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EXECUTIVE SUMMARY
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significant opportunity to meet W K H &scidht§-Wased carbon reduction goals (City of

Minneapolis, 2021). Weatherization helps reduce energy load while electrification can facilitate

the powering of home heating and appliances with clean energy.
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To develop a path that would achieve 7 7 7;%’7/ _
City climate targets, we modeled " Y
weatherization and electrification
scenarios through an iterative process
involving City staff and external
stakeholders. Analysis focused on
market-ready electrification and
weatherization measures with the
greatest potential for greenhouse gas
impacts, including air source heat
pumps, induction stoves, electric
vehicles, and insulation, among others.
Stakeholders emphasized meeting
climate goals and addressing equity as
they helped guide assumptions included
in the analysis around potential market

how to target implementation.

The main takeaways from this project include the following.

Xx To PHHW WKH &LW\Y VwkdhenieWehthleRAatdrvand electrification
projects should begin in 2024 in approximately 4,400 homes, scaling and peaking to
nearly 9,000 homes in 2029. Any delay in retrofits necessitates even more
aggressive annual rates of project completions.

X The total upfront cost of weatherizing and electrifying these homes will be between
$2.12 billion and $2.73 billion over the next 20 years. This is $1.06 billion to $1.24
billion above what will already be required for end-of-life equipment replacements,
which we define as the upfront incremental cost. TomeHW WKH &LW\TV FOLPDWH .
the project work has an upfront incremental cost of around $77 million in 2024,
scaling and peaking to over $200 million in 2029. The total, non-incremental per
building cost averages to $30,900.

x This project work is a significant workforce development opportunity as Minneapolis
will need a contractor workforce of nearly 1000 people in total to complete this work.

X Weatherization is the critical path to cost-effective electrification from an upfront cost
and utility bill cost perspective.

X Approximately 75% of decarbonization potential stems from weatherization and
space heating electrification.



X The oldest buildings are the least likely to have wall or attic insulation. These are
best positioned for weatherization energy savings and are more likely to see utility
bill savings upon electrification. A significant portion of homes in the Green Zones fall
into this category.

x The median home completing electrification retrofits with weatherization and
converting to those rates would see utility bill changes of -24% and 4% given WR GD\ TV
available all-electric and dual fuel utility rates, respectively. Note: these numbers
reflect the median. Actual impacts vary widely depending on the home. Scenarios
using anticipated future rates similarly show utility bill benefits of weatherization and
electrification, although the utility bill benefits are larger for the dual fuel scenario.

x Full electrification with weatherization would increase the peak power load required
for this building set by over four times, which would affect the capability of existing
utility distribution infrastructure, timelines for the distribution infrastructure upgrades
to be able to accommodate such load growth, and future utility rates. Dual fuel and
load control strategies can be significant hedges against these issues.

X Customer utility bills are estimated to be 25-70% lower by decarbonizing homes via
electrification and weatherization compared with utilizing renewable natural gas.

TKH URDGPDS WR PHHW WKH &LW\TV JRDOV LQFOXGHV WKH IROORZ

X Launch a comprehensive weatherization and electrification pilot program to
establish program processes and engage contractors.

X Prioritize investments in weatherization, first in the Green Zones and old, low-
performing buildings throughout the city.

X Subsidize partial or full electrification in Green Zones as analysis shows utility bill
cost advantages. The City should further encourage electrification in the remainder
of the City in equipment end-of-life situations and when economically advantageous
through outreach and education.

Beyond investments, the road for citywide weatherization and electrification will also necessitate
the following leadership from the City.

x Advocate for increased weatherization and electrification incentives from both
CenterPoint Energy and Xcel Energy.

X Advocate for Xcel Energy to build capacity to meet electrification goals.

x Participate in rate and policy discussions at the Public Utilities Commission to
secure favorable rates and policies for electrification.

X Enhance City initiatives for electrification workforce development.

X Investigate and address barriers to electrification within existing City policies and
procedures.

x Consider other electrification technologies for study.

7KH &LW\ RI 0L QiQate&i @rk ¥rfibitious, but our analysis shows that they can be
PHW ZLWK YaRé&izatidiflard electrification technology. The goals can be achieved
affordably from a utility bill perspective using W R G Brdfiaviticipated future all-electric and dual
fuel utility rates. If the City moves quickly to make substantial upfront investments in
weatherization and electrification, stand up appropriate programs, and engage with the utilities,
meeting the City's decarbonization timeline in an equitable way is possible.
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BACKGROUND

Over 70% of the climate pollution in Minneapolis stems from energy used in buildings. Reducing
and decarbonizing the energy used in buildings is therefore key for any viable climate action
plan.

Electricity and fossil (natural) gas are our two main energy sources. In our cold climate, most of
E X L O Gabrgpdléfergy use is for heating. Fossil gas currently supplies most of the energy
used for heating because of the historically favorable economics compared to heating with
electricity. However, electricity has a greater potential to become cleaner over time compared to
fossil gas.

The electric grid is already rapidly decarbonizing as Xcel Energy increases its renewable energy
generation and retires coal generation. Xcel Energy has committed to reduce carbon emissions
for electricity generation 80% by 2030 and is required by Minnesota state law to achieve 100%
carbon-free electricity generation by 2040 (State of Minnesota, 2023). Fossil gas, in
comparison, has limited potential to decarbonize. Developments in renewable natural gas are
not expected to achieve economically viable results, and technical constraints limit the use of
alternative gases like hydrogen (Enegy Transitions Commission, 2018)( (Sara, Esposito, &
Tallackson, 2022).

The City of Minneapolis is now considering strategies to transition energy sources to electricity
from fossil gas to maximize the potential for long-term decarbonization. This process is called
electrification.

With 120,000 buildings in Minneapolis , where do we start?

The first step of the C L Wagpvbach to decarbonizing building energy was to identify the building
sector with most potential, given WR GD\ TV W Hd-dUiQKR @Iectrify. Although heating is the

primary driver of energy use in all
Minneapolis buildings, the needs
and equipment vary considerably

by sector and building type. Definition: Upfront vs. Utility Bill Costs
Commercial, industrial, and large ,Q WKLV SDSHU ZH GHILQH *XSIU
multifamily building types have the property owner to contract with a professional to
heating needs that are not well SXUFKDVH GHVLJQ DQG LQVWDGO
met by the electric heating FRVWV"™ RU 3ELOO FRVWV™ DUH WK
technologies available today. By energy costs incurred from using heating, water

contrast, there are feasible heating, appliances, and other equipment.
technologies available to electrify

heating in small (1-4 unit)

residential buildings.



The second step was to identify a suitable electric heating technology that can economically
meet our decarbonization goals. As costs are such a key factor, the modeling considered
upfront costs, utility bill costs, and future energy rate implications.

We identified air source heat pumps (ASHPs) as the most promising technology to quickly scale
heating electrification in one-to-four-unit residential buildings. ASHPs are air conditioners that
can run in both directions to either heat or cool a building. Due to recent technological
advancements, ASHPs can now provide heat to a home even when outdoor temperatures are

well below freezing. Those that can provide heat below 0°Fare FDOOHG 3FROG FOLPDWH’

(ccASHP) and are used for the majority of this analysis. ccCASHPs are commercially available for
one-to-four-unit residential buildings but are not well established in other building sectors.

There are additional advantages of focusing on electrifying one-to-four-unit residential buildings.
Weatherization measures (insulation and air sealing) for one-to-four-unit residential buildings
are widely available and deliver reliable energy savings. Additionally, other building functions
that commonly use fossil gas, such as water heating, clothes drying, and cooking, can be
transitioned to feasible electric options to save costs and promote health and safety.

For these reasons, this analysis focuses on how to electrify one-to-four-unit residential buildings
with strategies revolving around ccASHP heating technology and weatherization measures.

METHODOLOGY

Overview

The analysis aimed to develop a feasible pathway to electrify the city's one-to-four-unit homes.
We sought to create a set of measures and activities on a timeline with an upfront cost estimate
that met the following criteria:

Achieve WKH &LW\{V FOLPDW H imabvaydthbv\ada@o8s ¥dlity, hat lugesiexisting
technology, that can move forwardiQ WR GD\(V hitohmdénNaRdthat is scalable in the
most cost-effective way possible for both upfront and utility bill costs.

The pathway development approach involved multiple modeling scenarios that were iterated via
feedback provided through a stakeholder engagement process from September 2022 through
December 2022.

Stakeholder Process

We engaged a City staff group and a community stakeholder group to develop the feasibility
pathway. The City staff group comprised members whose work involves energy, sustainability,
city planning, or residential buildings. The community stakeholder group consisted of members
who could represent a diversity of concerns, perspectives, geographic areas, and lived
experiences that would be relevant for any future electrification plan. These members included
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utility representatives, members of relevant City committees, energy experts, and community
advocates. Lists of group members can be found in the Appendix.

We convened three two-hour workshops with each respective group for a total of six workshops.
During each workshop, we presented modeling work and facilitated discussion. We refined and
expanded our modeling and pathway design for each successive workshop based on the
JURXSTV TXHVWLR QWorRsQdp slided/¢&hldlsiobed/fyund in the Appendix.

Modeling Analysis

The objective for modeling was to create a
baseline model dataset representing the current
state of all one-to-four-unit residential properties
in the city of Minneapolis. This was done using
a number City, federal, and utility data sources
(Figure 2). Establishing this baseline dataset
allowed us to run a variety of scenarios to
determine upfront cost, utility bill cost,
decarbonization impact, and workforce needs
for various electrification measures. Further
detail of the development of the baseline model
is available in the Appendix.

Data Sources

Scenario models focused on the impacts of weatherization and electrification measures (Table
1). Weatherization measures were selected by how common they are implemented in
weatherization and utility programs and their likelihood for savings. Electrification measures
were chosen based on the ubiquity in Minneapolis homes and their potential impact to save
greenhouse gas emissions.

Weatherization Electrification
Electric service upgrades including EV

Walll insulation charging circuit to mid-tier Level 2, which is a
240V outlet

Space heating systems
x Furnace replaced with centrally
Attic insulation ducted ccASHP
x Boiler replaced with multi-split
CCASHP

Air sealin Domestic hot water replaced with heat pump
9 water heater (HPWH)

Clothes dryer replaced with heat pump

Rim joist insulation clothes dryer (HPCD)

Cooking equipment replaced with induction

Ventilation .
ranges and electric ovens

Table 1. Measures used in model analyses.
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Building Characteristics

There are 88,441 one-to-four-unit buildings and 102,788 individual units in Minneapolis (City of
Minneapolis, 2022). Of those buildings, 13,877 are rental properties, comprising 22,296 rental
units. The building stock is old, with most buildings built before the Great Depression. In terms
of size, the buildings average around 2,400 ft? with a size distribution that aligns with the rest of
the Twin Cities Metro.
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Figure 3. Existing energy end uses, fuel sources, and electric service panel capacity.

Minneapolis homes depend heavily on fossil gas for energy use as shown in Figure 3. About
90% use gas for space heating and 80% use gas for water heating. Roughly 45% and 25% use
gas for clothes drying and cooking, respectively, although the accuracy confidence in these two
percentages is lower. Most space heating, around 85%, is delivered by furnaces, while the
remainder uses boiler systems. Lastly, less than 20% of these buildings have electric service of
150 Amps or greater. Powering heating, appliances, and other loads in a Minneapolis home
requires significant electric load and therefore will likely require at least 150Amps of service.

46% of the buildings have
inadequate wall insulation, as
defined by having insulation
values less than R8. Further,
56% of homes have
inadequate attic insulation.
Roof and attic geometry greatly
impacts the insulation
potential. We define the value
of adequate insulation for
unfinished attics as a minimum
R50 and for finished attics with
slanted ceilings as R21 or
greater.

Definition: Dual fuel space heating

In a dual fuel system, a heat pump electrifies a home's
heating in the spring, fall, and much of the winter. When
outdoor air temperatures dip below a defined setpoint a
gas furnace or boiler takes over to provide space
heating. With a 5°F setpoint in Minneapolis, the electric

heat pump provides approximately 80% of home heating
in a year, while the gas equipment provides the
remaining 20%. Dual fuel systems can be comprised of
separate pieces of equipment (e.g., a legacy boiler and
a new mini-split heat pump) or a singular combination
heat pump and furnace device.




Modeling Iterations

Over the workshop series, we ran three rounds of model iterations. With each round, we
received feedback from both stakeholder groups. The responses then informed the next round
of modeling. Details of the various scenarios are listed in Table 2.

Scenario

| Aim of Scenario

Round 1

Full Electrification*
(including weatherization)

Understand the upfront cost and utility bill costs of switching all
mechanical systems including vehicles to electric power in the
one-to-four-unit building stock.

Understand the impact of weatherization on energy use, energy
demand, upfront costs, and utility bill costs.

Grid Needs

Understand the impact of increasing electric load.

Pace of Implementation

Understand the number of building retrofits needed annually to
PHHW WKH &L Wased clihkatteHapget

Labor Requirements

Understand the number of full-time staff in total needed by trade
for electrification.

Round 2

Dual Fuel Space Heating

Understand the impact on utility bill costs and emissions of dual
fuel air source heat pumps when heat pumps are designed to
meet 50% of the seasonal heating load (also known as 50%
utilization; switchover temperature is at 25°F).

Utility Rates

Understand the impact of potential electric vs. gas rates.

Market Efficiencies

Understand the impact of market efficiencies by scaling
manufacturing and installation of electrification measures
including labor efficiencies.

Round 3

Revised Dual Fuel Space
Heating

Understand the impact on utility bill costs and emissions of dual
fuel air source heat pumps, when designed to meet 80% of the
heating load (also known as 80% utilization; switchover
temperature is at 5°F).

Utility Rates

Understand the impact of refined electric and gas rates including
renewable natural gas rates.

Market Efficiencies

Understand the impact of market efficiencies by scaling
manufacturing and installation of electrification equipment minus
labor efficiencies.

Pace and Strategy of
Implementation

Understand the costs and opportunities of rolling out
implementation based on geography and the emissions impact of
delaying the pace of implementation (such as waiting to replace
eguipment on failure).

Table 2. Scenarios evaluated and the goals of each in the three rounds of modeling. *Full electrification is also called
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RESULTS AND DISCUSSION
Stakeholder Feedback

Over the three workshops, we
collected feedback from both City and
external stakeholders. At workshop 1,
we focused on understanding
foundational values and areas of
concern to guide the process. We
asked why weatherizing and
electrifying one-to-four-unit buildings

Resilience mm
Energy Independencemm
Regional Competitivenesdmm
Stranded Utility Assetsmm
Control Energy Costmmm
Safety n——
Homes = Achievable Decarb Sect =

in the city is important. Figure 4 shows Health ~ ne——

a summary of their answers to the Livability —-——

open-ended question. Overall, Support Equity EE——

participants viewed home Climate Mitigation  m—————
weatherization and electrification as 0O 2 4 6 8 10 12
an opportunity to improve in many Response Count

areas, most prevalently in mitigating _ —
. . Figure 4. Prevalence of participant answers to the open-ended
climate change, and supporting question: why is weatherization and electrification of 1-4 unit

community equity, livability, and health.  buildings important?

After viewing the first round of scenarios, participants were asked for their reactions to the
modeling analysis and results. A major bengfit that nearly all participants noted was a positive
impact of weatherization on bill costs, energy load, and subsequent electrification upfront costs.
Others also expressed surprise that total electrification of home energy was even
technologically possible. Among concerns, upfront costs and bill costs garnered the strongest
reaction.

This foundational feedback guided subsequent models to focus on maximizing climate
mitigation on the timeline QHHGHG WR PHHW WdéhHolgnh Yo% éspeRialpior
disadvantaged areas of the city, and fine-tuning assumptions.

Upfront Costs

Over the approximately 20-year timeline in which decarbonizationisneedHG WR PHHW WKH &LW!
climate goals, nearly all currently installed heating equipment and appliances will reach their

end of life and will require replacement. As such, we modeled two electrification scenarios

against a Baseline, which assumes replacement of like equipment (primarily gas equipment

replaced with gas equipment) atthe end R1 WKH HT XL S(Pigu@\W) TThe®lighHEstimate

scenario assumes no market efficiencies due to scaling, while the Low Estimate scenario

assumes incremental equipment and soft cost improvements over time, similar to solar

technology trends. No workforce efficiencies were included based on stakeholder feedback.



Stakeholders reasoned that current workforce insufficiency along with unfavorable workforce
demographic trends counteract any typical labor efficiencies from market maturation.

$1,500,000,000 -

$1,200,000,000 A
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. High Estimate
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Figure 5. Low and High estimates of the total upfront cost of weatherizing and electrifying all 1-4 unit homes by
measure compared to the Baseline, which is defined as the upfront cost to replace equipment with similar technology
(primarily gas) at end of life. Given this, weatherization and EV-ready measures do not have a Baseline model. A
detailed table is available in the Appendix.

We estimate the total upfront cost to weatherize and electrify the 88,441 buildings to range
between $2.12 and 2.73 billion. This topline cost captures equipment and labor but does not
include estimates for program administration. This compares to the approximate $1.06 billion
upfront cost that will be needed to replace existing equipment at end of life with similar
technology. As a result, the incremental upfront cost of weatherization and electrification is
estimated to be between $1.06 billion and $1.67 billion.

Figure 5 shows the breakdown of measure costs for all buildings. ccASHP retrofits 3VSDFH
K H Dadmmand more than half the total cost at $1.15 billion to $1.45 billion. Weatherizing the
building stock came in as the second highest total cost at $391 million to $535 million while the
remaining measures total $575 million to $746 million combined. For context, the total upfront
cost for the High scenario is equal to about 8% of the assessed value of the building stock.
Divided across all buildings, the total upfront cost for the High scenario comes to an average of
$30,900 per building and an average incremental upfront cost of $18,900 per building.

Home weatherization and electrification retrofit projects will need to be completed at a pace that
meets the & LW\ TV Wiaded Qifdte targets, described further in Sequencing and Pace of
Implementation. The annual incremental upfront costs needed to complete retrofit projects per
year is estimated in Figure 6 with costs starting around $77 million in 2024 and ramping up to
over $200 million in 2029.
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Figure 6. Estimated annual incremental upfront costs of weatherization and electrification projects needed to meet the
City of Minneapolis' science-based climate emissions targets. The upper and lower bounds of the band represent the
High and Low upfront cost scenarios in Figure 5.

Given the range of building ages, equipment, and percentage already retrofitted, results of
modeling provided probability distributions of upfront costs for necessary equipment upgrades.
These show the range of equipment upfront costs and the relative frequency that buildings
would incur such costs. Figure 7 shows the range of measured upfront costs for the High
scenario, which assumes no market efficiencies due to scaling. Important takeaways from this
measure-level modeling are cost differences between measures as well as the extent that costs
may range for an individual measure. Among all measures, heat pump clothes dryers and Level
2 electric vehicle chargers, the mid-tier charger providing 240 V, are the least expensive upfront
measures. Space heating via a ccASHP has the highest measure-level upfront cost and a wide
potential install cost distribution from $7,000 to over $20,000.
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Figure 7. Distribution of upfront costs per measure for the Electrification High scenario, which assumes no cost
reductions due to market efficiencies of scaling.

Utility Bill Costs

Weatherization Impact

Weatherization is a clear driver for energy savings. Maost buildings achieve energy and utility
cost savings from weatherization, although the impact varies. Here, we analyze scenarios
keeping utility rates constant at the October 2022 fully loaded volumetric rates?, with gas at
$1.05/therm and electricity at $0.155/kwh. The full electrification with weatherization analysis

1 The fully loaded volumetric rates are comprised of gas bill totals, including all riders, taxes, and fees,

divided by the energy consumed. The price of fossil gas is passed directly through to customer bills and is

driven by market forces. The volatility of this price made determining an appropriate 3SFXUUH Q& "~ UDWH

analysis challenging. At the beginning of the process in September 2022, we used a 12-month average of

$0.88/therm. The price of gas increased steadily through the workshop process such that the fully loaded

volumetric rates surpassed $1.20/therm in January 2023. Given that the 12-month average of $0.88 did

not fully reflect the global reality of gas supply due to forces such as the war in Ukraine, we reasoned that

taking a rate of $1.05, which was the fully loaded volumetric rate in October 2022 when we held our first

workshop was reasonable and even conservative WR XVH DV WKH 3FXUUHQW™ UDWH IRU DQDC
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shows that median energy bills would only increase on average by 4% (or $120 per year).
However, outcomes vary greatly across the building stock; 25% of customers will see more than
$880/year in savings, 25% of customers will see increases of $580/year or more, and the
remaining 50% of customers lie in between. Under 10% of customers would see no significant
bill changes.

On the other hand, excluding weatherization from the full-electrification program, as shown in
Figure 8, yields substantial bill increases for nearly all customers. Without weatherization, the
average annual bill increase is $980 (34% above current), 75% of households would see annual
costs increase by more than $600 (14% above current), and 25% of households would see bills
increase by more than $1,310 (46% above current).
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The disparity in outcomes is due to the very large energy savings offered by weatherization. In
other words, the higher energy costs of electrification are mostly balanced by energy savings
from weatherization. On top of these cost savings, weatherized homes have lower heat pump
size requirements and enable heat pump systems to meet more annual space heating load.
Recent work measuring heat pumps in the Northeast also suggests that heat pumps achieve
higher performance in weatherized homes (Veilleux et al. 2022).

Weatherization is the critical path, providing large, cost-effective emissions savings regardless
of heating equipment present. Approximately 75% of potential decarbonization savings come
from weatherization and space heating electrification measures. Switching from gas to clean-
energy-powered electric heat pump heating cuts emissions drastically, and weatherization is
vital to ensuring the switch is cost-effective.

Building Age Impact

Low performing buildings have high energy loads and often no or low amounts of wall and attic
insulation. Among the datasets, building age was the best predictor of low performing buildings;
the older the building, the less likely the building has any or sufficient insulation. Analysis of
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electrification and weatherization of the building set found that the bill costs for older buildings
were less likely to increase than that for newer buildings (Figure 9). This indicates that older
buildings are more likely to benefit from weatherization and electrification. As building age data
is much more readily available than information on insulation and air tightness, using building
age as a proxy for savings potential could be a useful outreach strategy.
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Geograph ic Impact

Historical development patterns have resulted in building differences across the city. Generally,
older buildings are concentrated closer to downtown, while newer buildings are found toward
the city border. Analysis of electrification and weatherization of the building set found trends in
bill decreases or increases based on zip code. Zip codes immediately to the south of downtown,
55403-55407, show the greatest average opportunity for bill savings, while zip codes on the
edges of the city show the greatest potential for bill increases (Figure 10).

The City of Minneapolis has established Green Zones, which are areas of the city with high
levels of environmental pollution and racial, political, and economic marginalization. Analysis of
the Green Zone zip codes found an overlap of greater potential bill savings in the Southside
Green Zone and a slight bill increase in the Northside Green Zone zip codes. The reason for
this is unknown and should be explored further.
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Figure 10. Utility bill cost impact of electrification and weatherization compared to
current bills by zip code. Zip code locations can be referenced in Figure 11.
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Rate Impacts

We analyzed numerous scenarios using eight fully loaded volumetric rates, which are the bill
totals, including all riders, taxes, and fees, divided by the energy consumed (Table 3, Table 4).
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Given historical trends, gas rates are unlikely to be at the level of the Low rate in the future and
are anticipated to increase, although the exact rate of increase is unknown. As another
decarbonization pathway, we also examined the utility bill impacts of substituting all methane
gas with sources of renewable gas. Future electric rates are based on the E21 Study, which
assumed that rates would be designed to avoid super high electric demand and related need for
significant infrastructure investments by relying on existing gas infrastructure for high winter
peak (CEE & GPI, 2021).

Gas Rate Category Cost / gas unit ($/therm) Description

Current $1.05 Gas rates as of October 2022

Future Low $1.30 Reasonable future escalation given
historical trends and volatility

Future High $1.50 Reasonable future second escalation
given historical trends and volatility

Renewable gas $3.10 Cost of carbon-neutral natural gas
(Nadel 2022)

Table 3. Fully loaded gas rates analyzed.

Electric Rate Cost / electric unit Description

Category ($/kwh)

Current All-Electric $0.11 Current Xcel Energy all-electric heat
rate

Current Dual Fuel $0.10 Current electric rate when using dual
fuel

Current Standard $0.15 Current standard electric rate with no
discount for electric heat

Future Standard $0.22 Future standard electric rates,
assuming gas winter peak from the E21
Study (CEE & GPI, 2021)

Future All-Electric $0.275 Future all-electric rate from the E21
Study (CEE & GPI, 2021)

Table 4. Fully loaded electric rates analyzed.

Current Rates

Analysis shows that weatherizing and electrifying today could be cost-effective from a utility bill
perspective, although results vary significantly (Figure 12). The median home that is
weatherized, converts all equipment to be powered by electricity, and utilizes the existing utility
all-electric heating rate could see annual bill savings of 24%. Buildings on the all-electric heat
rate benefit from the rate in the winter months but are on the standard rate for the rest of the
year. For the median home, which is weatherized, has appliances converted to run on
electricity, and space heating is converted to a dual fuel heat pump (at 80% electric utilization)
using the dual fuel heating rate, annual utility savings are 4%.

It is important to recognize that outcomes remain highly variable even with special rates. All-
electric rates bring savings to 84% of households, but 16% of households will still see net bill
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increases. Dual fuel rates bring savings to 59% of households, but 41% of customers will still
see net bill increases. Figure 12 shows the wide distribution of possible outcomes.

At current costs, both dual fuel and all-electric pathways offer the majority of one-to-four-unit

buildings in Minneapolis net savings on utility bills. Typically, dual fuel applications offer more

savings than all-electric applications; however, due to recently high gas prices and additional

savings when applying the electric heat rate to the existing electric load in the winter, all-electric

systems currently offer the best opportunity. , WV LPSRUWDQW WR QRWH WKDW WKH
electric and dual-fuel rates are not guaranteed in the future and will likely change.

All-Electric - AE Rate

Baseline - Current Rate

Dual-fuel - DF Rate

$2,000 $4,000 $6,000
Annual Utility Costs ($)

Future Rates

Analysis of future rates similarly indicates potential benefits of weatherization and electrification
retrofits. A baseline analysis examining an average home with gas equipment to a future
scenario in which there is no weatherization or change to mechanical equipment shows median
annual utility bill cost increases of 30% to 55% (Figure 13). Given no changes to the building
stock, we would expect annual utility bills to rise.

If no equipment in homes is changed but the fuel used were renewable natural gas, there would
be greenhouse gas emission savings. However, median annual utility bills would nearly triple
compared to those today with an increase of 145% (Figure 14).

In the case of decarbonization via electrification retrofits, analysis shows an increase of 43% to
79% in median annual utility bill costs in the all-electric case compared to the baseline and a
nearly neutral impact in the dual fuel case (at 80% electric utilization) with annual median bill
changes ranging from 26% to 57% (Figure 15). The distributions show that outcomes vary by
building. Dual fuel systems still offer more flexibility to achieve savings under different rate
combinations. For example, dual fuel systems could be set up with a utilization rate that is
economically optimal to give customers flexibility as rates change.
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Figure 13. Baseline distributions of expected future utility Figure 14. Distributions of expected future utility bill
bill using future standard rates of electric at $0.22 and using future standard electric rate of $0.22 and re-
gas at $1.30 and $1.50 for Low and High respectively. newable gas rates of $3.10. Assumes no weatheriza-
Assumes no weatherization or electrification. The true tion or electrification.

future distribution is expected to be equal to or lie
EHWZHHQ WKH 3% DR/HDQQH%DRHOLQH +*
curves.

\' 7KH FXU

In summary, utility bill costs are expected to rise in the case of no intervention to the building set
and in the case of a one-to-one replacement of fossil gas with renewable natural gas. All electric
and dual fuel scenarios present opportunity for savings, although the distributions range greatly.
In general, decarbonizing this building set through electrification and weatherization is estimated
to be 25-70% less costly for customer utility bills than renewable natural gas. The operating

costs of the all-electric case are 13% to 24% beyond anticipated increases in baseline bill costs,
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