
City of Palo Alto (ID # 11639)

Utilities Advisory Commission Staff Report 

Report Type: Agenda Changes Meeting Date: 11/4/2020 

City of Palo Alto Page 1 

Summary Title: Electrification Impact Study 

Title: Discussion of Electrification Cost and Staffing Impacts on the City of 
Palo Alto's Electric and Gas Distribution Systems 

From: City Manager 

Lead Department: Utilities 

Recommendation  
This report is submitted to the Utilities Advisory Commission (UAC) for informational and 
discussion purposes only. No action is required. 

Executive Summary 
The City is the process of updating its Sustainability and Climate Action Plan (S/CAP) to achieve 
the goal of reducing the community’s greenhouse gas emissions by 80% from 1990 levels by 
2030. To meet this aggressive goal, one of the proposed key actions is to target electrification 
of all single-family residences. During the summer of 2020, the Utilities Department conducted 
a study to provide a preliminary cost estimate to upgrade the electrical distribution grid and 
decommission the gas infrastructure to all single-family residences. This report presents the 
electric grid upgrade and gas infrastructure decommissioning cost estimates, including cost 
savings from avoiding gas PVC main replacement to residential neighborhoods, and staffing 
impacts to Development Services and Utilities to achieve 100% electrification of single-family 
residences. These are preliminary cost estimates only; further studies will be needed to update 
and refine cost estimates as projects evolve and move forward. The direct “behind the meter” 
costs to customers to electrify their homes will be presented later as part of the City’s S/CAP 
update.  

Background 
In April 2016, City Council adopted the ambitious goal to reduce the community’s greenhouse 
gas emissions by 80% from 1990 levels by 2030 (“80x30”). The S/CAP Framework approved by 
City Council in November 2016 assumed 100% of new buildings will be all-electric, as well as 
mass conversion of gas appliances to electric alternatives in existing buildings, covering 95% of 
residential water heating, 70% of residential space heating, and 85% of commercial water and 
space heating.  
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As of 2018, the City has achieved GHG emission reduction by around 36% below the 1990 
levels, equivalent to 273,400 MT. Over the next ten years, the City will need to reduce its GHG 
emission by an additional 328,300 MT in order to meet the 80x30 goal. 
 
Staff is currently in the process of updating the S/CAP with key actions over the next 10 years to 
achieve the 80x30 goal.  One proposed key action is to target electrification of all single-family 
residences (SFRs), which will achieve around 49,000 MT of GHG emissions reduction, or 15% of 
the remaining reductions to meet the 80x30 goal. Compared to other types of existing 
buildings, electrification of SFRs has the lowest marginal abatement cost of GHG emissions. 
Technologies for electrifying residential gas appliances are readily available and have been 
widely deployed in other states and countries.1  
 
There are many questions related to the electrification of all SFRs, including the system capacity 
impact to the electric distribution grid, the cost to upgrade the electric grid, the cost to 
decommission the gas infrastructure and financial impact to the gas utility.  The City is also 
exploring legal issues and requirements related to these long term planning scenarios, which 
may bear on the feasibility and costs of these proposals.  The 2020-2021 Building Electrification 
Work Plan2 proposed several impact analyses, including the impacts of electrification on the 
electric distribution system, utility and municipal workforce, as well as the financial health of 
both the electric and gas utilities. During the summer of 2020, staff provided guidance to an 
intern to conduct a preliminary study and estimate of electrification impacts. The study scope 
covered the cost to upgrade the electric distribution grid to meet the increased electric load of 
around 15,000 all-electric homes in Palo Alto, the cost to decommission the gas infrastructure 
serving these homes, and also behind-the-meter costs to convert gas appliances to electric 
alternatives. This report covers only the estimated utility costs, which would be recouped from 
customers via rates; customer costs will be presented along with the S/CAP Impact Analysis 
results for various proposed key actions in early 2021.   
 
The study report is provided as Attachment A.  
 
At its September 2020 meeting, the UAC provided feedback on questions it hoped would be 
answered as part of the study. Many of the topics the UAC hoped to hear more about are 
addressed in the attached study, including: 

• The impact of vehicle charging in combination with building electrification on the 
electric distribution system 

• The need to remove gas lines in a specific physical order, which could impact 
electrification plans 

• The impacts to the electric grid of changing residential load shapes and panel upgrades 
 

                                                      
1 Between 2000 and 2015, 58% of new homes were built with electric space heating, 56% of new homes were built 
with electric water heating, and 73% of new homes were built with electric cooking equipment. (source: EIA 2015 
Residential Energy Consumption Survey). 
2 UAC Staff Report “Building Electrification 2020-2021 Work Plan”, March 5, 2020.  

http://cityofpaloalto.org/civicax/filebank/documents/75512
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A full list of UAC questions and how they will be addressed is included as Attachment B. 
 

  
Discussion 
City of Palo Alto Utilities (CPAU) provides gas services to around 15,000 SFRs, representing 
around 64% of the total gas services. In FY 2019, gas consumption from residential single-family 
customers was around 9.2 million therms, representing 32% of the City’s total gas 
consumption. On the electric side, CPAU provides electric services to around 15,200 SFRs, 
representing around 52% of the total electric services. In FY 2019, average annual electric 
consumption from residential single-family customers was around 7,400 kWh; total electric 
consumption from single family customers makes up around 13% of the City’s total electric 
consumption. 
   
Staff prepared the electrification impact study scope to estimate cost impacts to CPAU under a 
scenario of electrifying all SFRs in Palo Alto. The cost estimates are based on current 
engineering project costs; while construction costs can fluctuate up and down, these costs are 
projected to increase over time. To evaluate the impact on the electric distribution grid, the 
increase of electric load due to electrification is calculated at the distribution transformer and 
the feeder level. Upgrades to the distribution grid are estimated based on two scenarios: a 
flexible load shifting scenario that assumes EV charging will not increase the peak demand of 
each home, and a conservative scenario with no EV load shifting allowed.  
 
The costs to decommission the gas infrastructure serving SFRs are assessed based on two 
scenarios. The lower cost scenario assumes gas service to SFR neighborhoods would be shut off 
by sealing the valves to gas mains serving these neighborhoods. Under this scenario, gas service 
to the entire block served by the gas main would be halted at the same time. The higher cost 
scenario assumes that the gas service lateral to each home would be disconnected individually. 
A skeletal gas system is assumed to remain in place to serve multifamily and non-residential 
buildings. The physical layout of this scaled-back gas system was developed in collaboration 
with the Utilities Engineering Division and could fully serve all remaining multifamily and non-
residential loads without modification. 
 
Highlights of Study Results: 
 
Impact to the Electric Utility 
The study shows that electricity demand for all-electric homes peaks on winter mornings due to 
heating, and averages around 3.62 kW per home, or 264% of a mixed-fuel home’s peak 
demand.3 EV charging can add an additional 1.216 kW to the average peak demand of an all-
electric home. Assuming each distribution transformer serves 8 houses, the load on each 
transformer under the all-electric SFRs scenario is calculated at 2.64 times the current 

                                                      
3 CPAU currently has a summer system peak of around 170 MW and a winter system peak of around 135 MW. The 
electrification of all SFRs will create an additional 8 -10% load to the summer system peak which occurs between 
4pm to 6pm. 
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transformer load plus 9.74 kW for EV charging. As shown in Table 1 below, the additional load 
will trigger the need to upgrade some of the distribution transformers, secondary distribution 
lines (which connect the distribution transformer to the homes served by the transformer), and 
feeder lines (which connects the substation to the distribution points). 
 
Table 1: Estimate of overcapacity equipment in the electric distribution grid under the all-
electric SFRs scenario 

Number of over-capacity distribution transformers 759 - 773 (95+%) 

Number of over-capacity secondary distribution lines 162 – 155 (20%) 

Number of over-capacity feeders 17 (25%) 

 
The total cost to upgrade the distribution system grid is estimated to range between $30 
million and $75 million.  Around 40% of this cost is equipment cost, and 60% is labor cost. This 
covers the cost to upgrade 95% of the distribution transformers, 20% of the secondary 
distribution lines, and 25% of the feeder lines. The cost estimate does not include additional 
undergrounding of feeder lines or secondary distribution lines. If financed over 30 years at an 
interest rate of 3.2%, this would be approximately $1.6 million to $3.9 million per year. For 
comparison, the Electric Utility Capital Improvement Program (CIP) spending between FY 2021 
and FY 2025 ranges between $11 million and $26 million per year.  
  
Impact to the Gas Utility 
The total cost to decommission the gas infrastructure to all SFRs is estimated to range between 
$11 million to $54 million.  If this spending takes place over ten years, this would be 
approximately $1.1 million to $5.4 million per year. For comparison, the gas utility’s current 
capital investment budget is approximately $8 million to $10 million per year.  
 
This cost estimate covers the costs to seal the valves to the gas mains, disconnect the gas 
service lateral to individual homes, and remove the gas meter and gas riser at each property. 
This wide range reflects the cost discrepancy of disconnecting the entire block from gas service 
at the same time, versus disconnecting one home at a time.  The cost estimates are based on 
work completed by CPAU crew. The actual cost would be different if CPAU hires outside 
contractors to perform the work. 
 
The gas system decommissioning cost can be offset by the savings of not having to replace the 
gas PVC mains in residential neighborhoods. CPAU has an ongoing Gas Main Replacement 
program to replace PVC gas mains with High Density Polyethylene (HDPE) gas mains, at a rate of 
2 to 4 miles per year. There are currently around 23 miles of PVC gas mains in SFR zones, plus 
additional PVC service lines between the gas mains and the homes. The estimated cost savings 
by not having to replace the PVC gas mains and service lines is between $26 million and $34 
million total over the ten year study period.  
 
The total distance of gas mains in a skeletal system to serve only multifamily and nonresidential 
buildings is around 86 miles, down 60% from the current 210 miles of gas mains. 
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Estimated Combined Rate Impact 
Based on the combined total utility cost between $41 million and $128 million, and a 30-year 
bond financing rate of 3.2%, the annual utility cost is estimated to range between $2.2 million 
and $6.7 million. Using the FY 2020 electric and gas revenue of $177 million, this cost is 
estimated to be equivalent to roughly a 1.2% to 3.8% one-time increase to the combined 
electric and gas bill, though exact rate impacts are highly uncertain and would vary by 
customer. A cost of service analysis would need to be performed to determine actual customer 
rate impacts if the City moved forward with such a project. 
 
Next Steps 
Staff is currently working with the city’s S/CAP consultant to assess the cost effectiveness and 
GHG reductions of various proposed key actions in the energy and transportation sector. The 
cost impacts to the electric and gas utility will complement the S/CAP analyses to meet the 
City’s 80x30 goal.  
 
In addition, staff will assess the financial impact of electrifying all SFRs on both the gas utility 
and electricity; this analysis will estimate the bill impact to the remaining gas customers. Staff 
will also explore different financing mechanisms to upgrade the electric distribution system, as 
well as ways to align with other utility efforts such as like undergrounding and adding resiliency. 
 
Resource Impact 
The cost impact to achieve electrification of all SFRs in Palo Alto to both the electric and gas 
utilities over the next 10 years are significant. For the electric utility, the estimated cost for 
electric grid upgrade ranges between $30 million and $75 million. For comparison, the Electric 
Utility Capital Improvement Program (CIP) spending between FY 2021 and FY 2025 ranges 
between $11 million and $26 million per year. On the gas utility side, the estimated cost to 
decommission the gas infrastructure serving SFRs ranges between $11 million to $54 million, 
although there will be cost savings of between $26 million and $34 million by avoiding the 
replacement PVC mains and service lines. In the FY 2021 Gas Utility Financial Plan, the Gas 
Utility has a staggered gas main replacement schedule with a budgeted CIP of $2 million in one 
year and $7 million the following year. 
  
As for staffing impact, the two work groups that are estimated to be most impacted are 
Development Services and Utilities Operations. For Development Services, staff estimates the 
workload to process permit applications and conduct site inspections for home electrification 
projects and panel upgrades is around 44 FTE-year (which would translate into about four 
additional full-time staff if SFR electrification took place over ten years). For Utilities, staff 
estimates the workload to upgrade the electric distribution grid is between 83 to 210 FTE-year 
(approximately three to five additional four-person full-time field crews), and the workload to 
decommission the gas system serving SFRs is between 45 FTE-year and 229 FTE-year (anywhere 
from one to six four person full-time field crews working over ten years). These estimates do 
not include the engineering time to design the system upgrade and the details of gas mains 
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disconnection, nor the customer service time to help customers with the transition. The 
workload impact has two implications under the 100% single family home electrification 
scenario: the electrification planning needs to start early, and the electrification process needs 
to be spread over many years as it takes time to recruit and train staff. Hiring outside 
contractors for the construction work is one alternative that would need to be considered and 
may or may not be feasible for certain types of activities. 
 
Policy Implications 
These analyses support the City Council’s priority for sustainability and the ongoing analyses as 
part of the 2020 Sustainability and Climate Action Plan Update. 
 
Stakeholder Engagement 
The analysis was primarily an internal effort. The results of this analysis will be part of the 
S/CAP community outreach efforts. 
  
Environmental Review  
The UAC’s discussion of this informational report does not meet the definition of a project, 
under section 21065 of the California Environmental Quality Act (CEQA), thus environmental 
review is not required. 
Attachments: 

• Attachment A: Electrification Impact Study 

• Attachment B: Responses to UAC Feedback from September 2020 

• Attachment C: Presentation 



Electrification Impact Assessment 
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City of Palo Alto Utilities Advisors: 
Jimmy Pachikara 
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1. Background 

1.1 California and the City of Palo Alto’s Sustainability Goals 
In 2005, Governor Arnold Schwarzenegger gave an executive order to reduce carbon emissions to 
1990 levels by 2020 and to 80% below 1990 emissions by 20501. The City of Palo Alto has a more 
aggressive greenhouse gas (GHG) emissions target of reducing carbon emission 80% below 1990 
levels by 2030. As of 2018, Palo Alto has reduced GHG emissions by approximately 36% below the 
1990 baseline. 
 
 

 
Figure 1: Palo Alto Municipal Operations and Community GHG emissions sources, from CPAU’s 2018 Earth Day 
Report2. 
 

                                                
1 Executive Order. No. S-3-05, California Gov. Arnold Schwarzenegger, 2005.  
2 City Manager. Earth Day Report 2018. City Council Staff Report (ID # 8979), 16 Apr. 2018. 
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Multiple strategies are being considered to achieve this 2030 goal, one of which is building 
electrification. Electrification is the process of replacing natural gas appliances with efficient all 
electric alternatives. This study focuses on the total community cost to electrify all single-family 
residences (SFRs) in Palo Alto, which is one of the key actions being considered in the city’s 2020 
Sustainability/Climate Action Plan update.  

1.2 Benefits of Building Electrification 
There are numerous environmental benefits associated with building electrification. Direct 
combustion of natural gas accounts for almost one third of the GHG emissions in Palo Alto. 
Additionally, over 2% of all distributed natural gas in the United States leaks out of pipelines into the 
atmosphere3. This natural gas contains methane, a potent greenhouse gas with a warming effect 25 
times as powerful as carbon dioxide on a 100 year timescale and 84 times as powerful as carbon 
dioxide on a 20-year timescale4. By replacing natural gas appliances with electric appliances, 
California homes are estimated to be able to reduce their annual GHG emissions by 33-56% in 20205. 
Given Palo Alto’s carbon neutral electric supply, electrification of all SFRs will achieve around 49,000 
MT of GHG emissions reduction. Besides lowering GHG emissions, all-electric buildings have reduced 
fire risk, and also avoid the risks of gas leaks or backdrafting of carbon monoxide. 

1.3 Building Electrification in Palo Alto 
The City of Palo Alto Utilities (CPAU) electricity mix in 2018 was: 35% hydroelectricity, 39% Solar, 
12% Wind, and 12% Biomass and Biowaste6. In addition to this electricity, CPAU also provides 
customers with natural gas and buys carbon offsets to maintain a carbon neutral gas portfolio. With 
residential electrification, the city’s gas consumption will be dramatically reduced, and thus the city 
would no longer purchase offsets. 
 
Despite the opportunity for emissions reduction, few houses in Palo Alto are electrified largely due 
to customer appliance preferences and the upfront costs associated with retrofitted existing systems.  
 

                                                
3 Alvarez, Ramón A., et al. “Assessment of Methane Emissions from the U.S. Oil and Gas Supply Chain.” Science 
Magazine, vol. 361, no. 6398, July 2018, pp. 186–188.  
4 “Methane: The Other Important Greenhouse Gas.” Environmental Defense Fund, 
www.edf.org/climate/methane-other-important-greenhouse-gas.  
5 Mahone, Amber, et al. Residential Building Electrification in California: Consumer Economics, Greenhouse 
Gases and Grid Impacts. Energy Environmental Economics (E3), Apr. 2019.  
6 Power Content Label. City of Palo Alto Utilities, 2018. 
 

http://www.edf.org/climate/methane-other-important-greenhouse-gas
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1.4 Project Scope 

 
Figure 2: Map of the different land uses in the City of Palo Alto sourced from GIST. The yellow represents SFR 
zones, which is the focus of this building electrification analysis. 
 
This analysis was performed to provide a preliminary estimate of the cost impacts of electrifying all 
SFRs within Palo Alto. The estimates are based on current engineering project costs that cover both 
labor and material costs. While these costs may fluctuate up and down, construction costs will likely 
increase over time. Further studies will be needed to update and refine cost estimates as projects 
evolve and move forward.  
 
Based on county assessor data and gas disconnection records, the City of Palo Alto is estimated to 
have 15,176 SFRs of which approximately 168 have already been disconnected from the gas system. 
This analysis is to determine the utility costs associated with electrifying the remaining 15,008 
homes, which include the cost of electrical distribution upgrades and gas disconnection. Note that 
utility costs are recouped via retail rates. 
 
An additional analysis of the customer costs (appliances, panel upgrades, etc.) was also performed 
and the results will be presented at a later date as part of the City’s Sustainability and Climate Action 
Plan update. 
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2. Electric System Upgrades 
The electrification of all single-family home appliances will increase peak demand and the overall 
load on the electrical system. To accommodate for this increased load, CPAU will need to upgrade the 
electrical distribution system serving the single-family home neighborhoods.  

2.1 Load predictions 

 
Figure 3 & 4: Hourly loadshape predictions for mixed Fuel and all electric houses in Palo Alto (CZ4) 
 

Type of System Winter Peak 
Demand 
(kW) 

January energy use 
(kWh)  

July  
energy Use  
(kWh) 

Yearly  
Energy Use  
(kWh) 

Mixed Fuel 1.37 777 560 7500 
All Electric 3.62 1750 1053 11,872 

Table 1: Estimated Peak Demand and Energy Use for Mixed Fuel and All Electric Homes in Palo Alto 
 
The addition of electric appliances in SFRs will increase the overall electricity demand, peak 
electricity demand, and individual residents’ yearly energy consumption as shown by the Table 1. 
These demand and usage predictions do not include the load from electric vehicle charging, which is 
addressed in the following section. 
 
Electricity demand for all-electric homes peaks on winter mornings largely due to heating. In January, 
the peak load for an all-electric home is on average 2.64x the peak load for a mixed fuel home. This 
increase in peak load will exceed the capacity of some components of the distribution grid on winter 
mornings and will require CPAU to upgrade these components. 
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2.2 Electric Vehicle Additional Loads and Scenarios 
In 2016, 22% of new vehicles registered in Palo Alto were electric vehicles (EVs)7. By 2030, 80% of 
all vehicles need to be EVs to meet Palo Alto’s S/CAP goals. The impacts of this level of EV penetration 
was estimated in this study. For this assessment, two scenarios (optimistic flexible load and 
conservative) were considered in regard to the additional load due to EVs. 
 
Optimistic Flexible Load Scenario 
In this scenario, flexible charging or energy management technology is assumed to be available by 
2030 to shift EV charging to non-peak times. Thus, the peak electricity demand will not increase with 
the addition of EVs.  
 
Conservative Scenario 
In the conservative scenario, limited flexible charging technology is assumed to be available for 
shifting the EV load. The peak demand is estimated to increase by 9.74 kW per transformer. This 
estimate comes from several assumptions based on current Palo Alto residents’ driving habits and 
efficiency of EVs. For the purpose of this assessment, the average Palo Alto resident is assumed to 
drive 10,000 miles per year, slightly lower than the national average of 13,500 due to Palo Alto’s 
walkability and cycling friendly streets8. Current EVs get approximately 3.5 miles per kWh9, but EV 
efficiency is expected to increase in the coming years. Therefore, we assumed EV efficiency will be 4 
mile per kWh by 2030. 80% of charging is assumed to be at home with the other 20% of charging 
being done in office spaces or public charging stations. With these assumptions, the average EV is 
expected to use 2,000 kWh of charging every year at home. EV owners typically charge their cars at 
night so charging is assumed to take place between 9pm and 6 am. This charging pattern would mean 
each EV car uses on average 0.608 (rounded) kW per hour. The average Palo Alto house has 2 cars, 
so each house has an average consumption of 1.217 additional kW. With 8 houses per transformer 
that equals approximately 9.74 kW of additional load. In this conservative scenario, this load is added 
to the peak load for each transformer.  
 
Outage scenario 
An additional scenario was considered for a several hour power outage. At the end of a several hour 
power outage, appliances such as the HVAC system and the water heater are expected to power on 
at max capacity. The maximum demand for a heat pump water heater operating in heat pump mode 
is assumed to be 0.5 kW, and the maximum demand of a HVAC system is relative to the vintage of the 
house. The percent of houses of each vintage was determined from county assessor data, and the 
outage max demand was determined by prorating the max demand per vintage by percent of houses 

                                                
7 City of Palo Alto Utilities Department. Assessment of CPAU’s Distribution System to Integrate Distributed 
Energy Resources. 12 Apr. 2018.  
8 Average Annual Miles per Driver by Age Group. Department of Transportation, Federal Highway 
Administration, 2020, www.fhwa.dot.gov/ohim/onh00/bar8.htm.  
9  “EVs With The Best MPGe Ratings For 2019.” MYEV.com, www.myev.com/research/comparisons/evs-with-
the-best-mpge-ratings-for-2019. 
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of each vintage as shown by Table 2. The outage peak demand for Heat Pump Space Heating was 
determined to be 7 kW per house. 
 

Max kW for Heat Pump Space Heating by House Vintage 
 1978 1992 2001 
Percent of Homes 71% 13% 16% 
Max Demand* 7.73 5.94 4.59 
*Assuming 2100 sq ft home with ceiling insulation R19, 3 ton HVAC with HSPF 12 

Table 2: Max demand of a heat pump HVAC system by house vintage from simulations using the CEC Title 24 
energy compliance model. 
 
The heat pump’s maximum demand of 7 kW was added to the water heater’s 0.5 kW demand and a 
base demand of 1 kW to get a peak demand of 8.5 kW per house in this outage scenario. This peak 
demand is dramatically higher than the 1.4 kW peak demand for a mixed fuel home.  

2.3 Electricity System Overview 

Figure 5: Diagram of an electrical distribution system from electricity generation to distribution.  
 
The City of Palo Alto Utilities is responsible for providing electricity to all residential and commercial 
customers. As of 2020, CPAU had approximately 25,500 residential (single-family and multifamily) 
and 4,000 commercial customers. To support these customers, the city maintains substations, main-
line circuits, distribution transformers, and secondary distribution lines. The city distributes 
electricity from 9 substations, and PG&E is largely responsible for long range transmission to the city. 
To accommodate for the increased load due to electrification, CPAU will have to upgrade parts of its 
distribution network.  
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2.4 Distribution Transformers  
With the increased load due to electrification many of CPAU’s distribution transformers will be 
overcapacity and additional transformers will need to be built. Distribution transformers come in 3 
forms: pole top, pad-mounted, and vault mounted. Currently CPAU has approximately 3,150 
distribution transformers. Of these transformers, 797 are estimated to serve single-family houses. 
This estimate was determined from assumptions about transformer type and location of the 
transformers in GIST. Transformers that are 3 phase, had higher capacity than 75 kVA , or had a 
voltage rating higher than 120/240 were assumed to serve commercial customers instead of 
residential customers.  
 
In all scenarios, over 95% of the distribution transformers serving SFR are predicted to be over-
capacity with electrification. In the optimistic flexible load scenario, 759 distribution transformers 
are expected to be overcapacity. In the conservative scenario, 773 distribution transformers are 
expected to be over-capacity. Finally, in the outage scenario, 785 of the 797 distribution transformers 
serving SFRs are expected to be over-capacity. A detailed breakdown of over-capacity transformers 
can be found in Table 3.  
 

Total Amount of Over-capacity Transformers by Scenario 
Total Over-capacity Transformers Optimistic Flexible 

Load  
Conservative Outage 

759 773 785 
Breakdown by Type 
  
  

Overhead 563 570 577 
Pad Mounted 266 271 111 
Vault 102 106 97 

Table 3: Estimates for expected number of over-capacity transformers due to SFR electrification 

2.5 Costs of Transformer Upgrades  
Costs per transformer upgrades were estimated by CPAU’s Engineering division and can be found in 
the Table 4. The labor costs are based on the cost of Utility Crew, and would be different if the CPAU 
hires outside contractors to perform the work 
 

Cost Estimates of Additional Transformers  
Type of Transformer Equipment Cost Labor Costs Total Cost 

Min Max Min Max Min Max 
Overhead $1,000 $3,000 $3,225 $7,525 $4,225 $10,525 
Pad-Mounted 
 (Up to75kVa) 

$7,000 $12,000 $7,525 $12,900 $14,525 $24,900 

Vault Mounted  $4,000 $12,000 $11,825 $17,200 $15,825 $29,200 
Table 4: Estimates for CPAU staff to upgrade distribution transformers 

2.6 Strategies for Transformer Upgrades 
Two strategies for transformer upgrades were considered for both the optimistic flexible load and 
the conservative scenarios. The number of upgrades was determined by comparing expected peak 
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demand with maximum capacity for each transformer. Each transformer’s over-capacity percentage 
determined how many and what type of new transformer will be added to accommodate for the 
increased load due to electrification.  
 
Like for Like Upgrade 
In the like for like upgrade strategy, over-capacity transformers are assumed to be upgraded with 
additions of the same type of transformer except for vault mounted transformers, which CPAU no 
longer installs due to safety issues. These vault mounted transformers will be upgraded with 
additional pad mounted transformers. For this scenario, the estimated number of transformers 
needed and costs can be found in Table 5.  
 

Transformer Upgrades 
Like for Like 

Conservative  Optimistic Flexible Load  
# Transformers Min Cost Max Cost # Transformers Min Cost Max Cost 

Breakdown 
by Type 

Overhead 1997 $8,437,325 $21,018,425 1649 $6,967,381 
 

$17,356,613 
 

Pad 
Mounted 

477 $6,928,425 $11,877,300 386 $4,878,851 $9,609,952 

 Total 2474 
 

$15,365,75
0 

$32,895,725 2035 $12,573,187 $26,966,565 

15,008 SFR Per 
Household 

$1,024 $2,192 
 

Per 
Household 

$838 $1,797 
 

Table 5: Cost analysis for like for like upgrading of distribution transformers to support SFR electrification 
 
Optimized Upgrade 
In this scenario, upgrades are based on how overcapacity a transformer is and what would be the 
most suitable type of additional transformer to add. All over-capacity vault and pad mounted 
transformers will be upgraded with additional pad mounted transformers. Overhead transformers 
that are expected to be higher than 3 times over capacity will be upgraded with additional pad mount 
transformers. Additionally, transformers that are 200-300% over capacity and have a maximum 
capacity over 25 kVA are expected to be upgraded with additional pad mounted transformers. 
Transformers that are 200-300% times over capacity, but under 25 kVA are expected to need an 
additional 2 overhead transformers. All overhead transformers that are under 200% over capacity 
are expected to need 1 additional overhead transformer. The estimated costs and number of 
additional transformers needed using this optimized upgrade strategy can be found in Table 6.  
 

Total Upgrades 
Optimization  

Conservative Case Optimization Optimistic Flexible Load  
# Transformers Min Cost Max Cost # Transformers Min Cost Max Cost 

Breakdown 
by Type 

Overhead 125 $528,125 $1,315,625 256 $1,081,600 $2,694,400 
Pad 
Mounted 
75 kVA 

969 $14,069,481 $24,119,111 497 $7,217,692 $12,373,187 

Total 1094 $14,597,606 $25,434,736 753 $8,299,292 $15,067,587 
15008 SFR Per 

Household 
$973 $1,695 Per Household $553 $1,004 

Table 6: Cost analysis for optimized upgrading of distribution transformers to support SFR electrification 
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2.7 Secondary Distribution Line Upgrades 
In addition to upgrading distribution transformers, CPAU will need to upgrade or install new 
secondary transmission lines which connect multiple houses to transformers. It is estimated that 
20% of overcapacity transformers will need their secondary distribution line upgraded as well. The 
estimated cost of these upgrades can be found in Table 7.  
 

Secondary Distribution Line Upgrades 
 Optimistic Conservative Chance of triggering 

upgrade 
Min Cost Max Cost 

# of Transformers 759 773 20% $30,000 $50,000 
Total Cost Optimistic Total Cost Conservative 
Min Max Min Max 
$4,554,000 $7,590,000 $4,638,000 $7,730,000 

Table 7: Estimated Costs to upgrade CPAU’s secondary distribution lines for SFR electrification 

2.8 Feeder Upgrades  
There are 68 medium feeder lines in the City of Palo Alto and with the increase in load due to 
electrification 17 of these feeders are expected to be over-capacity in both the optimistic flexible load 
and the conservative scenarios. To determine if a feeder was over-capacity, the total new load on the 
feeder was calculated, and then this load was compared to the feeder capacity which can be seen in 
Figure 6. CPAU’s engineering staff provided an estimate of $1-2 million for upgrading each 
overcapacity feeder for a total of $17-34 million to upgrade all of the feeders which are expected to 
be overcapacity with increased electrification.  
 

 
Figure 6: Feeders capacity (MVA) vs Maximum Observed Loading (MW) in CY 2016 (source: CPAU Staff report 
to the Utilities Advisory Commission on Assessment of CPAU’s Distribution System to Integrate Distributed 
Energy Resources, April 12, 2018) 
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2.9 Grand Totals, Electrical Upgrades 
The estimated grand total for upgrading the electrical distribution system to support the increased 
load due to electrification can be found in Table 8.  

Electrical Upgrades 
 Grand Total 

Conservative Optimistic Flexible Load 
Min Max Min Max 

Transformers Like For Like $15,365,750 $32,895,725 $12,573,187 $26,966,565 
 Optimization $14,597,606 $25,434,736 $8,299,292 $15,067,587 
Secondary Distribution $4,638,000 $7,730,000 $4,434,000 $7,390,000 
Feeders $17,000,000 $34,000,000 $17,000,000 $34,000,000 
Total (assuming Optimized 
Upgrade costs for transformers) 

$36,235,606 $74,625,725 $29,733,292 $68,356,565 

Per SFR $2,414 $4,972 $1,981 $4,555 
Table 8: Estimated Cost to upgrade electric distribution system under two difference scenarios.  
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3. Gas Disconnection 
To complete electrification, all SFRs will need to be disconnected from the gas system, but a skeleton 
gas system will remain in the city to serve commercial and multifamily customers.  

3.1 Skeleton Gas System 
A skeleton gas system is necessary to transport natural gas around the city and connect commercial 
areas to the gas system. For the purpose of this study, all pipes that were 6 inches or larger were 
assumed to be part of this skeleton gas system and stay in active use even if they are located in 
single-family zones.  

3.2 Gas Disconnection Costs 
There are three gas distribution components that will need to be disconnected: mains, service lines, 
and risers. The disconnection and sealing of natural gas mains and service lines has 3 stages: 
excavation, demolition, and backfill. After sealing, the mains and service lines will remain in the 
ground. The hourly cost of labor is the primary cost for these projects, and the number of hours for 
each project is dependent on the type of the gas pipe (service pipes or mains) and material. Steel 
pipes take longer to seal because of the necessary welding. CPAU’s Engineering division gave the 
following estimates for the time it takes to complete sealing of gas service lines and mains.  
 

Labor hours for gas disconnection 
task 

Service Line  Mains 

Excavation  1.5 2 

Sealing PE or PVC pipe  0.5 1.5 

Sealing Steel Pipe 1 3 

Backfill 0.5 1 

Range in Total Time (hours) 2.5-3 4.5-6 

Table 9: Estimates by Engineering Division on the time needed to seal up natural gas pipelines at their valves 
 
For both the optimistic and conservative disconnection scenarios, a maximum and minimum cost 
were calculated. The minimum cost is based on the time above and an estimate of $350 per hour for 
a City Utility Crew consisting of a Lead, Heavy Equipment Operator and two Installer Repair 
personnel; when including vehicle and facilities overhead, the hourly cost is $640. The actual cost per 
hour would be different if the work was done by outside contractors. To account for work day 
variations, a maximum cost scenario was also calculated by multiplying the time estimates in Table 
9 by 1.5.  
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3.3 Gas Disconnection Scenarios 

An optimistic and a conservative scenario were considered for gas disconnection. In the optimistic 
scenario CPAU is able to disconnect most SFRs by sealing up mains, but in the conservative scenario 
all SFRs will need their service lines individually sealed. In both scenarios, each single-family home 
will need their gas riser and meter disconnected by a professional meter technician.  
 
Optimistic Disconnection Scenario Costs  
In the optimistic scenario, all mains in SFR zones that are not part of the skeleton gas system will be 
sealed at their valves. Typically mains have 1-2 valves per block. When these mains are sealed, all 
service lines connected to them will cease to operate. In this scenario, the only service lines that will 
need to be disconnected will be the service lines connected to the skeleton gas system. Table 10 
shows the estimated total cost for disconnecting all mains and service lines for this optimistic 
scenario. 
 

Optimistic Scenario:  Disconnection Cost for Mains and Service Lines 

Type Number of 
disconnects 

Minimum 
Time per unit 

Maximum 
Time per unit Minimum Cost Maximum Cost 

Main valves 
PE 1259 4.5 6.75 $3,625,920  $5,438,880  
PVC 107 4.5 6.75 $308,160  $462,240  
Steel 274 6 9 $1,052,160  $1,578,240  

Service Lines 
BWP 105 3 4.5 $201,600  $302,400  
PE 2450 2.5 3.75 $3,920,000  $5,880,000  
PVC 24 2.5 3.75 $38,400  $57,600  

Cost Per Hour $640 Total Costs $9,146,240  $13,719,360  
Table 10: Optimistic cost estimate for sealing gas pipelines as part of SFR electrification 
 
Conservative Disconnection Scenario Costs 
In the conservative scenario, all SFRs will need their service lines disconnected individually, and all 
mains not in the skeleton gas system will have to be sealed at their valves. This scenario was 
considered because it is unlikely that every main in SFR areas will be able to be disconnected. Table 
11 shows the estimated cost for this conservative scenario. 
 

Conservative Scenario: Disconnection Cost for Mains and Service Lines 

Type Number of 
disconnects 

Minimum 
Time per unit 

Maximum 
Time per unit Minimum Cost Maximum Cost 

Main valves PE 1259 4.5 6.75 $3,625,920  $5,438,880  
 PVC 107 4.5 6.75 $308,160  $462,240  
 Steel 274 6 9 $1,052,160  $1,578,240  
Service Lines 15,008 2.5 4.5 $24,012,800  $43,223,040 
Total Costs $28,999,040  $50,702,400  

Table 11: Conservative cost estimate for sealing gas pipelines as part of SFR electrification 
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3.4 Meter disconnection costs 

In both scenarios, all SFRs will need to have their gas meters and risers disconnected individually. 
CPAU’s Engineering division estimates the cost to disconnect these meters and risers is between 
$150-200 per house. The estimated cost to disconnect the meters and risers of all 15,008 SFRs ranges 
between $2,251,200 and $3,001,600. 

3.5 Grand Totals Gas Disconnection 

The grand totals and average prices per house for disconnecting all 15,008 SFRs in the city of Palo 
Alto can be found in the Table 12. The actual cost for disconnection will likely fall in between the 
optimistic and conservative estimates. These estimates are based on work completed by CPAU crew. 
The actual cost would be different if CPAU hires outside contractors to perform the work.  
 

Grand Totals Gas Disconnection 
Type of 
Disconnection 

Optimistic Conservative 
Min Max Min Max 

Mains $4,986,240  $7,479,360  $4,986,240  $7,479,360  
Service Lines $4,160,000  $6,240,000  $24,012,800  $43,223,040  
Meters and Risers $2,251,200  $3,001,600  $2,251,200  $3,001,600  
Total $11,397,440  $16,720,960  $31,250,240  $53,704,000  
Per SFR $759  $1,114  $2,082  $3,578  

Table 12: Grand Totals for sealing up gas pipelines as part of SFR electrification 
 

3.6 Cost Savings Associated with Gas Disconnection 
Disconnecting mains and services in SFRs as part of electrification will lead to long term maintenance 
savings. In particular, CPAU has an ongoing Gas Main Replacement program, which aims to replace 
2-4 miles of PVC piping every year. Engineering staff estimates the cost of replacing PVC piping with 
PE piping ranges from $128-171 per foot depending on pipe size. The length of PVC mains to be 
sealed was calculated (around 23 miles). Table 13 shows the cost savings associated with avoiding 
main replacement by sealing these PVC mains pipes, at between $26 million to $34 million. The 
estimated lengths of different types of gas mains that will be disconnected under the SFR 
electrification scenario can be found in Appendix 1. 
 

Cost Savings from Sealing PVC Mains 
Diameter of Main Feet Sealed Cost Per Foot Savings Total 

<4" 105,253 $128 $13,509,223 
4" 18,376 $171 $3,135,864 
Cost savings from avoided PVC gas service lateral replacement $4,400,000 
Cost savings from engineering design & project management at 25%-50% of 
construction costs 

$5.3 - 12.6 million 

Total Cost Savings $26 – 34 million 
Table 13: Maintenance Cost Savings Associated with Sealing PVC gas mains as part of SFR electrification 
  



 
 

14 
 

4. CPAU Staffing Impact 

To determine the staffing impact for this project, CPAU staff hours required to install electrical 
upgrades, and disconnect the gas system were estimated.   

4.1 Hours for Electrical Upgrade 

Hours for Transformer Upgrades 
Utilities Operations staff hours needed for transformer upgrades were determined based on labor 
costs provided for different transformer types and an assumed price per hour of $152. Overhead 
transformers are estimated to require 21-50 work hours for installation, while pad mounted 
transformers require 50-85 work hours for installation. The hours needed for distribution 
transformer upgrades were determined for both the conservative and optimistic loadshape 
scenarios. Additionally, both the like for like upgrade strategy and the optimized upgrade strategy 
were analyzed and the total hours necessary can be seen in Tables 14 and 15. 
 

Like for Like 
Minimum Hours Needed Maximum Hours Needed 
Transformer 
Upgrade 

Conservative Optimistic Transformer 
Upgrade 

Conservative Optimistic 

Overhead 42,371 34,987 Overhead 98,865 81,636 
Pad Mounted 23,615 19,110 Pad Mounted 40,482 32,759 
Total (hours) 65,985 54,097 Total (hours) 139,347 114,396 

Table 14: Estimates for work hours needed to upgrade distribution transformers in SFR areas using a like for 
like addition  
 

Optimized 
Hours Needed Minimum Hours Needed Maximum 
Transformer 
Upgrade 

Conservative Optimistic Transformer 
Upgrade 

Conservative Optimistic 

Overhead 2,652 5,432 Overhead 6,188 12,674 
Pad Mounted 47,972 2,4605 Pad Mounted 82,238 42,180 
Total (hours) 50,624 30,036 Total (hours) 88,426 54,853 

Table 15: Estimates for work hours needed to upgrade distribution transformers in SFR areas using a like for 
like upgrade 
 
Hours for Secondary Feeder Upgrades 
Utilities Operations staff hours required for secondary feeder upgrades was determined using an 
estimates of $152 per work hour and an assumption that 72% of the costs of upgrading secondary 
distribution lines is due to labor. The total hours can be seen in Table 16.  
 

Number of Secondary Distributions Requiring 
Upgrades 

Hours Per Secondary Distribution Line 

Conservative Optimistic Minimum Maximum 
155 152 142 237 
Total Hours for Secondary Distribution Lines 
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Minimum Maximum 
Conservative Optimistic Conservative Optimistic 
21,969 21,572 36,616 35,953 

Table 16: Estimates for work hours needed to upgrade overcapacity secondary feeders in SFR  
 
Hours for Feeder Line Upgrades  
Operations staff hours needed to upgrade feeders lines were also estimated using the same 
assumptions ($152 per hour and 72% of costs due to labor) as used for secondary line upgrades. The 
total hours required to upgrade 17 feeders can be seen in Table 17. 
  

Hours Per Feeder Line Total Hours For 17 Feeders 
Minimum Maximum Minimum Maximum 
4,737 9,474 80,526 161,053 

Table 17: Estimates for the staff hours required to reconductor and upgrade feeder lines that are overcapacity 
due to electrification.  

4.2 Hours for Gas Disconnection 
An estimate of the Utilities Operations staff hours needed to disconnect the service lines and mains 
for SFRs was calculated from the hourly Utility Crew estimates in Table 18 and the assumption that 
all crew hours will be performed by a 4 person City Utility crew consisting of a Lead, Heavy 
Equipment Operator and two Installer Repair personnel. Each meter and riser were also assumed to 
take 1 hour to be disconnected. The total staff hours needed for gas disconnection can be found in 
Table 18.  
 

Hours Required for Gas Disconnection Minimum Hours Maximum Hours 
Mains and Service Lines Optimistic  57,164 85,746 

Conservative 206,972 351,194 
Meters  15,008 
Total (hours) 72,172 366,202 

Table 18: Estimates for the total staff hours needed to disconnect SFR from the gas system. 

4.3 Total Staff Hours 
Total staff hours needed for electrification of all 15,008 SFR in the City of Palo Alto were estimated 
using the values and assumptions in the tables above. To support this increased staff work load, both 
Utilities and Development Services departments will need to recruit new staff.  
 

 
Category of Work 

Staff Hours Needed 
Minimum Maximum 

  
Electrical 132,134 337,016 
Gas Disconnection 72,172 366,202 
Grand Total (hours) 204,306 801,166 

Table 19: Estimates of total staff hours needed for SFR electrification in Palo Alto.  
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5. Summary 
The total utility costs to electrify all 15,008 SFRs in Palo Alto was estimated to range between $54 
million to $154 million, or $3,600 to $10,200 per SFR, as shown in Table 20. There are also additional 
costs for engineering design and planning that were not factored in this cost.  
 

Total Utility Cost 
Upgrade Category Min Max  

Conservative Optimistic Conservative Optimistic 
Electrical Upgrade $36,235,606  $29,733,292  $74,625,725  $68,356,565  
Gas Disconnection $31,250,240 $11,397,440 $53,704,000 $16,720,960 
Total  $41,130,732  $128,329,725  
Per SFR $2,741  $8,551  

Table 20: Estimates of the total utility cost to electrify all SFRs in the City of Palo Alto 
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Appendix 1: Length of Disconnected Gas Mains 
 
Length of disconnected gas mains due to SFR electrification was calculated to determine future 
maintenance cost savings.  
 

Length of Mains Sealed 
Type Miles 
BWP 46 
PE 55 
PVC 23 
Total 124 
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Responses to Utilities Advisory Commission Feedback from September 2020 Meeting 

Throughout the summer and fall of 2020 the City’s Utilities Department undertook a study to 
evaluate both the customer and utility costs of building electrification. The results of the utility 
cost component of the study is being presented in this report, while the customer cost 
component will be presented as part of the 2020 Sustainability and Climate Action Plan (S/CAP) 
update. At its September 2020 meeting the UAC was presented with the scope of this study and 
provided its feedback on topics of interest. Below is a summary of how each piece of feedback 
was addressed:  

Questions addressed in the analysis and presented in this report: 
• Are there physical limitations on the order in which sections of the gas system are shut

down?
• What are the utility impacts of upgrades to customer electrical panels?
• What are the utility impacts of changes in residential load shapes due to building

electrification in combination with vehicle charging?
• How will residential electrification affect City staffing needs?

Questions addressed in the analysis that will be presented at a later date in the context of the 
full Sustainability and Climate Action Plan: 

• What is the average customer (not utility) cost to electrify a single-family residence? This
analysis is complete and will be presented as part of the Sustainability and Climate Action
Plan update.

• What is the customer costs to upgrade electric panels? This analysis is complete and will
be presented as part of the Sustainability and Climate Action Plan update.

Questions to be answered in a future analysis: 
• How would utility bills change as a result of mass electrification of single-family

residences? This analysis is in progress and will be presented at a later date.

Questions that could not be addressed in this analysis: 
• What is the range of costs individuals might experience when they electrify their homes?

To answer this question staff would need to have a more complete survey of appliances
in homes. While staff has made estimates of the market penetration of individual
appliance types in homes throughout Palo Alto and rough costs to upgrade each appliance
type, it does not have data on the combinations of appliance types present in individual
homes, which would be needed to provide a range of costs individuals might experience.
The analysis only provided estimates of the average cost to electrify a single-family home
in Palo Alto.

Topics that will be addressed as part of City’s S/CAP update: 
• Financing options for both the customer and utility costs of building electrification

(including consideration of on-bill financing)

Attachment B



• Plans for public outreach and engagement  
• The City is also exploring legal issues and requirements related to these long term 

electrification scenarios, which may bear on the feasibility and costs of the proposals.  
These questions may be addressed as part of the update itself, or later during the 
implementation of the S/CAP.  

 
To be answered during S/CAP implementation: 

• Will the City be involved in procurement of appliances or installation services for 
customers seeking to electrify their buildings? 

• How will the City provide guidance to customers in managing physical space, noise, and 
related design issues for residential electrification? 

• How will the City help customers adjust to the lifestyle changes that might be needed to 
accommodate vehicle and building electrification (e.g. giving up gas cooking, having to 
change driving habits or vehicle class in order to use an electric vehicle)? 

• How can the City simplify permitting to reduce the cost of electrification for customers? 
 
Other questions raised: 

• Are technologies available to fully electrify all sizes of homes? Gas uses in homes include 
space and water heating, cooking, clothes drying, fireplace, outdoor grill, and pool and 
hot tub heating. Electric heat pump technologies to meet the needs of residential space 
and water heating are widely available and are at least three times more efficient than 
standard electric appliances. Electric clothes dryers represent 75% of the market share in 
U.S. households and are available in both vented and ventless models. Electric heat pump 
clothes dryers use up to 50% less energy than conventional electric clothes dryer and are 
slowly gaining market share. Induction cooktops are excellent alternatives to gas 
cooktops. Electric fireplaces that plug into 120V wall outlets are available from multiple 
manufacturers. For pool heating, heat pump pool heaters are also available and have 
lower operating costs than gas pool heaters because of their higher efficiencies. 

• Will electrification create additional potential for rolling blackouts and contribute 
adversely to electrical grid issues similar to those experienced in the summer of 2020? 
The California Independent System Operator (CAISO) engages in long-term planning 
processes to ensure adequate generating capacity is built to support electric loads in all 
hours of the day. Building electrification at a large scale has the potential to shift electric 
loads and require the construction of a different mix of electric generation. If the CAISO 
properly anticipates these shifts and ensures adequate generating capacity is 
constructed, electrification will not create conditions for rolling blackouts or other 
electrical grid issues. Note that building electrification in Palo Alto alone will not create 
issues for the electric system, since Palo Alto only makes a small contribution to overall 
electric demand. If large-scale building electrification takes place across the entire state 
of California, the trends will be included in CAISO demand forecasts. 

• What resiliency issues might affect electrified homes? The conversion of gas appliances 
and vehicles to electricity points to the need for a highly reliable and resilient electric 
system. Ensuring electric system reliability and resiliency was a focus of the Utilities 



Strategic Plan. Staffing of critical positions to ensure proper maintenance and 
replacement of the system will need to be a priority. In addition, this report details ways 
in which the electric system may need to be upgraded to provide adequate capacity for 
electrified loads. Reliability and resiliency can also be enhanced through the City’s efforts 
to add a second transmission pathway into Palo Alto to prevent incidents such as 
happened in 2009 when a plane crash severed the City’s single transmission pathway. 
Battery storage combined with rooftop solar can provide some resiliency, while backup 
generation will continue to be important for critical loads. Building more generating 
capacity in town has also been considered, but opportunities are limited due to land use 
constraints. The size of a generator needed to provide even limited power to the City 
during a widespread outage would require a prohibitively large amount of land and would 
be in conflict with City land use plans. 

• Should the City promote solar with storage for both carbon reduction purposes and 
resiliency? When compared with utility-scale renewable generation, rooftop solar is an 
expensive form of energy supply, and so the City no longer provides incentives for new 
installations. Solar is not expected to play a major role in the City’s carbon reduction goals, 
since new solar installations in Palo Alto simply replace existing City renewable generation 
when included in the City’s GHG emission inventory. New rooftop solar installations do 
reduce statewide GHG emissions, since they replace gas generation on the statewide 
electric grid in most hours of the year, currently. But as more solar generation is added to 
the statewide electric system, the statewide GHG reduction benefit of new rooftop solar 
systems will diminish. However, the City does support customers interested in installing 
rooftop solar by providing education, promoting solar homes via its group buy program, 
and seeking to reduce barriers to installation. The City supports local solar due to 
customer preferences and because solar systems can play an important role in improving 
resilience for individual customers when paired with batteries, or when paired with 
special inverters that allow for limited use of the panels during daylight hours for 
purposes such as charging mobile devices even when the electric grid is offline. Lastly, the 
City continues to explore partnerships with major customers for large scale microgrids 
within Palo Alto that could demonstrate community benefits. 
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Motivation and Project Scope
 GHG Reduction

○ Palo Alto Sustainability and Climate Action Plan

 Electrification of PA Single-Family Homes
○ 15,008 Single Family Residences (SFR)
○ Utility costs includes upgrading electrical system and

disconnecting gas lines
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Electrification

 Replacing residential gas appliances with all electric appliances
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Increased Electrical Loads
 Electrification of gas appliances will increase peak electricity demand by almost 3x

Type of System Winter peak demand 
(kW)

January energy use 
(kWh)

July energy use 
(kWh)

Annual energy use 
(kWh)

Mixed Fuel 1.37 777 560 7,500

All Electric 3.62 1,750 1,053 11,872

Winter Peaking due to 
heating load
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Electrical Overview and Upgrades Needed



7

Transformer Upgrades
 Appliance load increases considered + a potential EV load
 Two Scenarios Considered for EV loads

○ Optimistic Flexible Load = No peak demand increase
○ Conservative = 9.74 kW added per transformer

 797 transformers serving SFR zones
○ In both scenarios, 95%+ will be overcapacity

 Overcapacity transformers can be replaced with
○ Like for Like upgrade
○ Optimized upgrade = Pole --> Pad mounted
○ Number of additional transformers needed determined 

from increased load
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Costs Transformer Upgrades

Like for Like 
Upgrades

Conservative Case Optimistic Flexible Load
Min Cost Max Cost Min Cost Max Cost

$15,365,750 $32,895,725 $12,573,187 $26,966,565

Optimized 
Upgrades

Conservative Case Optimistic Flexible Load
Min Cost Max Cost Min Cost Max Cost

$14,597,606 $25,434,736 $8,299,292 $15,067,587

Like for Like Upgrades

Optimized Upgrades
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Other Electrical Upgrades
 20% of secondary 

transmission lines will also 
need to be upgraded

 25% feeder lines expected 
to be overcapacity and will 
need to be upgraded

System Component 
to be Upgraded

Cost per Upgrade Number of Upgrades
Min Cost Max Cost Conservative Optimistic

Secondary 
Transmission Lines $30,000 $50,000 155 152
Feeders $1,000,000 $2,000,000 17

Total Costs Other Upgrades
Scenario Min Max
Optimistic $21,554,000 $21,638,000
Conservative $24,590,000 $24,730,000
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Gas Disconnection
 All 15,008 SFR will be disconnected from the gas 

system
 A Skeleton Gas System remains throughout the city
 Types of disconnection

○ Mains
○ Service Lines
○ Meters and Riser

 Sealing Cost Estimate of $640 per hour cover 4 
person CPAU crew and overhead expenses. Cost per 
hour would be higher with outside contractors
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Gas Disconnection
 Mains= larger pipes that serve several customers
 Mains are sealed at valves

○ Per block 1-2 valves for each main
 Sealing at the valve disconnects all service lines 

connected to the main if all customers agree to 
disconnection

 Service Lines connect to individual houses
 Two scenarios considered for Service Lines
 All SFR meters and risers will need to be 

disconnected by a professional meter technician
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Gas Disconnection: Costs
 Two Scenarios Considered
 Both Scenarios sealing:

○ 1640 mains
○ 15,008 Meters and Risers

 Optimistic Scenario
○ Only houses on the skeleton gas 

system need their service line 
individually disconnected

 Conservative Scenario
○ Service lines for all houses need 

to be individually disconnected

Number of Disconnections Needed
Type  Optimistic Conservative

Main 
Valves 

PE  1,259  1,259 
PVC  107  107 
Steel 274  274 

Service Lines  2,579 15,008 
Meters and Risers 15,008
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Gas Disconnection: Total Costs

Grand Totals Gas Disconnection

Type of Disconnection Optimistic Conservative

Min Max Min Max

Mains $4,986,240 $7,479,360 $4,986,240 $7,479,360

Service Lines $4,160,000 $6,240,000 $24,012,800 $43,223,040

Meters and Risers $2,251,200 $3,001,600 $2,251,200 $3,001,600

Total $11,397,440 $16,720,960 $31,250,240 $53,704,000
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Cost Savings
 Sealing some gas mains will lead to long term 

maintenance savings
 CPAU has a Gas Main Replacement program, which aims 

to replace 2-4 miles of PVC piping every year
 Cost savings from avoiding the replacement of 23 miles 

of gas PVC mains and service lines estimated at between 
$26 million to $34 million



Grand Totals
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Grand Total
 Total Utility costs if all SFR are electrified

Total Utility Cost

Upgrade Category Min Max

Conservative Optimistic Conservative Optimistic
Electrical Upgrade $36,235,606 $29,733,292 $74,625,725 $68,356,565

Gas Disconnection* $31,250,240 $11,397,440 $53,704,000 $16,720,960
Total $41,130,732 $128,329,725

* excludes cost savings from avoided PVC gas line replacement 

 Using a 30-year 3.2% bond financing rate, annual utility cost ranges between  
$2.2 to $6.7 million 



Staff Hours
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Staff Hours Required
 Staffing impact on Electric Operations 

determined based on breakdown of 
cost (labor +parts) and a rate of $152 
per hour 

 Staffing impact on Gas Operations 
determined based on per hour 
estimates provided by Engineering 

 More staff hours expected for 
engineering design 
and processing permits

Category of Work
Staff Hours Needed

Minimum Maximum

Electrical Upgrade 132,134 337,016

Gas Disconnection 72,172 366,202

Grand Total 204,306 801,166



Questions?
Thank you

November 4, 2020 www.cityofpaloalto.org
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