MEMORANDUM
TO:

UTILITIES ADVISORY COMMISSION

FROM:

UTILTIES DEPARTMENT

DATE:

November 1, 2017

SUBJECT:

Discussion of Proposed Distributed Energy Resources Plan

5

RECOMMENDATION
This is an informational report. UAC approval is not sought at this time. Staff is seeking input on
the proposed Distributed Energy Resources (DER) Plan provided in Attachment A.
EXECUTIVE SUMMARY
DERs are electrical energy resources connected to the City of Palo Alto Utilities (CPAU) electric
distribution grid that can significantly change the location, timing, and magnitude of the CPAU’s
electric loads. The California Public Utilities Code 769 defines “distributed resources” as
distributed renewable generation resources such as solar photovoltaics (PV), energy efficiency
(EE), energy storage (ES), electric vehicles (EV), and demand response (DR) technologies. New
State guidelines from the California Energy Commission (CEC) require that DERs be incorporated
into the 2019 Electric Integrated Resource Plan (IRP) as they impact supply planning and could
even be used to offset some of the services traditionally provided by utility-scale electricity
generation resources.
As of 2017, the combined effect of DERs (primarily energy efficiency and PV) has been to reduce
CPAU’s net electricity demand by 6.9% relative to 2007, and staff expects the cumulative
reduction from DERs to reach 13.6% by 2030. The proliferation of DERs over the coming decade
means managing and leveraging DERs will be critical for Palo Alto’s utility system operations,
resource planning, and customer programs.
The proposed DER Plan in Attachment A organizes various DER-related initiatives currently
planned or underway into a single plan in order to capture various types of benefits and
coordinate effort wherever possible. It is consistent with current Council-approved policies and
programs related to EE, PV, EVs, ES, DR, and electrification. The DER Plan was developed in
coordination with the Utilities Strategic Plan (USP) initiative currently underway, and will also be
incorporated within the Electric Integration Resource Plan (IRP) being developed in order to
plan for the City’s long-term electricity needs and fulfill state regulations related to Senate Bill
350 (SB 350).
This report is structured as follows: 1) background on DER work to-date; 2) the objectives and
strategies in the proposed DER Plan; and 3) an overview of the timeline and resources required
to implement the Plan over the next five years.

Page 1 of 10

BACKGROUND
The Clean Energy and Pollution Reduction Act of 2015 (SB 350) and related regulations require
CPAU to develop a detailed IRP which should include both forecasts for DERs and their impacts
on electric loads. 1 This new emphasis on DERs from the State level is because multiple state
agencies see DERs as key enabling technologies to both lower greenhouse gas emissions (GHG)
and to help electric grid reliability with increased penetration of intermittent renewable energy
supplies. 2,3 Locally, CPAU considers energy efficiency and demand reduction as the highest
priority resource 4 and Palo Alto’s Sustainability and Climate Action Plan (S/CAP) 5 also identified
several DERs as key technologies for achieving the community’s greenhouse gas (GHG) emission
reduction goals, particularly EVs, high-efficiency heat-pump water heaters (HPWH), and heatpump space heaters (HPSH) which displace fossil fuel combustion. Well-integrated DERs could
offer a number of benefits to the Palo Alto community by reducing supply costs, deferring
distribution system upgrades, and increasing system resiliency and flexibility. On the other
hand, unmanaged DERs could increase costs for CPAU by increasing uncertainty and forecast
errors in the electric load-supply balance or by causing adverse impacts on the distribution
system. The goal of this proposed DER Plan is to provide a framework for mitigating the
potential downsides of DERs while leveraging the benefits for all members of the Palo Alto
community.
The proposed DER Plan is consistent with and/or feeds into the following initiatives currently in
effect or underway as shown in Figure 1. This DER plan does not supersede existing plans,
instead it is a supplemental document which includes DER issues which were not specifically
addressed.
• Local Solar Plan (2014)
• Electrification Work Plan (2015)
• Energy Storage Assessment (2017)
• Updated Ten-Year Electric Efficiency Goals (2017)
• Electric Integrated Resource Plan (2018)
• Distribution system assessment to accommodate DER growth (2018)
• AMI installation and evaluation of advanced rate structures (in progress)
• Adopting industry best practices to facilitate DER adoption and integration (on-going)
1

For the full IRP guidelines related to SB 350 see California Energy Commission: Publicly Owned Utility Integrated
Resource Plan Submission and Review Guidelines, September 5, 2017
2
The California Independent System Operator (CAISO) is the transmission system operator for most of California,
and its presentation on how DERs can help the integration of high penetration of intermittent renewables can be
found here: Renewable Integration, CAISO Presentation May 12, 2017. In addition the California Public Utilities
Commission (which regulates Investor Owned Utilities) has been working on a DER Action Plan for California.
3
Local renewables and flexible loads will not lower annual CPAU GHG emissions since CPAU’s electric supply is
100% carbon neutral on an annual basis; however, these resources could lower CPAU’s hourly GHG emissions by
shaping electricity demands to match when intermittent renewable resources are available. DERs such as EVs,
HPWHs, and HPSHs, which displace combustion of gasoline and natural gas, have even greater potential to reduce
GHG emissions in Palo Alto due to CPAU’s carbon neutral electric portfolio.
4
Long-term Electric Acquisition Plan (LEAP) Objectives and Strategies Approved March 7, 2011 (Resolution No.
9152)
5
Palo Alto S/CAP Report to Council (#6754), April 18, 2016
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Figure 1: Proposed DER Plan is consistent with planned and existing DER initiatives

It is important to note that CPAU already expends considerable resources promoting DERs in
Palo Alto, with energy efficiency programs currently requiring the most resources. An estimate
of CPAU staff time and annual budget in implementing each of the current DER technology
programs is outlined below in Table 1.
Table 1: Estimate of current staff time and annual expenditure on each DER technology
DER Technology

Staff Time (FTE)

Current Annual Expenditure

PV
EV
EE
DR
ES
HPWHs & HPSHs

1.5
1
4
0.05
0.1
0.7

$100k
$200k – $400k
$3M – $4M
$5k – $10k
None
$100k

Total

7.35

$3.4M – $4.6M

The adoption of a DER Plan by itself will not significantly change the current resource allocation
among the existing DER programs, as many efforts in the Plan can be incorporated into future
work plans. Staff expects that the DER Plan policies, when implemented, will result in more
effective coordination among City departments on DERs, as well as enable better
communication with the Palo Alto community, UAC, City Council, and industry stakeholders
regarding future DER programs.
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DER Projections To-date
As of 2017, staff estimates that CPAU’s net electricity demand would be 6.9% higher than it is
today if currently installed PV, EV, and EE had not been installed. Initial estimates suggest that
DERs, primarily EE, PV, & EV, will lower net electricity demand by another 6.6% from 2017 to
2030, amounting to a cumulative reduction of about 13.6% since 2007. Forecasts predict
electricity sales would grow an average of approximately 0.4% per year were DERs not present.
Therefore the net effect of load growth and DERs is that overall CPAU electricity retail sales are
expected to remain nearly flat from 2017 through 2030, with an overall reduction of 0.6% by
2030.
Since DERs are expected to spread rapidly in Palo Alto over the next decade, Table 2 below
provides a brief summary of the current and projected number of DER systems, the DER impacts
on CPAU’s electricity sales, and a preliminary estimate of the financial impacts of DERs. The
details and assumptions embedded in these preliminary analyses are included in Attachment B.
These financial impacts are rough estimates of changes in the utility’s revenues and its
wholesale electricity supply costs. They do not incorporate possible revenue changes from
potential future changes to utility rate structures, nor do they include costs or savings on
distribution system operations, distribution system upgrades, staffing, or additional benefits or
revenue streams from interactive flexible DERs. More detailed analysis will be required to
better project the long-term financial impacts of DERs over the next decade. However, since
previous load and financial projections have included impacts from PV, EV, and EE adoption,
most of these impacts are already incorporated into the 2017 Electric Utility Financial Plan.
Table 2: Estimates of number of DERs and impact on electricity sales for 2017 and 2030 6
Approximate Number
Impact on CPAU
Financial Impact on
of DER Systems
Electricity Sales (%)
CPAU, $
DER Technology
2017
2030
2017
2030
2017
2030
PV
1,000
2,500
-1.6%
-4.9%
-$0.8 M
-$3.2 M
EV
2,500 7
18,700
+0.8%
6.0%
$0.4 M
$4.3 M
8
EE
40,880
60,000
-6.0%
-15.2 %
-$2.9 M
-$9.7 M
DR
8
75
-0.02%
ES
11
580
HPWH
10
2,700
0.3%
HPSH
800
0.3%
Combined DER
44,409
85,355
-6.9%
-13.6%
-$3.4 M
-$8.6 M
Total

6

These estimates are calculated based on technologies deployed since 2007, and reflect the total impact observed
by 2017, and the estimated impact by 2030.
7
It is estimated that about 2,500 EVs are registered in Palo Alto and another 2,800 commute vehicles drive into
Palo Alto daily.
8

These numbers reflect the number of EE measures implemented, for example the number of boilers replaced or
the number of buildings which added insulation.
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In order to understand the impact of DERs on total CPAU electricity sales going forward from
2017, Figure 2 shows the contribution of new DERs to projected electricity sales. This shows
that the combined effect of DERs added between 2018 and 2030 is to lower the electricity sales
by 6.6% by 2030 compared to what it would have been without those DERs. Without the DERs
electricity sales are projected to grow at 0.4% annually, but with the DERs, electricity sales are
expected to remain nearly flat through 2030.
Figure 2: Estimated contribution of different DERs to total energy sales from 2018 to 2030

Insights from Preliminary Projections
With Palo Alto community members projected to make substantial DER investments at their
homes and businesses in the next decade, the City, in coordination with community
stakeholders, will need to plan and implement strategies to maximize the value of these
investments to the community. The utility distribution system and utility rate structures will
also need to accommodate the growth of these customer investments. Some other key
takeaways from the analyses are:
1) While DERs are expected to account for approximately 13.6% of the electrical loads by
2030, they will be unevenly distributed among customer types as well as by location.
Planning for DERs will require more detailed visibility into the operation of the
distribution system and more detailed financial impact modeling.
2) Load growth from residential EVs is projected to increase demand on the residential
sections of the distribution grid by up to 30% by 2030, and therefore must be
proactively managed through strategic programs and incentives.
3) More detailed analytical methods can improve projections of the anticipated growth
and financial impacts of DERs to better mitigate negative impacts of DERs and enable
the City to realize additional benefits.
Page 5 of 10

DISCUSSION
The growth of DERs will have a variety of impacts to the electric utility, and therefore DERs must
be proactively integrated to ensure utility operational and financial resiliency for the future.
While there are already a number of initiatives underway to adapt to the emerging importance
of DERs, the goal of the proposed DER Plan is to formalize several of the best practices required
to ensure successful adaptation, and to ensure clear communication between work groups
especially regarding distribution system planning, supply planning, customer service,
operations, rate design, and customer program design.
While the analysis to-date has focused on the mitigation and planning required to
accommodate high growth of DERs, these technologies also have the potential to provide a
number of benefits to CPAU, the CAISO transmission area, and the Palo Alto community,
including:
• Enhancing CPAU’s system resiliency and reliability;
• Reducing peak demand to reduce the cost of transmission and distribution upgrades;
• Lowering supply costs by reducing curtailment of renewable projects throughout the
CAISO market, including CPAU renewable projects;
• Lowering CAISO and real-time CPAU GHG emissions by load shifting, demand response,
and flexible demand resources to better match electricity demand to when intermittent
renewable resources are available; and
• Enabling customers to directly bid their DER capabilities into the wholesale electricity
markets (e.g. through third-party aggregators or other mechanisms) to provide new
flexible low-cost and low-emission resources for energy and ancillary services, which can
help accommodate a higher penetration of intermittent renewable resources and
provide alternatives to new utility-scale generator construction.
The proposed DER Plan seeks to position CPAU to be able to harness these benefits. In August
2017,9 the UAC provided feedback on staff’s intentions to develop the DER Plan guided by the
following principles:
1) Facilitate the operation of DERs in ways that enhance the value to the DER owner as well
as the rest of the Palo Alto community; and
2) Staff will act as a facilitator of DERs. This means that:
i. Where DERs are cost-effective as an alternative to traditional generation
resources or distribution system upgrades, CPAU will create incentives for
adoption of DERs;
ii. Where DERs are not yet cost-effective alternatives to traditional generation
resources or distribution system upgrades, CPAU will facilitate voluntary
customer adoption;
3) Ensure that both the electric distribution system and electric utility finances can
accommodate DER growth.
9

Developing a Distributed Energy Resource Plan and Load Forecasting Report to UAC - August 2017
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These guiding principles have been expanded into the proposed DER Plan in Attachment A,
which encapsulates the City policies and actions that staff is proposing to enable beneficial DER
integration into the community. The goal, objectives, and strategies of the proposed DER Plan
are included in the following section.
City of Palo Alto Utilities - Distributed Energy Resources (DER) Plan
Goal of the DER Plan:
Enhance the value of DERs to all members of the Palo Alto community by using DERs to lower
costs, increase sustainability, and increase the resiliency of CPAU while avoiding or mitigating
any potential negative impacts from DER growth.
Objectives of the DER Plan:
1. Remove internal obstacles to allow greater DER adoption and improve DER value to the
entire community.
2. Facilitate the installation and integration of DERs in Palo Alto in order to increase utility
resiliency, lower utility costs, and reduce the City’s GHG emissions.10
3. Understand the community’s DER adoption potential and diverse needs and develop
DER programs accordingly.
4. Ensure that the utility financial structure and the distribution system can accommodate
DER growth.
5. Be innovative in accelerating adoption of cost-effective DER technologies as well as
initiating pilots programs for strategic emerging DER technologies.
Strategies to Achieve DER Plan Objectives:
This section lists key strategies to implement the DER Plan. Details and tactical actions related
to each of these strategies are listed in Attachment A.
1. Lower Barriers to Adoption – Lower barriers and reduce soft costs that may impede the
adoption and installation of DERs by streamlining processes (such as permitting and
interconnection), training local installers, and evaluating and updating fee structures.
2. Resiliency – Coordinate DER integration efforts with efforts to improve community
resiliency and evaluate how DER technologies can enhance community resiliency in the
future.
3. DER Growth Forecasts and Valuations – Develop and communicate DER growth
forecasts and valuations to ensure that all departments have current forecasts, costs,
10

Although CPAU’s electricity supply portfolio is carbon neutral on an annual basis, DERs have the potential to
lower the real-time GHG emissions in a number of ways, including load shifting to better match electricity
demands to the availability of intermittent renewables.
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and benefits. Ensure that these projections are integrated into planning processes (such
as distribution and financial planning).
4. Customer Programs – Develop pilot programs and incentives to encourage DERs that
can provide quantifiable benefits to the electric utility (and therefore to all customers
and the entire community). Prioritize those that are the most cost-effective and provide
the greatest GHG savings.
5. Advanced Metering Infrastructure (AMI) and Advanced Rate Structures – Implement
automated customer metering infrastructure and advanced retail rate structures to
effectively manage the DER resources in the community. Examples include evaluating
and potentially implementing of Time-of-Use rates as well as rates for EV owners.
6. Distribution System Planning – Develop a distribution system plan to accommodate the
adoption of DER growth at the lowest cost while maintaining system reliability to all
customers. Examples include evaluating the cost-effectiveness of installing or
incentivizing DERs as an alternative to local distribution system upgrades. In this way
local DERs could provide benefits to the distribution system while lowering costs for all
community members.
7. Electric Supply Planning – Consider DERs as a preferred resource and plan for maximum
deployment of cost-effective and feasible DERs within Electric Integrated Resource Plans
(IRP). Examples include integrating the forecasts and DER scenarios into short and longterm electric forecasts related to energy, capacity, and ancillary services.
8. Workforce Development and Industry Resources – Leverage existing industry resources
to grow in-house staff expertise by pursuing strategic partnerships and participating in
industry expert forums. Disseminate knowledge throughout the organization to staff
who will be involved with DERs.
9. Organizational Structures – Ensure effective organizational structures are in place to
accommodate DER growth by establishing multi-departmental teams to implement the
DER Plan and to ensure that the strategies in the DER Plan are integrated into the work
planning, staffing, and resource requirements of all the departments and divisions
affected.
NEXT STEPS
Upon receiving UAC input on this proposed DER Plan, staff will incorporate the feedback and
seek additional stakeholder input. Staff will then return to the UAC in early 2018 to seek UAC
recommendation of the DER Plan for Council approval. Upon Council approval of the DER Plan,
staff anticipates returning to the UAC and Council every two years to report on the progress
made.
The DER Plan will also be incorporated within the Utilities Strategic Plan (USP). It will also be
incorporated within the Electric IRP to meet SB 350-related state regulations.
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RESOURCE IMPACT
Approval of the DER Plan in itself will not require additional resources. Many of the strategies
and actions in the plan can be incorporated into existing efforts since they are tightly
intertwined with ongoing staff work in the areas of energy efficiency, electric vehicles, local
solar, and electrification, or integrate with existing financial planning, distribution system
planning, and electricity supply planning processes. However, increasing penetration of DERs
may introduce additional complexity into the electric utility’s operations, and it is not
implausible that additional resources might be needed. If additional staffing needs are
identified, approval will be sought as part of the annual budget development and approval
process. In addition, in order to realize many of the potential benefits of DERs, CPAU will need
to deploy automated metering infrastructure (AMI) and associated smart grid technologies,
currently estimated to be in place by 2022. Therefore, the implementation of this DER Plan will
be broken into two parts: before AMI deployment (Phase 1), and after AMI deployment (Phase
2) as shown in Figure 3.
Figure 3: Phases of DER Plan within the context of the DER adoption curve 11

The resources currently being expended by CPAU staff and contractors to promote DERs are
shown in Table 1, above. Table 3, below, provides a preliminary estimate of additional staff
time and resources required to implement each of the strategies in the next five years under
Phase 1. These estimates will be refined prior to DER Plan adoption, and will be included in the
FY 2019 budget if appropriate.
The resources required to implement and maintain AMI and related smart grid systems are
clearly the largest driver of additional resources and will be further discussed with the UAC and
Council within the context of Utility Technology Roadmap 12 in early 2018.

11
12

This graphic is adapted from a CAISO presentation and displays the walk-jog-run framework
Smart Grid Assessment and Development of Utility Technology Roadmap – May 3, 2017 UAC Report
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Table 3: Estimate of additional effort and budget required to implement DER Plan
Additional

2018-2022

Additional Effort (FTE)

Strategy

Budget($)

1.
2.

3.

4.
5.
6.

7.
8.
9.

Lower Barriers for Adoption
Resiliency
DER Growth Forecasts & Valuations
Customer Programs
AMI & Advanced Rate Structures
Distribution System Planning
Electric Supply Planning
Workforce Development & Industry Resources
Organizational Structures

CY
2018
0.1
0.1
0.2
0.5
0.3

CY
2019
0.1
0.1
0.1
0.2
1
0.3

2020
0.1
0.1

CY
2021
0.1
0.1

CY
2022
0.1
0.1

0.3
2
0.3

0.3
2
0.3

0.3
3
0.3

CY

Total without AMI Deployment

0.1
0.8

0.8

0.8

0.8

0.8

Total including AMI Deployment

1.3

1.8

2.8

2.8

3.8

CY

2018-2022
$100-$250k
$20-$60k
$10-$30k
$100-$200k
$15-$20M
$100-$200k
$50-$100k
$25-$50k
$380-$865k
$15.4$20.9M

POLICY IMPLICATIONS
The policies to be adopted in th is DER Plan have implications for business practices throughout
the Utilities Department and implications for the services provided to customers with respect
to DERs. They will be coordinated closely with the Utilities Strategic Plan. This DER Plan is

consistent with the Sustainability and Climate Action Plan (S/CAP) and the Electric Integrated
Resource Plan {IRP) currently under development.
ENVIRONMENTAL REVIEW
The Utilities Advisory Commission's discussion of the proposed DER Plan does not meet the
definition of a project under Public Resources Code 21065 and is therefore California
Environmental Quality Act (CEQA) review is not requ ired.
ATTACHMENTS

•
•

Attachment A: Distributed Energy Resources (DER) Plan
Attachment B: Technical Addendum for DER Projections

PREPARED BY:

LENA PERKINS, Resource Planner

dP

SONIKA CHOUDHARY, Resource Planner

SHIVA SWAMINATHAN, Senior Resource Planner ~
REVIEWED BY:

cr~IN, Assistant Director, Resource Management.fk

APPROVED BY:
EDSHIKADA
Assistant City Manager/General Manager of Utilities
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Attachment A

City of Palo Alto Utilities - Distributed Energy Resources (DER) Plan
(Draft for Discussion)
Definitions

For the purpose of this document Distributed Energy Resources (DERs) are defined as electrical
energy resources connected to the electric distribution system that can significantly change the
location, timing, and magnitude of the City of Palo Alto Utilities (CPAU) electric loads. This
includes but is not limited to: distributed renewable generation resources such as solar
photovoltaics (PV), energy efficiency (EE), energy storage (ES), electric vehicles (EV), and
demand response (DR) technologies, as well as interactive and flexible resources such as EV
smart chargers, smart thermostats, heat-pump water heaters (HPWH), and heat-pump space
heaters (HPSH).

Goal

Enhance the value of DERs to all members of the Palo Alto community by using DERs to lower
costs, increase sustainability, and increase the resiliency of CPAU while avoiding or mitigating
any potential negative impacts from DER growth.

Objectives

1. Remove internal obstacles to allow greater DER adoption and improve DER value to the
entire community.
2. Facilitate the installation and integration of DERs in Palo Alto in order to increase utility
resiliency, lower utility costs for all customers, and reduce the City’s GHG emissions.
3. Understand the community’s DER adoption potential and diverse needs and develop
DER programs accordingly.
4. Ensure that the utility financial structure and the distribution system can accommodate
DER growth.
5. Be innovative in accelerating adoption of cost-effective DER technologies as well as
initiating pilots programs for strategic emerging DER technologies.

Strategies

1. Lower Barriers to Adoption – Lower barriers and reduce soft costs that may impede the
adoption and installation of DERs by:
a. Streamlining permitting and interconnection processes for all DER technologies,
training customer service and operations staff on revised processes, and
communicating processes to community members and installers.
b. Engaging with industry and DER markets to lower hurdles to adoption through
programs such as:
i.
Pursuing bulk-buy programs for PV, EV, EV chargers, ES, HPWH, HPSH, and smart
thermostats; if feasible, pursuing bulk buy programs for strategic emerging DERs;
ii. Training local contractors in DER technologies, interconnection processes, and
permitting processes;
iii. Evaluating and potentially implementing on-bill financing programs for DERs;
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Attachment A
c.

d.

Regularly updating all fee structures which impact DERs to include the full value of DERs
including the value associated with what time of day and year DERs operate, their
location on electrical distribution system, their carbon reduction potential, and any
secondary benefits attributed to the resource;
Researching and evaluating removal of CPAU policies which preclude beneficial uses of
DERs, such as aggregation for the purpose of bidding into electricity wholesale markets.

2. Increase Community Resiliency – use DERs to increase community resiliency by:
a. Evaluating the capabilities of current and emerging technologies to provide the type of
resiliency of highest value to the utility and the community;
b. Investigating the potential to increase flexibility and technical capabilities of all future
and existing DERs on City property, and provide resources for increasing resiliency if
deemed feasible;
c. Investigating the potential for new large DERs to supply emergency back-up services at
City facilities and pursuing projects deemed feasible; and
d. Investigating the potential to modify existing customer incentive programs which could
provide resiliency as well as investigating the potential to supply additional resources to
all customer incentive programs which currently also provide resiliency services.
3. DER Growth Forecasts and Valuations – develop and communicate DER growth forecasts
and valuations by:
a. Regularly monitoring local growth of DER technologies as well as developing and
updating models for growth forecasts based on the technical, economic, and market
potential of DERs;
b. Establishing and updating costs and values associated with location on the distribution
system, time of day and year the DER operates, potential for carbon reduction, value as
a renewable supply of energy, and any secondary benefits attributable to the resource;
and
c. Ensuring consistent projections and valuations are used throughout the organization by
communicating DER growth projections to all relevant divisions and departments
regularly.
4. Customer Programs – maximize value of DER customer programs by:
a. In calculations evaluating cost-effectiveness, developing new incentives and programs,
and prioritizing programs include location on the distribution system, time of day and
year the DER operates, potential for carbon reduction, value as a renewable supply of
energy, and any secondary benefits attributable to the resource;
b. Evaluating strategic pilot programs that can serve local distribution system needs,
enable customers to achieve additional value by serving CAISO market needs, or lower
overall community electric supply and transmission costs, including:
i.
Control and communication technologies for DERs (e.g. smart inverters to inject
capacitive energy from PV into the distribution system);
ii. An energy storage pilot program;
iii. A DER aggregation pilot to enable customer participation in wholesale electricity
markets; and
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Attachment A
iv.

A program for automatic or centrally controlled demand response for commercial
and residential customers.

5. Advanced Metering Infrastructure (AMI) and Advanced Rate Structures – Implement
automated customer metering infrastructure and advanced retail rate structures to
effectively manage the DER resources in the community by:
a. Assessing the impact of current electrical rate structures on DER operations and
exploring cost-justified rate structures that reflect the cost to serve DER-enabled
facilities, while seeking ways to structure these rates such that they allow for costeffective operations, maximize benefits to both the utility and the customer, and do
not impede adoption (e.g. Time-of-Use rates, all-electric home rate);
b. Ensuring AMI implementation plan includes an evaluation of the costs and benefits of
system features necessary for effective integration of DERs (such as the ability to
remotely program meters for time-of-use periods); and
c. Forecasting the impacts of DERs on the utility’s long-term financial position.
6. Distribution System Planning – Develop a distribution system plan to accommodate the
adoption of DER growth at the lowest cost while maintaining system reliability to all
customers by:
a. Integrating the impact of DERs into long-term distribution system planning and
considering the cost-effectiveness of DERs to strengthen distribution infrastructure;
b. Performing a Distribution System Assessment at regular intervals that assesses the
available capacity for additional DERs throughout the distribution system within the
context of planned upgrades and projected DER growth;
c. Evaluating the response of the distribution systems for various stresses in the system
(e.g. concentrated locational DER growth, sudden loss of local PV generation due to
cloud cover, operation of protective relays and fault currents, etc.);
d. Evaluating and implementing DER programs that can enhance distribution system
reliability after the implementation of AMI;
e. Re-evaluate the interconnection fee structure and its impact on sizing electric services
to accommodate EVs and all-electric homes;
f. Creating an implementation plan for a Conservation Voltage Reduction (CVR) program
upon implementation of the AMI system when upgrading the substation transformer
controllers; and
g. Developing tools and processes to estimate interconnection fees of large DERs as part
of the initial permitting process.
7. Electric Supply Planning – Consider DERs as a preferred resource and plan for maximum
deployment of cost-effective and feasible DERs within Electric Integrated Resource Plans
(IRP) by:
a. Integrating the DER growth forecasts and scenarios into short and long-term electric
forecasts related to wholesale electricity costs for energy, capacity, and ancillary
services.
b. Considering the risk of stranding assets due to increased penetration of DERs when
evaluating commitments to long-term electric supply resources (i.e., Western contract
renewal and/or new renewable power purchase agreements);
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c.

d.

Updating as necessary the calculated value of DERs to ensure proper treatment of DERs
in avoiding transmission, distribution and ancillary service costs and/or obligations
using consistent models of time of day DERs operate, location on distribution system,
and potential for carbon reductions; and
Analyzing potential DER impacts on sub-annual CPAU carbon emissions and mitigation
strategies.

8. Workforce Development and Industry Resources – Leverage existing industry resources to
enhance in-house staff expertise by:
a. Partnering with industry experts when seeking financing and grant opportunities to
implement DER programs and pilots;
b. Encouraging staff to participate in different industry and expert forums to grow inhouse expertise; and
c. Developing staff training as needed when implementing programs or processes related
to DERs.
9. Organizational Structures – Ensure effective organizational structures are in place to
accommodate DER growth by:
a. Establishing collaborative multi-departmental teams to implement the DER Plan and to
engage with the community and stakeholders effectively (e.g. multi-department
sustainability board, utilities DER Plan implementation team, and technology work
group); and
b. Ensuring that the strategies in the DER Plan are integrated into the work planning,
staffing, and resource requirements of all the departments and divisions affected.
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Attachment B

Technical Addendum for Distributed Energy Resource (DER) Projections
Initial projections for DER technologies were developed to inform both the proposed DER Plan
as well as ongoing work regarding DERs. These projections will be updated as more detailed
market assessments are performed.
The distributed energy resources considered for the purposes of these analyses were:
- Energy Efficiency (EE)
- Solar Photovolatics (PV)
- Electric Vehicles (EV)
- Demand Response (DR)
- Energy Storage (ES)
- Heat-pump Water Heaters (HPWH)
- Heat-pump Space Heaters (HPSH)
As shown in Figure 1, projections were developed to address three main areas:
1. DER Adoption Projections: Adoption forecasts for each DER technology.
2. DER Load Impact Projections: Energy used or delivered to the system on an hourly and
seasonal basis to determine the impact of DERs on electric sales and load shape.
3. DER Financial Impact Projections: Financial impact to the utility of DER adoption based
on the adoption and load impact projections. This analysis considered only the impact to
wholesale electric supply costs, and did not include the impact of changes to current
rate structures.
The detailed assumptions and limitations of each of these projections are discussed in their
following respective sections.
Figure 1: DER projections and analyses undertaken to-date
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1. DER Adoption Projections
Preliminary forecasts of the number of DER systems through year 2030 are shown below in
Table 1. The 2030 estimates are highly variable, as they depend on market conditions,
technological innovations, and changing regulations, and therefore these estimates could
increase or decrease by up to 50%.
Table 1: Estimated number of DER systems through 2030 1
Estimated Number of Systems
DER Technology
2017 (current)
2020
PV
1,000
1,300
2,500
5,900
EV 2
EE
40,880
45,000
DR
8
25
ES
11
85
HPWH
10
200
HPSH
0
25

2030
2,500
18,700
60,000
75
580
2,700
800

Assumptions & Limitations:
These projections were developed for long-term load forecasting and budgeting purposes.
They reflect current realistic estimates of technology adoption rates. The current forecasts do
not achieve S/CAP goals by 2030, but staff will be coordinating with the sustainability team to
accelerate adoption wherever cost-effective. These forecasts will be updated regularly and
staff will continue to collaborate with other departments to support City sustainability goals.
-

-

EE: Adoption rates for EE are based on the 10-year Energy Efficiency Goals for 2018-2027
which were updated in 2017. 3 For the years 2028 through 2030 the assumed savings are
the average of the savings in 2026 and 2027 which is the methodology suggested by the
CEC for estimating savings beyond the 10-year goals. 4 More details on the EE
methodology for market potential can be found in Staff Report 7718 from March 6,
2017.
PV: These projections are based on a technical and economic potential, with adoption
growing steadily, with the growth rate itself plateauing as is typically seen in a maturing
market. These projections include behind the meter installations in residential and
commercial sectors, but do not include a Community Solar installation. These
projections also do not include the feed-in tariff installations from the CLEAN program as

1

These estimates represent current base case scenarios. Staff will explore appropriate high and low scenarios in
further modeling.

2

This is the total residential EVs currently registered in Palo Alto. There are also EVs which commute into Palo
Alto, some of which charge while in Palo Alto and add to CPAU electricity sales. In addition to the residential EVs
shown here, there are estimated to be approximately 3,100, 5,900 and 20,000 commuter EVs in 2017, 2020 and
2030 respectively.

3

Although CPAU established our EE goals based on net savings, the energy efficiency savings shown here are on a
gross basis (which includes EE savings due to free-ridership).
4
The extension of savings through 2030 is based on the methodology put forth in the CEC presentation September
7, 2017 which can be found here: CEC presentation on Energy Efficiency Savings from Utility Programs.
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-

-

these are counted as supply resources and count towards the electric utility’s Renewable
Portfolio Standard.
EV: To-date Palo Alto has observed residential EV adoption rates approximately three
times greater than the California statewide average, and this rate for residential
adoption relative to statewide average projections is assumed to continue to 2030. To
estimate the EV adoption rates of commuters into Palo Alto the observed adoption rate
from 2017 census data for the entire Bay Area was extended to 2030.
DR: This forecast is based on modest growth of the current voluntary large commercial
demand response program. Somewhat more robust growth is expected after AMI
implementation in 2023.
ES: This forecast is based on statewide projections for batteries and CPAU electricity rate
structures.
HPWH: This forecast is based on historical of PV penetration, market readiness, and
CPAU customer program management experience. Based on this forecast, staff projects
a natural gas load reduction of up to approximately 1% from HPWH by 2030.
HPSH: This forecast based on historical of PV penetration, market barriers, and CPAU
customer program management experience. Based on this forecast, staff projects a
natural gas load reduction of up to approximately 1% from HPSH by 2030

2. DER Load Impact Projections
Table 2 shows the impact of DERs on CPAU’s energy sales based on the number of systems
projected in Table 1. These estimates are also highly variable, as each underlying component
could change by as much as 50% by 2030. Moving forward, the combined impact of all these
DERs is expected to lower energy sales by 2.2% by 2020 and 6.6% by 2030.5 The net effect of
projected DERs coming online after 2017 is to offset other anticipated electricity load growth
throughout CPAU territory, 6 leading to essentially flat total CPAU system loads from 2017
through 2030. However, a scenario with higher load growth, lower adoption of EE or PV, or
higher adoption of EVs could result in an overall growth of electricity sales.
Table 2: Estimate of the impact of DERs on CPAU retail energy sales
DER Technology
2017 (current)
2020
2030
Contribution to Energy Sales MWh
%
MWh
%
MWh
%
PV
-15,000
-1.6%
-18,800
-2.0%
-45,200
-4.9%
EV
7,100
0.8%
14,300
1.6%
54,800
6.0%
EE
-55,300
-6.0%
-78,800
-8.6% -139,200 -15.2%
DR
7
23
200
0.02%
ES 7
5

All percentages are relative to Fiscal Year 2017 electricity retail sales.
For budgeting purposes the Northern California Power Agency has developed an econometric regression to
forecast electric sales from 2018 to 2030 with the current level of DERs (in other words assuming no additional
DERs). The CPAU overall system load growth from 2017 is the combination of this econometric forecast and the
individual DER forecasts.
7
Batteries and other ES devices may result in either net increased energy retail sales (due to battery losses where
commercial customers use batteries to avoid CPAU demand charges) or net decreased energy retail sales (due to
increased onsite consumption of behind the meter solar). For the purpose of these analyses these two effects are
assumed to be roughly the same magnitude and therefore ES systems are not considered to have any net effect on
6
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HPWH
HPSH
Combined DER Impact: from
2007
Combined DER Impact: from
2017
CPAU Overall System Load
Growth from 2017 8

9
-

-

190
90

0.02%
0.01%

2,500
2,800

0.3%
0.3%

-63,200

-6.9%

-83,000

-9.1%

-124,000

-13.6%

-

-

-19,700

-2.2%

-60,900

-6.6%

-

-

-3,200

-0.3%

-6,900

-0.8%

Figure 2: Projected impact of DERs on annual electricity sales from 2018 through 2030

Another important aspect of DERs is their ability to potentially flatten overall peak demand,
especially due to PV and DR. The impact of the projected DERs on a peak summer day in 2030 is
illustrated in Figure 3, showing that the combined effect is to flatten the overall load shape and
lower the peak demand. This overall flattening of peak demand is anticipated to increase the
overall system annual load factor from 62% in 2016 to 70% in 2030. 9 A higher load factor and
flatter loads tend to lower overall CPAU costs.
energy sales.
8

Going forward from 2017 the total CPAU load is forecasted to grow at roughly 0.4% per year if no more DERs
were added to the system. With the addition of new DERs, the total CPAU load is projected to decrease by roughly
0.8% from 2017 electricity sales by the year 2030.
9
Annual Load Factor is a measure of transmission and distribution system utilization and is defined as the ratio of
average annual energy load to the peak annual energy load. A high load factor means that system capacity is
highly utilized, with average annual usage that is not much lower than the annual peak. A low load factor indicates
that electric use has a high annual peak relative to annual average usage, meaning that substantial additional

Page 4 of 6

Attachment B
Figure 3: Potential change in hourly electric loads on a peak summer day (2017 vs. 2030) 10

3. DER Financial Impact Projections
As of 2017 CPAU’s retail electricity sales are approximately 6.9% lower due to EE, PV and EV
adoption to date (as illustrated in Table 2), which equates to a reduction of about $7.8 million in
revenues. The corresponding savings related to lower electricity supply purchases is estimated
to be about $4.4 million, which has resulted in a net revenue impact of $3.4 million reduction in
revenues for the utility compared to if those resources were not present in 2017 (considering
only savings in utility electricity supply costs). 11 The potential financial impact figures are shown
here in order to facilitate understanding of the potential scale of impact from different DERs in
the future. The impact of successful EE and PV programs on CPAU is an integral part of utility
financial planning and projections. 12
DERs projected to come online from 2018 through 2030 are estimated to reduce utility net
revenues by $5.4 million, relative to if those DERs did not come online (based on utility supply
costs and total revenues alone). 13 The detailed contribution by resource is shown below in
system capacity is needed to serve that high annual peak, generally resulting in higher costs due to low utilization.
10
HPSH are included on a peak summer day since there is an expectation that heat-pump space heaters will be
used as air conditioners on the hottest days.
11
It should be noted that both EE and PV systems lower participants’ electricity bills, and can provide other
benefits not captured in this cost estimate.
12

Reduction in revenues can put upward pressure on customer retail rates. However, reduced use of utility energy
services due to EE and PV programs as well as other benefits not captured here will tend to lower overall customer
utility bills.
13

These estimates are highly uncertain and depend on the relative growth of different DER technologies, market
supply costs, and also do not include other potential costs and benefits to the utility. Given the levels of
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Table 3. However, total CPAU net revenues are expected to be nearly flat since these load
reductions are expected to be offset by other electricity load growth.
Table 3: Estimated impact of DERs on electricity supply costs & revenues from 2017 14
(∆ 𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹) − (∆ 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪) = (∆ 𝑵𝑵𝑵𝑵𝑵𝑵 𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹)

2020 Estimate

DER
Technology
PV
EV
EE
Combined DER
Impact

2030 Estimate

Revenue
Impact
-$0.6 M
$1.1 M
-$3.5 M

Supply Cost
Impact
-$0.3 M
$0.5 M
-$1.7 M

Net Revenue
Impact
-$0.3 M
$0.6 M
-$1.8 M

Revenue
Impact
-$5.2 M
$8.3 M
-$14.5 M

Supply Cost
Impact
-$2.8 M
$4.4 M
-$7.7 M

Net Revenue
Impact
-$2.4 M
$3.9 M
-$6.8 M

-$3.0 M

-$1.5 M

-$1.5 M

-$11.5 M

-$6.1 M

-$5.4 M

Well-integrated DERs have the potential to lower electricity supply cost even further, as well as
provide other benefits and value streams.15 Staff will be investigating ways of maximizing the
value of DERs in order to continue to keep customer retail rates low.

uncertainty and potential for technology and market changes, it is entirely possible that the impact on supply costs
and utility revenues could vary by more than 50% from the estimates provided here.
14

The impact on supply costs are estimated based on avoided supply costs of 7.4 cents per kWh in 2020 and 9.3
cents per kWh in 2030. The impact on revenues is based on projections of system-wide average retail rates of 15
cents per kWh in 2020 and 17 cents per kWh in 2030. Due to the high-level of uncertainty, only the largest DERs
are included in this preliminary estimate on utility financial impacts.
15

Additional value streams that could be garnered from DERs that could lower the reduction of net revenues
include: flattening of electricity demand profiles, shaping of electricity demand to better match renewable
resource availability, and enabling customer-owned DERs to bid into electricity wholesale markets.
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