urban Water Management Plan was approved by City Council in
May 2016 and includes a per capita water use reduction goal of 20% by 2020 from a historical
benchmark period (average use between years 1995 and 2004). The Water Integrated
Resources Plan (WIRP) was recently approved by Council (Staff Report #7634) and provides a
comparative analysis of potable water supply alternatives, including demand side management,
available to the City. Once the Recycled Water Strategic Plan is complete, the WIRP will be
updated with a comprehensive plan for a combined potable and non-potable water supply
portfolio.
The proposed SIP actions also contemplate more work with regard to water. UAC feedback is
requested on several potential new initiatives including:
•
•
•
•

Developing programs and a local ordinance (similar to San Francisco’s) that facilitates
the use of non-traditional non-potable water sources (grey, black and storm water) and
another for net zero water construction;
Developing a Green Storm Water Infrastructure Plan to better capture and infiltrate
storm water back into the hydrologic cycle and integrate with Urban Forestry Plan;
Investigating innovative ways to increase recycled water use in and outside of Palo Alto;
and
Evaluating additional replacement of ornamental turf on public right of ways.
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Staff plans to request a one-time expense of $140K in the FY2018 budget for consulting costs to
develop programs to encourage the use of non-traditional water supplies. Some of the other
initiatives highlighted as potential actions here will be proposed in the next 3 years and may
require Council approval of additional funds.
NEXT STEPS
The Council is scheduled to review the proposed S/CAP SIPs on April 17, 2017 and provide
comments and feedback. The UAC’s feedback will be provided to Council for that meeting.
Proposed SIPs will also need to undergo the requisite environmental review prior to any Council
action. Staff will continue to implement existing programs and launch new programs described
in the SIP to the extent there is existing authority to implement and no additional contracts,
budget approvals or environmental review is required. Where new authority is needed, staff
will return to the UAC, as appropriate, and to Council for further action. Necessary
environmental review will be completed, as needed prior to any Council action.
RESOURCE IMPACT
The utility-related portions of the proposed SIPs through 2020 will largely be accomplished by
Staff as part of their ongoing job assignments. Where that is not the case, special requests will
be included in budget requests for FYs 2018, 2019 and 2020. A rough representation of
budgeted Utilities staff efforts towards the building efficiency, building electrification, and
vehicle electrification aspects of these SIPs is reflected in Attachment B.
POLICY IMPLICATIONS
The goal of the proposed draft SIP is to implement the policy goals of the previously approved
S/CAP Framework. Projects and goals initiated under a wide variety of other Council-approved
policies or work plans, as well as under State mandates, are, or will eventually be reflected in
the SIP.
ENVIRONMENTAL REVIEW
The UAC’s discussion of the proposed utility-related S/CAP SIP components does not meet the
California Environmental Quality Act’s definition of a project, pursuant to Public Resources
Code Section 21065, thus no environmental review is required. Numerous aspects of the
proposed SIPs will require and undergo environmental review prior to any Council action on
them.
ATTACHMENTS
A.
Sustainability Implementation Plans for Mobility, Efficiency and Electrification, and
Water Management
B.
Current Utilities Department Salary and Non-Salary Budgeted Resources for SIP
Implementation
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PREPARED BY:

~~~

JONATHAN ABENDSCHEIN, Assistant Director, Resource Management

~HIVA SWAMINATHAN, Senior Resource Planner

KARLA DAILEY, Senior Resource Planner
Gil FRIEND, Chief Sustainability Officer
REVIEWED BY:
APPROVED BY:

~~~
JONATHAN ABENDSCHEIN, Assistant Director, Resource Management

~~
EDSHIKADA

Utilities General Manager
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Road transportation represents about 61% of Palo Alto’s existing carbon footprint – and a congestion
headache. GHG’s are a function of two factors: Vehicle Miles Traveled (VMT), and the carbon intensity
(GHG/VMT). Reducing GHG/VMT is largely driven by Federal Standards, state policy and vehicle offerings
(including fuel efficiency and EVs). However, VMT and EV adoption can be influenced by local programs.
GOALS

 Expand mobility alternatives to single-occupancy vehicle (SOV) travel
 Create right incentives for mobility
 Use balanced development to reduce single-occupancy vehicle (SOV) travel
 Reduce carbon intensity of vehicles

NEW/KEY ACTIONS

 Increase bicycle boulevard mileage within Palo Alto from 22 to 35 miles (by 2020), consistent
with the City’s adopted Bicycle & Pedestrian Master Plan.
 Upgrade Class II bicycle lanes to separated, protected bikeways integrated with bicycle
boulevards where feasible. P
 Reestablish and expand citywide bike share program (350 bikes by 2018). P
 Consider adopting a carpool matching app/service with City employees serving as initial pilot.
 Explore using city vehicles as "ride share" vehicles, and/or contracting with 3rd party for pool
Key actions related to transportation demand
car management.
in draft form
and were
 Consider institution ofmanagement
paid parking are
at City-owned
parking
lots still
and under
garages, and evaluate
review
at
the
time
of
this
report.
These
key
actions
ways to achieve comparable programs at private parking sites; apply net parking revenues to
will be presented to Council at a later date. Only key
non-auto alternatives.
actions related
electric
shown.
 Explore ways to extend universal
transittopasses
to vehicles
residentsare
and
employees in transit served
areas. P
 Explore housing strategies that reduce auto trips, including mixed use, transportation
demand management programs, trip caps and parking maximums. P
 Consider redesigning existing streets to support active and non-SOV transportation modes.
 Prioritize traffic signal timing to reduce GHG emissions as well as travel delays.
 Promote EV charger installation. P $
 Evaluate incentives, policies and funding sources to stimulate ownership/use of EVs. P
 Encourage local ownership of 3-5,000 EVs by 2020 through programs such as group buys.
Explore ways to reduce process and other barriers (such as fee- and rate-related barriers).
 Develop “mobility as a service” (MaaS) offerings including flexible, responsive services, apps
and commuter programs. P $
 Work with other agencies to expand shuttle routes and other transit services so __% of
households are within ½ mile of stops. P $
 Continue education and advocacy to achieve a non-SOV mode share of 40-50% for
neighborhood elementary schools and 35-60% for all middle and high schools.

ADDITIONAL RESOURCES PROPOSED FOR FY 2018
Mobility resource requests to come

The mobility marketplace is changing rapidly: Palo Alto has perhaps the highest EV penetration in the
country; US EV sales are increasing 37%/year; “range anxiety” is softening as 200-300 mile range EVs
hit the market this year; Lyft and Uber are growing in significance; Autonomous Vehicles are on the
way. In addition, land use and mobility interact in substantial and complex ways.
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Efficiency, renewables and electrification are key to Palo Alto’s—and California’s—low carbon energy strategy, but
pace of implementation will depend on technology evolution and cost-effectiveness as well as market acceptance.
Electrification—and encouraging existing buildings to upgrade to modern energy efficiency levels —may pose
significant strategic and operating challenges for the City of Palo Alto Utilities (CPAU).

GOALS

 Reduce GHG emissions and energy consumption in buildings
 Increase building developer/owner/operator learning and accountability via performance
requirements
 Reduce natural gas use in buildings through electrification
 Reduce carbon intensity of natural gas use via purchase of carbon off-sets

NEW/KEY ACTIONS

 Develop higher local energy efficiency (& Net Zero) standards for new & existing buildings
through codes & standards. P
 Develop a post-occupancy regulatory process for commissioning/retro-commissioning, and
energy benchmarking to improve building design, construction, and performance. P
 Explore options for using performance requirements and transparency to increase learning
and accountability of building operators; use data driven decision criteria to improve building
performance.
 Encourage voluntary electrification of natural gas appliances by reducing barriers where
legally and practically possible (processes, fees, rates, financing, regulation, supply chain,
etc.), educating consumers and contractors, and implementing utility pilot programs (e.g.
heat pump water heaters and space heaters). P
 Facilitate the adoption of local distributed energy resources such as PVs, EVs, and storage
and achieve the Local Solar Plan goal of generating 2% of electricity needs locally by 2020
(and 4% by 2023).
 Complete assessment of smart grid investment merits and long term electric distribution
system investment needs by 2019 to enable energy and electrification goals. P
 Ensure Utilities Strategic Plan addresses resource needs and business model changes to
implement sustainability initiatives, including adapting to impacts of distributed energy
resources, new technologies, and other changes to the utility service model. P
 Develop a ZNE Roadmap and baseline energy study for existing buildings. P $
 Explore formation of an eco-district complete with a board and participating members. P
 Implement utility energy efficiency (EE) programs to achieve cumulative electric and gas EE
savings of 2% by 2020.
 Implement natural gas offset program approved by Council (the Carbon Neutral Gas Plan);
prioritize investment in cost-effective local offset projects, where feasible.

ADDITIONAL RESOURCES PROPOSED FOR FY 2018
$49 K one time for ZNE Roadmap.

Emissions from natural gas use represent ~25% of Palo Alto’s remaining carbon footprint. The
decreasing emissions of California and Palo Alto’s energy supply due to renewable energy
opens the opportunity to reduce natural gas use through electrification in addition to
continued efficiency measures. Palo Alto will first seek to reduce natural gas usage through
energy efficiency and conservation, followed by electrification of water heating and space
heating where cost effective.
Sustainability Implementation Plan 2017-2020
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WATER MANAGEMENT

Attachment A

Palo Alto has done an outstanding job of meeting annual water use reduction requirements of
the current drought. But both potable water supplies and hydroelectric needs could be
challenged by long-term shifts in California’s precipitation regime. With shifting climate patterns,
and significant long-term water supply uncertainty, it would be prudent to reduce water
consumption while exploring ways to capture and store water, as well as to increase the
availability and use of recycled water.
GOALS
 Reduce consumption
 Explore water supply alternatives to ensure the right water quality for each use
Protect creeks, bay, and groundwater
 Lead by example
NEW/KEY ACTIONS
 Develop a local ordinance (similar to San Francisco’s) that facilitates the use of nontraditional non-potable water sources such as gray, black, and storm water. P
 Develop programs to encourage more use of non-traditional sources of non-potable
water such as gray, black, and storm water. P $
 Develop a policy and local ordinance to facilitate water self-sufficient (net zero)
construction. P
 Explore building a new or modifying an existing City facility to be water self-sufficient
(net zero). $
 Investigate installation of additional trash capture devices in the storm drain system
to improve storm water quality.
 Develop a Green Storm Water Infrastructure Plan to better capture and infiltrate
storm water back into the hydrologic cycle and integrate with Urban Forestry Plan. P $
 Develop a long-term Water Integrated Resources Plan that includes potable water
alternatives, demand side management, and recycled water. P
 Investigate delivery of recycled water to other agencies for non-potable use.
 Investigate delivery of raw water to other agencies for further treatment.
 Convert ornamental turf on medians and City parks to conserve water use at existing
facilities, following evaluation of costs.
ADDITIONAL RESOURCES PROPOSED FOR FY 2018
$140 K in consultant costs to develop programs to encourage use of non-traditional
sources of non-potable water
$150 K in consultant costs to develop a Green Storm Water Intrastructure Plan
(both are one-time expenses)
Perhaps more than most of the other SIP elements, Water Management will require extensive
public engagement, since many people will assume the drought is over, or bristle at rising
water rates as deeper consumption cuts take hold .
Sustainability Implementation Plan 2017-2020
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Estimate of Relative Efforts Expended by UTL on S/CAP Projects
- Non-Salary Budget/Cost, FTE, and Sources of Funds
Federal/State Tax Credits,
Regional EVSE grants,
Citywide efforts

Federal Tax Credits,
Disbursing SB1 rebates
text

Local PV & other
DERs

$0.4Million
1.5 FTE
PB/R&D

$1.3Million
0.05 FTE Supply
Funds

$3.2Million
4 FTE
Public Benefits
& Supply Funds

Electricity & Natural
Gas Efficiency
Program

Encourage EV
Adoption

$0.4Million
0.75 FTE
LCFS Funds, grants

$0.2Million
0.6 FTE
PB/R&D, Grants

Natural Gas OffSet Program

EVSE: Electric Vehicle Supply Equipment
DER: Distributed Energy Resources
C&T: Cap and Trade
PB: Public Benefits
LCFS: Low Carbon Fuel Standards
HPWH/SH: Heat Pump Water & Space Heater

text

ESTIMATED TOTAL EFFORT
$5.5 Million
7 FTE
PB/R&D, Supply, LCFS, Grants, C&T?

Facilitate
adoption of
HPWH/HPSH

Note:
UTL Water Related Projects not shown
Does not show Citywide efforts
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MEMORANDUM
TO:

UTILITIES ADVISORY COMMISSION

FROM:

DEVELOPMENT SERVICES AND UTILITIES DEPARTMENT

DATE:

MARCH 1, 2017

SUBJECT:

1A
A
A
A
A

Discussion of Staff Plans to: (1) Suspend Additional Work on Evaluating the
Feasibility of Implementing Local Building Code Amendments to Mandate Heat
Pump Water Heaters and Space Heaters; (2) Continue to Implement Pilot Scale
Customer Programs for Heat Pump Water Heaters and Initiate a Pilot Program
for Space Heaters
______________________________________________________________________________
RECOMMENDATION
Staff requests that Utilities Advisory Commission (UAC) discuss and provide input on staff’s plan
to: a) Suspend further work in evaluating the feasibility of implementing building code
mandates to require heat-pump water heating and heat-pump space heating/cooling
appliances in buildings and re-evaluate the feasibility of such a program within the next fiveyears, no later than 2022, b) Continue undertaking heat-pump water heating and heat-pump
space heating pilot scale programs to encourage early adopters and reduce barriers to
customer adoption of such technologies. Staff anticipates providing an informational report to
Council in the Spring to update the Council on the UAC’s discussion.
EXECUTIVE SUMMARY
On August 2015, City Council approved a ten-point greenhouse gas reduction plan (the
“Electrification Work Plan,” Attachment B) prepared in response to a December 2014
Colleague’s Memo on electrification (Attachment A). The reduction plan focused on
electrification measures related to electric vehicles, and electric heat-pump based technologies
to replace water and space heating appliances in the community.1 As part of that effort,
Council directed staff to analyze the cost-effectiveness, market viability, and building code
impacts of a potential mandate to use heat-pump water heating (HPWH) and heat-pump space
heating (HPSH) for new and remodeled residential and commercial buildings (Task 4, subtasks
(a) and (b) of the greenhouse gas reduction plan). Council also directed staff to promote heat
pump technologies to homeowners as alternatives to natural gas water heating and space
heating and explore funding sources to offer customer rebates on heat pump appliances
(Task 1).
This report provides the findings from a feasibility study on the merits of mandating HPWH and
HPSH appliances in the building code. The analysis found that most scenarios for HPWH and
some scenarios for HPSH installation were not cost-effective. Further, the study results and
1

Since Palo Alto's electric supply is carbon neutral, electrifying gasoline vehicles and natural gas using appliances
would result in the elimination of GHG emissions from these vehicles and appliances.

Attachment B
staff experience found multiple market barriers (such as contractor inexperience) that would
make a mandate to install HPSH and HPWH at this time imprudent. Therefore, staff does not
plan to devote any additional resources to evaluating building code mandates related to
electrification of natural gas appliances, but instead plan to continue the pilot scale customer
program efforts to lower adoption barriers and to encourage early adopters for the next five
years. The goal of these pilot-scale efforts would be to decrease barriers to the point that HPSH
and HPWH programs became cost-effective and more accepted in the market, potentially
paving the way for larger-scale incentive programs or requirements. Staff intends revisiting the
topic of building code mandates for electrification within five years.
This report also provides an update on the status of staff activities related to promoting HPWH
and HPSH to residents and reducing barriers. The report also describes staff's outreach to other
organizations/utilities with similar objectives, as well as equipment vendors and state
regulatory agencies to lower potential barriers to electrification by homeowners.
BACKGROUND
Palo Alto has made tremendous progress in lowering community greenhouse gas (GHG)
emissions since 1990. The GHG emissions in 2015 are estimated to be 36% below 1990 as
illustrated in Figure 1.

This GHG reduction is primarily driven by greening the electric supply and through energy
efficiency gains of appliances and automobiles. Of the remaining 0.5 million MT of GHG
emissions, about one fourth is related to natural gas related emissions from building and nearly
two-thirds from vehicle emissions (Figure 2).
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To further drive down GHG emission via greater use of carbon neutral electric supply, in
December 2014 Council directed staff to explore electrification options for natural gas
appliances and automobiles through a "City Council Colleagues Memo on Fuel-Switching"
(Attachment A). In response to the Council directive, staff developed, and Council approved, a
ten-point work plan in August 2015. The work plan included evaluation and actions to
encourage the adoption of electric vehicles and high-efficiency electric heat-pump based
technologies to replace water and space heating appliances in the community (Attachment B,
Staff Report #5961). This work plan was incorporated in the Sustainability and Climate Action
Implementation Action Plan Framework approved by Council in November 2016, and will be
incorporated in the detailed sustainability implantation plans to be presented to the UAC and
Council later this year. A brief update on the progress on the ten-point work plan is provided in
Attachment C.
This report will focus on two elements of the ten-point work plan. The first is Task 4, "analysis
of cost-effectiveness, market viability, and building code impacts of a potential mandate to use
heat-pump water heating (HPWH) and heat-pump space heating (HPSH) for new and
remodeled residential and commercial buildings." The second element is Task 1, the promotion
of HPWH and HPSH in existing homes (Task 1). Since May 2016, Utilities has launched a HPWH
pilot program and related market place and regulatory outreach. A similar pilot for HPSH is
being planned for Fall 2017.
Note that this Staff Report does not analyze applicable legal or regulatory requirements that
may be a prerequisite or barrier to the adoption of local building code amendments to either
mandate HPWH or HPSH or eliminate natural gas connections in existing or new construction.
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DISCUSSION
Overview of Evaluation of a HPSH and HPWH Mandate
A building code mandate to use HPSH and HPWH would require a local amendment to the
California Building Code and California Energy Code. The California Energy Commission (CEC)
requires that a cost-effectiveness study be conducted and filed in the case of a local
amendment to the California Energy Code. It is required that the City demonstrate to the CEC,
using a cost-effectiveness study, that the amendments to the code are financially responsible to
the commercial and residential applicants.
Staff conducted a formal bid process to select a consultant to conduct a cost-effectiveness
study. Staff selected TRC Solutions based on their ability to provide both residential and nonresidential services within the same study and their ability to meet the project timeline. TRC
Solutions performed the study using CEC-approved energy modeling software. The results of
this Palo Alto Electrification Study are located in this report (Attachment D).
Development Services staff convened an Electrification Task Force (ETF) composed of members
of the community with an interest in building electrification. The task force included residents,
architects, engineers, contractors, green building experts, energy modelers, advocates, and
staff. The task force met three times to review the electrification study outline and goals of the
study. The results of the study were distributed to the ETF for review and comment.
Results of the Cost-Effectiveness Study
The function of Task 4 within the Electrification Work Plan was to explore residential and
commercial building code changes for new construction and remodeling projects to expedite
electrification. The main focus of Task 4, subtasks (a) and (b), was to study the feasibility of
mandating HPSH and HPWH installations as part of the local Energy Reach Code set of energy
mandates. If the requirements were incorporated as a mandate, the regulation would be
embedded into the energy portion of the California Green Building “CalGreen” Tier system.
The Palo Alto Electrification Study assessed the electrification of space heating and water
heating, and potential ramifications on the electrical service to the building, such as larger
panel or branch circuit capacities. The scope included both a barriers analysis and a cost
effectiveness analysis for residential and nonresidential buildings.
During the first phase of the study, TRC collected data by engaging with the local building
industry through surveys and interviews with various electrification experts, including
contractors, engineers, architects, and energy consultants. Industry engagement helped
identify the technical specifications as well as costs for electrification. Online retailers and RS
Means, an industry cost estimation software, were also used to collect cost data and product
specifications. TRC then conducted building energy simulations to assess the potential energy
impacts of electrification equipment.
Cost-effectiveness is determined by assessing the incremental costs of each measure and
comparing them to the energy cost savings using the energy modeling simulations. The analysis
uses both a societal perspective, required by the CEC for a local mandate, and customer
perspective reflective of on-bill savings.
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The cost-effectiveness of heat pump measures is summarized in Table 1. The measures are
analyzed based on Time Dependent Valuation2 of energy benefits, with cost effective outcomes
highlighted in green. TRC used Net Savings (benefits minus costs) as the cost-effectiveness
metric for the study, since this is what would be required for a potential code mandate. If the
Net Savings of a measure is a positive value, the measure or package is considered cost
effective. For simplicity, the measures are identified in Table 1 as either “Yes” or “No”
representing if the measures are cost-effective. Additional cost effectiveness data can be found
in Attachment D.
Table 1. Cost Effectiveness Study Results: Answers to the Question, Is the Measure Cost Effective?
(Based on Societal Net Savings using Time Dependent Valuation of Energy Methodology)
Building Type

Construction
Type

Heat Pump
Water
Heater

Heat Pump
Space
Heater

Heat Pump Package
(Gas Connection
Remains)

All-Electric Package
(No Gas Connection)

Single Family

New

NO

YES

YES

YES

Alteration

NO

YES

NO

NO

New

NO

YES

NO

YES

Alteration

NO

YES

NO

NO

New

NO

NO

NO

YES

Alteration

NO

NO

NO

NO

New

NO

NO

NO

NO

Alteration

NO

-

-

-

Low-rise
Multifamily
Small Office

Medium
Office

The measures in Table 1 reflect an analysis of HPWH and HPSH both on an individual basis and
on a combined package basis. The “Heat Pump Package” assumes that both HPWH and HPSH
would be installed and that the gas connection would remain to the building. The “All Electric
Package” assumes that both HPWH and HPSH would be installed and that there would be no
natural gas connection to the building.
HPWH as a standalone measure is not cost effective, primarily due to the costly electrical
upgrades they require. HPSH is cost effective in residential buildings because the equipment is
less expensive than the standard split air conditioner with a furnace, and they are not likely to
require an electrical upgrade if an existing central air conditioner exists. The cost-effectiveness
study found HPSH to be cost effective in the case of single-family and low-rise multi-family
residential projects. Although the study showed no financial burden to building owner, staff
believes that there are too many market barriers at the present time to recommend a mandate
on the use of HPSH. The consumer demand for both HPSH and HPWH these appliances is still
relatively low and there are not enough options in the market to support all the diverse needs
presented by single-family and low-rise multi-family residential builders. Further, the
2

Time Dependent Valuation is metric used by the California Energy Code to value energy efficiency based on when
energy savings occur, reflecting the variations over time in the cost of energy production and delivery.
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construction community is not yet equipped to handle the added demand that a mandate
would have on the industry. There is need for consumer education on how these systems work
and how the maintenance requirements differ from traditional gas fired appliances. Staff
recommends the continuation of education and outreach efforts and pilot programs to reduce
these barriers as discussed later in this report.
When HPSH and HPWH measures are packaged together, they are generally only cost effective
in new construction scenarios when assuming that there is no natural gas piping connected to
the building. Any costs associated with switching to electric cooking ranges and dryers were not
included in the analysis. Homeowners may continue to have need and preference to use gas
appliances for uses other than heating space and water. The heat pump alternative for those
uses are not readily available and can be cost prohibitive. Therefore, mandating that a building
not have a natural gas connection would be unrealistic.
In one scenario listed in Table 1, new residential single-family homes, a package of HPSH and
HPWH measures were cost-effective regardless of whether the natural gas connection
remained. However, staff still does not recommend mandating HPSH and HPWH in new singlefamily homes due to a variety of market barriers. As mentioned above, based on feedback from
the ETF, consumers and the construction community are not yet equipped to manage the
burdens a mandate would impose. HPWH also presents specific technical challenges, such as
the need to have both electric and plumbing trades involved in the installation, and sewer
connections for condensate runoff. Continued consumer and contractor education through
pilot programs will help reduce these barriers.
As policies and rates change over time, electrification may become more cost effective for Palo
Alto in the future. Improved heat pump equipment that achieves similar outlet temperatures to
gas equipment and avoids costly electrical upgrades in existing buildings is emerging. As these
products proliferate, market forces may drive down prices and improve the cost effectiveness
of electrification. Rising carbon prices could affect the analysis as well. There are many
assumptions built into the cost-effectiveness estimates, and minor variations may lead to
significant changes in results. The logistical barriers related to equipment installation may
become less significant in the future.
The ETF discussed the cost-effectiveness study and potential that the results may differ if
certain assumptions were to change in the future. For example, the results of the Palo Alto
Electrification Study could be impacted by a change in the electric or natural gas rate schedule.
The Next Steps section of this report discusses future efforts to monitor changes to these
assumptions and update the study when appropriate.
Eliminating Regulatory Barriers to HPSH and HPWH Installations
Another objective of Task 4 was to reduce code barriers to HPWH and HPSP. Many of these
barriers are associated with Title 24 compliance software modeling, which the CEC is working
toward addressing. Residential technical barriers predominantly relate to the lack of experience
from contractors and owners with HPWHs. These barriers are expected to dissipate with
increased penetration of HPWHs in the coming years. The commercial building industry is much
more familiar with heat pump systems, but market-ready HPSH may not yet be widely available
at a competitive cost for many high-temperature and high-capacity applications, such as heat
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pump boilers or providing makeup air in restaurants. While TRC found some code, technical,
and operational barriers to HPWH and HPSH implementation, they are not insurmountable.
Heat pump technology is emerging and there is potential for increased adoption in Palo Alto.
As part of the study, Utilities and Development Services staff collaborated to seek permission
from the CEC to remove the requirements for individual building cost-effectiveness analysis
required to permit installation of HPWH when switching from a gas-fired water heater. This
type of analysis is a cost and time barrier to the building owner which hinders the installation of
a HPWH. As a result, the CEC released a simplified compliance pathway allowing the installation
of a HPWH as long as the appliance maintained a minimum energy factor (EF) of 2.8. The details
of the compliance pathway are outlined in the 2016 California Energy Code Residential
Compliance Manual, Chapter 9 found in Attachment E.
Development Services and Utilities staff worked together to develop both a permit phase and
inspection checklist containing the components for a permitting process and field inspection
protocol to support HPWH installations. These departments will remain in regular
communication to support continuous improvement of the checklist materials.
In 2015-16, as part of Development Services staff efforts to establish an Energy Reach Code,
staff explored potential scenarios to streamline the permitting process for projects pursuing
electrification. Staff found that the greatest barrier for project applicants is the CEC software
for showing compliance with the state California Energy Code and local Energy Reach Code.
Specifically, staff found that the software favors the pricing of natural gas compared to
electricity in the energy modeling process resulting in a benefit for gas-fired appliances. As a
result, projects pursuing an all-electric building had a more difficult time meeting the local
Energy Reach Code than a similar building using both gas and electricity. Due to this issue,
projects pursuing all-electric building designs are exempt from the local Energy Reach Code
requirements, reducing the barriers to projects pursuing all-electric new construction in Palo
Alto. This building code provision could have a significant positive impact in the adoption of
electric heat pump appliances in Palo Alto.
Promoting HPWH & HPSH in Existing Homes
Electric HPWHs have been commercially available for a few decades, but the technology has
remained a niche market due to reliability issues with early models and practical issues related
to replacing an existing natural gas water heater. In the past few years, leading water heater
manufacturers including A.O. Smith, GE, Stiebel Eltron and Rheem have introduced HPWH
models that are marketed as energy efficient alternatives to electric resistance water heaters,
with EFs that are typically higher than 2.03. As of January 2017, there are over 100 HPWH
models available in the market, with storage capacity between 50 to 79 gallons that are EnergyStar rated.
Within Palo Alto, gas water heating accounts for over 90% of the single family residential
households.4 To promote HPWH among residents, Utilities staff developed a HPWH pilot
3

Energy Factor (EF) is the ratio of useful energy output from the water heater to the amount of energy input. A
typical electric resistance water heater has EF between 0.9 and 0.95. A gas tank water heater has EF of 0.6 to 0.8.
The latest HPWH models have EF that range from 2 to over 3.
4
It is estimated that 5-10% homes have inefficient electric resistive heating.
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program to encourage residential customers replace their gas water heaters with HPWHs.5 Heat
pump appliances are much more efficient compared to electric resistance appliances and
natural gas appliances. In the case of water heaters, the efficiency of a HPWH can be 30% more
efficient that of a high efficiency gas tank water heater from a source energy basis. Replacing
gas water heaters with HPWHs also helps to reduce GHG emissions due to the carbon-neutral
electric supply in Palo Alto.
Following were the objectives of the HPWH pilot:
1. Promote energy efficient heat pump water heaters among consumers
2. Support market transformation within the supply chain
3. Streamline permitting process for both customer and building inspector
4. Gather customer feedback on retrofit process and performance of HPWHs
CPAU launched the HPWH pilot program in late spring 2016.
Preliminary Findings from the HPWH Pilot Program
Early results of the pilot program suggest substantial barriers exists that hinder the adoption of
HPWH in existing homes, even for highly motivated residents. From a contractor perspective,
replacing a gas water heater with an electric HPWH involves both plumbing and electrical work.
However, there are very few plumbers who are also licensed to do electrical work, and vice
versa. Among the licensed plumbers contacted by staff, very few are familiar with HPWHs or
stock these units for emergency replacement. From a customer perspective, a major inhibiting
factor is the upfront costs of replacing a gas water heater with a HPWH, especially for
households that need to upgrade their electric panel to accommodate a dedicated 30 amp
circuit for the HPWH. Also, the increase in electric consumption from operating a HPWH may
be charged at a higher electric rate tier, which may result in little or no overall utility bill
savings. Additional considerations for installing a HPWH unit include height/side clearance and
condensate management. Limited availability of HPWH units from distributors/retailers is also
an issue. Due to low demand, there are very few retailers that maintain an inventory of HPWH
units in their warehouse.
Coordinating with Industry Stakeholders
CPAU staff is currently coordinating with other entities such as Sacramento Municipal Utility
District (SMUD)6 and Northwest Energy Efficiency Alliance (NEEA)7 to facilitate wide-scale
adoption of HPWHs on a regional basis. NEEA in conjunction the Department of Energy is
pursuing the goal of tripling the shipment of HPWH units in 2017 from 2016. Examples of
program ideas currently under consideration include: offering HPWH and rooftop Photovoltaics
(PV) as a bundled package, and outreach to corporations to allow use of Flex Spending Account
dollars to pay for HPWH conversion, and offering free HPWH units to contractors to install in

5

The customer pilot program offers residents up to $1,500 for converting from a gas water heater to a HPWH. The
pilot website (www.cityofpaloalto/HPWHpilot) provides useful resources to homeowners as well as a cost-benefit
calculator.
6
SMUD currently offers $1,000 customer rebate for replacing electric resistance water heater with HPWH, and
$1,500 rebate for replacing gas water heater with HPWH.
7
NEEA works with 77 utilities in the Pacific Northwest to promote HPWH through both upstream and downstream
rebate programs.
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their home/warehouse. Additionally, CPAU is planning a contractor training in May and will
include presentation by A.O. Smith, a leading HPWH manufacturer.
Planning for the HPSH Pilot Program
In parallel with promoting HPWH, CPAU is also gearing up to promote HPSH. Currently, a
homeowner who wishes to replace a gas furnace with an electric space heating system in their
home will need to provide Title 24 energy modeling results to demonstrate that the new
heating system uses less energy than the prescribed energy baseline. Title 24 energy
consultants typically charge $500 or more for this energy analysis. To remove this modeling
burden from homeowners who are considering electrification of the space heating system,
CPAU is partnering with SMUD with input from the California Energy Commission (CEC) to
undertake a modeling study. Results of the study will be used to develop the heat pump sizing
and efficiency criteria of a HPSP pilot program based on the home’s construction year, square
footage, and envelope characteristics (i.e. attic and wall insulation). CEC may also use the
results of study to develop a prescriptive pathway to for residential heat pump space heating
alteration projects so that energy modeling is no longer required. The study is expected to be
completed by summer of 2017, followed by the launch of a HPSH pilot program in fall of 2017.
The objectives of the HPSH pilot program will be similar to the HPWH pilot program.
As demonstrated in the TRC cost effectiveness study, HPSH and possibly HPWH are cost
effective for new construction projects. While Development Services recommends against
mandating electrification in the City’s green building code, the City can continue to promote
voluntary installation of HPWH, HPSH, and voluntary new construction of all-electric buildings
through rebates and customer outreach.
Pilot Funding and GHG Reduction Projections through 2020
CPAU is funding the HPWH and HPSH pilot programs as R&D initiatives using the electric public
benefit funds8. The current FY 2017 budget for the HPWH pilot program is $100,000, which
covers customer rebates, education campaigns/workshops, and industry collaboration. An
additional budget of $100,000 has been included in the FY 18 budget for HPSH pilot program.
Staff anticipates this level of funding will be sufficient for the next 3 years. If the pilot programs
demonstrate sufficient interests from the community in electrification projects, CPAU will need
to consider alternative funding source for electrification rebates.
Staff projects that the pilots can potentially facilitate the conversion of 200 to 300 units of gas
water heaters and 20 to 30 gas space heating systems by 2020. The estimated annual GHG
emissions reduction related to this electrification effort is estimated at 300 to 450 MT per year
by 2020, a 0.2 to 0.3% reductions of Palo Alto total emissions related to natural gas appliances.
UAC Input on Staff’s Plans and Next Steps
Based on study results and installation hurdles currently experienced, staff does not
recommend mandating the use of HPWH/HPSH equipment at this time. Staff plans, at some
8

Electric public benefit charge is a state mandated surcharge collected by utilities on electricity sales. The public
benefit funds can only be used for “public benefits” programs in four categories: (i) cost-effective demand-side
management services to promote energy efficiency and energy conservation; (ii) new investment in renewable
energy resources; (iii) research, development and demonstration projects; (iv) services provided for low-income
electricity consumers.
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point over the next five years, revisiting the potential mandate with a sensitivity analysis of
changes to the original assumptions, as outlined in Attachment D, have changed, and to identify
the variables and modifications that could have the greatest impact of cost effectiveness.
Staff anticipates that there will be a few hundred such residential installations in the
community in the next five years, and at some time on or after 2022 would be an opportune
time to revisit the analysis on the merits of mandating such appliances through the building
code. If the cost effectiveness and technology environment merits such requirements, the
requirements to install HPWH/HPSH could be incorporated into the 2023 building code.
Staff plans to continue the pilot level efforts to encourage the use of HPWHs and HPSHs via
utility rebates and by lowering barriers for building owners to install this equipment.
In the meanwhile, staff will pursue efforts to study the reduction of greenhouse gas emissions
in existing buildings. The work plan on the broader category of implementing energy efficiency
and electrification to lower greenhouse gas was part of the Sustainability and Climate Action
Plan (S/CAP) presented to Council in April 2016 and will be discussed in a forthcoming report on
S/CAP Implementation Plan (SIP) scheduled to go to City Council in the second quarter of 2017.
Staff will keep the Utility Advisory Commission informed of these upcoming approvals.
RESOURCE IMPACT
The staffing resources allocated to the electrification work plan were approved by City Council
on August 2015. Staff has expended about $145,000 in the cost-effectiveness evaluation and
code analysis from Council approved funds for Development Services. At such time that the
staff decides to update the building code related analysis and related sensitivity analysis, staff
will come back to the City Council with a budget amendment order and a proposed contract for
professional services.
The expenditure from Utility funds for pilot projects is approximately $40,000 at this time, but
in FY 2018 staff has budgeted $200,000 to continue implementing the HPWH and to launch a
HPSH related pilot. The budget would cover customer educational programs, appliance rebates,
supply chain related activities such as bulk-buy program, and collaboration with other entities
interested to promote electrification technologies. The funding source for this effort is the
Public Benefits Research and Development funds. Utility staff related effort related to the pilot
program this year and in the coming year is budgeted at 0.6 FTE with staff effort spread over a
few existing staff members.
POLICY IMPLICATIONS
This analysis implements Council policy direction on electrification in the attached
Electrification Colleague’s Memo, and fulfills various objectives of the Sustainability and Climate
Action Plan (S/CAP). Staff recommends further analysis of building code related policy on HPSH
and HPWH within five years, to coincide with the 2023 code cycle and the next S/CAP update.
These work items will also be incorporated into the sustainability implementation plans to be
discussed with the UAC and Council at a later date.
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ENVIRONMENTAL REVIEW
Discussion regardjng certain natural gas appliance electrification recommendations ~rom Staff
to: (1) suspend additional work on local building code amendments to mandate heat pump
water heaters and space heaters, with review of the issue by 2022; and (2) continue
implementation and initiation of pilot scale customer programs for heat pump water heaters
and space heaters does not meet the definition of a project under the California Environmental
Quality Act (CEQA), pursuant to Public Resources Code Section 21065.

ATTACHMENTS
A.
B.
C.
D.
E.
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Clty Council Colleagues Memo on Fuel-switching" discussed at the December 14, 2014 City
Council meeting
City Council approved Ten-point Electrification Work Plan (Staff Report #5961)
Brief Update on Progress Related to the Ten-point Electrification Work .Plan
Cost-Effectiveness Study
CEC Memorandum Outlining Energy Factor (EF) Requirements for HPWH

PREPARED BY:

PETER PIRNEJAD, Director of Development Services

SHIVA SWAMINATHAN, Senior Resource Planner
CHRISTINE TAM, Senior Resource Planner
REVIEWED BY:

DEPARTMENT HEAD:

GIL FRIEND, Chief Sustainability Officer
}<-J~N ABENDSCHEIN, Asst. Director, Resource Management

L~·
ED SHIKADA
General Manager of Utilities
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ATTACHMENT

CITY OF PALO ALTO OFFICE OF THE CITY CLERK
December 15, 2014
The Honorable City Council
Palo Alto, California

Colleagues Memo From Council Members Berman, Burt, and Klein
Regarding Climate Action Plan Implementation Strategy to Reduce Use
of Natural Gas and Gasoline Through “Fuel Switching” to Carbon-free
Electricity
Requested Action by Council:
Direct the City Manager to prepare a report to the Council, outlining (1)
prospective programs and incentives that would result in the use of electrical
devices to replace those using natural gas, (2) possible building code changes to
require, where feasible, the use of electrical appliances rather than natural gas
appliances in the construction and renovation of residential and commercial
buildings, (3) possible changes to utility rate structures that would not penalize
fuel switching, (4) evaluation of additional strategies to support adoption of
electric vehicles. The report should consider and take into account applicable
legal requirements, and identify potential legal, code or regulatory barriers that
would need to be changed to facilitate fuel-switching. The City Manager will
return to the Council by the first meeting in February with an initial report to
Council on the timeframe required to research and develop this report, and the
staff and related resources that will be necessary, as this initiative would be an
important component in the 2015 Work Plan.
Discussion:
Starting in 2013 Palo Alto is one of the first cities globally to provide 100 percent
carbon-neutral electricity to all of our utility customers and at rates 20% below
PG&E. This is an important accomplishment, but only addresses approximately
1/5 of the greenhouse gas (GHG) emissions previously generated in the city.
However, our clean electricity resource provides an exceptional opportunity to be
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used as a clean energy foundation to reduce our other major GHG sources, in
support of the city’s Climate Action Plan.
The United Nations Intergovernmental Panel on Climate Change (IPCC), in its
latest report, again emphasized the dire straits we’ll all be in if government at all
levels doesn’t take far more significant steps to achieve large reductions in the
generation of greenhouse gases.
Building on our carbon-free electricity resource, key next steps for Palo Alto are to
promote switching from appliances and other devices that presently use natural
gas to devices that are powered by our clean electricity, and to support the
adoption of electric vehicles and other fossil fuel-free transportation alternatives.
Natural gas enjoys good press, but is in fact only marginally better than coal, in
part due to the high amounts of “fugitive” emissions which are unintentional
releases of harmful non-combusted methane gas that are emitted into the
atmosphere during natural gas extraction and delivery processes. Our carbonneutral electricity is far better for the environment and we therefore believe that
Palo Alto should take a series of steps to promote change from gas use to use of
electricity. Additionally, we should pursue more steps to support adoption of
electric vehicles powered by clean electricity, replacing use of petroleum, our
largest source of greenhouse gases.
This is a bold and significant initiative and given its “game-changer” potential,
warrants a thoughtful assessment of the opportunities and constraints this
presents and a clear identification of the resources and time commitment to
develop the report. Council recognizes that staff must first return with that initial
report on timeline and resource requirements by early February, as a prerequisite
to the Council’s direction to proceed with the actual research and report being
requested.
This report has been reviewed by the City Manager and City Attorney and has
incorporated their comments.
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Department Head: Beth Minor, Acting City Clerk
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Attachment BB
ATTACHMENT

City of Palo Alto

(ID # 5961)

City Council Staff Report
Report Type: Consent Calendar

Meeting Date: 8/17/2015

Summary Title: Fuel Switching / aka Electrification
Title: Utilities Advisory Commission Recommendation to Approve Work Plan
to Evaluate and Implement Greenhouse Gas Reduction Strategies by
Reducing Natural Gas and Gasoline use Through Electrification
From: City Manager
Lead Department: City Manager
Recommendation
Staff and the Utilities Advisory Commission (UAC) request that the Council approve the
proposed work plan to facilitate electrification in Palo Alto.
Executive Summary
In December 2014, Council approved a Colleagues Memo directing staff to develop an initial
report on the resources and timeframe required to evaluate prospective fuel-switching1
programs and incentives for the community to reduce the use of natural gas and gasoline and
to electrify buildings and vehicles.
This report recommends a work plan with ten tasks to facilitate electrification in Palo Alto over
the next five years. An estimate of resource needs and time lines for each of the tasks is also
provided. Given the current state of technology, upcoming state regulations, and resource
constraints, the report also recommends tasks that can be deferred until a more opportune
time.
The UAC considered the work plan at its July 1, 2015 meeting and unanimously recommended
that Council approve the work plan.
Staff will communicate progress on the work plan to the Council as each task yields results or
when further Council direction is required. Staff will also provide a summary report on the
progress of each of the work plan tasks as part of the annual Earth Day Report. This work plan
1

The term fuel-switching is a general term that refers to changing the fuel for a given application or end use from
one source to another. This report focuses exclusively on electrification, which is a type of fuel-switching referring
to switching from any other fuel (here, fossil fuels) to electricity, which in Palo Alto is carbon-neutral.
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does not cover energy efficiency, renewable natural gas, or local solar development, as these
activities already have robust programs and plans approved by Council2 and are not directly
related to the topic of electrification.
Background
On December 15, 2014, Council approved a City Council Colleagues Memo (Colleagues Memo)
that directed staff to develop an initial report on the resources and timeframes required to
evaluate four “fuel-switching”, or electrification, topics:
1) prospective programs and incentives that would result in the use of electrical devices to
replace those using natural gas;
2) possible building code changes to require, where feasible, the use of electrical appliances
in the construction and renovation of residential and commercial buildings;
3) possible changes to utility rate structures that would not penalize fuel-switching; and
4) evaluation of additional strategies to support the addition of electric vehicles.
On February 2, 2015, Council approved a two-phase work plan to prepare a report responsive
to the Colleagues Memo (Staff Report 5463). The first phase of the work plan is to determine
the scope of the analysis and identify any staff and/or consulting resources required to
complete it. The second phase involves detailed analysis of the measures identified in the first
phase and the development of an implementation plan. This staff report is the deliverable for
the first phase of the work plan; the second phase would be subject to Council approval of this
work plan.
The report draws from staff analysis on the current cost-effectiveness of various electrification
options for Palo Alto Utilities customers. The report also outlines the State’s analysis of
potential greenhouse gas (GHG) emissions reduction measures through 2030 in order to
provide context to Palo Alto’s own focus and work plan in the next five years. The report
includes a list of recommended projects for the next five years for Council consideration as well
as deferred projects, and the rationale for such prioritization.
Discussion
Existing Natural Gas and Gasoline Use Profile and Related GHG Emissions in Palo Alto
Vehicle fuel and natural gas usage account for more than 80% of Palo Alto’s direct fossil fuel
use and associated GHG emissions. Surface transportation related GHG emissions for Palo Alto
are estimated to be 335,000 metric tons of CO2e per year (MT/year), while natural gas use
accounts for 160,000 metric tons of GHG emissions per year.

2

Energy efficiency goals and performance (12/17/2012, Staff Report 3358); energy efficiency performance
(5/18/2015 staff report 5708); Local solar plan and goals (4/21/2014, Staff Report 4608 and Resolution 9402); and
PaloAltoGreen Gas program approval and alternatives analyzed (3/4/2014, Staff Report 4343).
City of Palo Alto
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Figure 1: Natural Gas End-Use in the Residential(R) & Commercial (C) Sectors3

Figure 1 illustrates the estimated distribution of natural gas end-use in Palo Alto. Programs to
reduce natural gas use will need to target each of these end-uses. Space heating and water
heating are the two dominant natural gas end-uses, followed by cooking in the commercial
sector.
Analysis of GHG emissions reduction paths and targets by 2030 for California
With the state of California on track to meet the GHG emissions goal of reducing to 1990 levels4
by 2020, the Governor set a 2030 GHG emission reduction goal of 40% below 1990 levels 5. The
intent of the 2030 goal is to help guide policy and program development efforts that will enable
the achievement of the state’s 2050 GHG emissions reduction target of 80% below 1990 levels.

3

Based on state-wide estimates, adjusted to account for Palo Alto’s space heating profile.
This is equivalent to approximately 15% reduction from the peak statewide GHG emissions seen in year 2005.
5
It is worth noting that Palo Alto’s 2014 GHG emissions have already been reduced by approximately 37% below
1990 levels. These reductions only account for natural gas/electricity use, fossil fuel used for surface
transportation, and City operation; it does not account for other consumption related emissions.
4
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The California State Agencies’ PATHWAYS Project6 explored the feasibility and cost of a range of
GHG emission reduction scenarios and potential technology options in the future. The study
findings confirm that deep GHG emissions reductions will require significant progress in
multiple areas, such as achieving higher building efficiency, facilitating the rapid adoption of
zero emissions vehicles, increasing renewable electric supply, and encouraging fuel-switching of
water heating and space heating applications to low carbon fuels such as renewable electricity.
These findings are in line with the intent of the Colleagues Memo to explore ways to promote
electrification in Palo Alto, leveraging the City’s carbon-neutral electric supply.
Palo Alto’s Progress To-date to Facilitate Electrification
In addition to establishing a carbon-neutral electric supply portfolio, the City has undertaken
several measures and analyses in recent years in support of electrification, including:
Implemented a time-of-use (TOU) electric rate pilot program to provide discounted
electric rates for night time charging of electric vehicles (EVs) at homes (2012, in
progress, plan to expand in 2016)
Installed EV chargers in parking garages and libraries; encouraging new development to
install public chargers7 (since 2010, on-going)
Adopted a policy preference for an EV City Fleet, except where not feasible (2015)
Modified the building code requiring new construction to be pre-wired for EV charging
equipment (EVSE) installation and to accommodate installation of PV systems (2014)
Served as an information source for residents interested in purchasing EVs (since 2009) 8
Streamlined the approval of permits for EV chargers9 (2012)
Completed analysis that found compact electric vehicles and heat pump water heaters
(HPWH) are currently the most cost-effective electrification measures in Palo Alto
homes10 (2013, updated in 2015)
Most recently, staff updated the analysis to estimate the cost and benefit of electrification of a
new single family home in Palo Alto. Figure 2 summarizes the monthly net costs incurred by a
home for each electrification measure.
6

The PATHWAYS Project: Long-term Greenhouse Gas Reduction Scenarios is a study conducted by Energy +
Environmental Economics (E3), sponsored by the California Air Resources Board (CARB), California Public Utilities
Commission (CPUC), the California Energy Commission (CEC), and the California Independent Systems Operator
(CAISO). Study results from April 2015 can be found at this web link:
https://ethree.com/public_projects/energy_principals_study.php.
7
For example, the new development at 101 Lytton Avenue
8
For example the Cost Estimation Calculator for EV charging
http://www.cityofpaloalto.org/gov/depts/utl/residents/sustainablehome/electric_vehicles/ev_calculator.asp
9
Requests for EV chargers that have a charging capacity of less than 10kW are granted permits over the counter
10
See Staff Report 5971 in the August 17, 2015 Council Packet (previously presented as staff report to the UAC July
1, 2015: Results of the Cost-effectiveness Evaluation of Electrification Options for Appliances and Passenger
Vehicles in Single Family Residential Homes, and
City of Palo Alto
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Figure 2: Monthly Net Cost of Electrification to Household

The analysis suggests that compact EVs are cost-effective compared to their gasoline
counterparts11. Switching from a standard gas water heater to an air-sourced water heater
(heat pump water heater, or HPWH) a household is estimated to save $4/month; switching to
heat pump space heating (HPSH) would incur a net incremental cost of about $2/month.
However, staff’s research suggests that there is some uncertainty in these results, based on the
wide variety of assumptions present in each of the scenarios examined. The accompanying line
for each measure illustrates the range of possible cost or benefit for different scenarios
examined; for example, switching to a HPWH could save as much as $10 per month or could
cost an extra $10 per month, depending on assumptions such as the future cost of gas versus
electricity. If all five measures are implemented, the potential monthly cost impact could range
from a cost of over $60 to a saving of about $60. HPWH and HPSH technologies 12 are the
primary ways to energy efficiently electrify water heating and space heating end-uses, and
these applications account for approximately 75% of natural gas related GHGs in Palo Alto13.
For electrifying existing single-family homes, the study found the largest barrier is the upgrade
of electric panel capacity to accommodate the increased electrical load; this upgrade alone
could cost $2,500 to $5,00014. In addition to this panel upgrade cost, costs associated with
11

On a Net Present Value (NPV) basis, net of federal and state rebates for electric vehicles.
An appliance made with air-sourced heat-pump technology use electricity to operate a heat exchanger to absorb
thermal energy from the atmosphere to heat water or building space.
13
Residential applications are estimated to account for 42% and commercial application 33% of natural gas-related
GHGs in Palo Alto.
14
The results in Figure 2 exclude any costs associated with the electrical panel, such as upgrading to a 200A or
400A service.
12

City of Palo Alto
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running conduit and wiring to the appliance location could cost an additional $1,000 to $2,000
per appliance. These estimates emphasize that 1) new construction is a more cost-effective
intervention point; and 2) creative programs and initiatives will be required to help existing
homes to overcome the substantial additional up-front costs associated with electrification.
Staff expects to undertake a similar high level assessment of the cost effectiveness for
commercial building applications. An initial survey suggests that heat pump technologies for
water and space heating applications are feasible in small and medium sized commercial
buildings; in many of these smaller buildings, which account for about 40% of the square
footage of all commercial buildings in Palo Alto, HPSH applications are not uncommon, and
retrofitting smaller buildings with HPSH is relatively less burdensome. However, retrofitting
existing large commercial buildings for space heating applications is likely to be cost prohibitive.
Outline of Staff’s Recommended Work Plan and Tasks
Based on the insights gained from these initial analyses and projects, staff recommends
studying, and when feasible implementing, the ten tasks outlined below to promote
electrification. Tasks #1 and #2 are related to encouraging the use of HPWH and HPSH
applications in homes, which are largely cost effective in new residential construction, but face
barriers to entry in existing homes as discussed earlier. Many of the tasks include both
evaluation and implementation elements, but these three tasks are solely related to evaluation
of the feasibility of implementing projects and programs in the future:
Task #4 (explore possible building code changes)
Task #9 (explore new financing sources)
Task #10 (explore feasibility of district heating options)
Estimates of timelines and resource requirements for each task are also provided in the list
below. Upon Council consideration and approval of an electrification work plan staff will seek
the additional resources needed as part of the annual or mid-year budgeting process.
The work plan does not cover energy efficiency, renewable natural gas, or local solar
development, as these areas have either already been analyzed and communicated to Council,
or are not directly related to the topic of fuel switching. For example, sourcing natural gas from
renewable sources was found to be expensive when evaluating the green-gas program options
in 201415. The City also has robust programs related to local solar and energy efficiency already
in place. This work plan also includes a list of projects that staff does not recommend analyzing
or promoting in the near term. This is either because these measures are clearly not costeffective at this time or because they are not prudent to promote now given limited staff
resources and upcoming changes in the State’s building standards and regulations.

15

PaloAltoGreen Gas Program alternatives analyzed (3/4/2014, Staff Report 4343) concluded that biogas at a cost
premium of 50 cents/therm is equivalent to approximately $94/ton of carbon dioxide equivalent (CO2e) compared
to offsets costing less than 10 cents/therm.
City of Palo Alto
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For this work plan, each element will be considered in the context of all applicable legal,
statutory and regulatory requirements. Such requirements include, for instance, constitutional
limitations on the use of ratepayer funds imposed by Californians when they adopted
Proposition 26, obligations set forth in the cap-and-trade regulations adopted by the California
Air Resources Board, and other miscellaneous requirements embedded in the California Public
Utilities Code and Federal Energy Regulatory Commission rules.
Description of Work Plan Elements and Estimates of Timeline/Resource Requirements
1. Promote HPWH and HPSH in existing homes
a. Provide customers information on options and cost-effectiveness of HPWH and HPSH
solutions, including web-based calculator tools.
b. Explore funding source for HPWH and HPSH rebates for customers.
c. Inform and educate water heater installers about HPWH.
d. Explore mechanics and funding sources to incentivize installers to offer HPWH as a
default option in Palo Alto.
e. Explore the feasibility of implementing a HPWH bulk-buy program (possibly in
collaboration with surrounding cities).
f. Explore the feasibility and economics of retrofitting multi-family buildings that presently
have electric baseboard heating with HPSH appliances.
g. Explore the development of an analytic process that would enable staff to predict the
life expectancy of older water heaters, based on past building permit data, and use
those predictions to target promotion and installation of HPWH before natural gas
water heaters reach end of life or fail.
h. Time and Resource: This initiative is estimated to take 0.25 FTE and $10k over a 9 to 15
month period to explore various program options discussed above and to implement
items 1.a and 1.c. Existing resources could be channeled to undertake this task; no
additional budget approvals required by Council. Estimated completion date: December
2016.
2. Provide resources to homeowners to convert existing homes to all-electric homes.
a. Compile list of qualified architects, develop case studies, set up communication
channels for homeowners to share ideas and host workshops on electrifying existing
homes.
b. Explore the feasibility of new funding sources to provide incentives to electrify existing
homes on a pilot scale.
c. Time and Resources: This initiative is estimated to take 0.25 FTE staff time with an
additional expense of $15k for public outreach. Existing resources could be channeled to
undertake this task; no additional budget approvals required by Council. Staff will
evaluate customer incentives if new funding sources can be identified in Task #9.
Estimated completion date for Task 2.a is December 2016.

City of Palo Alto
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3. Explore the development of retail electric rate schedule for homes that electrify
a. Evaluate an all-electric rate schedule for residential customers as part of the upcoming
electric cost of service analysis; if feasible, recommend such retail rates for Council
consideration and approval.
b. Time and Resources: 0.1 FTE and $25k consultant cost to evaluate cost of service and
retail rate options. Funds already allocated to this task; no additional budgets required.
Estimated completion date: July 2016.
4. Explore additional residential and commercial building code changes for new construction
and remodeling projects to expedite electrification
a. Study the feasibility of including HPWH installations as part of CalGreen Tier 1 and Tier 2
elective or pre-requisite criteria16.
b. Study feasibility of including heat pump space heating installations as part of CalGreen
Tier 1 and Tier 2 elective or pre-requisite criteria.
c. Study the feasibility of requiring sufficient electrical panel capacity and outlets to
accommodate the electrification of the house in the future.
d. Study and seek permission from the California Energy Commission (CEC) to remove
certain requirements that impede electrification (such as case-by-case costeffectiveness analysis) to permit installation of heat-pump based heating appliances.
e. Work with other interested parties to lobby CEC to consider carbon content (in addition
to energy efficiency) of building energy systems when updating building energy codes
for the January 2017 code update cycle.
f. Research and analyze the necessary components for a permitting process and field
inspection protocol to support electrification.
g. Explore potential scenarios for an expedited permitting program for projects pursuing
electrification.
h. Time and Resources: This effort is anticipated to take about 0.02 FTE of staff time and
$145k of consulting assistance, and would take approximately 12 months to complete.
This project has not been incorporated into staff’s existing work plan and will require
mid-year budget increase through the Budget Amendment Ordinance (BAO) process.
Estimated Completion Date: December 2016.
5. Evaluate utility connection fees and permitting fees associated with electrification projects
a. Analyze the cost of providing electricity connection upgrade services to homes. The
analysis will be based on estimates of number of future electrification projects.
b. Time and Resources: This effort is anticipated to take about 0.1 FTE of staff time and
$30k of consulting assistance for cost of service work. The effort related to this project
has already been included in staff’s work plan; no additional budget approvals required.

16

Calgreen Tier 1 and Tier 2 is the building code structure used for permitted building projects in Palo Alto under
Green Building Ordinance 5324. This structure enables Development Services to streamline the enforcement of
local amendments to the Green Building Code.
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Analysis (and if feasible implementation) could take 6-18 months with an estimated
completion date of Summer 2016.
6. Promote the installation and use of Electric Vehicle Supply Equipment (EVSE) for public use
and at multi-family homes17
a. Explore ways to overcome the inadequate supply of public charging facilities and
hurdles to installing chargers at multi-family dwellings in Palo Alto.
b. Explore if low carbon fuel standard (LCFS) credit revenue could be used to finance EV
charger installation projects.
c. Evaluate pricing policies for public EV charging stations.18
d. Time and Resources: Resources required to set-up the program is estimated at 0.1 FTE
at the start and 0.05 FTE for on-going effort. This effort is already included in the staff
work plan; no additional budget approvals needed. Funds available through the LCFS
program are estimated at $70k per year, but could range between $50k to $200k per
year over the next five years depending on the volume of credits and the market price
of the credits. Subject to Council approval to spend available LCFS funds to promote
such EVSE installations, the design of such incentive based promotion is expected to be
in place by Spring of 2016.
7. Explore offering Time-of-Use (TOU) electric rate options; for example, for residential EV
charging
a. A pilot TOU rates program is currently underway, to reduce EV charging cost at homes.
Early results show that the pilot TOU rates reduce costs by about $1/month and enable
the utility to claim LCFS credits. Staff is contemplating expanding the 150 customer TOU
rate pilot program to an additional 200 customers by July 2016
b. Explore offering TOU rates to all residential customers, including EV customers..
However, billing systems limitations and staff resource limitations may hinder this effort
in the short-term.
c. Time and Resources: This task may require manual processes in the absence of
upgrading the customer billing and smart grid systems. Staff resources of 0.5 FTE
allocated at present; no additional consulting help anticipated. TOU-capable electric
meters would cost $150 for each customer enrolled, or $30,000 if 200 additional
customers are enrolled in to current pilot program. No additional budget approvals
anticipated. Expected completion date is Summer 2016.
8. Explore opportunities to electrify existing and new City buildings
a. Explore opportunities to utilize HPWH and HPSH at existing City buildings
b. Explore opportunities to electrify space and water heating systems for new City
buildings

17

Note: Palo Alto building codes require new construction to install EV charging equipment (EVSE). The above
mentioned initiative is to encourage EVSEs installation at existing buildings.
18
This clarifying item was added after UAC review.
City of Palo Alto
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c. Time and Resources: Staff will develop an inventory of existing water heater locations
suitable for replacement with HPWH by September 2015 and would replace gas water
heaters with HPWH at suitable locations over a period of time based on the age of the
existing water heaters. Replacement cost is estimated at $2,000 per water heater. This
will be an ongoing effort; additional staffing resources needed are estimated to be
minimal at this time, so no additional mid-year budget requests anticipated. Projects
related to HPSH will be evaluated after the initial survey results.
9. Explore new financing sources to expedite electrification
a. Identify and evaluate the use of the City’s General Fund resources, voter approved
carbon fees/taxes, revenue-neutral fee-bates (such as fees on natural gas used to
incentivize reduction in natural gas through electrification projects, to the extent
consistent with constitutional mandates) and other financing options for electrification
projects and other de-carbonization strategies.
b. Timeline and Resources: Resources needed for an initial framing of this effort are
already included in the Sustainability and Climate Action Plan development process,
estimated at $5k. Additional detailed analysis, legal review, and other efforts will
require additional resources and is not recommended until after Council review and
adoption of the Sustainability and Climate Action Plan (S/CAP) and associated strategies
in late 2015. Initial framing of this effort will be presented to Council in Fall 2015.
10. Analyze, in a high level pre-feasibility study, options for district heating19 for buildings
a. Explore the feasibility of district heating options in the downtown area and the Stanford
Research Park area, with geothermal heat pumps or other heat-exchanger type
technologies, to reduce natural gas use in commercial buildings.
b. In the long term, this type of technology/project could assist in reducing natural gas use,
but initial analysis suggests it is not cost effective for a mild climate zone like Palo Alto.
c. Time and Resources: The effort is anticipated to be undertaken with intern assistance
and input from Stanford Energy System Innovation (SESI) program staff. Resources may
also be needed including building energy monitoring equipment, staff effort of 0.25 FTE
over 2 years and funding of $50k. This task is not in the current work plan and budget,
but if approved, resources will be allocated and sought as part of the annual budgeting
process in FY 2017. The task is projected to commence in 2017 and be completed by
2019.
All tasks outlined above will facilitate electrification in Palo Alto in the long-run, but will have
minimal reduction in GHG emissions in the short-term. However, if the community desires to
accelerate the adoption of electrification technologies well ahead of state regulations,
additional financial resources for customer cash incentives would likely be needed to
accomplish such goals. Currently, for example, staff anticipates Task #1 could result in the
replacement of approximately 1,000 HPWH in single family homes in Palo Alto by 2020.
19

District heating refers to systems that heat and/or cool a group of adjoining buildings using a central
heating/cooling plant.
City of Palo Alto
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Similarly, several homes undergoing major remodels are opting to go all-electric, but at the
current rate the penetration of such homes are estimated to be well below 1,000 by 2020. If,
for example, 1,000 homes in Palo Alto go all-electric, the community’s GHG emissions
associated with natural gas use would reduce by approximately 2%.20
Tasks Recommended Deferred Until a Later Time
Staff recommends the following tasks be deferred until a later time:
A. Evaluate and implement bulk-buying program of EVs for Palo Alto residents: This activity
requires a relatively high level of effort and the value to customers is uncertain. Staff
recommends that we defer and consider the necessity and value of such a program after
2017 when 200+ mile range automobiles become prevalent in the mass consumer market.
B. Facilitate electrification of space heating in existing large commercial buildings: While
space heating with heat pumps is common in small/medium commercial buildings
(<50,000 square feet), it is burdensome to electrify space heating application for existing
larger buildings > 50,000 square feet).
C. RECO/CECO Program: Should the community elect to study Residential and Commercial
Energy Efficiency Ordinance (RECO/CECO) as an energy efficiency implementation tool at
the time of real estate sale, electrification shall be studied as a potential element in such a
program.
Commission Review and Recommendation
The UAC reviewed the proposed work plan at its July 1, 2015 meeting. At the same meeting,
staff presented its analysis of the cost-effectiveness of electrification options for appliances for
new residential buildings and for EVs.
The work plan received universal support from the UAC, but one commissioner noted that work
plan item #7 should not refer only to EV charging at night since TOU rates could evolve and the
best time to charge EVs could actually be in the middle of the day when solar energy is
generating the most renewable energy. After discussion, the UAC voted unanimously to
recommend that Council approve the proposed work plan with the insertion of “for example” in
work plan item #7 so that it would read: “Explore offering Time-of-Use electric rate options; for
example, for residential EV charging.” (5-0 with Commissioners Cook, Danaher, Eglash, Foster
and Schwartz voting yes, Commissioner Hall absent). The notes from the UAC’s July 1, 2015
meeting are provided as Attachment C.
Resource Impact
Staff estimates that accomplishing these ten tasks will require approximately 1.6 FTE of staff
resources and $380,000 of consulting/equipment resources over the next two-to-three years.
Much of the staffing resources would come from current staffing and approved budgets, except
for Task #4 and #10, which will require additional budget approvals. In addition, if the
20

Staff notes that State legislative actions could result in a lack of recognition for the benefits from early action
and could have the effect of a higher standard and hurdle being applied to Palo Alto over other gas utilities.
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exploration in various tasks (e.g. Task #4, #9, #10) results in a recommendation to actually
implement programs, additional resources may be needed and staff would return to Council
with a request for additional resources. If Council approves a subset of the recommended ten
tasks or varies the scope of tasks, the resources required would change accordingly. Staff will
bring Council requests for any additional resources needed to undertake a Council approved
work plan part of the annual budgeting process, or when staff seeks mid-year budget
amendments.

Policy Review
This work was coordinated with the S/CAP process and meets the City’s goal of reducing GHG
emissions related to City and community activities.
Environmental Review
Researching and developing a community solar program does not meet the California
Environmental Quality Act’s (CEQA) definition of “project” under California Public Resources
Code Sec. 21065, thus no environmental review is required.
Attachments:
Attachment A: Colleagues Memo Dec 15 2014
(PDF)
Attachment B: Staff Work Plan 2/2/15 in Response to Colleagues Memo (PDF)
City of Palo Alto
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Attachment C: Excerpted Draft UAC Minutes of July 1, 2015 meeting
Attachment D: Public Letters to Council
(PDF)
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CITY OF PALO ALTO OFFICE OF THE CITY CLERK
December 15, 2014
The Honorable City Council
Palo Alto, California

Colleagues Memo From Council Members Berman, Burt, and Klein
Regarding Climate Action Plan Implementation Strategy to Reduce Use
of Natural Gas and Gasoline Through “Fuel Switching” to Carbon-free
Electricity
Requested Action by Council:
Direct the City Manager to prepare a report to the Council, outlining (1)
prospective programs and incentives that would result in the use of electrical
devices to replace those using natural gas, (2) possible building code changes to
require, where feasible, the use of electrical appliances rather than natural gas
appliances in the construction and renovation of residential and commercial
buildings, (3) possible changes to utility rate structures that would not penalize
fuel switching, (4) evaluation of additional strategies to support adoption of
electric vehicles. The report should consider and take into account applicable
legal requirements, and identify potential legal, code or regulatory barriers that
would need to be changed to facilitate fuel-switching. The City Manager will
return to the Council by the first meeting in February with an initial report to
Council on the timeframe required to research and develop this report, and the
staff and related resources that will be necessary, as this initiative would be an
important component in the 2015 Work Plan.
Discussion:
Starting in 2013 Palo Alto is one of the first cities globally to provide 100 percent
carbon-neutral electricity to all of our utility customers and at rates 20% below
PG&E. This is an important accomplishment, but only addresses approximately
1/5 of the greenhouse gas (GHG) emissions previously generated in the city.
However, our clean electricity resource provides an exceptional opportunity to be
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used as a clean energy foundation to reduce our other major GHG sources, in
support of the city’s Climate Action Plan.
The United Nations Intergovernmental Panel on Climate Change (IPCC), in its
latest report, again emphasized the dire straits we’ll all be in if government at all
levels doesn’t take far more significant steps to achieve large reductions in the
generation of greenhouse gases.
Building on our carbon-free electricity resource, key next steps for Palo Alto are to
promote switching from appliances and other devices that presently use natural
gas to devices that are powered by our clean electricity, and to support the
adoption of electric vehicles and other fossil fuel-free transportation alternatives.
Natural gas enjoys good press, but is in fact only marginally better than coal, in
part due to the high amounts of “fugitive” emissions which are unintentional
releases of harmful non-combusted methane gas that are emitted into the
atmosphere during natural gas extraction and delivery processes. Our carbonneutral electricity is far better for the environment and we therefore believe that
Palo Alto should take a series of steps to promote change from gas use to use of
electricity. Additionally, we should pursue more steps to support adoption of
electric vehicles powered by clean electricity, replacing use of petroleum, our
largest source of greenhouse gases.
This is a bold and significant initiative and given its “game-changer” potential,
warrants a thoughtful assessment of the opportunities and constraints this
presents and a clear identification of the resources and time commitment to
develop the report. Council recognizes that staff must first return with that initial
report on timeline and resource requirements by early February, as a prerequisite
to the Council’s direction to proceed with the actual research and report being
requested.
This report has been reviewed by the City Manager and City Attorney and has
incorporated their comments.
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City of Palo Alto

(ID # 5463)

City Council Staff Report
Report Type: Consent Calendar

Meeting Date: 2/2/2015

Summary Title: Approval of Staff Work Plan in Response to Colleagues Memo
on Fuel Switching
Title: Approval of Staff Work Plan Developed in Response to the December
15, 2014 City Council Colleagues Memo on Climate Action Plan
Implementation Strategies to Reduce Use of Natural Gas and Gasoline
through Fuel Switching to Carbon Free Electricity
From: City Manager
Lead Department: City Manager
Recommendation
Staff requests Council approval of its proposed work plan to prepare a report responsive to the
December 15, 2014 City Council Colleagues Memo (the “Colleagues Memo”) on measures to
encourage utility customers to switch from natural gas and gasoline to electricity where
appropriate and to reduce the obstacles to such fuel switching.
Executive Summary
On December 15, 2014 the City Council directed staff to return by the first meeting in February
2015 with an initial report on the resources and timeframe required to evaluate the four fuel
switching related topics outlined in a Colleagues Memo. Staff has already completed or
currently plans to undertake significant analysis of the potential for, and the economics of fuel
switching in various areas, as described more fully in Attachment B to this Staff Report.
Because the City’s major remaining greenhouse gas (GHG) emissions are related to mobile
transportation and the use of natural gas, fuel switching to the City’s carbon neutral electricity
supplies will also be a major element of the Sustainability and Climate Action Plan (S/CAP).
Staff is in the process of developing a detailed work plan with two phases to respond to
Council’s Colleague’s Memo. The first phase (Phase I) will determine the scope of the analysis
and identify any staff and/or consulting resources required to complete it. This phase is already
underway. Phase I will contain additional information to inform Council’s decisions about
whether to pursue or not pursue those actions related to fuel switching either identified initially
in the Colleagues Memo or in the Phase I analysis. Should Council elect to proceed, the second
phase (Phase II) will involve detailed analysis of proposed actions and measures identified in the
Phase I and the development of an implementation plan. Phase I will be undertaken in
City of Palo Alto

Page 1

Attachment B

coordination with the S/CAP, and staff is currently planning to deliver it to Council around the
same time as the S/CAP in the Spring of 2015.
All measures and actions proposed as part of Phase I and Phase II must be specifically analyzed
and considered in the context of all applicable legal, statutory and regulatory requirements,
including, for instance, constitutional limitations on utility rates and use of ratepayer funds
imposed by Californians when they adopted Proposition 26, obligations set forth in the Capand-Trade regulations adopted by the California Air Resources Board, and other miscellaneous
requirements embedded in the California Public Utilities Code.
Background
The December 15, 2014 Colleagues Memo (Attachment A) directed staff to prepare a report,
outlining:
1) prospective programs and incentives that would result in the use of electrical devices to
replace those using natural gas;
2) possible building code changes to require, where feasible, the use of electrical
appliances in the construction and renovation of residential and commercial buildings;
3) possible changes to utility rate structures that would not penalize fuel switching; and
4) an evaluation of additional strategies to support the addition of electric vehicles.
Staff has already completed or commenced several activities related to fuel switching. These
are summarized below, and are described in more detail in Attachment B:
On February 10, 2014, staff presented an analysis of the cost-effectiveness of replacing
residential natural gas fired appliances with electric appliances, given existing
technologies and rate structures.1 The analysis also addressed the cost-effectiveness of
converting from gasoline-fueled vehicles to electric vehicles (EVs). An update to this
analysis is already underway and is currently scheduled to be presented to the Utilities
Advisory Commission (UAC) in Spring 2015.
Staff is currently doing the preliminary research to begin a cost of service analysis
(COSA) for the electric utility, which will evaluate if there are any rate design obstacles
to fuel switching. Prior to the conduct of the Electric COSA, the UAC and Council will
have an opportunity to discuss the possible rate designs and the issues to be considered
when choosing between them. The timeline for this policy discussion is in the spring of
2015.
After Council adopted the City’s EV policy2 in December 2011, staff undertook a variety
of programs to encourage wider adoption of EVs in Palo Alto, one of which was the
adoption of and EV ordinance that requires all new residential and non-residential
1
2

Staff Report # 4422, dated 2/10/2014: www.cityofpaloalto.org/civicax/filebank/documents/38922
Staff Report 2360, dated December 19, 2011: http://www.cityofpaloalto.org/civicax/filebank/documents/41528
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construction to install new EV chargers and/or needed infrastructure to accommodate
future chargers as seen in Municipal Code Section 16.14.370.
Discussion
The Colleagues Memo suggests consideration of a more comprehensive evaluation of fuel
switching in the context of the long-term S/CAP goals to dramatically reduce GHG emissions.
Staff’s proposed work plan for this effort is divided into two phases:
Phase I, already in progress, is to develop a detailed scope to address each area of focus
identified in the Colleagues Memo, including identification of potential measures or strategies
that would address requests 1 (outlining prospective programs and incentives), 2 (outlining
possible building code changes) and 4 (evaluation of additional strategies to support adoption
of electric vehicles) in the Colleagues Memo. In Phase I:
Staff intends to use the ideas, work products, and community input from the S/CAP
process to help inform its work in Phase I. In turn, the Phase I scoping work will
contribute to the analysis of fuel switching for the development of the S/CAP.
The deliverable for Phase I will be a report setting forth a project scope and timeline for
completion of Phase II (should Council elect to pursue it), including a list of potential
programs and incentives, building code changes, gas and electric rate options that may
be available, and potential additional strategies to encourage EVs. The Phase I report
will identify the tasks and timeline needed to analyze the cost implication to applicants
being affected by any mandates, to identify and assess any constraints that may exist
(including any imposed by legal, statutory or regulatory requirements) and other items
to be determined in the course of Phase I.
Staff may provide alternative approaches to Phase II requiring differing levels of effort
and expenditure of resources, since the Phase II report could require considerable staff
effort.
Staff currently anticipates that Phase I will be completed and will roughly coincide with
the completion date of the S/CAP in spring 2015.
Phase II, should Council elect to proceed with it after considering Phase I, will involve a more
detailed cost/benefit analysis along with more comprehensive policy and legal evaluations of
the options outlined in Phase I, particularly for request 3 (possible changes to utility rate
structures that would not penalize fuel switching) of the Colleagues Memo. In Phase II:
Staff will coordinate this effort with the Electric COSA, including analysis of the impact of
various rate designs on fuel switching and any legal, regulatory, cost-effectiveness or
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other barriers that may impose constraints on using rates as a tool to implement or
otherwise incentive fuel switching.
The deliverable for Phase II will be a report that can be used as a basis for accepting or
rejecting each option.

Because there is substantial work needed to develop a timeline and assess required resources
to look at the issues raised in the Colleagues’ Memo, staff plans to return to Council in Spring
2015 with the Phase I report (the more detailed scope and timeline) to inform Council’s
determination on whether staff should proceed with the Phase II effort. Council should be
aware that work activities related to fuel switching will be an integral part of the S/CAP.
Resource Impact
Completion of the Phase I report will require a total approximately 0.2 FTE per month of staff
time over three to four months from the following City departments: Sustainability, Utilities,
Development Services, Public Works, Planning and Community Environment and City Attorney.
The proposed Phase I scoping report can largely be completed with existing resources.
The level of effort, inclulding staffing and calendar time, needed to complete the Phase II work
will be identified in the Phase I report. Any additional resources needed, or existing or planned
work products that must be delayed to complete Phase II will be identified in the Phase I report
as well.
Policy Implications
This project will be coordinated with the S/CAP process and will provide data to support
decision making about possible programs to implement any carbon-reduction goals the Council
adopts as part of that process.
Environmental Review
Approval of staff’s proposed work plan for addressing the Colleague’s Memo on fuel switching
does not meet the definition of a project pursuant to section 21065 of the California
Environmental Quality Act (CEQA).
Attachments:
Attachment A: Colleagues Memo Dec 15 2014
(PDF)
Attachment B: Fuel Switching Work Plan - Colleagues Memo
(DOC)
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CITY OF PALO ALTO OFFICE OF THE CITY CLERK
December 15, 2014
The Honorable City Council
Palo Alto, California

Colleagues Memo From Council Members Berman, Burt, and Klein
Regarding Climate Action Plan Implementation Strategy to Reduce Use
of Natural Gas and Gasoline Through “Fuel Switching” to Carbon-free
Electricity
Requested Action by Council:
Direct the City Manager to prepare a report to the Council, outlining (1)
prospective programs and incentives that would result in the use of electrical
devices to replace those using natural gas, (2) possible building code changes to
require, where feasible, the use of electrical appliances rather than natural gas
appliances in the construction and renovation of residential and commercial
buildings, (3) possible changes to utility rate structures that would not penalize
fuel switching, (4) evaluation of additional strategies to support adoption of
electric vehicles. The report should consider and take into account applicable
legal requirements, and identify potential legal, code or regulatory barriers that
would need to be changed to facilitate fuel-switching. The City Manager will
return to the Council by the first meeting in February with an initial report to
Council on the timeframe required to research and develop this report, and the
staff and related resources that will be necessary, as this initiative would be an
important component in the 2015 Work Plan.
Discussion:
Starting in 2013 Palo Alto is one of the first cities globally to provide 100 percent
carbon-neutral electricity to all of our utility customers and at rates 20% below
PG&E. This is an important accomplishment, but only addresses approximately
1/5 of the greenhouse gas (GHG) emissions previously generated in the city.
However, our clean electricity resource provides an exceptional opportunity to be
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used as a clean energy foundation to reduce our other major GHG sources, in
support of the city’s Climate Action Plan.
The United Nations Intergovernmental Panel on Climate Change (IPCC), in its
latest report, again emphasized the dire straits we’ll all be in if government at all
levels doesn’t take far more significant steps to achieve large reductions in the
generation of greenhouse gases.
Building on our carbon-free electricity resource, key next steps for Palo Alto are to
promote switching from appliances and other devices that presently use natural
gas to devices that are powered by our clean electricity, and to support the
adoption of electric vehicles and other fossil fuel-free transportation alternatives.
Natural gas enjoys good press, but is in fact only marginally better than coal, in
part due to the high amounts of “fugitive” emissions which are unintentional
releases of harmful non-combusted methane gas that are emitted into the
atmosphere during natural gas extraction and delivery processes. Our carbonneutral electricity is far better for the environment and we therefore believe that
Palo Alto should take a series of steps to promote change from gas use to use of
electricity. Additionally, we should pursue more steps to support adoption of
electric vehicles powered by clean electricity, replacing use of petroleum, our
largest source of greenhouse gases.
This is a bold and significant initiative and given its “game-changer” potential,
warrants a thoughtful assessment of the opportunities and constraints this
presents and a clear identification of the resources and time commitment to
develop the report. Council recognizes that staff must first return with that initial
report on timeline and resource requirements by early February, as a prerequisite
to the Council’s direction to proceed with the actual research and report being
requested.
This report has been reviewed by the City Manager and City Attorney and has
incorporated their comments.
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Attachment B:
5463 - Fuel Switching Work Plan
Colleagues Memo

Outline of Initiatives Currently Underway to Facilitate Fuel Switching
1) Residential Natural Gas to Electric Fuel Switching Analysis: In February 2014, staff provided
Council an evaluation of the cost effectiveness of residential natural gas-to-electric fuel
switching options for appliances and vehicles.1 The analysis concluded that residential
natural gas-to-electric fuel switching is not cost-effective at prevailing energy prices and the
prevailing cost of carbon, but could become cost effective at carbon costs of $130/ton for
water heating and $270/ton for space heating applications. The report also concluded that
fuel switching for water heating applications for new construction or during major remodels
may also prove to be cost effective. The analysis found that purchasing carbon-offsets was
the least cost option to neutralize greenhouse gas (GHG) emissions related to natural gas
use. This analysis is being updated at present and is expected to be presented to the
Utilities Advisory Commission by Spring 2015.
With respect to fuel switching from gasoline-fueled automobiles to electric vehicles (EVs),
the analysis found that purchasing EVs can be more cost-effective than buying new gasoline
vehicles. Leasing EVs may provide additional cost advantages. The analysis did not review
natural gas to electricity fuel switching options for commercial buildings nor look at possible
changes to building codes to encourage fuel switching.
2) Utilities Cost of Service Studies: Staff is undertaking an electric utility cost-of-service
analysis (COSA) in 2015 to evaluate different electric rate making options and has begun the
initial preparations for that study. The primary focus of the Electric COSA will be on
ensuring that electric rates are equitable and represent the cost of service to customers, but
the report will also identify the impact of current and proposed rate structure options on
fuel switching, including the impact of tiered rates. Other issues to be considered as part of
the Electric COSA include:
the impact of current and proposed rate designs on the economics of rooftop solar,
the impact of rate designs on low-income customers,
the impact on energy efficiency (“conservation pricing”), and
the possibility of introducing time-of-use rates.
Any proposed rate designs must be specifically analyzed and considered in the context of all
applicable legal, statutory and regulatory requirements and guidance, including, for
instance, constitutional limitations on utility rates imposed by Californians when they
adopted Proposition 26, obligations set forth in the Cap-and-Trade regulations adopted by
the California Air Resources Board, and other miscellaneous requirements embedded in the
California Public Utilities Code
1

Staff Report 4422 dated 2/10/2014. https://www.cityofpaloalto.org/civicax/filebank/documents/38922
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A Gas COSA was completed two years ago and no changes to gas rate structures are
planned at this time. Starting in 2015, the City’s gas utility must participate in the State’s
GHG cap-and-trade program. On January 20, 2015, the Council adopted changes to the
City’s gas rates to include the cost of GHG allowances the City must purchase for the gas
utility in the State’s cap-and-trade auction (Staff Report 5397). Therefore, gas customers
will be paying for GHG emissions associated with their gas usage through their gas rates.
3) Encouraging Electric Vehicle Adoption: In December 2011 Council adopted an EV policy2,
which identified goals and projects. Since then, staff has undertaken a variety of programs
to encourage wider adoption of electric vehicles in Palo Alto, and is working on additional
programs. EV charging stations have been installed in three City-owned garages as well as
other City buildings. Utilities implemented the CustomerConnect program, an advanced
meter pilot program that was open to EV owners to test time-of-use electric rates to
encourage owners to charge their EVs in the less costly “off-peak” hours. Utilities also
applied to the California Air Resources Control Board (CARB) to receive credits through
CARB’s Low Carbon Fuel Standard (LCFS) program. The LCFS program is expected to provide
credits to Palo Alto worth $50,000 in 2015 to $100,000 in 2020. Staff is developing a
recommendation on how to spend the LCFS credits, which must be spent in a way to benefit
EV owners. Ideas include reducing the cost of electrical service upgrade fees (if the upgrade
is triggered by the need to install an EV charger at a home), subsidized permit fees for EV
charges, streamlining the EV permitting process from paper to web-based, etc.
Development Services has coordinated an EV Task Force which has worked to advance EV
readiness in the City, develop ordinances, streamline the EV permitting process, and will be
modifying code requirements to reduce barriers to entry. In addition, Council adopted an
“EV readiness” requirement in July 2014 for all new residential and non-residential
construction that requires the installation of EV chargers and/or infrastructure to
accommodate future chargers, as seen in Municipal Code Section 16.14.380.
Staff is also developing protocols for systematically shifting the City fleet to EVs where
appropriate, and is exploring third-party providers of EV charging infrastructure, as a
potential way to expand that infrastructure at minimal cost to the City.
4) Fuel Switching for New Residential Homes: As part of the S/CAP, staff will work with
consultants to identify a roadmap with steps that would need to be taken to accommodate
fuel switching for new residential development. Once it has been determined when, and to
what extent, if any, the City wants to undertake fuel switching, then staff would be required
to take the necessary steps to ensure that the proposed direction complies with the
requirements of Title 24, Part 6 of the California Code of Regulations. Such steps may
include, among other steps, (a) development of cost effectiveness studies and analysis, (b)
filing with the California Energy Commission, (c) adoption of findings (if possible) that
2

Staff Report 2360: www.cityofpaloalto.org/civicax/filebank/documents/41528
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demonstrate that fuel switching will not contradict the Energy Code prior to adoption of
local amendments, and (d) ultimately adoption of local amendments and modifications to
the Building Code that could legally accommodate the pace and direction the City would
prefer to pursue.
5) Electrification of the wCity’s Fleet: Staff is developing a system to assess the suitability
of EVs, for each vehicle or vehicle type in the City fleet, and is exploring other fuel switching
strategies and options as part of the S/CAP, ranging from incentives and/or mandates for
specified technologies and building types to internal carbon trading for City operations and
other financial innovations to minimize climate impacts of heating spaces and water in Palo
Alto.
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EXCERPTED DRAFT MINUTES OF THE JULY 1, 2015
UTILITIES ADVISORY COMMISSION MEETING
ITEM 2: ACTION: Staff Recommendation that the Utilities Advisory Commission Recommend that
Council Review and Approve the Proposed Work Plan to Evaluate and Implement Greenhouse Gas
Reduction Strategies by Reducing Natural Gas and Gasoline Use Through Electrification
Chief Sustainability Officer Gil Friend said that his report is a comprehensive report addressing social,
economic, and environmental aspects of electrification. He noted that the December 2014 Council
Colleagues Memo directed staff to identify the resources required to evaluated electrification issues. In
February 2015, staff provided a work plan to respond to the Colleagues Memo and this is the Phase I
work plan. Friend stated that the proposed work plan evaluates fuel switching options, but doesn't
necessarily recommend implementation at this time.
Commissioner Schwartz said she was delighted to see Utilities working with the Sustainability Office, but
she saw that the plan includes boundaries that do not necessarily make sense, for example, advanced
meters may be beneficial for more than just EV owners. Friend responded that the overall effort may be
broad, but what's referred to in this work plan is for electrification only.
Vice Chair Cook stated that the action is to provide a recommendation for what staff is proposing to
explore. This does not mean that a direction has been selected, but only to explore the various areas.
This does not limit flexibility and choice. He advised that the points made in the last item merit
consideration as the exploration is done. Friend agreed that flexibility is very important.
Vice Chair Cook stated that the TOU rates will likely evolve so that we shouldn't refer to EV charging at
night since the best time to charge may change as more renewables come onto the grid. He
recommended that work plan item #7 should remove "for residential EV charging" to make the item
more broad.
Commissioner Eglash supports the proposed work plan. He commented that the tasks were largely
using existing staff so this effort will not require additional staff.
Commissioner Danaher said that the City is only carbon neutral for electricity in the short term due to
the purchase of offsets. Director Fong noted that by 2017, the City will be carbon neutral with longterm renewables plus large hydroelectric resources. Director Fong stated that who pays and who
benefits must be considered.
Chair Foster noted that natural gas is one of the remaining two sources of the City’s GHG emissions.
Friend confirmed that about 61% is from mobile transportation and use of natural gas is about 31%.
Chair Foster asked if electrification reduces GHG emissions in the grand scheme of things. Friend
confirmed that it is important.
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Public Comment
Walt Hays urges that the UAC recommend that the Council adopt the proposed work plan.
Bruce Hodge stated that Carbon Free Palo Alto had a large part in writing the Council Colleagues Memo
and that it has been a long time coming. He said that the proposed plan is reasonable and supportable.
He advised that the City become active in many EV-related events. He said that TOU rates can be useful
as devices can be grid-interactive and add value from that capability.
Commissioner Danaher asked if the timeline could be sped up. Director Fong said that the plan was
developed in consideration of the existing staff resources available for the work.
ACTION:
Vice Chair Cook moved to recommend that Council approve the proposed work plan with the insertion
of “for example” in work plan item #7 so that it would read: “Explore offering Time-of-Use electric rate
options; for example, for residential EV charging.” Commissioner Eglash seconded the motion. The
motion carried unanimously (5-0 with Commissioners Cook, Danaher, Eglash, Foster and Schwartz voting
yes, Commissioner Hall absent).
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Carnahan, David
From:
Sent:
To:
Cc:
Subject:

Richard Placone <rcplacone@sbcglobal.net>
Friday, July 31, 2015 4:20 PM
Council, City
Keene, James; Gitelman, Hillary; Fong, Valerie
Conversion to All Electric

Dear Council Members and staff,
I want to state early on that we will not under any circumstances be converting to all electric service as
long as we Iive in this house. Over the years since 1962, we have spent over $200,000 converting this
original small but well built cottage into the ten room, 2200 square foot handsome residence it now is. Along
the way, we have upgraded with each remodel to the most current building codes. This includes increasing
insulation, energy efficient windows throughout, solar heated water system still in use and energy efficient
appliances as the need for new equipment arose. In addition, we have modified the landscape to be
conserving of water, eliminating all lawns and installing semi permeable brick patios and driveway. No
water leaves this property when it rains!
My point is that I believe my wife and I have been good citizens when it comes to energy conservation. I
have done some calculations of the prospective cost of making your suggested conversion:
1. Conversion from 110 service to 220
2. Rewiring to bring service to appliance areas
3. Cost of new appliances, medium grade + install.
4. Miscellaneous refinishing of surface areas
Project subtotal cost
5. Contingency for the unexpected - 10%
Total Project cost budget

$ 2,000
$ 3,000
$ 8,000
$ 1,000
$14,000
$ 1,400
$15,400

I daresay the city will not be including in its plans any substantial subsidy or rebates to assist retired seniors
like ourselves be able to make such a conversion. Moreover, if I were to go forward with your plan, the
cost be damned, I would be un-installing current late model appliances that haven't begun to reach their
expected life span. I do have other concerns: Gas cooking is exceedingly superior to electric cooking in our
experience (based on usage in other members of our families households - two of whom are gourmet
cooks); when the power goes out, as it does from time to time, we can still cook on the cook top which
allows for this contingency by by-passing the electronic ignition (We do lose heat, the oven and the clothes
dryer as these appliances have electronic ignition) Finally, where do you folks think all the electricity comes
from? At present, it is my understanding that most is generated by either gas or coal, in spite that the city
claims all of its electricity is "green".
Not one to not offer a doable alternative (in the past councils have ignored this suggestion.):Require all the
large corporate consumers in town, both at Stanford and the Stanford Research Park, as well as well as
other commercial sites about town, to install solar panels on their roofs, and esp. on trellises erected over
their acres of parking lots. (see the Googleplex in Mt. View for how this is done.) Every new commercial
building and every new house should be required to install the maximum solar panels as part of the initial
construction. (Have I done solar on my roof, you might legitimately ask. The answer is no, since my roof if
90% shaded by two massive California Live Oaks rated heritage oaks by the city.)

$JUZPG1BMP"MUP]$JUZ$MFSLhT0GGJDF]1.
Thanks for taking the time to read this missive.
Sincerely,
Richard C. Placone
Chimalus Drive
Barron Park/Palo Alto
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Carnahan, David
From:
Sent:
To:
Subject:

Stephen Madsen <s8madsen@yahoo.com>
Wednesday, August 05, 2015 11:29 AM
Council, City
Message from the City Council Home Page

To members of Palo Alto City Council,
I am responding to a recent article in the Palo Alto Weekly about urging utility customers to switch from natural gas to clean
electricity because the city declared its electric portfolio "carbon neutral." Clean carbon neutral electricity is good; however, before
users are encouraged to switch from natural gas to electricity, there needs to be sufficient supply to meet the demand. At the
present, there is not enough supply to meet the demand, and we have flex alerts that ask us to reduce our electricity consumption,
yet the city of Palo Alto wants us to use more electricity. The first priority should be to provide sufficient supply to meet the
current and projected demand. So, I recommend that you start by generating more electricity.
Regards,
Stephen H. Madsen
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Carnahan, David
From:
Sent:
To:
Cc:
Subject:

Nat Fisher <sukiroo@hotmail.com>
Thursday, July 30, 2015 1:01 PM
UAC; Council, City
Editor Weekly
switch from gas to electricity

Switching all appliances from gas to electricity, even in new homes, could be a catastrophe.
Electrical outages happen frequently and can be long-term, especially if there is a disaster such
as an earthquake. With gas, one can have heat in winter, hot water and hot meals.
And how is electricity generated; not all of it comes from hydropower. The rest comes from gas
and coal plants.

Natalie Fisher
Palo Alto
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Carnahan, David
From:
Sent:
To:
Subject:

Wayne Martin <wmartin46@yahoo.com>
Sunday, August 02, 2015 5:44 PM
Council, City; Keene, James
US Energy Sources, By Type and Percentage

Palo Alto City Council
City of Palo Alto
Palo Alto, CA 94301
Cc: James Keene

Subject: US Energy Sources, By Type and Percentage
Elected Officials:
The following is for your information, and consideration. Please not the total percentage of energy generated/consumed by the
US that originates from fossil fuels: 66%. Also, please notice that wind and solar contribute only about 5% to the total energy
budget of our country.
http://www.eia.gov/tools/faqs/faq.cfm?id=427&t=3
Major energy sources and percent share of total U.S. electricity generation in 2014:
*
Coal = 39%
*
Natural gas = 27%
*
Nuclear = 19%
*
Hydropower = 6%
*
Other renewables = 7%
*
Biomass = 1.7%
*
Geothermal = 0.4%
*
Solar = 0.4%
*
Wind = 4.4%
*
Petroleum = 1%
*
Other gases < 1%
It stands to reason that government officials at all levels of government should be aware of this important information.
Wayne Martin
Palo Alto, CA
www.youtube.com/wmartin46 <http://www.youtube.com/wmartin46>
www.twitter.com/wmartin46 <http://www.twitter.com/wmartin46>
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Attachment C: Update on the Progress of the Ten-Point August 2015 Electrification Work Plan
In August 2015 City Council approved a ten-point work plan to facilitate electrification in Palo
Alto over a five year period. Outlined below is a high level summary of the progress on each of
these tasks. The items listed under next steps have been included in the Sustainability
Implementation Plan (SIP) for further Council approval in the spring of 2017.
Task

#1: Promote HPWH and
HPSH in existing homes

#2: Provide resources to
homeowners to convert
existing homes to allelectric homes.
#3: Explore the
development of retail
electric rate schedule for
homes that electrify

Status/Findings

HPWH pilot program underway utilizing $100k
of funds from Utility R&D funds. Early results
suggest substantial barriers exist and hinder
the adoption of HPWH in existing homes.
HPSH pilot program in planning stage.
Staff is planning a webpage as a resource
guide on electrification for homeowners.

Continue implement pilot
scale programs through
2020.

Residential retail rates adopted in July 2016
reduced electric rate tiers from three to two
tiers – this measure will partially assist
electrification at homes

Explore additional ways
to encourage
electrification (e.g.
provide discount for EV
charging using LCFS
funds)
No additional actions for
now. Re-examine the
feasibility in 2022 as part
of the 2023 building code
cycle, or sooner if
conditions warrant.

#4: Explore additional
residential and commercial
building code changes for
new construction and
remodeling projects to
expedite electrification

Completed study to examine the feasibility of
including electrification mandates in Palo
Alto’s building code. Study concluded that
such mandates are imprudent to implement at
this time.

#5: Evaluate utility
connection fees and
permitting fees associated
with electrification projects

No progress to date due to other work
priorities.

#6: Promote the
installation and use of EV
chargers for public use and
at multi-family homes

Next Steps

Continue website
development in
coordination with Task 1.

Explore ways to provide
cost certainty in utility
connection fee, for
customer panel upgrades
>200 Amps
Continue to implement
LCFS program elements
approved by Council in
October 2016.
Continue to seek grant
and CIP funds to install
EV chargers.
Expand TOU rate
program in 2018-19.

Launched a $3,000 EV charger rebate program
for multi-family homes in January 2017, with
funding of ~$400k/year from LCFS funds.
City also obtained multiple grants for EV
charger installation at public spaces. All city
facility upgrade projects have installed EV
chargers as part of project.
#7:Explore offering TimeCurrently 50 customers are on a TOU rate
of-Use (TOU) electric rate
implemented in 2014-15. CPAU is unable to
options
expand this program due to lack of resources –
expansion planned in 2018-19
#8: Explore opportunities In the past few years the City has explored
Continue to focus on
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to electrify existing and electrification option when upgrading city
new City buildings
buildings. For example, the upgraded
Rinconada library uses ground-sourced heat
pumps for space heating/cooling.
#9: Explore new financing
sources to expedite
electrification

#10: Analyze, in a high level
pre-feasibility study,
options for district heating
for buildings

Electric public benefits R&D funds are being
used for pilot projects. Staff also examined
Property Assessed Clean Energy (PACE)
financing, but concluded that the benefits of
PACE loans may be less applicable in Palo Alto
than in other communities.
Exploring opportunities with Stanford to study
their SESI district heating/cooling system and
develop tools to assess such project feasibility
in downtown Palo Alto and/or at the Stanford
industrial park.

electrification in
upcoming CIP projects,
and develop a master
efficiency and
electrification plan for all
city buildings
Continue to explore
other options for
financing sources,
including state grants.
Begin such analysis when
opportunity arises and
resources become
available by 2020
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EXECUTIVE SUMMARY
The City of Palo Alto Development Services department engaged TRC to provide analysis for electrification of
new and existing buildings within the City. Electrification is a general term that means designing or converting a
building to use only electricity instead of gas for various end uses, including heating, cooling, lighting, cooking,
water heating, and process loads. TRC assessed the electrification of space heating and water heating, and
potential ramifications on the electrical service to the building, such as larger panel or branch circuit capacities.
The scope includes both a barriers analysis and a cost effectiveness analysis for residential and nonresidential
buildings.
TRC’s collected data by engaging with the local building industry through surveys and interviews with various
electrification experts, including contractors, engineers, architects, and energy consultants. Industry
engagement helped identify the technical specifications as well as costs for electrification. Online retailers and
RS Means were also used to collect cost data and product specifications. TRC then conducted building energy
simulations to assess the potential energy impacts of electrification equipment. Cost effectiveness is determined
by assessing the incremental costs of each measure and comparing them to the energy cost savings, using both
a societal and customer perspective. TRC uses Net Savings (benefits minus costs) as the cost effectiveness
metric. If the Net Savings of a measure is positive, the measure or package is considered cost effective.
The societal cost effectiveness of heat pump measures is summarized in Figure 1, measured based on Time
Dependent Valuation of energy benefits, with cost effective outcomes highlighted in green. Generally, results
using both the societal and customer perspective are consistent in determining which measures are cost
effective – one exception is the single family new construction Heat Pump Package, highlighted in the yellow.
Figure 1. Cost Effectiveness Summary – Societal Net Savings using Time Dependent Valuation of Energy
Building Type

Construction
Type

Heat Pump
Water Heater

Heat Pump
Space Heater

Heat Pump Package
(Gas Connection
Remains)

All-Electric Package
(No Gas
Connection)

New

$(2,459)

$5,180

$2,639ii

$9,051

Alteration

$(8,424)

$3,866

$(3,737)

$(5,170)

New

$(21,982)

$18,023

$(5,665)

$12,041

Alteration

$(54,324)

$16,537

$(36,627)

$(38,060)

$(777)

$(5,620)

$(6,397)

$5,941

$(3,187)

$(9,844)

$(12,904)

$(14,337)

$(777)

$(169,234)

$(170,011)

$(159,533)

$(3,344)

-

-

-

Single Family

Low-rise
Multifamily

New
Small Office
Alteration
New
Medium Office
Alterationi
i

HPSH alterations, and packages with HPSH alterations, will be less cost effective than new construction due to baseline system design.
Detailed calculations have not been performed.
ii The single family new construction Heat Pump Package is not cost effective when using the customer perspective methodology.

Heat pump water heating as a standalone measure is not cost effective, primarily due to the costly electrical
upgrades they require. Heat pump space heating is cost effective in residential buildings because the equipment
is less expensive than the standard split air conditioner with a furnace, and they are not likely to require an
electrical upgrade if an existing central air conditioner exists. When these measures are packaged together, they
are generally only cost effective in new construction scenarios when assuming that there is no natural gas piping
1 | TRC Energy Services
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connected to the building. (Note that any costs associated with switching to electric ranges and dryers are not
included in the analysis – thus, foregoing the natural gas connection is an aggressive assumption).
Many of the code barriers are associated with Title 24 compliance software modeling, which the CEC is working
toward addressing or eliminating. Residential technical barriers predominantly relate to the lack of experience
from contractors, building departments, and owners with HPWHs. These barriers are expected to dissipate with
increased penetration of HPWHs. The commercial building industry is much more familiar with heat pump
systems, but market-ready HPSH may not yet be widely available at a competitive cost for many hightemperature and high-capacity applications, such as heat pump boilers or providing makeup air in restaurants.
While TRC found some code, technical, and operational barriers to HPWH and HPSH implementation, they are
not insurmountable. Heat pump technology is emerging and there is potential for increased adoption in Palo
Alto.
As policies and rates change over time, electrification may become more cost effective for Palo Alto in the
future. Improved heat pump equipment that achieve similar outlet temperatures to gas equipment, and/or
avoid costly electrical upgrades in existing buildings, are emerging. As these products proliferate, market forces
will drive down prices and improve the cost effectiveness of electrification. There are many assumptions built
into the cost effectiveness estimates, and minor variations may lead to significant changes in results. Further
analysis can help better understand the range of outcomes possible.
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1.

INTRODUCTION

The City of Palo Alto Development Services department engaged TRC to provide feasibility analysis for
electrification of existing and new buildings within the City. Palo Alto has a history of developing aggressive
building energy efficiency reach codes, an active community that is passionate about sustainability, and a utility
that provides 100% emission-free electricity. To mitigate the emissions associated with utility-provided natural
gas, the City is interested in the code feasibility and cost effectiveness of electrifying buildings. This feasibility
analysis may inform a variety of policy levers that the City may wish to implement, including building ordinances
and incentive programs.

Scope and Limitations
Electrification is a general term that means designing or converting a building to use only electricity instead of
gas for various end uses, including heating, cooling, lighting, cooking, water heating, and process loads. For most
of building end uses, such as space cooling, lighting, and plug loads, electricity is the common fuel. However,
space heating and water heating are among the higher energy consuming building functions typically using
natural gas for fuel.
TRC has been tasked with assessing the electrification of space heating and water heating, and potential
ramifications on the electrical service to the building, such as larger panel or branch circuit capacities. The scope
includes both new construction and alterations scenarios, in both residential and nonresidential buildings.
Analysis includes two overarching elements:

 Feasibility Analysis. Investigating building codes, equipment technical capabilities, and on-going
operational characteristics that may pose feasibility barriers for electrification.

 Cost Effectiveness Analysis. Investigating and comparing the costs and energy savings benefits
associated with electrification.
These elements are specifically with regard to heat pump space heating (HPSH), heat pump water heating
(HPWH), and associated infrastructural service costs (electrical and plumbing).
This study has the following scope limitations:

 Prototypes. The prototypes studied are only low-rise residential and offices. Findings may not pertain to
high-rise residential or other commercial spaces, such as restaurants and fitness centers, which have
much higher water and space heating loads.

 Existing Conditions. A wide range of existing conditions are possible, such as existing HVAC system,
DHW system, and electrical infrastructure capacity, and each has a potential to impact heat pump
measure cost effectiveness. Based on industry engagement and previous experience, TRC determined
costs using one set of assumptions for existing conditions. In some cases, software capabilities dictated
existing conditions – for example, a central HPWH serving a multifamily building cannot be modeled,
thus a central gas water heater was not investigated as a potential baseline for a HPWH retrofit.

 Other Appliances. Other end-uses that typically use natural gas, such as stovetops, ovens, clothes
dryers, and pool heaters, have been explicitly excluded from the scope of this study. Nonetheless, TRC
assumed that natural gas is not being delivered to buildings in some scenarios.

 Grid Upgrades. TRC did not consider electrical grid upgrades that are the responsibility of the utility,
such as transformer or service point upgrades.
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Literature Review
To draw upon existing work and avoid duplication of efforts, TRC reviewed the following reports and
summarized key findings:

 Residential Electrification Opportunities in Palo Alto, by City of Palo Alto Utilities (2015)1 – This report
focuses on residential electrification only, and includes many elements outside of TRC’s scope including
electric vehicles and solar photovoltaics (PV). Key findings include:
•

HPWHs are cost effective compared to natural gas tankless water heaters, but not when compared
to standard efficiency gas water heaters (0.58 energy factor), using a societal perspective. Using a
customer perspective, HPWHs are cost effective when compared to either tankless or a standard
efficiency gas water heaters. Note that since this study was performed tankless water heaters have
become the California prescriptive requirement in the 2016 Title 24 Building Energy Efficiency
Standards (Title 24).

•

HPSHs are not cost effective compared to natural gas furnaces from both a societal and customer
perspective.

•

Electrical retrofits can cost $2,000 or more per heat pump space heater or water heater, including
wiring and running conduit from the panel to the appliance. Upgrading the electrical panel from 60
Amp to 200 Amp can cost up to $5,000.

 Grid Integration of Zero Net Energy Communities, by Electric Power Research Institute (Draft 2016)2 –
This study investigated the cost effectiveness of ZNE communities with electrification and high PV
penetration. The study found that the installation of HPWH and HPSH shifts the peak load (as high as 15
kW) so that it is non-coincident with peak PV generation, though this shift may be mitigated with grid
interactive water heaters. Perceptions that HPSH may not be able to maintain comfort, due to the lower
discharge temperature, are overcome by increasing run time.

 Electrification Analysis, by Energy + Environmental Economics (2016)3 – This report investigates the
breakeven carbon price required for lifecycle TDV of electrification to be equivalent to mixed-fuel. The
report estimates that an electrified single family home will pay $5,530 more in utility bills over 30 years,
suggesting that a carbon price be developed to compensate for this cost.
TRC used these resources to guide research and compare costs and energy savings findings. Other similar
reports were briefly reviewed but not found to be highly relevant to the scope of this project.

1

Available at: https://www.cityofpaloalto.org/civicax/filebank/documents/47998

2

Available at:
http://calsolarresearch.ca.gov/images/stories/documents/Sol4_funded_proj_docs/EPRI_Ram/CSI_RDD_Sol4_EPRI_Grid_Int_ZNE_repo
rt_DRAFT.pdf

3

Available at: http://docketpublic.energy.ca.gov/PublicDocuments/16-BSTD06/TN212680_20160808T161828_Electrification_Analysis.pdf
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2.

METHODOLOGY

TRC’s data collection efforts focused primarily on engaging with the local building industry through surveys and
interviews with various electrification experts, including contractors, engineers, architects, and energy
consultants. Industry engagement helped identify the technical specifications as well as costs for electrification.
TRC then conducted building energy simulations to assess the potential energy impacts of electrification
equipment, and inform cost effectiveness from a societal and customer perspective.

Industry Engagement
TRC and the City of Palo Alto distributed an online survey to local industry members to gather feedback on heat
pump water heaters (HPWH) and heat pump space heaters (HPSH) installations and experience. The goals of the
survey were to gather initial information about the prevalence of, and experience with, these technologies in
Palo Alto. The survey included both multiple choice and open ended responses regarding barriers, solutions they
used to address barriers, cost estimates, and recommendations for future installations.
The survey was distributed to approximately 500 industry members, including contractors, plumbers, architects,
and design engineers. Fifteen (15) respondents provided feedback, though for most questions the number of
responses is less than 15. Survey questions can be found in Appendix D – Survey Instrument.
TRC also interviewed over 25 contractors, distributors, and other experts to discuss barriers, design
specifications, and costs related to heat pump appliances and electrification.

Cost Effectiveness
TRC assessed the life cycle cost (LCC) effectiveness of Palo Alto’s 2016 Reach Code by analyzing heat pump
measures applied to new construction and alteration building prototypes in Climate Zone 4 (CZ4). TRC
determined cost effectiveness by assessing the incremental costs of each measure and comparing them to the
energy cost savings, using both a societal and customer perspective. Incremental costs represent the
construction and maintenance costs of the proposed measure relative to the 2016 Title 24 Standards minimum
requirements.
TRC uses Net Savings (benefits minus costs) as the cost effectiveness metric. If the Net Savings of a measure is
positive, TRC considers the measure or package as cost effective. In some cases, both the benefits and the costs
are negative for a particular measure. Using Net Savings, a measure that has negative energy cost benefits can
still be cost effective if the negative costs to implement the measure (i.e., cost savings) are greater than the
negative energy benefits.

Cost Effectiveness Methodologies
The societal perspective of energy savings benefits is estimated using the California Energy Commission (CEC)
LCC methodology, while the customer perspective is estimated using on-bill savings that would occur using Palo
Alto Utility retail rates. Measure costs are calculated in the same way for both methods.
California Energy Commission Life Cycle Cost Methodology – Societal Perspective
The CEC LCC methodology is approved and used by the CEC to establish cost effective building energy standards
(Title 24, Part 6). The LCC methodology involves estimating and quantifying the energy savings associated with
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measures using a Time Dependent Valuation (TDV) of energy savings.4 TDV is a normalized format for comparing
electricity and natural gas savings, and takes into account the cost of electricity and natural gas consumed
during different times of the day and year. The TDV values are based on long term discounted costs – 30 years
for all residential measures and nonresidential envelope measures, and 15 years for all other nonresidential
measures. TDV energy estimates are based on present-valued cost savings but are presented in terms of “TDV
kBTUs” so that the savings are evaluated in terms of energy units, and measures with different periods of
analysis can be combined into a single value.5 The CEC developed the TDV values that were used in the analyses
for this report, and are representative of Palo Alto’s climate zone.
Life Cycle Customer Costs – Customer Perspective
Customers who save energy through energy efficiency measures have lower energy bills. Societal benefits are
not included, in contrast with TDV. To estimate the customer cost savings, TRC estimated the monthly electricity
and natural gas demand for each prototype using Title 24 compliance simulation software. The following Palo
Alto utility rates were used to estimate the on-bill cost savings resulting from the efficiency measures6:

 Residential
•

•

Electric
-

Tier 1 (≤ 330 kWh/month): $0.11/kWh

-

Tier 2 (> 330 kWh/month): $0.17/kWh

Gas
-

Service charge: $10.32/month

-

Tier 1 (≤ 20 therms/month in summer, ≤ 60 therms in winter): $0.87/therm

-

Tier 2 (> 20 therms/month in summer, > 60 therms in winter): $1.41/therm

 Commercial
•

•

•

Small Office Electric (E-2)
-

Summer: $0.17/kWh and no demand charge

-

Winter: $0.11/kWh and no demand charge

Medium Office Electric (E-4)
-

Summer: $0.10/kWh and $19.68/kW demand charge

-

Winter: $0.08/kWh and $14.04/kW demand charge

Gas
-

Service charge: $78.23/month

-

$1.05/therm

4

Architectural Energy Corporation (2011). Life-Cycle Cost Methodology. Prepared for the California Energy Commission. Available at:
http://www.energy.ca.gov/title24/2013standards/prerulemaking/documents/general_cec_documents/2011-0114_LCC_Methodology_2013.pdf

5

kBTUs = thousands of British Thermal Units.

6

Attained on October 12, 2016 from: http://www.cityofpaloalto.org/gov/depts/utl/
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TRC performed a Net Present Value (NPV) calculation over 30 years, assuming a 3% discount rate and a 3%
energy escalation rate.
Cost Data Collection
TRC researched measure costs through interviews with contractors and distributors who serve the Palo Alto
region, and reviewed online sources such as Home Depot and RS Means. Taxes and contractor markups were
added as appropriate. Detailed costs are provided in Appendix B – Cost Data.
Measure costs are the same for both cost effectiveness methodologies described above. TRC did not include
incentives available for HPWHs from Palo Alto Utilities because the incentive is currently a pilot and not a
program.

Prototypes
TRC estimated the energy impacts of HPWH and HPSH both individually and combined using building
simulations. TRC used CBECC-Res 2016.2.0 (build 857) to simulate the residential prototypes and CBECC-Com
2016.2.1 (build 868) for the nonresidential prototypes, in climate zone 4 (CZ4).7 TRC used five prototypes as the
basis for determining cost effectiveness, based on request by the City of Palo Alto:

 2,100 ft2 single family single-story home
 2,700 ft2 single family two-story home
 6,960 ft2 low-rise multifamily residential building, with two stories and eight dwelling units
 5,502 ft2 one-story small office building
 53,600 ft2 three-story medium office building
Prototypes are based on CEC prototypes in the Residential and Nonresidential Alternate Calculation Method
Manuals, but geometry is revised in order to have equal geometry oriented facing north, east, south, and west.
Baseline prototypes characteristics are summarized in Appendix A – Prototype Details.

Electrification Measure Description and Analysis
TRC investigated the implementation of heat pump measures and associated infrastructural costs. In general,
heat pumps use a refrigeration cycle to absorb heat from one medium and reject heat to another medium.
Mediums are typically air or water. A household refrigerator is a common example of an air-to-air heat pump.8
Some heat pumps can also be run in reverse to switch the heat source and heat rejection mediums. Heat pump
equipment typically requires a larger electrical connection than an equivalent natural gas appliance due to a
higher voltage and amperage necessary to operate the equipment (discussed further in Section 2.3.3).
TRC developed measure characteristics using the following criteria:
1. The equipment must be readily available in the Palo Alto region.
2. The equipment should have a high likelihood of providing cost effective savings as compared to the Title
24 baseline.

7

More information on CBECC-Res available at: http://www.bwilcox.com/BEES/BEES.html. More information on CBECC-Com available at:
http://bees.archenergy.com/software.html

8

Or, food-to-air.
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3. Federal pre-emption is not a concern.9 TRC assumed that Palo Alto was interested in finding the most
cost effective options for a potential electrification ordinance or incentive program, which are unlikely
to trigger federal pre-emption if designed appropriately.
For example, TRC investigated NEEA (Northeast Energy Efficiency Alliance) rated HPWHs, which are readily
available on the market, save energy compared to the Title 24 baseline (in some cases), and have energy factors
that are higher than required by the Department of Energy (DOE).10
Heat pump measures are compared to the baseline systems outlined in Figure 6 and Figure 7 in Appendix A –
Prototype Details.

Heat Pump Water Heating
TRC investigated heat pump water heaters with tanks, which absorb ambient heat from the surrounding air to
heat water, and reject cold air. The supply and rejection air may be ducted if necessary. They can be located in
conditioned or unconditioned spaces, though locating a HPWH in conditioned space may create additional space
heating loads. The size and shape of the HPWH is approximately that of a natural gas storage water heater.
Condensate draining is required.
HPWHs are capable of producing similar temperatures to natural gas water heaters under typical weather
conditions, but may occasionally need to switch to a standard electric resistance mode in cold weather. HPWH
energy factors range from 2 to over 3 under rated conditions, but are just under 1 when in electric resistance
mode.
Residential
When modeling HPWHs in CBECC-Res, a user can either select NEEA-rated appliances or manually input the
energy factor, capacity, and tank volume of a generic HPWH. TRC found that NEEA rated appliances consistently
produced better energy impacts than manual inputs over a wide range of energy factors. For this reason, TRC
investigated cost effectiveness using this limited set of HPWHs, shown in Figure 2.11 These appliances are
available throughout the west coast, have energy factors ranging from 2.3 to 3.4, and volumes ranging between
50 and 80 gallons. TRC did not find a significant energy impact correlating with HPWH energy factor or location –
the garage was selected as the likely location for installation.
The HPWHs in Figure 2 are relevant for single family new construction and alterations, as well as multifamily
new construction and retrofit scenarios where the water heaters are installed at each individual dwelling unit.
Some existing multifamily buildings have a central water heater, but the current version of CBECC-Res does not
allow the simulations of a central HPWH. Because of this software limitation, TRC did not analyze central water
heaters in multifamily buildings.

9

Federal preemption occurs when a state or city mandates that a higher efficiency appliance be installed than the minimum efficiency
required by the DOE. This is different from an energy standard, which requires a higher overall energy performance of a building
through a variety of means, not specifically a higher efficiency appliance.

10

DOE Standards are available at: http://energy.gov/eere/buildings/standards-and-test-procedures

11

Note that this does not include the Sanden HPWH, which uses CO 2 as the working fluid.
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Figure 2. Simulated Heat Pump Water Heater Models
Water Heater

Energy Factor

AO Smith PHPT 60

2.33

AO Smith PHPT 80

2.33

AO Smith HPTU 50

3.24

AO Smith HPTU 66

3.17

AO Smith HPTU 80

3.24

GE 2014 50

3.39

GE 2014 80

3.26

Rheem HB 50

2.47

Stiebel 220E

3.09

TRC used the AO Smith HPTU 50 and AO Smith HPTU 66 in most analysis because of the slightly better
performance, wide availability, and moderate costs as compared to the other HPWH models. TRC also explored
the Stiebel 220E because this HPWH avoids costly electrical upgrades associated with most other HPWHs.
Because the Stiebel is more expensive and less representative of the products available on the market, this
product was only analyzed in the single family prototype and results are discussed in Appendix C – Cost
Effectiveness Tables.
Nonresidential
CBECC-Com is able to simulate HPWHs in the same way that CBECC-Res can (described above) for high-rise
multifamily residential spaces, but not in nonresidential spaces. As a workaround, TRC simulated both natural
gas water heaters and HPWHs in a hypothetical high-rise multifamily prototype, and used the relative
performance to estimate the annual energy performance of the HPWH in a nonresidential scenario. While the
true energy performance between the will certainly be different due to different load profiles in residential and
nonresidential spaces, this analysis includes a year’s worth of climate data and may serve as a good
approximation of HPWH energy performance considering the software limitations.
The high-rise multifamily HPWH TDV results were very similar to the gas water heater baseline in the high-rise
multifamily prototype, so TRC assumed a neutral TDV impact for nonresidential HPWHs to avoid influencing
results. To estimate on bill savings for the customer perspective, TRC first determined the ratio of the energy
demand for the high-rise multifamily HPWH versus that gas water heater for each month of the year.12 TRC then
multiplied these monthly ratios against the office gas water heater monthly energy demand to estimate the
potential monthly energy demand of the HPWH.

12

The ratio ranged from 0.26 in the summer to 0.31 in the winter. This is consistent the assumed efficiencies of each equipment [(gas
water heater efficiency / HPWH efficiency) ≈ (0.80 / 3) ≈ 0.27].
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The sizes of the nonresidential water heaters are similar or smaller than that required for residential
applications (about 30,000 Btu/h capacity and 25 gallons). Thus estimated equipment characteristics and costs
are assumed to be the same as in the residential scenarios.

Heat Pump Space Heating
TRC used a central split HPSH in the residential prototypes, and a packaged heat pump or a heat pump boiler in
the nonresidential prototypes. The central and packaged heat pump systems are very similar to the baseline
systems except they lack a furnace and gas connection – the heat pumps are essentially a split air conditioner
that can also run in reverse to heat the space.
Residential
TRC assumed a central ducted split system heat pump provided heating and cooling for the residential buildings.
TRC assumed one split system installed in the single story single family prototype and each multifamily dwelling
unit. Based on conversations with contractors, TRC modeled two systems in the two-story home (one for each
floor), which enables zonal control. HPSHs were assumed to have an efficiency of 8.5 HSPF and a rated heating
capacity of about 36,000 Btu/h at 47°F. Capacities at 17°F were based on equipment cut sheets and are about
20,000 Btu/hr without an electrical resistance element. Stakeholder feedback suggests that electrical residential
heat pump systems installed in Palo Alto do not require an electrical resistance backup heater, nor the
associated branch circuit upgrade. The Goodman GSZ14 and Rheem RP14 are products that meet these
characteristics.
TRC did not explore the following alternate system types:

 Hydronic distribution systems such as radiant floors, radiators, or hot water coils have many benefits,
but when compared to central ducted split systems they are more expensive, less common, and unlikely
to have much higher heating energy savings in residential applications.

 Combined water heater and hydronic space heating because CBECC-Res software cannot simulate this
scenario with HPWH, and because hydronic-based systems are a more expensive distribution system
than a packaged systems, as described above.
Nonresidential
TRC assumes the small office HPSH system to be five single zone packaged heat pumps (SZHPs). When compared
to the assumed baseline system of five single zone packaged air conditioners (SZACs), the heat pumps are very
similar except they lack a furnace and gas connection. As with the residential system, this system is essentially a
split air conditioner that can run in reverse. SZHPs are not as common as SZACs, and thus are slightly more
costly. The Rheem RJ and RQ series are examples of packaged heat pumps that can adequately serve the small
office.
TRC assumes the medium office HPSH system to be an air source heat pump boiler (HPB) serving a packaged
variable air volume system with reheat boxes. This system was selected based on conversations with contractors
and preliminary pricing estimates compared to a variable refrigerant flow (VRF) system. TRC found only one heat
pump boiler by Multistack that is readily available in Palo Alto. This heat pump boiler cannot supply hot water
temperatures as high as conventional gas boilers (130°F versus 180°F, respectively).13 To account for this lower
temperature in an alteration scenario, hot water coils in the reheat boxes and at the rooftop air handlers would
need to be larger to increase the heat exchanger surface and ensure that space heating loads are met. Because

13

A CO2 boiler may be able to achieve such temperatures if inlet water temperatures are low enough. The Mayekawa is one such air-towater heat pump, but it is not yet UL listed in the United States.
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both the alteration and the new construction scenario would require larger VAV coils and a heat pump boiler,
TRC assumed costs for both scenarios to be the same with the exception of demolition costs in the alteration
scenario.
The following alternate system types, none of which can be modeled in CBECC-Com, were not explored:

 Variable refrigerant flow (VRF) paired with dedicated outside air systems proved to be more expensive
than a heat pump boiler in a new construction scenario based on two cost sources. Furthermore, though
VRF systems are not uncommon in a new construction, manufacturer representations of performance
have been inconsistent and thus tough to model.14

 Ground source heat pumps involve installing heat exchange piping into the earth. While the ground can
be an acceptable and efficient heat source, the earthwork costs are very likely to outweigh the
incremental efficiency improvements compared to an air source heat pump.

 Radiant heating would be a good application for a heat pump boiler because of the lower hot water
temperatures used in floors, but still require extensive commissioning and are perceived as expensive.
Furthermore, there is a wide variation in design and controls methods, making them difficult to model.

Infrastructure
Installing heat pump appliances will likely require electrical and plumbing upgrades at the building, although in
different ways and at different costs for new construction versus alteration buildings.
Electrical
The primary electrical components, shown in Figure 3, include:

 Service panel. This is the utility’s connection to the building, and must be sized to provide adequate
power to the building.

 Electric panel. The electric panel is downstream of the utility meter, contains the circuit breakers, and
distributes electricity to the branch circuits and potentially subpanels. Typical dwelling unit panels range
from 100 Amps (A) to 200A in capacity, while nonresidential buildings have much larger service and
capacity. In retrofit scenarios when panel capacity upgrades are necessary, TRC assumed that panels
would be replaced rather than have subpanels added.

 Branch circuits. Branch circuits are composed of the wiring and conduit. Typical branch circuits are sized
for 15A. In retrofit scenarios requiring a branch circuit upgrade, TRC assumed two branch circuit upgrade
options: new conductors (which are thicker) can be pulled through existing conduit, or a new conduit
and conductors are necessary, which requires minor wall demolition. TRC assumed approximately 30’ of
branch circuit runs in residential buildings and 50’ in nonresidential.

14

ACEEE 2012 Summer Study, Variable Refrigerant Flow - Heat Recovery Performance Characterization. Available at:
http://aceee.org/files/proceedings/2012/data/papers/0193-000078.pdf
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Figure 3. Electrical Components at a Building (source: 2011 National Electric Code Handbook)

TRC assumed the electrical upgrade scenarios below. The electrical infrastructure costs for each prototype
considering the following assumptions are in Appendix B – Cost Data.

 Residential
•

Electric panels for new construction buildings do not need to be upgraded with the addition of heat
pump appliances; 200A is the baseline size for single family, and 125A is the baseline size for
multifamily dwellings.

•

Electric panels for existing single family buildings adding a heat pump water heater are upgraded
from 100A to 200A; existing multifamily dwelling panels are upgraded from 60A to 125A.

•

Service connection upgrade fees, which relate to increased conduit and conductor sizes, are
necessary for existing residential buildings that install heat pump water heaters.

 Nonresidential
•

Branch circuits to HPSHs are upgraded from 50A to 80A using existing conduit (small office only).

•

Branch circuits to the heat pump boiler are upgraded from 20A to 80A using existing conduit
(medium office only).

•

Electric panels and service connections, both existing and new construction, have adequate capacity
to accommodate all heat pump measures.

 Residential and nonresidential
•

Branch circuits to water heaters are upgraded to 30A using existing conduit.

Plumbing
There are two important plumbing connection impacts resulting from heat pump appliances:

 Natural gas piping. In an all-electric scenario, natural gas would not be used at all. While the scope of
this study does not explicitly consider electric ranges or clothes dryers, TRC assumes these appliances to
be electric. Eliminating natural gas usage would save costs associated with horizontal drilling, plumbing
to all appliances, and utility connection fees in a new construction scenario. Retrofits would avoid
monthly connection charges of $10.32, but would have to pay the utility a one-time fee of $1,433 to
disconnect.
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 Condensate drain. HPWHs, similar to air conditioners, condense water on the evaporator coil. This
water must be drained to a sewer system as per Palo Alto Utility requirements. In new construction the
natural gas water heater will likely be furnished with a nearby sewer connection in case of maintenance
or leakage, but in older buildings this may not be the case. Two local plumbers suggested that a rough
cost of $1,000 is adequate for condensate drain installation in single family alteration scenarios, though
it depends on a large variety of existing conditions that would impact cost.15 The 8-unit multifamily
condensate drain lines are estimated to be $4,000 to consider economies of scale.
In some scenarios, TRC assumed that the new construction buildings would not trench natural gas to the
building, and that alteration buildings would disconnect gas service from the building. Note that this is an
aggressive assumption given that the scope of this study does not include other appliances that typically use
natural gas.
TRC also assumed that condensate drains would need to be added in alteration scenarios. The plumbing
infrastructure costs for each prototype considering the above assumptions are in Appendix B – Cost Data.
Permits and Fees
In alteration scenarios, equipment upgrades require electrical, plumbing, and mechanical permits. If the utility
needs to upgrade the service connection, they charge the building owner a nominal fee. TRC coordinated permit
and fee costs with utility staff.

15

Includes condensate pump, P-trap, $200-$400 in materials, 3-5 hours of labor, and no sheet rock patching.
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COST EFFECTIVENESS RESULTS

The cost effectiveness tables in this section list the estimated cost of the measure or package, and the estimated
benefits of the measure using both the societal perspective and customer perspective. The societal perspective
uses TDV energy savings as benefits metric, while the customer perspective uses on bill energy savings benefits.
Cost effectiveness using each methodology is determined using the Net Savings (benefits minus costs). A
positive Net Savings indicates that the measure benefits are larger (or less negative) than the costs, and the
measure is cost effective. Detailed cost effectiveness results are available in Appendix C – Cost Effectiveness
Tables.
The cost effectiveness of the individual heat pump measures is summarized in Figure 4, while Figure 5 describes
the heat pump packages cost effectiveness. Cost effective measures/packages are highlighted in green, while
those measures/packages that are not cost effective are highlighted in red. The Heat Pump Packages (top half of
Figure 5) depicts cost and savings estimates associated with installing both a HPWH, HPSH, and the necessary
electrical upgrades. The All-Electric packages (bottom half of Figure 5) assume that, in addition to the Heat
Pump Package, there is no natural gas connected to the building. Note that any costs associated with switching
to electric ranges and dryers are not included in the analysis – foregoing the natural gas connection is an
aggressive assumption.
Overall Findings
The TDV Net Savings and Customer Net Savings lead to the same cost effectiveness result for 61 out of the 64
measure/packages, showing a high level of consistency. TDV Benefits were higher than Customer Benefits in
most residential scenarios, while the opposite is true in office buildings. This is due likely due to how Palo Alto’s
tiered electrical rates differ in the residential and nonresidential prototypes. Because the residential tier ranges
are smaller than the nonresidential tiers, the addition of heat pump measures are more likely to increase
residential electricity consumption predominantly into Tier 2. TRC estimates that installing one or more heat
pump measures in the residential prototypes would add two (2) electric Tier 2 months each year.
Heat Pump Water Heating
Heat pump water heaters (top half of Figure 4) cost more than conventional gas water heaters for all
prototypes. HPWH alterations in existing buildings are more expensive because of more extensive electrical
expenses – branch circuit, electric panel, and service connection upgrades as well as permits. In some cases they
provide TDV or Customer Benefits, but not enough to make the heat pump water heaters cost effective as a
standalone appliance.
TRC assumed that HPWHs in office buildings would have a neutral TDV impact, as discussed in Section 2.3.1. TRC
found that the only measure that proved cost effective (narrowly) was the medium office using the customer
perspective, due to the higher domestic hot water demand and lower electrical upgrade costs.
Heat Pump Space Heating
Residential heat pump space heating (bottom half of Figure 4) is less expensive than the baseline split ACs with
furnaces. It is important to note that TRC assumed that residential HPSHs in Palo Alto will not require an
electrical resistance element, and the associated branch circuit upgrade, keeping measure costs low. Cost
effectiveness results may shift when HPSHs with electric resistance elements are installed. Most residential
prototypes show negative TDV and Customer Benefits, but these are outweighed by the large cost savings of
heat pump equipment, and result in mostly cost effective measures.
Nonresidential heat pump space heating is more expensive than single zone packaged ACs. Although the small
office HPSHs do show TDV and Customer Benefits, they are not enough to overcome the incremental higher
costs for installation of the equipment. TRC found the medium office HPSH measures had a very low likelihood
of being cost effective in new construction, and concluded that alterations are even less likely to be cost
effective because of additional demolition costs.
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Figure 4. Cost Effectiveness Summary, Individual Heat Pump Measures
Measure

Prototype
Single Family

Multifamily
Heat Pump Water
Heating
Small Office

Scenario

Multifamily
Heat Pump Space
Heating
Small Office

Medium Office

Customer Benefits

TDV Net Savings

Customer Net Savings

$2,681

$222

$(1,917)

$(2,459)

$(4,599)

Alterationi

$5,338

$96

$(1,503)

$(8,424)

$(10,022)

New

$21,452

$(530)

$198

$(21,982)

$(21,254)

Alterationi

$52,468

$(1,856)

$(11,146)

$(54,324)

$(63,614)

$777

$0

$435

$(777)

$(342)

$3,187

$0

$435

$(3,187)

$(2,752)

$777

$0

$963

$(777)

$186

$3,344

$0

$963

$(3,344)

$(2,381)

New

$(4,561)

$619

$(2,728)

$5,180

$1,833

Alteration

$(4,091)

$(224)

$(4,775)

$3,866

$(685)

New

$(20,880)

$(2,857)

$(13,391)

$18,023

$7,489

Alteration

$(23,324)

$(6,787)

$21,987

$16,537

$45,311

New

$6,090

$470

$357

$(5,620)

$(5,733)

Alteration

$11,886

$2,042

$1,724

$(9,844)

$(10,162)

Newii

$212,429

$43,195

$49,227

$(169,234)

$(163,202)

-

-

-

$-

$-

New

New
Alteration

Single Family

TDV Benefits

New

Alteration
Medium Office

Costs

Alterationiii
i Residential

HPWH alteration costs are for a gas tankless water heater. TDV and customer benefits are compared to this baseline. For gas storage results see Appendix C.
ii For the medium office, dollar benefits represent entirety of annual space heating energy, assuming no increase in electricity consumption.
iii Medium office HPSH alterations will be less cost effective than new construction due to baseline system design. Detailed calculations have not been performed. See Appendix C for
discussion.
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Packages
Except in single family new construction, heat pump packages (top half of Figure 5) are more costly than the
conventional gas baselines. This is because the incremental cost of HPWHs is larger than the cost savings of a
HPSH system in most residential prototype scenarios. In nearly all cases, the TDV and Customer Benefits are
smaller than the incremental cost of the heat pump packages, and most packages are not cost effective.
All-electric packages (bottom half of Figure 5) are cost effective for all new construction prototypes because of
the significant cost savings associated with avoiding a natural gas connection, except the medium office.
Alterations are mostly not cost effective because they require more extensive electrical upgrades than new
construction.
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Figure 5. Cost Effectiveness Summary, Packages
Measure

Prototype
Single Family

Vintage
New

Multifamily

Small Office

Medium Office

All-Electric
Package
(No Gas
Connection)

Small Office

Medium Office

TDV Net Savings

Customer Net Savings

$(4,925)

$2,639

$(3,046)

$3,579

$(158)

$(5,375)

$(3,737)

$(8,953)

$572

$(5,093)

$(24,564)

$(5,665)

$(25,135)

Alterationi

$27,984

$(8,643)

$(25,622)

$(36,627)

$(53,606)

New

$6,867

$470

$792

$(6,397)

$(6,075)

Alteration

$14,946

$2,042

$2,159

$(12,904)

$(12,786)

New

$213,206

$43,195

$50,190

$(170,011)

$(163,016)

-

-

-

$-

$-

$(8,292)

$760

$(1,430)

$9,051

$6,862

$5,012

$(158)

$(1,880)

$(5,170)

$(6,891)

$(17,134)

$(5,093)

$3,398

$12,041

$20,532

Alterationi

$29,417

$(8,643)

$2,339

$(38,060)

$(27,078)

New

$(5,471)

$470

$15,375

$5,941

$20,846

Alteration

$16,379

$2,042

$16,742

$(14,337)

$363

Newii

$202,728

$43,195

$64,773

$(159,533)

$(137,955)

-

-

-

$-

$-

New

New
Alterationi

Multifamily

Customer Benefits

$760

Alterationiii
Single Family

TDV Benefits

$(1,879)

Alterationi
Heat Pump
Measures
Package
(Gas
Connection in
Place)

Costs

New

Alterationiii
i Residential

HPWH alteration costs are for a gas tankless water heater. TDV and customer benefits are compared to this baseline. For gas storage results see Appendix C.
office dollar benefits include entirety of annual space heating energy, assuming no increase in electricity consumption.
iii Medium office package alterations will be less cost effective than new construction due to baseline system design. Detailed calculations have not been performed. See Appendix C for
discussion.
ii Medium
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BARRIERS AND FEASIBILITY RESULTS

This section summarizes potential code, technical, and operational barriers associated with heat pump
appliances as compared with natural gas equipment. The summary is based on interviews and survey results
with local contractors, engineers, architects, designers, and energy consultants, as well as TRC’s experience
conducting cost effectiveness analysis.
All respondents that indicated they had experience with HPSH also had experience with HPWHs. Survey
respondents primarily had HPWH and HPSH experience in residential retrofits; but one respondent indicated
experience in commercial buildings. Respondents may have suffered interview fatigue, because for most HPSH
questions, only one respondent provided responses. TRC also used the surveys as a general interview guide
when conducting interviews on barriers.

Code Barriers
TRC considered 2016 California Building, Mechanical, Electrical, Plumbing, CALGreen, and Title 24 to determine
code barriers to heat pumps and electrification. Based on TRC’s experience and feedback attained through
industry engagement, TRC determined that the majority of code barriers for heat pump appliances are
associated with Title 24. Barriers include:

 Title 24 - Time Dependent Valuation. Title 24 simulation software uses TDV as the compliance metric,
which favors gas equipment to electric equipment. Achieving cost-effective TDV energy savings for allelectric measures is challenging because TDV valuates electricity usage much higher than gas usage due
to a complex algorithm involving grid management, price of energy, and greenhouse gas emissions. Palo
Alto’s supply of 100% carbon-neutral electricity highlights the shifting energy emissions landscape and
the need to develop unique pathways for all-electric compliance.

 Federal Pre-emption. The DOE regulates the minimum efficiencies required for all appliances. State or
city codes that mandate appliance efficiencies higher than the DOE’s risk litigation by manufacturer
industry organizations. Incentive programs and electrification ordinances, however, are unlikely to risk
litigation because they are not mandating high efficiency heat pump appliances.

 Lack of Building Department Experience. Many survey respondents replied that they had difficulty
attaining permits due to building inspectors and plan checkers being unfamiliar with heat pump
technology. (Note that these projects may not have been in Palo Alto, but likely in the peninsula). One
respondent indicated that they needed to install a gas fired water heater as a supplemental hot water
source in order to receive a permit. Due to a lack of building department experience, permit applicants
were required to expend effort and costs beyond what would have been required for a natural gas.
Barriers specifically associated with heat pump water heaters include:

 Title 24 - Compliance Software Limitations. CBECC-Res and CBECC-Com have recently added the
capability to simulate HPWHs in residential spaces. However, there are still a few barriers:
•

HPWHs cannot be simulated in nonresidential spaces.

•

HPWHs cannot be simulated as central water heaters in multifamily buildings or combined hydronic
systems in single family buildings.

•

HPWHs are compared to a gas water heater baseline, unless gas is not available at the site. When
gas is not available, the HPWH is compared to a baseline of a propane water heater, (which has very
high associated TDV). Being compared to propane would be good for a heat pump measure, but the
CEC definition of gas availability is broad and may favor constructing gas lines where there are none:
“For newly constructed buildings, natural gas is available if a gas service line can be connected to the
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site without a gas main extension. For additions and alterations, natural gas is available if a gas
service line is connected to the existing building.”16

 Condensate Drain. As described in Section 2.3.3, a condensate drain may need to be installed to drain
water collected on the evaporator coil to a local sewer line, as per Palo Alto Utility requirements.
Depending on the existing conditions, a P-trap, condensate pump, and sheet rock patching may be
necessary to conform to this requirement.
Barriers specifically associated with heat pump space heating include:

 Title 24 - Compliance Software Limitations. CBECC-Res changes the baseline system to an electric heat
pump space heater when the proposed system is a heat pump space heater. This partially removes the
burden that TDV places on electric equipment. However, CBECC-Res and CBECC-Com still have the
following barriers:
•

For Mini-splits, ducted or ductless systems, the CEC has been reticent to award performance credit
due to inconsistent performance data from manufacturers, although many building industry
members perceive them to have exceptional energy performance.

•

Variable refrigerant flow systems, though relatively common in nonresidential new construction for
their perceived energy efficiency advantages, cannot currently be simulated in compliance software.

 Title 24 - Alterations Performance Uncertainty. Palo Alto Utilities is interested in providing an incentive
for HPSH retrofits. Currently, the CEC requires that applicants provide an energy model to prove to the
local building department that a HPSH does not increase energy use. Energy modeling may add an
additional $300 to $500 to the cost of the retrofit in a single family home. The CEC has avoided
developing a prescriptive minimum efficiency for heat pump space heating retrofits as they have for
heat pump water heaters, because of the wide range of energy consumption possible from heat pumps
installed in retrofit situations. A building heat load can vary depending on the envelope, and an
undersized heat pump can consume a large amount of energy due to higher auxiliary resistance heating
runtime.

Technical Barriers
TRC reviewed the technical specifications of heat pump appliances to understand what additional work may be
necessary as compared to the natural gas baseline.
Technical barriers for heat pump appliances include:

 Lack of Contractor Experience. HPWH and HPSHs are generally not as prevalent as gas equipment, thus
the majority of contractors may have a lack of experience installing these systems. The lack of
experience may mean that gas systems are often the ‘default’ equipment, and heat pump systems may
be actively discouraged. Furthermore, contractors may increase the cost of heat pump installations to
account for extra time needed to learn how to properly install the equipment and become accustomed
to locational and venting requirements.

 Electrical Upgrades. As described in Section 2.3.3, a variety of electrical upgrades may be necessary to
properly serve heat pump equipment.

16

2016 Residential Alternate Calculation Method Manual. California Energy Commission. Available at:
http://energy.ca.gov/business_meetings/2016_packets/2016-06-14/Item07_ACM Ref Manuals/2016 Res ACM Ref Manual June
2016.pdf
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Barriers specifically associated with heat pump water heaters include:

 Multiple Trades Necessary. A typical plumber can replace a natural gas water heater without requiring
electrical work. However, when installing a HPWH an electrician will likely need to come on-site to
perform the electrical upgrades described in Section 2.3.3. This may increase planning, installation time,
and cost for the owner.

 Lower Expected Useful Life. HPWHs, along with natural gas storage water heaters, are generally
expected to have a useful life of 13 years. Tankless water heaters, on the other hand, have an expected
useful life of 20 years. A lower useful life is associated with higher equipment replacement costs.
TRC did not find many significant barriers specifically associated with the HPSH investigated as part of this study,
likely because HPSH has many of the same technical elements as traditional space cooling. Nonetheless, HPSH
may prove to be ineffective in high capacity commercial scenarios, such as restaurants or fitness centers, but the
feasibility with these building types has not been investigated as part of this study.

Operational Barriers
Operational barriers relate to the readiness of the local building industry to implement and maintain heat pump
measures. Barriers are listed below, but it’s important to note that some survey respondents chose to note
advantages associated with heat pump appliances in addition to the barriers. Five out of six respondents have
not had any issues with the HPWH since installation; three of which say they perform great. One respondent is
not pleased with the systems performance.
Barriers specifically associated with heat pump water heaters include:

 Location and Space Heating Impacts. Inexperienced installers may unknowingly install heat pump
equipment in poor locations, unnecessarily increasing energy consumption. Heat pump heating
equipment rejects cold air, and if the heat pump heat rejection is located in or near conditioned space,
there is potential to increase space heating demand (although, this may reduce space cooling).

 Air Filter Replacement. HPWHs require frequent evaporator filter cleaning and occasional replacement.
This is a relatively simple procedure that most homeowners can perform, but many may not be
accustomed to doing so.

 Grid Interaction. Grid interactive water heaters, which are designed to reduce the peak load profiles
and flatten the demand curve to reduce the impact on the grid, are available primarily for electric
resistance water heaters. When HPWHs support this feature on the market, it may allow many
homeowners or facilities managers to reduce their energy bill by responding to demand response
events.
Barriers specifically associated with heat pump space heating include:

 Refrigerant in Occupied Space. Locating refrigerant piping in occupied spaces carries some health risk if
the refrigerant is discharged. Systems installed according to ASHRAE Standard 15, which specifies the
safe design, construction, installation, and operation of refrigeration systems, reduce this risk.

 Lower Supply Air Temperature. One interviewee indicated the operation of a HPSH is significantly
different than a furnace, and may require some time for the occupant to adjust expectations. Heat
pump controls are designed to maintain temperature, and thus run for longer and provide cooler air
than a furnace. Stakeholder feedback indicates that this slower response time may be acceptable for
residential space conditioning, but in commercial designs that require conditioning of high volumes of
outside air, heat pump systems may need to be drastically increased in size and may operate in electric
resistance mode more frequently.
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5.

CONCLUSIONS AND RECOMMENDATIONS

While TRC found some code, technical, and operational barriers to HPWH and HPSH implementation, they are
not insurmountable. Heat pump technology is emerging and there is potential for increased adoption in Palo
Alto. Many of the code barriers are associated with Title 24 compliance software modeling, which the CEC is
working toward addressing or eliminating. Residential technical barriers predominantly relate to the lack of
experience from contractors, building departments, and owners with HPWHs. These barriers are expected to
dissipate with increased penetration of HPWHs. The commercial building industry is much more familiar with
heat pump systems, but market-ready HPSH may not yet be widely available at a competitive cost for many
high-temperature, high-capacity applications, such as heat pump boilers or providing makeup air in restaurants.
Based on current code and retail rates assumptions, the majority of scenarios for HPWH and HPSH do not prove
cost effective. However, as policies and rates change over time, electrification may become more cost effective
for Palo Alto in the future. Improved heat pump equipment that achieve similar outlet temperatures to gas
equipment, and/or avoid costly electrical upgrades in existing buildings, are emerging.17 As these products
proliferate, market forces will drive down prices and improve the cost effectiveness of electrification.
Justifying comprehensive electrification policies or programs may be challenging based on the cost effectiveness
criteria in this study. But, there may be other reasons to implement such policies, such as reducing future
greenhouse gas emissions. The following steps may help reduce barriers to electrification and/or improve cost
effectiveness outcomes:

 Introduce training programs. Familiarizing the local building industry and building department with the
characteristics and requirements of heat pump appliances will streamline the installation process for
interested building owners.

 Reduce code barriers. Palo Alto should continue discussions with the CEC on how address or work
around compliance software barriers related to modeling heat pump equipment. A local sewer use
ordinance requiring that condensate drains be connected to sewer lines appears costly and may
dissuade potential heat pump water heater installations in existing homes.

 Incentivize heat pumps. HPWHs are currently incentivized through Palo Alto Utilities. These types of
incentives make heat pump measures more attractive and more cost effective, compensating for a
portion of the electrical upgrades necessary and lower expected useful life compared to a tankless water
heater. Offering incentives for more comprehensive electrification efforts, such as pairing with high
efficacy lighting and photovoltaic measures, may also help improve cost effectiveness from the
customer perspective.

Future Analysis
There are many assumptions built into the cost effectiveness estimates, and minor variations may lead to
significant changes in results. Further analysis can help better understand the range of outcomes possible,
including:

 Adjusting Residential Electric Rates. Analysis indicates that increased electrical usage pushes many
residential customers in Palo Alto into a more expensive Tier 2 rate usage. Data from City of Palo Alto
Utilities shows that single family homes consume a median of 15.6 kWh/day, and an average of 19.6
kWh/day. TRC simulations show that an existing single family home that installs HPWH and HPSH could

17

Mayekawa and Stiebel products are good examples.
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use 10 kWh more per day in an average year. Increasing Tier 1 from the current 11 kWh/day to
compensate for increased electric loads will reduce electric bills and improve customer cost
effectiveness. Another method to electric bills would involve charging customers Tier 1 rates until the
monthly allotment for Tier 1 is exceeded, at which point every extra kWh would be charged at Tier 2
rates. However, this may require significant upgrades in Utilities’ metering and billing systems.

 Imposing a Carbon Tax on Natural Gas. Natural gas prices are likely to remain low in the near future due
to domestic shale resources. Increasing the price of natural gas through a carbon tax will increase the
cost of gas space and water heating, and may improve the relative cost effectiveness of heat pump
appliances.

 Expanding Scope. All-electric packages may be more cost effective than heat pump packages due to
avoiding costs associated with natural gas infrastructure. Even though HPWHs and HPSHs are among the
most readily available electrification measures, cost effectiveness outcomes can vary when accounting
for:
•

Photovoltaics, battery storage, electric vehicles, and demand response

•

Electrical efficiency measures, such as Energy Star appliances and high efficacy lighting

•

Other commercial buildings types like restaurants and fitness centers

•

Future appliance cost reductions due to increased availability, performance, or incentives

Mixing and matching combinations of assumptions are likely to lead to a variety of solutions that can be cost
effective and highlight different policy levers to encourage electrification.
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6.

APPENDIX A – PROTOTYPE DETAILS

Baseline prototypes characteristics are summarized in Figure 6 and Figure 7. The air conditioning and water
heating systems represent what would be installed as the new construction and alteration baseline scenarios.
Figure 6. Residential Baseline Prototypes Summary
Building Type

One-Story

Two-Story

Low-Rise Multifamily

Dwelling Units

1

2

8

Area (ft2)

2,100

2,700

6,960

Roof Area (ft2)

2,520

1,740

4,176

1

2

2

20%

20%

15%

# of floors
Window-to-Floor Area Ratio
HVAC System
HVAC Distribution System
Thermal Zones
Domestic Water Heating
(New Construction)
Domestic Water Heating

Central Ducted Split Air Conditioner with Gas Furnace*
Ducts in Attic

Ducts in Attic

Ducts in Conditioned Space

1

2

4

Natural Gas Tankless Water Heater, 0 Gallon Tank,
EF=0.82

8x Natural Gas Tankless Water
Heater, 0 Gallon Tank,
EF=0.82

Natural Gas Small Storage, 50 Gallon Tank, EF = 0.6

8x Natural Gas Small Storage,
50 Gallon Tank, EF = 0.6, 40
MBH Input Rating, Demand
Control Recirculation

(Alteration)

* TRC estimates that, based on 2009 Residential Appliance Saturation Survey, central gas furnaces (with and without
cooling) comprise over 50% of HVAC installations in Palo Alto.
Figure 7. Nonresidential Baseline Prototypes Summary
Building Type

Medium Office

Small Office

53,628

5,502

3

1

33%

21%

HVAC Distribution System

3x Packaged Variable Air Volume with
VAV Hot Water Reheat

5x Packaged Single Zone Air Conditioners

Cooling System

Direct Expansion, 9.8 EER, Economizer

Direct Expansion, 13 SEER, No Economizer

Floor Area (ft2)
# of floors
Window-to-Floor Area Ratio
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Heating System

Boiler, 80% Thermal Efficiency

Furnace, 78% AFUE

18

6

Conditioned Thermal Zones
Domestic Water Heating

Natural Gas Small Storage, EF = 0.637

Figure 8 and Figure 9 compare in detail the building characteristics for new construction and alteration
scenarios. Using property data courtesy of the City of Palo Alto, TRC determined that the average existing
building in Palo Alto was built in the early 1960’s for all building types, which was before California adopted any
building energy efficiency code. TRC simulated prototypes with “pre-code” conditions to estimate the energy
impact of alterations, particularly on space heating energy consumption.
Figure 8. Residential Pre-code and New Construction Assumptions

Envelope

Lighting

HVAC

Component

Pre-Code

New Construction (2016 T24)

Attic Insulation (R-value)

13

30

Radiant Barrier

No

Yes

Below Roof Deck Insulation (Rvalue)

0

13

Window U-Factor

0.81

0.32

Window SHGC

0.59

0.25

Infiltration ACH50

7

5

Power Adjustment Multiplier

0.9

0.63

Fraction Portable

0.5

0.22

Duct Location

Attic

Attic

Duct Leakage

10%

6%

HERS Verified Duct Sealing

No

Yes

Duct Insulation (R-value)

2.1

6

IAQ Fan W/cfm

None

0.25

Whole House Fan

No

No
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Figure 9. Nonresidential Pre-code and New Construction Assumptions
Component

Pre-Code

New Construction (2016 T24)

8

35

0.10

0.63

0

14

Window U-Factor

1.23

0.36

Window SHGC

0.71

0.25

Window VT

0.42

0.60

Lighting Power Density (W/ft2)

1.2

0.75

Roof Insulation (R-Value)
Roof Solar Reflectance
Wall Insulation (R-Value)

Given the inputs in the preceding figures, the baseline energy usage for the new construction and alteration
buildings is summarized in Figure 10.
Figure 10. Baseline Prototype Total Annual Energy Usage
New Construction

Alteration

Prototypes
kWh

Therms

kWh

Therms

2100 ft2 Single Family

3,861

344

4,614

455

2700 ft2 Single Family

4,608

398

5,174

523

Building

21,767

1,262

23,607

1,666

Per Dwelling Unit

2,721

158

2,951

208

Small Office

55,200

440

63,200

901

Medium Office

427,700

3,665

490,000

8,161

Low-rise
Multifamily
(8 units)
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7.

APPENDIX B – COST DATA

This Appendix provides further detail on cost assumptions and sources.

Heat Pump Measures
Heat pump water heater costs include equipment, maintenance, and overhead and profit (Figure 11). TRC
includes equipment replacement costs over a 30-year span for residential buildings, and 15 years for
nonresidential buildings (see Section 2.2.1). For example, a tankless water heater has an expected useful life
(EUL) of 20 years, so TRC assumes 1.5 replacements over 30 years in residential applications. The EULs for
tankless, storage, and heat pump water heaters are 20 years, 13 years, and 13 years, respectively.
In most cases, the AO Smith HPTU was the best performing NEEA-rated HPWH. Because TRC is using the energy
savings for this particular equipment, the incremental costs below are reflective of this particular product.
Compared to the 80 data points that TRC retrieved from online retailers, distributors, contractors, and RS
Means, the AO Smith product is slightly higher ($600) than average incremental cost for one HPWH, including
non-NEEA rated equipment.
Figure 11. Heat Pump Water Heater Incremental Cost Summary
Water Heater

Cost / Unit

Single Family

Multifamily

Nonresidential

Baseline – Gas Tankless, EF = 0.82

$5,301

$5,301

$42,413

n/a

Baseline – Gas Storage, EF = 0.60

$6,734

$6,374

$50,991

$5,276

Heat Pump Water Heater (AO Smith HPTU)

$7,933

$7,933

$63,465

$5,976

Incremental Cost – Tankless Baseline

$2,631

$21,052

n/a

Incremental Cost – Gas Storage Baseline

$1,559

$12,473

$700

Residential heat pump space heating costs are lower than conventional air conditioners with a gas furnace
(Figure 12 and Figure 13). Costs for alterations are slightly higher because of the higher capacity equipment
needed in pre-code buildings. Costs include materials, thermostats, calibration, startup, and overhead and
profit. TRC assumes that maintenance and expected useful life of the heat pump equipment is similar to
conventional equipment. Costs and mechanical designs are derived from interviews with over ten (10)
mechanical contractors and distributors.
Figure 12. Residential New Construction Heat Pump Space Heating Incremental Cost Summary
2100 ft2 Single Family

2700 ft2 Single Family

Multifamily

Baseline – Split AC and Furnace

$7,997

$14,743

$48,520

Heat Pump Space Heater

$4,750

$8,868

$27,640

$(3,247)

$(5,875)

Measure

Incremental Cost

$(20,880)
Average Incremental Cost
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Figure 13. Residential Alteration Heat Pump Space Heating Incremental Cost Summary
2100 ft2 Single Family

2700 ft2 Single Family

Multifamily

Baseline – Split AC and Furnace

$9,628

$15,557

$56,580

Heat Pump Space Heater

$5,960

$11,072

$32,940

$(3,938)

$(4,484)

Measure

Incremental Cost

$(23,640)
Average Incremental Cost

$(4,211)

TRC attained commercial space conditioning costs through discussions with a distributor, a mechanical design
firm, and RS Means.
Incremental cost data points for the small office in Figure 14 represent material costs, including overhead and
profit, for one (1) rooftop unit. The incremental cost for the building accounts for five (5) rooftop units. TRC
estimated new construction equipment capacities to be 2 tons per unit (10 tons for the entire office), while
alteration capacities to be 6 tons per unit (30 tons for the entire office).
Figure 14. Small Office Packaged Heat Pump Incremental Cost Summary
Baseline – Single Zone Air
Conditioner (1 unit)

Packaged Heat Pump (1 unit)

Incremental Cost

Cost Source
New
Construction

Alteration

New
Construction

Alteration

New
Construction

Alteration

Cost Source #1

$3,029

$7,087

$2,994

$7,563

$(35)

$476

Cost Source #2

$6,000

$9,500

$8,750

$11,500

$2,750

$2,000

RS Means

$5,593

$8,031

$5,495

$9,903

$(98)

$1,873

$872

$1,450

$4,361

$7,248

Average Incremental Cost per Rooftop Unit
Average Incremental Cost per Building (5 Rooftop Units)

TRC received costs from a distributor, mechanical design firm, and plumbing firm for the costs of installing a
heat pump boiler and larger VAV coils, compared to a baseline gas boiler system (Figure 15, Option #1). TRC also
obtained costs for a VRF system from one of the sources (Option #2). Because the cost estimate for the VRF
system was much higher than the HP boiler, TRC only investigated Option #1.
One of the cost sources provided costs for the entire baseline and heat pump system, while the other source
only provided costs for the boilers (not including upsized VAV terminal units). The total incremental cost is
obtained by averaging the cost of the heat pump boiler estimates ($106,700) and adding the cost of the larger
VAV terminal units, pipes, and pumps ($104,000).
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Figure 15. Medium Office Incremental Cost Summary

Incremental Cost Compared to Gas Boiler and PVAV Reheat Baseline
Option #1

Cost Source

Option #2 - Variable
Refrigerant Flow

Heat Pump Boiler

Larger VAV Terminal Units,
Pipes, and Pumps

Cost Source #1

$108,000

$104,000

$689,000

Cost Source #2

$105,400

Not provided

Not Provided

Average

$106,700

-

-

Total Incremental Cost

$210,700

$689,000

Infrastructure Upgrades
Electrical costs in Figure 16 were determined from RS Means data and assumptions for lengths of conduit and
wiring based on the geometry of the prototypes and likely paths. Service connection fees were coordinated with
the City of Palo Alto.
Figure 16. Electrical Infrastructure Costs
Scenario
Building Type

Upgrade Cost Component
New Construction

Alteration

HPWH Branch Circuit (15A to 30A)

$50

$640

Electrical Panel (100A to 200A)

$0

$3,181

Service Connection (Utility Fee)

$0

$850

$50

$4,671

$400

$5,120

Electrical Panel (60A to 125A)

$0

$20,792

Service Connection (Utility Fee)

$0

$1,160

$400

$35,192

$1,729

$4,399

$77

$1,365

$1,806

$5,764

$1,828

$4,381

$77

$1,365

$1,905

$5,746

Single Family

Total
HPWH Branch Circuit (15A to 30A)
Low-rise Multifamily
(8 dwelling units)

Total
HPSH Branch Circuits (50A to 80A) (5 units)
Small Office

HPWH Branch Circuit (20A to 30A)
Total
HP Boiler Branch Circuit (20A to 80A)

Medium Office

HPWH Branch Circuit (20A to 30A)
Total
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Figure 17 depicts cost estimates for connecting and distributing natural gas to each prototype. These costs may
be avoided in an all-electric building. TRC coordinated costs associated with the utility with Palo Alto. To attain
the indoor plumbing distribution costs, TRC developed routing schematics to estimate the length of gas piping
needed for each prototype, and multiplied pipe lengths by costs per linear foot attained through RS Means.
Figure 17. Natural Gas Plumbing New Construction Infrastructure Costs
Cost Component

Single Family

Low-rise
Multifamily

Small Office

Medium
Office

$848

$848

$2,316

$2,316

$4,343

$4,343

$4,343

$4,343

$850

$6,800

$1,886

$1,886

$0

$3,703

$0

$0

$371

$2,012

$3,793

$1,933

$6,412

$17,706

$12,338

$10,478

Plan review
Connection Charge (1”)
Meter(s)
Meter Manifold
Indoor Plumbing Distribution
Total

Relevant permit fees (Figure 18) are added to the cost of appliance replacements and electrical and plumbing
improvements.
Figure 18. Permit Fees
Single Family

Low-Rise
Multifamily

Small Office

Medium Office

Electrical

$120

$212

$118

$157

Mechanical

$120

$316

$117

$132

Plumbing

$97

$132

$117

$117

Water Heater
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8.

APPENDIX C – COST EFFECTIVENESS TABLES

This section provide itemized cost effectiveness tables for the summary tables in Section 3. If Net Savings (in the
far right column of each table) is positive, then the measure or package is considered cost effective.
In the following tables, package savings are attained by simulating both HPWH and HPSH simultaneously, which
produces TDV and on-bill savings that are different than the sum of their parts due to interactive effects and
Palo Alto Utilities’ tiered rate structure. Thus, the total savings are not simply the sum of the TDV and on-bill
savings columns. However, incremental costs do add up to the package cost totals in new construction tables. In
alteration tables, incremental costs are slightly inconsistent with the package cost totals, to avoid duplicating
permit costs.
Two sets of packages are developed. The first package is the total costs and savings when implementing both
heat pump measures. These results are reflected in the top half of Figure 5 in Section 3. The second package is
an all-electric package, which assumes natural gas will be not be connected to the building in new construction,
or disconnected from the building in alterations. Note, this analysis only considers the incremental costs for
electrifying water and space heating equipment, not other appliances such as stovetops or clothes driers.

Residential
TRC averaged results for the single family residential 2100 ft2 and 2700 ft2.

Single Family New Construction
Heat pump space heating and the packages are cost effective in single family new construction using the TDV
cost effectiveness methodology (Figure 19). Heat pump water heaters are not cost effective standalone, but
heat pump space heaters are cost effective because central split heat pumps are significantly cheaper than the
baseline central split air conditioner and furnace. Cost effectiveness increases when also considering the cost
savings associated with avoiding a natural gas connection.
Figure 19. Single Family New Construction TDV Cost Effectiveness
Measure
Heat pump water heater

TDV Benefits

Incremental Cost

TDV Net Savings

$222

$2,631

-

$50

$619

$(4,561)

$5,180

$760

$(1,879)

$2,639

$-

$(6,412)

$6,412

$760

$(8,292)

$9,051

$(2,459)
New 30A branch circuit
Heat pump space heater
Heat pump package
Avoided natural gas connection
All-electric package

Using the customer cost effectiveness methodology (Figure 20), neither individual heat pump measures nor the
package achieve on-bill savings. This may be due to Palo Alto Utilities tier structure -- baseline building gas usage
falls mostly under Tier 1, while the heat pump measures increase electricity usage to Tier 2. This translates to
electricity costs higher than gas costs, and thus negative on-bill savings.
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Although no Customer Benefits are realized, the heat pump space heater and the all-electric package have Net
Savings and are cost effective because the central split heat pumps are less expensive than the baseline gas
furnace system, and avoiding a natural gas line connection results in substantial cost savings.
Figure 20. Single Family New Construction Customer Cost Effectiveness
Measure

kWh
Savings

Heat pump water heater

Therms
Savings

Customer
Benefits

Incremental Cost

Customer Net
Savings

(920)

123

$(1,917)

$2,631

-

-

-

$50

(1,761)

193

$(2,728)

$(4,561)

$1,833

Heat pump package

(2,710)

327

$(4,925)

$(1,879)

$(3,046)

Avoided natural gas
connection

-

-

$3,495

$(6,412)

$9,908

All-electric package

(2,710)

327

$(1,430)

$(8,292)

$6,862

$(4,599)
New 30A branch circuit
Heat pump space heater

Stiebel 220E Results
The Stiebel 220E can operate with a 15A branch circuit. Thus, upgrading the branch circuit to 30A, which is
required for most HPWH products available on the market, is not necessary with the Stiebel. The Stiebel can
thus forego the branch circuit upgrade in the new construction scenario.
The Stiebel is not cost effective on its own using TDV, but both packages are cost effective (Figure 21). The
packages are not as cost effective as with the AO Smith in Figure 19 because the Stiebel has a higher incremental
cost for the water heater, and produces slightly less TDV Benefits.
Figure 21. Single Family New Construction TDV Cost Effectiveness – Stiebel 220E
Measure

TDV Benefits

Incremental Cost

TDV Net Savings

Heat pump water heater (Stiebel)

$187

$4,993

$(4,806)

Heat pump space heater

$619

$(4,561)

$5,180

$1,104

$432

$672

-

$(6,412)

$6,412

$1,104

$(5,980)

$7,084

Heat pump package
Avoided natural gas connection
All-electric package

With the customer cost methodology, the Stiebel is only cost effective in the all-electric package (Figure 22).
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Figure 22. Single Family New Construction Customer Cost Effectiveness – Stiebel 220E
Measure

kWh
Savings

Therms
Savings

Customer
Benefits

Incremental Cost

Customer Net
Savings

Heat pump water heater

(978)

130

$(2,200)

$4,993

$(7,193)

Heat pump space heater

(1,761)

193

$(2,728)

$(4,561)

$1,833

Heat pump package

(2,697)

327

$(6,156)

$432

$(6,588)

Avoided natural gas
connection

-

-

$3,495

$(6,412)

$9,908

All-electric package

(2,710)

327

$(2,661)

$(5,980)

$3,320

Single Family Alterations
While single family alterations have significant TDV savings with heat pump water heaters, the TDV savings are
less than the costs associated with electrical upgrades (Figure 23). Note that the Net Savings for both of the heat
pump water heater scenarios (gas storage and gas tankless baseline) include all of the associated costs for
branch circuits, permits, condensate drain, and service connection upgrade fee.
Figure 23. Single Family Alterations TDV Cost Effectiveness
Measure

TDV Benefits

Incremental Cost

TDV Net Savings

Heat pump water heater (gas storage baseline)

$1,605

$1,559

$(5,843)

Heat pump water heater (gas tankless baseline)

$96

$2,631

$(8,424)

New 30A branch circuit + permits

-

$857

Condensate drain

-

$1,000

Service connection upgrade fee

-

$850

Panel upgrade

-

$3,181

$(224)

$(4,211)

Permits

-

$120

Heat pump package (gas storage baseline)

$1,351

$2,506

$(1,155)

Heat pump package (gas tankless baseline)

$(158)

$3,579

$(3,737)

-

$1,433

-

All-electric package (gas storage baseline)

$1,351

$3,939

$(2,588)

All-electric package (gas tankless baseline)

$(158)

$5,012

$(5,170)

Heat pump space heater

$3,866

Gas disconnection
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The customer cost effectiveness approach does not show any of the package scenarios as cost effective, even
when considering $3,495 in bill savings from avoided monthly gas connection charges (Figure 24). The heat
pump measures do not generate any on bill savings and the costs of the equipment and the associated electrical
upgrades further reduce the cost effectiveness of this package.
Figure 24. Single Family Alterations Customer Cost Effectiveness
kWh
Savings

Measure

Therms
Savings

Customer
Benefits

Incremental
Cost

Customer
Net
Savings

Heat pump water heater (gas storage baseline

(1,046)

181

$(1,127)

$1,559

$(8,604)

Heat pump water heater (gas tankless baseline)

(1,046)

130

$(1,503)

$2,631

$(10,022)

New 30A branch circuit + permits

-

-

-

$857

Condensate drain

-

-

-

$1,000

Service connection upgrade fee

-

-

-

$850

Panel upgrade

-

-

-

$3,181

(2,726)

260

$(4,775)

$(4,211)

$(685)

Permits

-

-

-

$120

-

Heat pump package (gas storage baseline)

(3,680)

445

$(3,588)

$2,506

$(6,094)

Heat pump package (gas tankless baseline)

(3,680)

394

$(5,375)

$3,579

$(8,953)

-

-

$3,495

$1,433

$2,062

All-electric package (gas storage baseline)

(3,680)

445

$(93)

$3,939

$(4,032)

All-electric package (gas tankless baseline)

(3,680)

394

$(1,880)

$5,012

$(6,891)

Heat pump space heater

Gas disconnection

Stiebel 220E Results
In alterations, the Stiebel can forego the branch circuit, panel, and service connection upgrades assumed in the
other HWPH scenarios.
Because of reduced electrical expenses associated with the Stiebel, the heat pump package heat pump package
is cost effective using TDV when compared with a gas storage baseline (Figure 25). The Stiebel does not enable
any cost effective scenarios otherwise.
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Figure 25. Single Family Alterations TDV Cost Effectiveness – Stiebel 220E
Measure

TDV Benefits

Incremental Cost

TDV Net Savings

Heat pump water heater (gas storage baseline)

$1,821

$3,921

$(3,317)

Heat pump water heater (gas tankless baseline)

$312

$4,993

$(5,898)

Permits

$217

Condensate drain

$1,000

Heat pump space heater

$(224)

$(4,211)
$3,866

Permits

$120

Heat pump package (gas storage baseline)

$1,559

$197

$1,362

Heat pump package (gas tankless baseline)

$50

$1,269

$(1,219)

-

$1,433

-

All-electric package (gas storage baseline)

$1,559

$1,630

$(71)

All-electric package (gas tankless baseline)

$50

$2,702

$(2,652)

Gas disconnection

Although the Stiebel HPWH does not have electrical upgrade costs, it does not show customer benefits and is
not cost effective, even in the all-electric package (Figure 26).
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Figure 26. Single Family Alterations Customer Cost Effectiveness – Stiebel 220E
kWh
Savings

Measure

Therms
Savings

Customer
Benefits

Incremental
Cost

Customer
Net
Savings

Heat pump water heater (gas storage baseline)

(970)

181

$(3,352)

$3,921

$(8,489)

Heat pump water heater (gas tankless baseline)

(970)

130

$(1,887)

$4,993

$(8,097)

Permits

-

-

-

$217

Condensate drain

-

-

-

$1,000

(2,726)

260

$(4,775)

$(4,211)

$(685)

-

-

$120

-

Heat pump space heater
Permits
Heat pump package (gas storage baseline)

(3,740)

445

$(3,880)

$197

$(4,076)

Heat pump package (gas tankless baseline)

(3,740)

394

$(5,667)

$1,269

$(6,936)

-

-

$3,495

$1,433

$2,062

All-electric package (gas storage baseline)

(3,740)

445

$(385)

$1,630

$(2,014)

All-electric package (gas tankless baseline)

(3,740)

394

$(2,172)

$2,702

$(4,873)

Gas disconnection

Low-Rise Multifamily New Construction
Although there are negative TDV savings for heat pump measures in multifamily new construction, the cost
savings from installing heat pump space heating and avoiding a natural gas connection make the all-electric
package cost effective (Figure 27). The package without considering avoiding a natural gas connection is not cost
effective.
Figure 27. Low Rise Multifamily New Construction TDV Cost Effectiveness
Measure

TDV Benefits

Incremental Cost

TDV Net Savings

Heat pump water heater

$(530)

$21,052

-

$400

$(2,857)

$(20,880)

$18,023

$(5,093)

$572

$(5,665)

-

$(17,706)

$17,706

$(5,093)

$(17,134)

$12,041

$(21,982)
New 30A branch circuit
Heat pump space heater
Heat pump package
Avoided natural gas connection
All-electric package
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HPSH produces increased energy bills that are greater than the baseline because more Tier 2 charges are
incurred, but less than the material cost savings from switching to heat pump space heating (Figure 28). The
package is only cost effective when considering cost savings from avoiding the natural gas connection.
Figure 28. Low Rise Multifamily New Construction Customer Cost Effectiveness
Measure

kWh
Savings

Heat pump water heater

Therms
Savings

Customer
Benefits

Incremental
Cost

Customer
Net Savings

(5,590)

716

$198

$21,052

-

-

-

$400

(3,257)

258

$(13,391)

$(20,880)

$7,489

(8,847)

974

$(24,564)

$572

$(25,135)

-

-

$27,961

$(17,706)

$45,667

(8,847)

974

$3,398

$(17,134)

$20,532

$(21,254)
New 30A branch circuit
Heat pump space heater
Heat pump package
Avoided natural gas connection
All-electric package

Low Rise Multifamily Alterations
The heat pump package produces TDV savings when compared to the gas storage baseline, but not the gas
tankless baseline (Figure 29). The highest incremental costs are due to the eight (8) heat pump water heaters
and panel upgrades. None of the package scenarios are cost effective due to the high costs associated with the
equipment and electrical upgrades.
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Figure 29. Low Rise Multifamily Alterations TDV Cost Effectiveness
Measure

TDV Benefits

Incremental Cost

TDV Net Savings

Heat pump water heater (gas storage baseline)

$10,488

$12,473

$(33,402)

Heat pump water heater (gas tankless baseline)

$(1,856)

$21,052

$(54,324)

New 30A branch circuit + permits

-

$5,464

Condensate drain

-

$4,000

Service connection upgrade fee

-

$1,160

Panel upgrade

-

$20,792

$(6,787)

$(23,640)

Heat pump space heater

$16,537
New 50A branch circuit + permits

-

$316

Heat pump package (gas storage baseline)

$3,701

$19,405

$(15,705)

Heat pump package (gas tankless baseline)

$(8,643)

$27,984

$(36,627)

-

$1,433

All-electric package (gas storage baseline)

$3,701

$20,838

$(17,138)

All-electric package (gas tankless baseline)

$(8,643)

$29,417

$(38,060)

Gas disconnection

Multifamily alterations for HPSH show large Net Savings due to bill savings and lower materials costs (Figure 30).
The all-electric package shows NPV savings, but none of the package scenarios are cost effective due to the high
costs for equipment and electrical upgrades.
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Figure 30. Low Rise Multifamily Alterations Customer Cost Effectiveness
kWh
Savings

Measure

Therms
Savings

Customer
Benefits

Incremental
Cost

Customer
Net Savings

Heat pump water heater (gas storage baseline)

(6,378)

1,144

$(1,194)

$12,473

$(45,084)

Heat pump water heater (gas tankless baseline)

(6,378)

716

$(11,146)

$21,052

$(63,614)

New 30A branch circuit + permits

-

-

-

$5,464

Condensate drain

-

-

-

$4,000

Service connection upgrade fee

-

-

-

$1,160

Panel upgrade

-

-

-

$20,792

(3,329)

234

$21,987

$(23,640)

New 50A branch circuit + permits

-

-

-

$316

Heat pump package (gas storage baseline)

(8,919)

1,378

$(14,757)

$19,405

$(34,163)

Heat pump package (gas tankless baseline)

(8,919)

949

$(25,622)

$27,984

$(53,606)

-

-

$27,961

$1,433

$26,528

All-electric package (gas storage baseline)

(8,919)

1,378

$13,204

$20,838

$(7,635)

All-electric package (gas tankless baseline)

(8,919)

949

$2,339

$29,417

$(27,078)

Heat pump space heater

$45,311

Gas disconnection

Nonresidential
As described in Section 2.3.1, high-rise multifamily simulations with HPWHs served as a proxy for nonresidential
HPWH performance. The high-rise multifamily results showed very similar TDV performance for HPWH and
natural gas storage water heaters. Because this method likely has significant error bounds, TRC assumed a
neutral TDV impact for nonresidential HPWHs to avoid influencing results. However, TRC estimated on bill
savings by determining the relative monthly energy input of a HPWH compared to the monthly input of a gas
water heater, and applying the same relationship to the office gas water heater monthly energy input.

Small Office New Construction
Packaged heat pumps show slight TDV savings, not enough to compensate for the minor increase in materials
and installation cost. The all-electric package is cost effective due to $12,338 in savings for avoiding the
installation of natural gas piping.
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Figure 31. Small Office New Construction TDV Cost Effectiveness
Measure

TDV Benefits

Incremental Cost

$0

$700

-

$77

$470

$4,361

50A branch circuit

-

$1,729

Heat pump package

$470

$6,867

$(6,397)

Avoided natural gas connection

-

$(12,338)

-

All-electric package

$470

$(5,471)

$5,941

Heat pump water heater

TDV Net Savings

$(777)
30A branch circuit
Packaged heat pump

$(5,620)

The customer cost effectiveness method shows savings for the heat pump measures and $1,864 in avoided
monthly natural gas charges (Figure 32). As in the previous table, the all-electric package is cost effective largely
due to avoided natural gas connection charges.
Figure 32. Small Office New Construction Customer Cost Effectiveness
Measure

kWh
Savings

Heat pump water heater

Therms
Savings

(844)

Customer
Benefits
99

Incremental
Cost

$435

Customer Net
Savings

$700
$(342)

New 30A branch circuit

-

-

-

$77

(1,467)

185

$357

$4,361

New 50A branch circuits

-

-

-

$1,729

Heat pump package

(2,311)

285

$792

$6,867

$(6,075)

-

-

$14,583

$(12,338)

$26,921

(2,311)

285

$15,375

$(5,471)

$20,847

Packaged heat pump

$(5,733)

Avoided natural gas
connection
All-electric package

Small Office Alterations
Although packaged heat pumps have $2,042 in TDV savings, the equipment costs make the individual measure
and the all-electric package not cost effective (Figure 33).

39 | TRC Energy Services

Attachment B

Palo Alto Electrification Study
Figure 33. Small Office Alterations TDV Cost Effectiveness
Measure

TDV Benefits

Incremental Cost

$0

$700

New 30A branch circuit

-

$1,487

Condensate drain

-

$1,000

$2,042

$7,248

New 50A branch circuits

-

$240

Heat pump package

$2,042

$10,670

$(8,628)

-

$1,433

-

$2,042

$11,980

$(9,938)

Heat pump water heater

Packaged heat pump

TDV Net Savings

$(3,187)

$(5,445)

Gas disconnection
All-electric package

The only small office alteration package that is cost effective with the customer cost effectiveness methodology
is all-electric (Figure 34).
Figure 34. Small Office Alterations Customer Cost Effectiveness
Measure

Heat pump water heater

kWh
Savings

Therms
Savings

Customer
Benefits

Incremental
Cost

Customer Net
Savings

(844)

99

$435

$700

New 30A branch circuit

-

-

-

$1,487

Condensate drain

-

-

-

$1,000

(4,870)

648

$1,724

$7,248

New 50A branch circuit

-

-

-

$4,639

Heat pump package

(5,714)

747

$2,159

$15,068

$(12,909)

-

-

$14,583

$1,433

$13,150

(5,714)

747

$16,742

$16,379

$364

Packaged heat pump

$(2,752)

$(10,162)

Avoided natural gas
connection
All-electric package

Medium Office
CBECC-Com is currently unable to model a heat pump boiler. However, TRC estimated cost effectiveness
through the alternative approach described below.
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TDV Cost Effectiveness
As mentioned at the beginning of Section 8.2, nonresidential heat pump water heaters were assumed to have a
neutral TDV impact. TRC received an incremental cost of nearly $160,000 for implementing a heat pump boiler,
which was determined to be the cheapest and most straightforward heat pump alternative to the baseline VAV
reheat system. The incremental cost of the heat pump boiler alone is larger than the entirety of the TDV heating
savings possible for the medium office ($43,195). In other words, if the heat pump boiler completely eliminated
natural gas heating energy, without increasing any electric consumption, the packaged would still not be cost
effective (Figure 35).
Figure 35. Medium Office New Construction TDV Cost Effectiveness
Measure
Heat pump water heater

TDV Benefits

Incremental Cost

$0

$700

TDV Net Savings

$(777)
New 30A branch circuit

-

$77

Heat pump boiler + Larger VAV coils

$43,195i

$210,700

New 80A branch circuit

-

$1,729

Heat pump package

$43,195i

$213,206

$(170,011)

-

$(10,478)

-

$43,195i

$202,728

$(159,533)

$(169,234)

Avoided natural gas connection
All-electric package
i

This value does not represent the simulated TDV Benefits, but the maximum possible savings.

The retrofit of the medium office presents an even more expensive situation where existing VAV coils would
need to be removed and replaced with larger coils. The incremental cost of this work would be added to the
$159,450 incremental cost of the heat pump boiler. TRC did not pursue attaining these costs because of the
extremely low chances of being cost effective, and does not believe that a cost effective electrification alteration
option exists for the medium office.
Customer Cost Effectiveness
In a similar manner as the TDV cost effectiveness method, TRC calculated a hypothetical maximum for customer
heating savings from a heat pump boiler. TRC calculated the annual heating bills associated with the natural gas
boiler to be approximately $3,169. Over the 15-year analysis period, this translates to a NPV of $49,227 (Figure
36). This is the maximum possible savings by switching to the heat pump boiler for space heating. Thus, without
even considering an increase in electric bills by switching to a heat pump boiler, the NPV does not exceed the
$159,450 in materials cost to implement the heat pump measure.

41 | TRC Energy Services

Attachment B

Palo Alto Electrification Study

Figure 36. Medium Office New Construction Customer Cost Effectiveness
Measure

Heat pump water heater

kWh Savings

(5,644)

Therms
Savings

Customer
Benefits

664

Incremental
Cost

$963

Customer Net
Savings

$700
$186

New 30A branch circuit

-

-

-

$164

not
simulated

3,007

$49,227i

$210,700

New 80A branch circuit

-

-

-

$1,729

Heat pump package

(5,644)

3,671

$50,190i

$213,206

$(163,016)

-

-

$14,583

$(10,478)

$25,061

(5,644)

3,671

$64,773i

$202,728

$(137,955)

Heat pump boiler + Larger
VAV coils

Avoided natural gas
connection
All-electric package
i

$(163,202)

This value does not represent the simulated Customer Benefits, but a hypothetical maximum.

As described previously, the retrofit situation for the electrification package represents an even less likely cost
effective scenario. Note, however, that the heat pump water heater measure is cost effective in the medium
office, which uses more domestic hot water than the small office.
The alteration cost for a HPWH ($700), upgrading to a 30A circuit ($1,644), and adding a condensate drain
($1,000) amounts to a total incremental cost of $3,344. Compared to the $963 in savings the HPWH, the Net
Savings is $(2,381) and the HPWH is not cost effective for the medium office alteration.
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9.

APPENDIX D – SURVEY INSTRUMENT

The project team distributed an online survey to local industry members to gather feedback on heat pump
water heaters (HPWH) and heat pump space heaters (HPSH) installations and experience. The survey was
distributed to about 500 industry members, including contractors, plumbers, architects, and design engineers,
and 15 responses were received.
Although the survey below references only heat pump water heaters, the same questions were also asked for
heat pump space heaters, but are not shown here to conserve space.
TRC also used the survey as a general interview guide.

Please respond to the following questions based on your experience and knowledge of heat pump water heaters (HPWH)
through specifying, installing, and/or using HPWHs. Our team may follow up with further inquiries. Please include your
name and contact information.
Name:
Profession:
Email:
1.

Phone:
What experience have you had with HPWHs? (choose all that apply)
•
•
•
•

2.

Specifying
Installing
Using
Other:

What building type(s) was the installation for? (choose all that apply)
•
•
•
•
•

Residential (single family, low-rise multifamily)
High-rise multifamily
Commercial (<10,000 ft2)
Commercial (>10,000 ft2)
Other:

3.

Was the installation(s) part of a new construction or retrofit project, or both? If experienced in both new
construction and retrofit, are there different considerations for using HPWH between the two project types?

4.

Why did you choose HPWH? What are the primary benefits of HPWH?

5.

What was the cost of the HPWH system? Please specify approximate components included in cost (e.g.,
capacity/size, equipment, labor, demolition, etc)?

6.

Were there any challenges in getting permits to install the HPWH? If so, what were the challenges?

7.

How did you overcome the challenges?

8.

Were there any special considerations for installing HPWH compared to traditional water heaters (e.g., electrical
outlets)? And how did you deal with these issues?

9.

Were there any physical challenges in installing the HPWH (e.g., size constraints)? How did you overcome those
challenges?

10.

Were there any other barriers or challenges to installing the HPWH, such as:
cost issues?
code or regulatory issues?
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technology issues (products not market-ready, unreliable, etc.)?
maintenance or reliability issues?
contractor or installer skill or training level?
product availability?
customer preference?
11.

Where is the HPWH installed?
•
•
•
•
•

Garage
Outside
Closet
Mechanical Room
Other:

12.

How has the HPWH system performed since installation? Have there been any issues with operating the HPWH?
Do HP systems require extra commissioning?

13.

What would your recommendations be to simplify the design, installation, or operation of HPWH for future users
of these systems?
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Attachment C

EXCERPTED MINUTES OF THE MARCH 1, 2017
UTILITIES ADVISORY COMMISSION
ITEM 1: DISCUSSION: Discussion of Staff Plans to: (1) Suspend Additional Work on Evaluating
the Feasibility of Implementing Local Building Code Amendments to Mandate Heat Pump Water
Heaters and Space Heaters; (2) Continue to Implement Pilot Scale Customer Programs for Heat
Pump Water Heaters and Initiate a Pilot Program for Space Heaters
Senior Resource Planner Shiva Swaminathan gave an overview of the City’s carbon reduction
efforts in the previous decade. Electricity carbon content had been nearly eliminated. Natural
gas and transportation were the remaining major sources of greenhouse gases. Today’s focus
was on natural gas, which primarily was related to building heating and hot water heating. He
showed the ten point electrification work plan adopted by Council in August 2015, noting that
tonight’s presentation would focus on items one and four of the work plan relating to
evaluating both mandates and pilot programs related to heat pump water and space heating.
Development Services Director Peter Pirnejad stated that over the previous year staff had been
working to evaluate whether it would be cost-effective and feasible to mandate electrification
of homes and businesses. He described the stakeholder engagement effort associated with the
work, including a working group his team had brought together to provide feedback, including
builders, architects, green building professionals, energy modelers, developers, contractors,
and city staff. He discussed the various aspects of heat pump water and space heaters that
needed to be analyzed to evaluate the mandate, including cost barriers associated with
California Energy Commission (CEC), operational and performance barriers, the knowledge and
willingness of contractors to install them, customer acceptance, and rate- and fee-related
barriers. The first step was to work with the California Energy Commission (CEC) to eliminate
regulatory barriers that prohibited heat pumps, and to remove the modeling requirement that
installers previously had to undergo prior to installing a heat pump.
Commissioner Trumbull asked what these modeling efforts were and how they affected
electrification.
Pirnejad stated that previously the builder would have to run a full analysis of the building prior
to installing a heat pump water heater to demonstrate compliance with Title 24. This is no
longer required.
Pirnejad continued the presentation, describing the Green Building Code the City recently
adopted, for which it had received several awards, and stated that the Green Building Code
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required new buildings in Palo Alto to be more efficient than was required by the base
California Energy Code. Staff had created separate requirements for all electric buildings, since
it would be cost prohibitive for these buildings to comply with the Green Building
Requirements.
Commissioner Ballantine asked whether all-electric buildings consumed more electricity.
Pirnejad said they did.
Commissioner Ballantine asked whether the all-electric home would be more efficient than an
equivalent building using both gas energy and electric energy. He was concerned about any
waiver that would enable an all-electric home to be less efficient than other homes.
Pirnejad said there were two alternatives for compliance under the Green Building Ordinance,
either installing an all-electric building or making the mixed gas and electric building more
efficient than the base requirements in the California Energy Code.
Senior Resource Planner Shiva Swaminathan said in calculating the efficiency both electric and
gas energy were considered on the same basis, British Thermal Units (BTU) per square foot. He
said that the CEC’s modeling methodology for electric appliances was not yet mature, resulting
in calculated BTU values that were higher than actual BTU values. Actual all-electric homes met
the efficiency goals the City was aiming for in the Green Building Code, and therefore a carveout for these homes had been established.
Commissioner Ballantine said the explanation was helpful.
Pirnejad continued the presentation, stating that in most cases heat pump water heating, space
heating, or all-electric building packages were not cost-effective for the purpose of code
mandates. In addition, there were a number of industry barriers. Contractors were unlikely to
have the skills and willingness to install these appliances, customers were less willing to accept
them, there were performance issues with how quickly the water or space was heated with
these technologies, and there were higher space requirements for installation. As a result, staff
did not believe it was prudent to proceed with a mandate. Instead, staff believed it was better
to reduce barriers and create programs to get the market ready to accommodate these
appliances. Staff would monitor the conditions and consider re-evaluating a mandate within the
next five years. Staff would meanwhile focus on finding ways to achieve deep energy efficiency
retrofits in existing buildings.
Commissioner Ballantine asked whether failure analysis like FMEA had been performed to
determine the consequences of failure of electrified buildings. He said he had been through
two situations in all-electric homes. In one case he had been in an all-electric home during a
utility outage during cold weather, and had needed to burn wood for heat. The other situation
had been similar and if he had not had a backup heat source, pipes would have frozen. He was
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concerned about the reduced resiliency of moving to all-electric homes. This topic should be
considered prior to imposing any mandates.
Pirnejad said those types of factors had been considered in addition to the cost-effectiveness
analysis, though resiliency had not been considered in as much detail as an FMEA analysis. Even
cost-effective measures may not be reasonable to mandate due to issues like market readiness
and logistical challenges in installation of heat pumps.
Commissioner Ballantine recommended doing some kind of hazard analysis if a mandate were
considered in the future.
Melanie Jacobson, Consultant, Integrated Design 360, spoke about the scope of the
electrification study. It had considered single-family, low-rise multi-family, and office buildings.
She said there was a protocol required by the CEC to evaluate whether it would be acceptable
to mandate a given technology that differed from the State’s Energy Code. It used a calculation
methodology called Time-Dependent Valuation (TDV). She discussed industry barriers, including
the cost of electrical panel upgrades, the lack of knowledge base in the industry, issues with
making space for these appliances in houses, the fact that contractors handling these small
projects were not normally licensed for both electrical and plumbing work, and other factors.
She discussed the results of the study, noting that heat pump water heaters were generally not
cost effective. Heat pump space heaters were cost effective in some cases, and heat pump
packages that involved no gas connection were generally only cost effective in new
construction, particularly in single family homes. However, even when packages were cost
effective, industry barriers were such that mandating these packages was still not
recommended.
Commissioner Forssell asked how cost-effectiveness was calculated in this context
Farhad said the TDV methodology calculated the cost of energy use at different times of day
and times of year. The calculations were done both using the TDV methodology and from the
customer perspective.
Swaminathan said the cost of one BTU of electricity was higher than the cost of one BTU of gas.
This was taken into account in the TDV methodology.
Commissioner Forssell asked whether it would be accurate to say that the TDV methodology
calculated the cost effectiveness from the State of California point of view.
Swaminathan confirmed that was true.
Commissioner Trumbull asked whether there was a climate change impact included in the
calculation.
Swaminathan stated there was a carbon cost included in the methodology.
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Commissioner Ballantine asked if the model could deal with the variation in COP by
temperature.
Farhad confirmed it did.
Commissioner Schwartz said her neighbor had a heat pump sitting opposite from her front
porch, and it was very loud. She asked whether this was factored into the study.
Jacobson said noise was an industry barrier considered in the analysis.
Vice Chair Danaher asked whether the cost analysis had considered the difference between
Palo Alto electricity rates and rates in the rest of the state.
Farhad said the cost effectiveness analysis had also been done using Palo Alto rates and
remained the same, except that the scenario that assumed heat pump space and water heating
in a single family home with the gas connection remaining became cost ineffective.
Swaminathan spoke regarding the Heat Pump Water Heating Pilot Program that had been
operating for the last nine months. It had been created in partnership with members of the
community.
Commissioner Schwartz made clear that the people impacted by heat pump noise were the
neighbors, not the homeowner.
Swaminathan said an important goal of the program was efficiency, and heat pump water
heaters installed had to be more efficient than an equivalent gas heater. He discussed the
industry barriers to be reduced in the pilot program, including ensuring it was possible to obtain
these appliances, that contractors were able to install them, and reducing code barriers. He
discussed the work the City did with the CEC to define a minimum efficiency for heat pumps
that would eliminate the requirement for installers to create a model before installing them.
Previously, if a gas connection was available, anyone who wanted to install a heat pump had to
complete an expensive modeling exercise. The City had worked with the CEC to establish an
efficiency level for heat pumps that, if exceeded, would mean the modeling exercise was not
required. The CEC had rolled out this rule statewide. He discussed education and discussions
within the community. He described how the program worked and what resources were
available to customers. He also discussed how the Utilities Department was doing some work to
achieve some of the same benefits for heat pump space heating, working with the CEC to
reduce barriers and launching a pilot program. He stated that these efforts were a small part of
staff’s level of effort related to building and vehicle efficiency electrification. Most time was
spent on building efficiency and vehicle electrification. He reiterated that staff’s overall
approach at this time was to defer any mandates for electrification and instead focus on
building efficiency, while spending some time on reducing market barriers to electrification and
establishing pilot programs.
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Vice Chair Danaher said there was also a Colleague’s Memo included in this agenda item
focused on just how green the City’s electricity was. He believed the UAC would agree with the
staff’s approach to efficiency and electrification. He asked for public comments.
Bill Conlan, Palo Alto resident, said he was Commissioner Schwartz’s husband and had done the
calculations in the Colleague’s Memo. He said he had redone the calculations, and it was now
clear there was a greenhouse gas (GHG) savings associated with heat pump water heaters, as
opposed to what had been stated in the memo. He showed a series of slides demonstrating
that the City’s load was not always aligned with its energy generation. When the City had a
higher load than its generation, it bought power in the market, and when it had higher
generation, it sold power. He gave an example with a specific day, showing how one could build
a solar project that generated an number of megawatt-hours (MWh) equal to the City’s load on
that day, but that they would not occur at the same time. This created merchant risk. It was
premature to pursue electrification until this problem had been solved.
Gary Lindgren, 505 Lincoln Ave, agreed that there should not be mandates for electrification at
this time. He said heat pumps were not meant to be used when gas was available. Where gas
was not available they saved money, but generally gas was preferable when available. He said
that electricity was five to six times more expensive on an energy basis. Heating bills of pilot
program participants could double, and it was very important to make that clear to
participants.
David Coale, Palo Alto resident, said he was a member of Carbon Free Palo Alto, but speaking
on his own behalf. He thanked staff for the hard work reducing barriers. He urged the UAC to
consider some kind of mandate. He said the State’s TDV methodology was outdated. The
carbon cost used in the methodology was based on the cap and trade market carbon cost, but
the real cost of carbon associated with climate change was much higher. He said mandates
saved money and pushed the market to learn how to install them. He said the noise for a heat
pump water heater was in the house, not outside the house. The noise for a heat pump space
heater was the same for an air conditioner, and it was not considered a barrier for air
conditioner installation. He said the industry would not adopt these appliances without a push.
Vice Chair Danaher asked what the carbon cost used in the TDV calculation was.
Swaminathan said the current cost was in the $12-$13 range, but the methodology used a
higher cost than that.
Commissioner Schwartz said she and Vice Chair Danaher wrote this Colleague’s Memo in
reaction to some public sentiment she had heard that it was akin to a moral failing to want to
use gas heat instead of heat pumps. She said that if the electricity purchased in the early
morning was going to be dirtier than what was available during the day, it was not a net
benefit. She said if the City had chosen to use Renewable Energy Credits (RECs) to make an
effort to reduce carbon, it was helpful, but it did not mean there was a real benefit to using
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more energy in the mornings when renewable energy was not actually being generated. It
should not be considered unless the City bought renewable energy like geothermal that
generated at the same time as the energy being used. She said that practically, it was hard to
consider something like solar hot water heating or heat pumps when a water heater failed. She
thought it was great when people installed these measures voluntarily, but it was not a good
idea to mandate them.
Commissioner Ballantine said it took a lot of work to manage an electric distribution system. He
was concerned that there was not enough consideration on how electrification would affect the
system. It would take a long lead time to prepare the system to accommodate these new
technologies. He wanted to make sure electrification and CO2 reduction did not come at the
cost of resiliency. He thought the pilot program was a good way to evaluate electrification.
Storage could be paired with heat pumps to provide resiliency.
Commissioner Schwartz said she was very supportive of transportation electrification. In Palo
Alto there was strong momentum in adopting electric vehicles. Moving quickly in this area was
a way to have a significant impact. She addressed the issue of fugitive emissions. She suggested
looking into Google’s program of using driverless cars to detect methane leaks.
Assistant Director of Resource Management Jonathan Abendschein emphasized that the City’s
gas utility had an aggressive leak detection and repair program. The entire system was surveyed
every two years, more frequently than the five year survey cycle required by the CEC.
Commissioner Schwartz asked whether leaks were an area of concern for the community.
Chief Operating Officer Dean Batchelor said there was not a problem in this area. Staff detected
and repaired leaks regularly.
Vice Chair Danaher asked how much of Palo Alto’s power supply came from hydroelectric
power.
Swaminathan said Palo Alto was probably buying power half the time and selling power half the
time. He said Palo Alto was exposed to the power markets. In the short term, every new unit of
electricity used came from the power markets, but in the long term, the electric utility would
procure renewable energy to match that new unit of electricity.
Vice Chair Danaher clarified he wanted to know how much of the City’s energy came from the
market, presumably fossil fuels, and how much came from carbon free energy.
Abendschein said the carbon free energy was normally dispatched when it provided the most
value, normally the middle of the day. During a summer day there was enough carbon free
power to cover most of Palo Alto’s load around the clock, with a small shortfall at night. During
a winter day only a portion of the load was matched with renewable energy at any given hour.
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Councilmember Filseth asked whether it was possible to use hydroelectric power to match
carbon free energy to load, rather than geothermal.
Abendschein said most of the hydroelectric power was generated during the summer. It was
easier to redispatch on a daily basis than it was on a seasonal basis.
Councilmember Filseth asked whether it was better for electric vehicles to charge during the
day than to charge at night.
Commissioner Schwartz said if the goal was carbon reduction, it might be better to charge
electric vehicles when the renewable energy was being generated. But from a practical
standpoint, people would charge their vehicles when electricity was available. It was possible to
set price signals for charging at specific times, but only if smart meters are available.
Commissioner Ballantine said electric vehicles were very efficient. Even if those vehicles were
charged when there was no renewable energy, and were powered by a gas plant, it would still
be better than using gasoline.
Vice Chair Danaher said Southern California Edison was in the process of changing its time of
use rate structure. He asked whether Palo Alto had a time of use rate structure.
Swaminathan said there was a pilot program to try advanced metering and there was a pilot
time of use rate associated with that program. He said carbon and price were considerations,
but distribution impacts were also a consideration. It was not a good idea to have people come
home and turn on all of their appliances and also begin charging their vehicles. Nighttime
charging had lower distribution system impacts.
Commissioner Schwartz said education helped people make voluntary choices to charge at the
proper time, even if they were not presented with price signals.
Abendschein said nighttime prices were still lower for energy. It was an open question about
whether to push people to charge at low carbon times or at low price times.
Commissioner Schwartz said that a negative outcome would be to have people charging at the
time they use other appliances and creating new peak demands on the system.
Vice Chair Danaher asked to clarify whether the overall policy goal was electrification, or simply
carbon reduction.
Utilities General Manager Ed Shikada said the staff analysis had explored whether a mandate
was an effective approach to electrification at this time, and had concluded it was not.
Vice Chair Danaher asked whether it would make sense to have customers charge electric
vehicles during the day during the winter if the goal was carbon reduction.
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Commissioner Schwartz said it was more complicated than that.
Vice Chair Danaher said it would be worth exploring whether there was a preferable charging
time for electric vehicles that would reduce carbon emissions.
Abendschein said some of these topics had been discussed at the time the Carbon Neutral
Portfolio goal had been adopted. It might be useful to review some of that discussion.
Commissioner Schwartz said it might be helpful to pilot an application showing the real-time
carbon content of Palo Alto’s energy.
Vice Chair Danaher said it would be helpful to discuss the Carbon Neutral Portfolio at a future
time.
Shikada noted staff would be returning the following month to discuss the Sustainability and
Climate Action Plan Implementation Plans, which included electrification.
Commissioner Forssell said the City had achieved carbon neutral energy, which was a real
benefit, but the next step might be to achieve carbon neutral power, where renewable energy
and load were in sync all of the time. She noted the Council had recently made the choice to
make the gas portfolio carbon neutral. She said based on carbon accounting methods, both gas
and electric energy were carbon neutral, which played into the debate on electrification. She
noted there was not much geothermal energy available anymore. She said electrification was
necessary in the long term, since at some point the renewable energy and loads would be
balanced. She thought it was worthwhile to continue exploring electrification, but it was not
something worth mandating at this point in time. She also noted that it was worth educating
customers that the evening was not the right time to charge electric vehicles. The WattTime API
could be a helpful tool for creating those educational tools.
Commissioner Johnston said the proposal was to not look at mandating electrification for five
years. He asked if that was because that was the next time code amendments would be
considered.
Pirnejad said the codes were considered every three years, but five years was an appropriate
amount of time to allow the market to mature.
Commissioner Johnston said he agreed it was premature to mandate this right now, but if the
pilot programs were successful, he asked whether it would be appropriate to reconsider the
mandates earlier than that.
Pirnejad said staff’s planned efforts over the next several years on deep energy efficiency
improvements in existing buildings, which would mean less energy would be required to heat
and cool them, would make electrification more feasible.
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Commissioner Johnston agreed it would be worthwhile to provide more information about the
right time to charge electric vehicles.
Commissioner Trumbull asked whether it was possible to pursue both building and vehicle
electrification at the same time. The discussion tonight seemed to imply there was some
tradeoff.
Swaminathan said both could be pursued at the same time. There was more payoff from efforts
spent on vehicle electrification, since the technology was more mature.
Commissioner Trumbull agreed. He said, though, that it did not make sense to focus on existing
buildings for electrification. He said he had experienced a similar issue to what Commissioner
Ballantine had experienced with his own heating system. He had gone for several months in the
winter without a heating system since he had a hydronic heating system that broke and could
not find a contractor who knew how to repair it. He agreed the industry needed some
experience with these systems. He thought that five years was too long a time to wait to reexamine the mandate. He wanted to see it re-examined for the next code cycle. He said fugitive
emissions were a big issue, given what he knew about fracking. He wanted to mandate some
type of electrification right now. He thought the best choice would be new small office
construction, which was listed as cost-effective in the staff analysis. He said energy usage in
these buildings would be more coincident with afternoon renewable energy generation.
Commissioner Schwartz spoke to something Commissioner Forssell said earlier, that there was
not much geothermal energy available anymore. She said that there was a lot of geothermal
capacity yet to be developed in Southern California in Imperial County.
Pirnejad said that small offices were often voluntarily installing heat pumps already, though
only a handful of buildings had been all-electric. To accomplish a mandate in the next code
cycle, the analysis would have to begin in 2018, since the lead time was about 18 months. The
analysis was very involved. This was not enough time for market changes to occur. Staff was
open to a mid-cycle code change if needed, though this was disruptive for contractors, who
preferred stability.
Commissioner Schwartz said that a mandate on small businesses would be burdensome.
Councilmember Filseth said he agreed with Commissioner Trumbull’s assessment of the issue of
mandates was a good one. He did not know when the right time for a mandate was, but he
thought that the right way to approach mandates when the time was right was to pick a specific
market segment, as Commissioner Trumbull had suggested, and make the mandate work in
that segment before expanding it.
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Vice Chair Danaher said this had been a good discussion. He hoped to hear more about the
carbon content of the electric portfolio in the future, but that he thought tonight’s issues had
been well considered.
ACTION: No Action.
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Background	
  
It	
  is	
  commendable	
  that	
  so	
  many	
  Palo	
  Alto	
  citizens,	
  representatives	
  on	
  the	
  UAC	
  and	
  
elected	
  officials	
  on	
  the	
  City	
  Council	
  are	
  committed	
  to	
  reducing	
  our	
  City’s	
  contribution	
  to	
  
CO2	
  emissions.	
  	
  If	
  we	
  wish	
  to	
  be	
  a	
  model	
  for	
  other	
  cities,	
  however,	
  we	
  need	
  to	
  adopt	
  
and	
  showcase	
  practices	
  that	
  are	
  realistic	
  and	
  practical	
  for	
  other	
  less	
  affluent	
  
communities.	
  We	
  also	
  need	
  to	
  be	
  mindful	
  of	
  the	
  laws	
  of	
  physics	
  and	
  be	
  rigorous	
  in	
  
educating	
  ourselves	
  about	
  the	
  distinctions	
  between	
  symbolic	
  goals	
  achieved	
  through	
  
the	
  use	
  of	
  financial	
  instruments	
  (Renewable	
  Energy	
  Certificates)	
  and	
  actual	
  impact.	
  	
  
Contents:	
  
1. Real	
  Impact	
  on	
  Carbon	
  Emissions
2. Understanding	
  the	
  Facts	
  of	
  Our	
  Generation	
  Resources
3. Fugitive	
  Emissions
4. Electrification	
  of	
  Transportation	
  Will	
  be	
  More	
  Effective
5. Innovating	
  through	
  the	
  Use	
  of	
  Solar	
  Thermal	
  Technologies	
  (Passive	
  Solar)
6. Anticipating	
  Consumer	
  Reactions
1. Real	
  Impact	
  on	
  Carbon	
  Emissions
If	
  building	
  and	
  water	
  heating	
  and	
  cooking	
  equipment	
  in	
  Palo	
  Alto	
  currently	
  powered	
  by
natural	
  gas	
  are	
  replaced	
  with	
  electric	
  appliances,	
  the	
  City	
  will	
  draw	
  more	
  electricity	
  in
the	
  morning	
  and	
  night	
  hours	
  when	
  solar	
  plants	
  are	
  not	
  operating.	
  With	
  the	
  widespread
adoption	
  sought	
  by	
  those	
  who	
  wish	
  to	
  electrify	
  these	
  applications,	
  the	
  increase	
  in	
  load	
  is
likely	
  to	
  exceed	
  what	
  we	
  have	
  available	
  from	
  our	
  hydro	
  contracts	
  (especially	
  during
droughts).	
  	
  Those	
  electrons	
  will	
  come	
  primarily	
  from	
  gas-‐fired	
  plants.	
  (See	
  charts	
  on
pages	
  3-‐4).	
  Electric	
  heating	
  is	
  typically	
  more	
  expensive	
  too.
The	
  California	
  gas	
  generation	
  fleet	
  has	
  a	
  Heat	
  Rate	
  of	
  8513	
  Btu/kWh1	
  and	
  there	
  will	
  be	
  
addition	
  transmission	
  losses	
  of	
  about	
  10%	
  so	
  gas	
  power	
  is	
  delivered	
  to	
  CPAU	
  about	
  9300	
  
Btu/kWh,	
  or	
  about	
  36%	
  efficiency2.	
  	
  In	
  contrast,	
  modern	
  condensing	
  gas	
  furnaces	
  and	
  
hot	
  water	
  heaters	
  are	
  90%	
  to	
  98%	
  efficient	
  in	
  converting	
  fuel	
  to	
  heat3.	
  	
  To	
  the	
  extent	
  
that	
  heating	
  needs	
  in	
  Palo	
  Alto	
  are	
  not	
  coincident	
  with	
  renewable	
  generation,	
  it	
  will	
  be	
  
far	
  less	
  carbon	
  intensive	
  to	
  burn	
  the	
  natural	
  gas	
  where	
  heat	
  is	
  needed.	
  In	
  other	
  words,	
  
delivering	
  1	
  therm	
  of	
  heat	
  requires	
  between	
  1.02	
  and	
  1.11	
  therms	
  if	
  consumed	
  locally	
  
compared	
  to	
  2.7	
  therms	
  with	
  local	
  electric	
  heating.	
  	
  
1
2

3

http://www.energy.ca.gov/2016publications/CEC-‐200-‐2016-‐002/CEC-‐200-‐2016-‐002.pdf
(3413 Btu/kWh)÷[(8513 Btu/kWh) * 1.10) = 36%

https://energy.gov/energysaver/furnaces-and-boilers
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Air	
  Source	
  Heat	
  Pumps	
  for	
  Space	
  Heating	
  in	
  a	
  moderate	
  climate	
  such	
  as	
  ours	
  may	
  be	
  an	
  
option	
  for	
  new	
  construction,	
  where	
  a	
  COP4	
  of	
  3	
  is	
  achievable	
  with	
  radiant	
  floor	
  heating5.	
  
At	
  this	
  heat	
  pump	
  efficiency,	
  1	
  therm	
  of	
  heating	
  requires	
  9.76	
  kWh	
  of	
  electric	
  energy6.	
  	
  
If	
  the	
  Heat	
  Pump	
  is	
  powered	
  by	
  gas	
  generation,	
  it	
  will	
  require	
  0.9	
  therms	
  of	
  gas7.	
  CPAU	
  
obtains	
  about	
  half	
  of	
  its	
  electric	
  energy	
  from	
  market	
  purchases,	
  most	
  of	
  which	
  coincide	
  
with	
  periods	
  during	
  which	
  gas	
  generation	
  predominates.	
  	
  Accordingly,	
  the	
  heat	
  pump	
  
installation	
  would	
  consume	
  about	
  0.9	
  therms	
  of	
  gas	
  in	
  the	
  worst	
  case,	
  representing	
  at	
  
least	
  10%	
  reduction	
  in	
  gas	
  consumption.	
  
While	
  heat	
  pumps	
  provide	
  reasonable	
  performance	
  in	
  our	
  relatively	
  mild	
  climate,	
  it	
  
should	
  be	
  noted	
  that	
  during	
  cold	
  periods,	
  they	
  consume	
  additional	
  electricity	
  for	
  
resistance	
  heating.	
  	
  In	
  addition,	
  there	
  are	
  other	
  considerations	
  such	
  as	
  full	
  cost	
  of	
  
installation,	
  setback	
  encroachment,	
  noise	
  emissions,	
  how	
  fast	
  the	
  conditioned	
  space	
  can	
  
be	
  heated,	
  use	
  of	
  GHG	
  refrigerants,	
  etc.	
  	
  Retrofits	
  to	
  forced	
  air	
  heating	
  may	
  not	
  be	
  as	
  
efficient,	
  and	
  would	
  need	
  extra	
  space	
  on	
  the	
  exterior	
  of	
  homes,	
  an	
  additional	
  electrical	
  
circuit,	
  and	
  modifications	
  for	
  power	
  and	
  plumbing.	
  	
  
Air	
  Source	
  Heat	
  Pumps	
  for	
  Water	
  Heating,	
  available	
  with	
  COP	
  of	
  3.58,	
  are	
  cost-‐effective	
  
alternatives	
  to	
  electric	
  hot	
  water	
  heaters,	
  but	
  may	
  not	
  heat	
  fast	
  enough	
  (20	
  gallons	
  per	
  
hour)	
  compared	
  to	
  gas	
  hot	
  water	
  heaters	
  (36	
  gallons	
  per	
  hour)	
  for	
  families.	
  	
  The	
  
ambient	
  operating	
  requirements	
  (37-‐145°F/3-‐63°C)	
  permits	
  installation	
  in	
  
unconditioned	
  spaces,	
  but	
  performance	
  would	
  suffer	
  during	
  winter.	
  	
  If	
  installed	
  within	
  
the	
  conditioned	
  space,	
  this	
  system	
  could	
  provide	
  some	
  cooling	
  in	
  the	
  summer,	
  but	
  
would	
  increase	
  space	
  heating	
  needs	
  during	
  winter	
  or	
  at	
  night.	
  	
  	
  
Also,	
  these	
  are	
  two	
  to	
  three	
  times	
  more	
  expensive	
  than	
  gas	
  hot	
  water	
  heaters,	
  reducing	
  
the	
  payback	
  for	
  retrofits.	
  	
  	
  However	
  for	
  households	
  without	
  day-‐time	
  hot	
  water	
  needs,	
  
or	
  offices	
  with	
  sufficiently	
  large	
  storage	
  tanks,	
  Hot	
  Water	
  Heat	
  Pumps	
  could	
  help	
  
mitigate	
  the	
  over-‐generation	
  issues	
  of	
  the	
  Duck	
  Curve,	
  to	
  help	
  avoid	
  curtailment	
  of	
  
renewable	
  power.	
  	
  
2. Understanding	
  the	
  Facts	
  of	
  Our	
  Generation	
  Resources
If	
  a	
  local	
  resident	
  commuted	
  to	
  Sacramento	
  daily	
  via	
  private	
  jet,	
  it	
  would	
  not	
  be	
  an
environmentally	
  virtuous	
  way	
  to	
  travel	
  simply	
  because	
  the	
  person	
  purchased	
  offsets.
With	
  our	
  constant	
  refrain	
  of	
  being	
  100%	
  carbon	
  neutral	
  (via	
  RECs),	
  we	
  fear	
  the	
  City	
  is
misleading	
  the	
  public	
  as	
  to	
  the	
  true	
  impact	
  on	
  the	
  GHG	
  emissions	
  by	
  the	
  proposed
policy	
  of	
  electrification.
Natural	
  gas	
  is	
  a	
  critical	
  part	
  of	
  the	
  national	
  energy	
  supply	
  providing	
  a	
  third	
  of	
  the	
  
nation’s	
  generation	
  and	
  more	
  than	
  half	
  of	
  California’s.	
  GHG	
  emissions	
  are	
  going	
  down	
  in	
  
the	
  US	
  because	
  gas-‐fired	
  plants	
  are	
  replacing	
  coal	
  and	
  oil	
  in	
  many	
  jurisdictions	
  due	
  to	
  
4

Coefficient	
  of	
  Performance	
  is	
  the	
  ratio	
  of	
  Heat	
  Delivered	
  to	
  Power	
  Consumed	
  in	
  the	
  same	
  units

5

http://www.icax.co.uk/Air_Source_Heat_Pumps.html

6

[(1 therm) * (100,000 Btu/therm)]÷[(3413 Btu/kWh) * 3.0 kWhth/kWhe)] = 9.76 kWh
7
(9.76 kWh)*(9300 Btu/kWh) * (1 therm/100,000 Btu) = 0.90 therms
8
http://www.rheem.com/product/hybrid-electric-water-heater-professional-prestige-series-hybrid-electric-water-heater
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cost	
  advantages.	
  	
  	
  Continuing	
  investment	
  in	
  wind	
  and	
  solar	
  power	
  will	
  bring	
  California’s	
  
renewable	
  portfolio	
  to	
  50%	
  by	
  2030,	
  but	
  the	
  balance	
  will	
  be	
  provided	
  primarily	
  by	
  
natural	
  gas.	
  
New	
  challenges,	
  such	
  as	
  the	
  planned	
  closing	
  of	
  the	
  Diablo	
  Canyon	
  nuclear	
  (carbon	
  free)	
  
facility	
  and	
  the	
  Duck	
  Curve	
  (https://en.wikipedia.org/wiki/Duck_curve),	
  demonstrate	
  the	
  
unintended	
  consequences	
  when	
  intermittent	
  and	
  variable	
  energy	
  sources	
  do	
  not	
  match	
  
real-‐time	
  demand	
  on	
  the	
  grid.	
  
Palo	
  Alto	
  obtains	
  almost	
  all	
  its	
  electric	
  power	
  from	
  the	
  grid,	
  having	
  no	
  significant	
  
generation	
  inside	
  the	
  city	
  limits.	
  	
  CPAU	
  may	
  contract	
  for	
  transmission	
  of	
  renewable	
  
power,	
  but	
  electricity	
  is	
  fungible,	
  and	
  once	
  put	
  on	
  the	
  grid,	
  it	
  becomes	
  part	
  of	
  the	
  
overall	
  generation	
  mix,	
  and	
  is	
  NOT	
  specifically	
  delivered	
  to	
  Palo	
  Alto.	
  Accordingly,	
  we	
  
must	
  consider	
  the	
  carbon	
  content	
  of	
  California's	
  electricity.	
  Of	
  course,	
  the	
  California	
  
energy	
  mix	
  is	
  changing,	
  and	
  at	
  some	
  point	
  in	
  the	
  future,	
  we	
  would	
  be	
  indifferent,	
  from	
  a	
  
CO2	
  perspective.	
  But	
  that	
  point	
  may	
  still	
  be	
  30	
  or	
  40	
  years	
  from	
  now,	
  and	
  until	
  then,	
  we	
  
don't	
  want	
  our	
  city	
  policies	
  to	
  make	
  climate	
  change	
  worse.	
  

http://www.caiso.com/informed/Pages/CleanGrid/default.aspx	
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CAISO	
  Renewables	
  Watch	
  for	
  February	
  20,	
  2017	
  

Note	
  the	
  amount	
  of	
  Imports	
  and	
  Thermal	
  (natural	
  gas)	
  generation	
  used,	
  particularly	
  
during	
  the	
  early	
  morning	
  and	
  evening	
  hours.	
  Imports	
  are	
  primarily	
  natural	
  gas	
  or	
  coal.	
  	
  If	
  
Palo	
  Alto	
  wishes	
  to	
  support	
  renewables	
  during	
  those	
  hours,	
  we	
  could	
  invest	
  in	
  
geothermal	
  which	
  can	
  run	
  as	
  base	
  load	
  instead	
  of	
  putting	
  all	
  new	
  investments	
  into	
  solar.	
  
CPAU	
  2015	
  Residential	
  Power	
  Content	
  Label*	
  
California	
  State	
  legislation	
  (SB	
  1305)	
  requires	
  
all	
  energy	
  service	
  providers,	
  such	
  as	
  the	
  City	
  of	
  
Palo	
  Alto	
  Utilities	
  (CPAU),	
  to	
  periodically	
  
inform	
  their	
  customers	
  of	
  the	
  source	
  of	
  power	
  
they	
  are	
  being	
  sold.	
  Such	
  information	
  is	
  
provided	
  in	
  the	
  form	
  of	
  a	
  Power	
  Content	
  
Label.	
  This	
  is	
  very	
  much	
  like	
  a	
  nutrition	
  label	
  
on	
  food	
  and	
  is	
  designed	
  to	
  help	
  consumers	
  
make	
  informed	
  decisions	
  when	
  selecting	
  an	
  
energy	
  service	
  provider	
  or	
  energy	
  product.	
  
http://www.cityofpaloalto.org/gov/depts/utl/residents/
resources/pcm/power_content_label.asp	
  
(*latest	
  one	
  available	
  on	
  the	
  City’s	
  website.)	
  

3. Fugitive	
  Emissions
Another	
  issue	
  that	
  comes	
  up	
  in	
  discussions	
  about	
  fuel	
  switching	
  is	
  the	
  worry	
  about	
  leaks
and	
  fugitive	
  emissions	
  from	
  natural	
  gas	
  pipelines.	
  	
  Emissions	
  in	
  CPAU	
  territory	
  are
insignificant,	
  and	
  would	
  NOT	
  be	
  changed	
  by	
  electrification,	
  because	
  the	
  gas
transmission	
  and	
  distribution	
  system,	
  from	
  which	
  methane	
  might	
  leak,	
  will	
  still	
  be	
  in
place	
  and	
  pressurized.	
  Given	
  that	
  these	
  pipelines	
  are	
  going	
  to	
  continue	
  to	
  run	
  through
Palo	
  Alto	
  for	
  the	
  foreseeable	
  future,	
  we	
  submit	
  it	
  makes	
  more	
  sense	
  to	
  work	
  with	
  those
innovating	
  around	
  methane	
  leak	
  detection	
  and	
  make	
  sure	
  that	
  our	
  infrastructure	
  is
Colleagues Memo from Commissioners Schwartz and Ballantine
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properly	
  maintained.	
  Attached	
  is	
  an	
  article	
  that	
  highlights	
  how	
  Google	
  Street	
  View	
  
mapping	
  cars	
  are	
  being	
  used	
  to	
  assess	
  leaks	
  in	
  other	
  communities.	
  	
  
4. Electrification	
  of	
  Transportation	
  Will	
  be	
  More	
  Effective
We	
  are	
  already	
  seeing	
  high	
  adoption	
  rates	
  of	
  EVs	
  in	
  town	
  and	
  beginning	
  to	
  see	
  the
installation	
  of	
  solar	
  parking	
  canopies	
  by	
  local	
  corporations.	
  	
  Given	
  that	
  transportation
comprises	
  38%	
  of	
  our	
  outstanding	
  GHG	
  footprint,	
  it	
  seems	
  that	
  this	
  application	
  of	
  fuel
switching	
  would	
  be	
  a	
  more	
  promising	
  direction	
  to	
  demonstrate	
  thought	
  leadership,
allow	
  for	
  manageable	
  upgrades	
  to	
  our	
  electrical	
  infrastructure,	
  and	
  have	
  a	
  true	
  impact.
We	
  note,	
  however,	
  that	
  even	
  as	
  the	
  UAC	
  might	
  embrace	
  this	
  initiative	
  with	
  enthusiasm,
we	
  need	
  to	
  avoid	
  demonizing	
  those	
  residents	
  who	
  cannot	
  afford	
  to	
  make	
  the	
  immediate
switch	
  to	
  hybrids	
  or	
  all-‐electric	
  vehicles.
We	
  can	
  as	
  a	
  City	
  choose	
  to	
  convert	
  our	
  vehicle	
  fleet	
  to	
  electric	
  fairly	
  rapidly	
  and	
  provide	
  
incentives	
  and	
  purchase	
  participation	
  to	
  companies	
  and	
  small	
  businesses	
  who	
  are	
  also	
  
willing	
  to	
  make	
  that	
  transition.	
  The	
  scale	
  of	
  solar	
  parking/charging	
  canopies	
  on	
  city	
  lots	
  
for	
  use	
  during	
  times	
  of	
  peak	
  production	
  is	
  more	
  practical	
  than	
  trying	
  to	
  power	
  the	
  city’s	
  
operations	
  for	
  general	
  electrical	
  use.	
  
5. Innovating	
  through	
  the	
  Use	
  of	
  Solar	
  Thermal	
  Technologies	
  (Passive	
  Solar)
In	
  countries	
  such	
  as	
  Israel,	
  most	
  homes	
  have	
  rooftop	
  solar	
  water	
  heaters.	
  While	
  this
equipment	
  has	
  been	
  slower	
  to	
  find	
  widespread	
  adoption	
  in	
  the	
  US,	
  mature	
  technology
exists	
  and	
  could	
  be	
  used	
  to	
  heat	
  or	
  pre-‐heat	
  water	
  in	
  commercial	
  buildings,	
  homes,
swimming	
  pools,	
  and	
  for	
  space	
  heating.	
  There	
  is	
  a	
  vibrant	
  solar	
  thermal	
  market	
  in
Montana	
  where	
  the	
  idea	
  has	
  gained	
  traction.	
  Our	
  local	
  creativity	
  and	
  willingness	
  to
invest	
  in	
  building	
  markets	
  could	
  have	
  a	
  greater	
  impact	
  here,	
  especially	
  as	
  part	
  of	
  any
microgrid	
  and	
  storage	
  initiatives.
6. Anticipating	
  Consumer	
  Reactions
During	
  early	
  smart	
  meter	
  rollouts,	
  the	
  utility	
  industry	
  learned	
  the	
  hard	
  way	
  that	
  people
do	
  not	
  like	
  to	
  feel	
  coerced	
  by	
  their	
  utility,	
  even	
  for	
  a	
  good	
  cause.	
  	
  Telling	
  people	
  they
can't	
  have	
  gas	
  ranges	
  may	
  provoke	
  unnecessary	
  anger	
  or	
  resistance.	
  	
  Imagine	
  requiring
that	
  everyone	
  in	
  Palo	
  Alto	
  MUST	
  rip	
  up	
  their	
  lawns	
  or	
  become	
  vegans	
  because	
  of	
  the
environmental	
  impact.	
  	
  While	
  people	
  who	
  support	
  these	
  efforts	
  are	
  sincere	
  in	
  their
beliefs,	
  they	
  do	
  not	
  speak	
  for	
  all	
  individuals	
  in	
  the	
  community.	
  	
  This	
  is	
  the	
  kind	
  of	
  issue
that	
  could	
  cause	
  residents	
  with	
  other	
  priorities	
  to	
  organize	
  against	
  the	
  sustainability
initiatives	
  and	
  aspirational	
  goals	
  of	
  the	
  City.
It	
  was	
  troubling	
  for	
  us,	
  in	
  the	
  discussions	
  around	
  the	
  Palo	
  Alto	
  Green	
  Gas	
  program,	
  to	
  
hear	
  members	
  of	
  the	
  community	
  state	
  that	
  people	
  who	
  would	
  not	
  get	
  rid	
  of	
  their	
  gas	
  
stoves	
  or	
  replace	
  their	
  heating	
  systems	
  were	
  selfish	
  and	
  unwilling	
  to	
  do	
  their	
  part	
  for	
  
saving	
  the	
  planet.	
  	
  This	
  type	
  of	
  misinformed	
  shaming	
  is	
  counter-‐productive	
  as	
  we	
  try	
  to	
  
build	
  a	
  groundswell	
  of	
  support	
  for	
  true	
  carbon	
  reduction.	
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For Operating Day:

Friday, January 08, 2016

The Renewables Watch provides important information about actual renewable production within the ISO grid as California moves toward a 33 percent
renewable generation portfolio. The information provided is as accurate as can be delivered in a daily format. It is unverified raw data and is not
intended to be used as the basis for operational or financial decisions.
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This graph shows the production of various types of renewable
generation across the day.

This table gives numeric values related to the production from the various types of
renewable resources for the reporting day. All values are hourly average unless
otherwise stated. Peak Production is an average over one minute. The total
renewable production in megawatt-hours is compared to the total energy demand
for the ISO system for the day.
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This graph depicts the production of various generating resources across the day.

Previous Renewables Watch reports and data are available at http://www.caiso.com/green/renewableswatch.html
This table gives numeric values related to the production from the various types of renewable resources for the reporting day. All values are hourly average unless otherwise stated. Peak Production is
an average over one minute. The total renewable production in megawatt-hours is compared to the total energy demand for the ISO system for the day. Solar PV and Solar thermal generators that are
GLUHFWO\FRQQHFWHGWRWKHSRZHUJULG³6RODU39´LVGHILQHGDVVRODUJHQHUDWLQJXQLWVWKDWXWLOL]HVRODUSDQHOVFRQWDLQLQJDSKRWRYROWDLFPDWHULDO³6RODU7KHUPDO´LVGHILQHGDVVRODUJHQHUDWLQJXQLWVWKDW
convert sunlight into heat and utilize fossil fuel or storage for production which may occur after sunset.
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For Operating Day:
The first graph provided on this page shows how much energy renewable resources are contributing to the grid, and when those resources are producing their daily
maximum and how that production correlates to the maximum energy demand.
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The information contained in this report is preliminary and subject to change without notice. No inference, decision or conclusion should be made based on the information in this report or any series of
these reports. All values are hourly average unless otherwise stated. Questions about this report should be directed to Jessica Garidel at jgaridel@caiso.com.
Page 2 of 2

Google, Environmentalists and University Push Methane-Leak De...

http://www.enr.com/articles/41140-google-environmentalists-and-...

Attachment D

Google, Environmentalists and University Push
Methane-Leak Detection

Specially fitted Google Street View mapping cars assessed N.J. pipes for replacement.
PHOTO COURTESY OF ENVIRONMENTAL DEFENSE FUND

December 20, 2016
Mary B. Powers

National Grid, which serves New York, Massachusetts and Rhode Island, is set
to be the second U.S. natural-gas utility to use technology advanced by
Google Earth, the Environmental Defense Fund (EDF) and Colorado State
University to boost large-scale methane-leak detection. It is launching a
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$3-billion effort to replace gas pipelines in New York. The technology uses cutting-edge
spatial analytics
Attachment
D

methods and methane sensors, specially fitted to Google Street View cars, to identify leaks and accurately
measure the amount of methane escaping.
Under a Dec. 16 agreement approved by the New York Public Service Commission, National Grid will work
with EDF and Google to use flow-rate data to prioritize leak repairs in select state service areas, and it has
integrated the approach into its ongoing operations.
Public Service Electric and Gas—New Jersey’s largest gas utility, now in the second year of its pipe
replacement effort— has used the technology to replace 35% fewer miles of pipe and cut methane
emissions by 83%. The utility has replaced about 170 miles in a planned 510-mile, $905-million
replacement program. “We looked for areas to get the most safety benefits using company algorithms and
applied a secondary formula to identify how much methane was leaking,” says Wade Miller, PSE&G
director of gas transmission and distribution engineering. By prioritizing replacement based on emission
rates, the company was able to reduce the amount of methane emissions earlier, he says.
With “millions of readings over hundreds of miles of roadway,” the technology found that 37% of PSE&G
emissions came from 9% of the pipeline miles tested, says Virginia Palacios, a senior research analyst for
EDF’s U.S. climate and energy program. A few large leaks are a major part of the emissions. EDF is most
interested in reducing methane releases. “Methane is 84 times more potent than carbon dioxide as a
climate forcer 20 years after it is released into the atmosphere,” says Palacios. “The instant it is released, it
is about 120 times as powerful as CO .” Carbon dioxide “controls how high global temperatures
eventually get, but methane controls how fast we get there,” she adds.
The technology team began using the detection approach in 2014. PSE&G asked to collaborate. “Reducing
methane is a serious challenge for utilities,” says Ralph A. LaRossa, PSE&G president and CEO. The utility
is replacing old cast-iron and unprotected steel pipe, more prone to leaks, with high-density polyethylene,
using its own workforce and contractors. Online publication NJ Spotlight says PSE&G has more cast-iron
pipes, the type most prone to leaks, in its system than any other U.S. utility—that is, about 3,900 miles of a
18,000-mile system.
Waltham, Mass.-based National Grid also has been an enthusiastic partner, says Mark Brownstein, chief of
EDF’s oil-and-gas program. “By tackling these leaks faster, they will achieve a lot more environmental
benefit for their infrastructure dollars,” he points out.

Recent Articles By Mary B. Powers
Foreman in Fatal NYC Trench Collapse Gets Jail
Sentence
US Approves $2 Billion of Canada Cross-Border
Transmission
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From: CFPA [mailto:bruce@carbonfreepaloalto.org]
Sent: Tuesday, February 28, 2017 9:07 PM
To: UAC
Cc: Friend, Gil; Shikada, Ed; Tam, Christine; Swaminathan, Shiva
Subject: Response to Colleagueâ€™s Memo â€œElectrification or Fuel Switchingâ€ 

To Palo Alto Utility Advisory Commission
From Carbon Free Palo Alto
Subject Response to Colleague’s Memo “Electrification or Fuel Switching”

Utilities Advisory Commission (UAC),
This letter and attachment are in response to the Colleagues Memo “Electrification or Fuel
Switching” by Commissioners Schwartz and Ballantine [1].
First, Carbon Free Palo Alto (CFPA) enthusiastically agrees with the Commissioners that it is
indeed commendable that so many Palo Alto citizens, representatives on the UAC, elected
officials, and other stakeholders are committed to reducing our City’s contribution to CO2
emissions. It is easy to forget the unique position we are in, that we are actively evaluating and
debating how to best decarbonize our community, whereas many communities are still stuck
debating the very existence of convincing climate change science or whether to take any action
at all.
Furthermore, we also believe there are a number of common principals that we all share that are
worth reiterating here.
1. All potential City policies should be informed by rigorous analysis using sound science and
economics.
2. All policies should be evaluated to consider their impacts on all members of our community,
especially the less affluent and otherwise vulnerable.
3. The planning process for decarbonizing buildings should be transparent, inclusive and clearly
articulated because success depends on motivating the majority of households in our community
to make significant changes in the way they power their homes.
In a time when our political climate is more divisive than ever, we believe it is worthwhile to
reflect on and to reiterate the substantial common ground we all share.
Lastly, in the interest of continuing the spirited debate of how we can reduce the environmental
impact of our City, please find attached a detailed, technical response to the Colleagues Memo.
We believe the commissioners have unknowingly made a number of substantive errors, which
when accounted for, may impact their conclusions.
Sincerely,
Carbon Free Palo Alto
[1] https://www.cityofpaloalto.org/civicax/filebank/documents/56111
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Carbon Free Palo Alto Response to Colleague’s Memo (“Electrification or Fuel
Switching”)
Overview
The memo1 presents an outdated analysis of Palo Alto’s situation and options to drastically
reduce carbon emissions. The errors are substantive and compel Carbon Free Palo Alto to
present a corrective rebuttal.
An up-to-date view of our electricity portfolio and short term plans show that it is, in fact, no
longer enabled by unbundled renewable energy certificates (RECs) but is directly backed by
additional renewable energy sources that go above and beyond state requirements. The
definition of carbon neutrality is clearly defined in staff reports and is implemented as
described. It is not a “sham” and corresponds to real energy generated without emissions and
displaces electricity generated by brown power. The portfolio is compliant with protocols
established by The Climate Registry, a third-party non-profit.
The analysis of the emissions from heat pump (HP) technology is faulty. In fact, current heat
pump technology reduces emissions compared to the use of natural gas fired devices in all
scenarios.
Statements made in the memo about natural gas are misleading in general. The current
evidence suggests that the net climate impact of the use of natural gas (NG) should be doubled
if we are to realistically account for fugitive emissions. The other environmental and health
impacts of NG extraction through fracking are substantial and well-documented. As one of the
principal fossil fuels, there’s no doubt that it needs to be phased out. We must begin the
building electrification work now because the timescale for NG phase-out is shortening to just a
few decades. NG is part of the problem, not part of the solution.
Palo Alto’s Carbon-Neutrality is Real
The memo references an obsolete Power Content Label from 2015 that shows 49% of Palo
Alto’s electricity made carbon neutral via RECs. As of the end of 2016, the City of Palo Alto
Utilities (CPAU) has direct contracts in place to generate an amount of decarbonized electricity
equal to that of its annual load. The CPAU 2017 Q1 report2 shows all the new solar generation
that came online and that there are negligible market purchases as of the beginning of 2017.
Going forward, Palo Alto will grow its carbon free electricity supply as needed to support
electrification efforts.

1
2

https://www.cityofpaloalto.org/civicax/filebank/documents/56111
Figure 1, p5. http://www.cityofpaloalto.org/civicax/filebank/documents/55414
1

Attachment E

Palo Alto’s electricity is carbon-neutral but not carbon-free.
By instituting a standing policy of generating an amount of decarbonized electricity equal to its
total annual load, Palo Alto has made a significant contribution to the effort to decarbonize
electricity everywhere. It is true that any electric device running during peak load times is more
likely to require some amount of NG-backed electricity. (By the way, that amount is NOT the
same as the amount posited in the colleague’s memo.) However, this is a problem that is best
solved not in isolation, but in concert with CAISO and other grid technology solution providers.
The benefit of being connected to a larger grid is to be able to integrate and optimize a diversity
of resources and loads, such that if CPAU doesn’t require part of their generation portfolio at a
specific time of day, another utility will. In fact, CAISO is in a multi-year process to regionalize
with neighboring states to be able to optimize over a greater diversity of loads and resources,
precisely so that higher penetrations of renewable energy can be incorporated into the grid
without curtailment. Even if Palo Alto’s load does not exactly match its generation, and if the
solar energy is not being curtailed, then it is being used by other utilities and therefore is
displacing brown energy.

2
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Analysis of the carbon emissions of electrification via heat pumps
Analysis by the City of Palo Alto Utilities (CPAU) and others shows that the use of heat pumps
that are widely available today result in a net reduction of GHGs compared to combusting NG
directly. This is the case even when the electricity is generated using the current NG fleet in
California. The memo introduces calculations that fail to account for the COP of the heat pump
device. In reality, a 3.0 COP heat pump will use only 9.8 kWh of electricity to deliver a therm of
heat. If the 9.8 kWh was generated using 100% gas fired generators at a heat rate of 9,300
Btu/kWh it would take about 0.91 therms of gas to deliver the 100,000 Btu of heat. That is less
than the 1.02 to 1.11 therms quoted in the memo for local NG combustion.
This chart from a recent CPAU submission to the California Energy Commission (CEC) shows a
comparison of annual greenhouse gas (GHG) emissions for different water heater technologies:

Note that a heat pump at EF=2.8 outperforms all NG devices regardless of the percentage of
decarbonized electricity that’s in the mix. Significantly, the GHG emissions decrease as the
proportion of decarbonized electricity goes up – statewide, we’re already approaching 40
percent decarbonized electricity.
Also note that the figure above does not take fugitive emissions into account (see below for
more discussion of fugitive emissions). Accounting for fugitive emissions approximately
doubles the GHG numbers in the chart above for the NG devices. So in reality, even a simple
electric water heater (EF=0.94) outperforms a high efficiency NG water heater (EF=0.67) in
terms of GHG reductions.
3

Attachment E

A similar conclusion was reached by independent analysis from the Natural Resources Defense
Council (NRDC), and a chart from that analysis is shown in the Appendix of this document.
A major advantage of electric devices. The emissions from electric heat pumps go down as the
electricity supply is decarbonized over time. Not so for NG devices, whose emissions are
constant. The State is correctly pushing on decarbonizing the electricity supply – with a recent
proposed bill calling for 100% renewable by 2045. It’s important to consider the long term
marginal resources as opposed to short-term marginal resources. The long-term marginal
resource for the State is set by law at 50% renewable energy by 2030. The long-term marginal
resource for Palo Alto is 100% renewable. That means that as the load increases due to
electrification, new devices will be served by 100% renewable energy in Palo Alto.
The Duck Curve
A few comments about the duck curve are in order. It is true that the introduction of
renewable energy into the electricity mix has the potential to exacerbate the issue of matching
supply with demand at the grid level.
The duck curve is not fixed – it’s simply an artifact of the design of our current grid. One of the
major advantages of electrifying is that the new electric loads are grid-interactive and
controllable. Experts view electrification as a part of the solution to the duck curve, not a part of
the problem. See for example RAP’s Teaching the Duck to Fly3 and Brattel Group’s The Hidden
Battery4
In Palo Alto, heat-pump water heaters can store energy in the form of thermal heat, which can
be used to move the demand for electricity to low demand periods in the day as a way of
storing excess solar generation. This can be done in low tech ways with timers or with grid
interactive HPWHs. Markets for consumer owned grid storage are already developing for
electric vehicles where owners get paid to allow the utility to delay charging of their vehicle for
periods on the order of one hour5.
NG must be gradually phased out starting now if we are serious about the 80/30 goal
Natural gas use in buildings is a top contributor to GHG’s which makes electrification of
buildings a required strategy for achieving deep decarbonization. We must follow this path in
parallel with electrifying transportation, the other major contributor to GHG’s. We have
effective heat pump technology and efficiency measures to do so and must begin now in order
3

http://www.raponline.org/wp-content/uploads/2016/05/rap-lazar-teachingtheduck2-2016feb-2.pdf
4
http://www.brattle.com/news-and-knowledge/news/report-by-brattle-economists-findselectric-water-heaters-can-provide-economic-and-environmental-benefits
5
https://electrek.co/2016/11/15/bmw-electric-vehicle-fleet-grid-service-chargeforward/
4
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to maximize deployment given replacement cycles for gas appliances of a decade or more. It
may take a decade or two to progressively decommission our gas infrastructure but starting
sooner rather than later pulls the timeline forward as the timeframe for climate action
continues to shorten.
Upstream fugitive emissions mean NG use does not reduce our climate impact
The memo mentions the potential problem of fugitive emissions within Palo Alto’s territory
only. But most of the natural gas leakage that magnifies the climate impact of local NG use
occurs at the head of the supply chain during the fracking and gas capture stage and further
downstream at storage facilities and along the multistate distribution network (ninety percent
of California’s natural gas is imported from out-of-state6). A case in point is the Aliso Canyon
natural gas storage plant near Los Angeles in 2015. In the period of a few months the plant
leaked the GHG equivalent of half a million cars for a year.
Emissions from natural gas include both the carbon dioxide from burning the gas (GWP=1)
(Global Warming Potential) and the gas that leaks from the system, methane
(GWP=86). Numerous sources in the scientific literature report that methane emissions from
leaks are drastically underreported. The research reports cover a wide range of estimated
leakage rates across the whole supply chain, for example, from 2 to 2.5%7 or 0.2 to 10%8. Over
a 20 year time horizon, the IPCC estimate that methane has 86 times the warming impact of
CO2 means that a gas leakage of much over 1% can more than double the climate impact of
burning the NG itself. That makes gas no better than coal in terms of GHG emissions. The
wholesale replacement of coal-fired power plants with natural-gas fired power plants may even
have made the climate impact worse.
Reducing NG use in Palo Alto reduces the marginal build demand for additional fracking and
storage operations and associated leaks upstream. This is true regardless of the small amount
of leaks from pipes in Palo Alto. There is not a one-for-one relationship between the reduction
of gas therm used and a leak stopped but each gas connection we disconnect pulls forward the
time when we can decommission the associated part of the distribution system within Palo
Alto.
Heat pump water heaters are a good solution for Palo Alto
The memo lists only the disadvantages of heat pump water heaters in some situations
compared to gas heaters. But the general climate and home configurations found in Palo Alto
fit the operating requirements for heat pumps very well. The capacity and temperature can be
adjusted to compensate for slower heating rates. Cost also remains and obstacle but starting
6

http://www.energy.ca.gov/almanac/naturalgas_data/overview.html
http://www.economist.com/news/business/21702493-natural-gass-reputation-cleaner-fuelcoal-and-oil-risks-being-sullied-methane
8
http://pubs.acs.org/doi/abs/10.1021/acssuschemeng.6b00144
7
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with pilots and targeting the most conducive home configurations will allow costs to be driven
down with experience, volume and appropriate financing approaches.
Conclusion
We believe the Palo Alto Utility has done a commendable job in building the carbon neutral
electricity program that operates today. The staff has made good progress in developing
strategies for the electrification of buildings based on a solid analysis of the benefits of using
heat pump technology to do so.
We have highlighted in this letter the conclusions embodied in this work that run counter to the
several misconceptions we identified in the colleague’s memo9.
We can summarize as follows:
•
•
•
•

Palo Alto has carbon neutral electricity that is well defined
We must electrify buildings using this low carbon electricity in order to drastically
reduce natural gas emissions and achieve our stated GHG reduction goals
Fugitive emissions upstream from Palo Alto magnify the problem of natural gas and
make the task of electrification even more urgent
Electric heat pump technology including water heating helps in several ways
o It reduces GHG emissions now compared to natural gas powered devices
o It reduces emissions even more as electricity is decarbonized
o As a form of energy storage on the grid, HPWH will help us manage the “Duck
Curve”, i.e. daily fluctuations in the amount of renewable energy generated.

We hope that the contribution of this letter to the discussion of Palo Alto’s building
electrification plans will help all the stakeholders in our community reach a baseline of
common understanding of Palo Alto’s impact on natural gas emissions and the path we must
follow to address it.
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Appendix
Slide from NRDC analysis of the carbon emissions of electrification via heat pumps:

Carbon intensity of water heating technologies
Note: does not include
fugitive methane emissions

0.12

(tCO2/MMBTU delivered)

0.10
Gas, storage tank (COP 0.6)
0.08
0.06

Gas, tankless condensing (COP 0.95)

0.04
0.02
0.00
0%

Electric heat pumps
Real-world and best
case COP (2.5, 3.5)
20%
40%

60%

80%

100%

% Renewable electricity as marginal build
1
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Facilitating Voluntary Early Adoption of
HPWH & HPSH Systems
Discussion with Palo Alto Community Members on
Implementing Electrification Pilot Programs

March 13, 2017
1

Draft Agenda
 Introductions and Acknowledgments (5 min)
 Staff Presentation (25 min)
–
–
–
–
–

Pilot project goals and experience to date
Carbon content of electricity used in HPWH in PA/CA
Operating cost of HPWH vs. natural gas water heaters
Solar water heaters
Hourly/seasonal load-resource balance, reliance on grid

 Discussion (30 min)
– Input on staff presentation
– ways to improve pilot program
– Other topics of interest

2
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Palo Alto GHG Profile

&
Pilot project goals and experience
to date

3

Palo Alto’s GHG Emissions & Reductions
36% reduction since 1990

Natural Gas Use

Road Travel

Source: City of Palo Alto

4
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Current GHG Emissions & Reduction Goals
• Palo Alto Goal – Reduce 80% GHG emissions by 2030
• 25% of remaining emissions related to natural gas appliances

Source: City of Palo Alto

Note: Does not account for
natural gas leakage upstream

5

California’s GHG Reduction Strategy & Programs

• CA Approach to Electrification of NG Appliances to lower GHG
o 40% reduction by 2030 goal: lower emphasis on
electrifying NG appliances pre-2030
o 80% reduction by 2050 goal: higher emphasis on
electrifying NG appliances post-2030
6

Source: https://www.ethree.com/public_proceedings/summary-california-state-agenciespathways-project-long-term-greenhouse-gas-reduction-scenarios/
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HPWH Pilot Program


Designed to encourage residential customers replace their gas
water heaters with efficient HPWHs



Pilot Objectives:
 Promote energy efficient heat pump water heaters among
consumers
 Support market transformation within the supply chain
 Streamline permitting process for both customer and building
inspector
 Gather customer feedback on retrofit process and
performance of HPWHs



Launched in late spring 2016
•
•

3 known installation to date, 2 pending
Goals of 1% residential water heaters by 2020 (approx 1907
units)

HPWH Pilot Program
–
–
–

Webpage: www.cityofpaloalto.org/HPWHpilot
Rebate: $1,200 for HPWH units <= 79 gallons
$1,500 for HPWH units = 80 gallons
Resources:
 FAQs for homeowners
 HPWH benefit-cost calculator
 Steps for replacing a gas water
heater with a HPWH
 List of qualified models
& where to buy
 Contractor list
 Permit submittal checklist
 Training video on HPWH basics
8
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HPWH Examples

9

Market Barriers to HPWH
 Logistical Barriers
–
–

Water heater installer do not stock HPWH (higher cost of inventory)
Lack of experience installing

 Hurdles to Customer Acceptance
–
–
–
–
–
–

Unfamiliar with heat pump water heater models
Not suitable for emergency replacement
Water heater location may not be suitable
Higher upfront equipment & installation costs
Potentially higher operating costs
Risk of not having hot water during power outage

10
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Future program/research Ideas


Future program ideas:
–
–
–
–
–

Bundling HPWH with rooftop PV
HPWH incentive for new construction projects
Training program for installer
Bulk-buy program
Expanding HPWH rebate to small/medium commercial
customers

 Research on HPWH as a thermal storage resource:
–

Joint research with NRDC, SMUD, PG&E and others on
HPWH Load Flexibility project to assess the potential
energy, GHG, and cost savings from controlling HPWH
operation

11

HPSH Pilot Program (Residential)


Currently working with consultant to develop the
heat pump sizing and efficiency criteria of a HPSH
pilot program



HPSH pilot program to be launched in fall 2017, with
incentives for both existing and new construction
projects

Small/Medium Commercial HPSH/HPWH Pilot
under consideration

12
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13

Heat Rate Profiles of Natural Gas Generation
in California
&
Estimating Carbon Content of Electricity used
by HPWH system

14
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Illustrative Residential Electricity Use Profile
Assumptions:
* Single Family Home
* 2.5 residents per home
* HPWH with no grid interactivity
* Summer time profiles

1.5

Load (kW)

Residential Load Profile + HPWH load

1.0
Residential Load Profile

0.5
HPWH Load Profile

0.0
0

6

12
Hour of Day

18

24
15

Estimating Carbon Content of Electricity Use in HPWHs
- State & Palo Alto
 Short term
– Hourly/daily/monthly incremental electricity needs
comes from state resources, and not influenced by PA

 Medium Term
– 6 months to 2 years energy needs transacted in the
market by Palo Alto, no new renewable generation
triggered

 Long Term (>2 years)
– If electrification is forecasted to increase load by 5%:
• a new 20MW solar PV/storage project likely be built
• Grid interactive HPWH/SH will become more prevalent, storage
• CA natural gas fleet will be getting cleaner
16
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Natural Gas Generation is Getting Cleaner

17

GHG Emissions of Different Water Heater Technologies Depend on
Percentage of Decarbonized Electricity
- All Cases GHG Reduction in California -

0.45MT

Source: City of Palo Alto

18
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PA Electric Supply Sources (Monthly)
Marginal supply in Winter/Fall: 7,200 Btu/kWh
heat rate thermal

19

Marginal supply in Winter: 7,200 Btu/kWh heat rate thermal

20
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Summer marginal supply: Estimated @7,500 to 8,500 Btu/kWh on average

21

Forming of the Spring Time Duck Curve
- Do HPWHs Help Reduce the Ramp Rate Issue?

22
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Duck Curve a Spring/Winter Time Issue?

23

Flexible Electrical Capacity
- Leveraging DERs a key to integrating renewable electricity
 CPAU/IOUs/CAISO focused on leveraging DERs
• Current Market for flexible capacity
•
•
•
•
•

hydro
partially loaded baseload CC plants
flexible load (DR, EV G2V)
flexible dispatch of PV and curtailment
energy storage

• Future Market for flexible capacity
•
•
•
•

Partially loaded baseload plants
Flexible load (DR, EV G2V/V2G, HPWH/SH, refrigerator)
Flexible dispatch of renewable electricity and curtailment
Energy storage

24
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Heat Rate Profile of a Flexible CC Generator
- HPWH results in lowers GHG emissions • Natural gas-fired, combined - cycle nominal 300 MW
One natural gas-fried Siemens STGS-5000F combustion turbine generator (CTG)
•

One Siemens SST-900RH condensing steam turbine generator (STG);

25

Utility Cost to Operate Water Heaters
- Based on CPAU Retail Rates in 2017

26
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Comparison of Customer Annualized Cost to Operate
Water Heaters

Assumptions
• March 2017 Palo Alto Rates
• Includes CPAU Rebates
• Rooftop PV cost ~13.5 ¢/kWh
• Daily hot water usage ~90 gallon

27

Comparison of Utility Cost to Operate Water Heaters

Assumptions
• March 2017 Palo Alto Rates
• Includes CPAU Rebates
• Rooftop PV cost ~13.5 ¢/kWh
• Daily hot water usage ~90 gallon

28
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Discussion
 Discussion (30 min)
–
–
–
–
–
–
–

Input on presentation?
Ways to improve pilot program?
Pros & Cons of electrifying water/space heaters
HPSH for small commercial buildings
Incorporating cost of natural gas leakage into analysis?
Need for PA to balance loads-resources on hourly/min
Other topics of interest

29

Discussion Items
 Discussion (30 min)
–
–
–
–
–
–
–

Input on presentation?
Ways to improve pilot program?
Pros & Cons of electrifying water/space heaters
HPSH for small commercial buildings
Incorporating cost of natural gas leakage into analysis?
Need for PA to balance loads-resources on hourly/min
Other topics of interest

30
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