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EXEGUTIVE SUMMARY

The Gity of Philadelphia has
committed to reducing its
carbon emissions by 80% by
2080. But achieving this goal
largely depends on developing
a carbon-neutral regional
glectricity grid, requiring both
state and federal support. For
this reason, the most effective
response may be to first focus
on local energy efficiency.

Following the signing of the Paris Climate Agreement
in 2016, and subsequent withdrawal by the United
States—a key player in the negotiations—many cities
around the world committed to upholding the target
of achieving an 80% reduction in greenhouse gas
emissions by 2050.

Philadelphia, for example, committed to an “80 by

50" plan in 2016. However, Philadelphia has limited
power to influence the rate of grid decarbonization

or the electricity costs that may result from this
decarbonization. The city simply represents too small a
portion of the relevant energy market.

Without a clean electricity grid—powered entirely

by zero-carbon energy sources such as solar, wind,
hydropower, nuclear, and fossil fuel combustion coupled
with carbon capture technology—cities cannot feasibly
fully decarbonize their energy demand. Cities can,
however, reduce their demand for grid electricity and
fossil fuels by improving building efficiency, influencing
traffic and mobility patterns, utilizing waste heat,
generating electricity through distributed sources, and
by encouraging behavior change.

It may, therefore, be in the city’s best interest to increase
efforts to reduce local energy use rather than focus so
heavily on the goal of electrifying demand with the hope
of eventually being a part of a larger carbon-neutral grid.
Improving Philadelphia’s energy efficiency would not
only reduce emissions regardless of grid mix, it would
also reduce energy costs for low-income communities,
improve the city’s standard of living, insulate the city
from future energy cost fluctuations and grid reliability
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issues, and make the eventual transition to clean energy
easier by reducing seasonal fluctuations in demand.

Using example initiatives from some of the world's most
energy efficient cities. this report argues that an effective
citywide efficiency plan can be designed around three
pillars—or policy strategies—each designed to support an
organic transition to a sustainable local energy system:

= Guide Through Investment

- Upgrade or retrofit municipal assets with systems that
are more energy efficient

- Offer cost-sharing programs to homeowners and
businesses for implementing greener infrastructure

- Direct investment in public spaces with efficiency in mind

- Provide free inspections and consultations to
homeowners and businesses

= Enforce Through Regulation

- Reconsider existing regulations on traffic, parking,
and building standards and determine if they are still
supportive of 21st century goals

- Introduce penalties and ensure strict enforcement

- Direct funds from penalty systems toward achieving
the targeted goal

= Encourage Through Education

- Invest in community education and foster community
initiatives, competition, and engagement so that
residents and businesses understand the co-benefits
of efficiency improvements

- Use surveys and community feedback to develop an
in-depth understanding of residents’ primary concerns
and priorities and their willingness for investment and
behavior change

- Provide clear and detailed goals, objectives, and
measures of success based on the information and
preferences revealed through community engagement
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INTRODUGTION

Following the signing of the Paris Climate Agreement

in 2016, and subsequent withdrawal by the United
States—a key player in the negotiations—many

cities around the world committed to upholding the
target of achieving an 80% reduction in greenhouse
gas emissions by 2050. Philadelphia, for example,
committed to an “80 by 50" plan in 2016. In September
2018, Philadelphia followed up on this commitment by
releasing a clean energy vision that outlined how the city
was planning to achieve its ambitious emissions targets
(City of Philadelphia 2018).

This comprehensive plan is structured around five
broad strategies:

1. Establishing a Clean Electricity Supply
Installing Rooftop Solar Throughout the City

2
3. Improving Building Efficiency
4. Decarbonizing Heating

5

Building a Low-Carbon Economy

In Philadelphia’s vision, each of these strategies is
supported by detailed policy action. Together these
strategies have the potential to sufficiently reduce local
emissions to achieve the city's goals. However, the findings
of our recent exploration of decarbonization strategies

for Philadelphia Gas Works (PGW) and heating demand
within the PJM footprint, would suggest that the City

of Philadelphia would have more success achieving its
emissions goals and protecting the economic wellbeing of
Philadelphia’s residents by placing a greater emphasis on
local energy efficiency improvements.

The existing clean energy vision relies heavily on securing
a clean electricity supply. Many of the policies included

in strategies three, four, and five of the City’s plan are
designed around electrification of existing fossil fuel
demand—a strategy that does, in many cases, directly
improve efficiency but also only delivers its full emissions
reduction potential if that new electricity demand is met
with renewably-generated electricity.

However, our recent research has found that meeting
new electricity demand with 100% clean energy is
extremely costly to homeowners and businesses,

is difficult to manage, and runs up against land use

and technological constraints once seasonal load
management is taken into account (Serpell et al. 2020).

Furthermore, Philadelphia has limited power to influence
the rate of grid decarbonization or the electricity costs
that may result from this decarbonization. The city
simply represents too small a portion of the relevant
energy market. While Power Purchase Agreements and
Customer Choice Aggregation offer a market solution
for “decarbonizing” the city’s electricity supply, there is
a limit to how far these strategies can take us. When
Philadelphia or its residents agree to purchase clean
energy, they are simply paying for those clean energy
resources to be distributed throughout the whole
electricity grid. The customer is receiving the same
supply of electricity as everyone else.

Purchase agreements are a great way for early actors

to effectively decarbonize their energy use by diluting
everyone's carbon intensive electricity, but there will
come a point when grid operators, and consequently
the customers buying the renewable electricity, will have
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to deal with the load-balancing challenges of a heavily
decarbonized grid and absorb the associated costs.

Possible solutions to this load-balancing challenge

are to store the energy until it is needed (batteries,
pumped hydro, electrolysis), change the patterns of
demand for electricity through demand response, or
move the electricity to where it is needed via long-
distance transmission. Power purchase agreements
are absolutely worthwhile, but only as long as there

is appetite by developers and customers to build
renewable generation without any compensation for
load-balancing costs. Even before this critical level of
renewable deployment is reached, relying on customer
choice to deliver local emissions reductions puts
additional burden on consumers and assumes a level of
community willingness to pay that may not be a reality.

Beyond these purchase agreements, there is very little
action Philadelphia can take at the state or federal level
beyond advocacy. The Office of Sustainability’s vision
outlines a number of state and federal initiatives that
would help decarbonize the grid, including maintaining
existing nuclear capacity, reinstating the Clean Power
Plan, joining the Regional Greenhouse Gas Initiative
(RGGI), and strengthening Pennsylvania's Alternative
Energy Portfolio standards. But the city is limited in its
ability to take any direct action or implement policies
that will ensure that these state and federal goals are
achieved (NRDC 2017; RGGI; PA PUC).

For these reasons, it may be in the city's best interest
to increase efforts to reduce local energy use through
efficiency improvements, distributed generation
investments, and behavior change, rather than focus so
heavily on the goal of electrifying demand with the hope

of eventually being a part of a larger carbon-neutral grid.

Improving Philadelphia’s energy efficiency would not
only reduce emissions regardless of grid mix, it would
also reduce energy costs for low-income communities,
improve the city’s standard of living, insulate the city
from future energy cost fluctuations and grid reliability
issues, and make the eventual transition to clean energy
easier by reducing seasonal fluctuations in demand.

In the aftermath of the COVID-19 pandemic, many
of these urban lifestyle factors will have increased

importance. Reducing the burden of energy costs can
be an essential tool on the road to economic recovery
from the global disaster, and incentivizing low-risk and
high efficiency modes of transportation like walking and
biking can help promote physical health and ensure that
residents are protected from future disease outbreaks.

However, the COVID pandemic has also introduced a
number of new barriers to increased urban efficiency of
which cities and residents should be cognizant. Public
transportation systems, for example, have long been a
unique and effective urban service to promote low-cost
and high-efficiency movement of people. Now they
represent a source of increased viral transmission risk.
Ridership of public transit systems in many cities has
dropped by over 90% over the last several months and
many transit agencies will continue to suffer financial
hardship during the recovery process (Pachon, 2020).

As cities begin to recover from this lockdown, people
may prefer to drive cars and avoid public transit, leading
to increased carbon emissions, congestion, and air
pollution. Furthermore, city budgets are experiencing
their worst deficits in decades, making energy-efficiency
investment programs an even more considerable
undertaking (Zarroli 2020).

In reading through this framework for a comprehensive
efficiency plan for the City of Philadelphia, please remain
aware of the uncertainties cities face at this time and
recognize that depending on the lasting effects of the
COVID pandemic, both economic and social, some

of the strategies discussed in this digest may be more
feasible than others over the next several years.

Fortunately, there are dozens of strategies available to
Philadelphia for how to reduce local energy demand, not
all of which require direct investment in infrastructure.
This means that an effective efficiency plan should be
possible even with severe economic or epidemiological
constraints experienced as a result of COVID-19.

Improving building efficiency, both in new construction
and by retrofitting the existing building stock, is perhaps
the most impactful method of achieving citywide
efficiency improvements and is the only strategy that

is specifically called for in the City's September 2018
Powering our Future report. However, for Philadelphia to



have the greatest impact on its emissions and improve
the overall livability of the city, it would be beneficial to
adopt a much broader concept of energy efficiency.

Increasing local energy efficiency is no easy task.
Energy efficiency is a feature of the urban landscape
influenced by individual behavior, aging housing and
infrastructure, and dynamic economic activity. However,
this report argues that an effective citywide efficiency
plan can be designed around three pillars—or policy
strategies—each designed to support an organic
transition to a sustainable local energy system:

1. Guide Through Investment: By investing in public
spaces and infrastructure, cities can influence the
way residents and businesses engage with the
city, thereby reducing energy use and improving
livability. Further, by offering loans and cost-sharing
opportunities to property owners, cities can guide
residents and businesses to think long-term about
their energy costs.

2. Enforce Through Regulation: Efficiency standards,
fees, and regulations can effectively limit wasteful
energy practices and ensure that all members of the
community are contributing their fair share of effort
to Philadelphia’s vision. These regulations will only
be effective if they are well enforced, if members of
the community believe they are well enforced, and if
members feel that the city is investing resources to
help them meet these regulations.

3. Encourage Through Education: Community-based
education and initiatives can help catalyze purposeful
behavior change and community buy-in. They are just
as necessary as investments in infrastructure and
stringent regulations because without community
buy-in, other initiatives will fail to deliver optimal
results. This effort must work to inform the public of
what steps the city is taking, and how voluntary steps
by the public can benefit residents and businesses
(cost savings, livability of the city, transportation
efficiency, and public health).
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Improving building efficiency
both in new construction

and by retrofitting the existing
building stock, is perhaps

the most impactful method

of achieving citywide
gificiency improvements.

The goal of this report is to illustrate how Philadelphia
could approach developing and implementing a
comprehensive efficiency plan. We first outline the steps
Philadelphia is already taking in each of these three
policy areas, and then use several initiatives that have
been successfully demonstrated in cities around the
world as examples of what Philadelphia should strive for.

All of the example cities discussed in this report
(Boston, London, Seoul, and Singapore) have
demonstrated a considerable commitment to local
efficiency and are ideal role models for Philadelphia.

Boston was ranked #1 on the ACEEE’s 2019 scorecard
of U.S. cities and has pledged to continue tackling local
emissions via building regulations, transportation mode
shifts, and increased connectivity (Ribeiro et al. 2019).
London has a high capacity for local governance as the
UK's capital and largest city and has been an efficiency
pioneer for years through its use of congestion pricing of
low-efficiency vehicles. Seoul has been driven to pursue
ambitious energy efficiency measures, partly in response
to fears over energy dependence on foreign imports and
aging nuclear power plants. Singapore offers unique
insights into the possibilities of local action thanks to its
status as a city—state and has been a pioneer in urban
livability and building efficiency.
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GUIDE THROUGH INVESTMENT

Change the urban landscape to improve efficiency
and livability.

Currently the City of Philadelphia offers a number of
incentives for energy efficient buildings. Buildings

that achieve a LEED Gold or higher rating may be
granted a density bonus by Philadelphia, and the city’s
EnergyWorks program provides loans ranging from
$100,000 to $2.5 million with 3.5% interest to a wide
variety of businesses and nonprofits, to go toward
efficiency upgrades in buildings (EnergyWorks). Perhaps
partially as a result of these programs, the number of
buildings that have met LEED or Energy Star label criteria
have increased by 53% since 2013 (Jaramillo 2019).

While these programs have undoubtedly helped improve
overall building efficiency, one must always be aware

of the tradeoffs. Density bonuses, for example, are an
excellent incentive for efficiency but, if overused, could
begin to negatively impact livability. Additionally, starting
in 2019, the city adopted the Property Assessed Clean
Energy Program (C-PACE) Financing Program (Davis &
Johnston 2019; PA Dept. of Environmental Protection).
This program provides low-interest, long-term loans for
clean energy and water projects for commercial property
owners throughout Pennsylvania, which are repaid as
property taxes to benefit the community.

In some instances, up to 100% of total project costs can
be funded through C-PACE (Pennsylvania C-PACE).

In Philadelphia, property owners submit projects for

city approval, and then private lenders involved with
C-PACE provide financing to the building owners for
these projects, relieving the city of any financial risk

and giving building owners access to necessary capital

(Commercial PACE LLC). Owners of new or existing
commercial, industrial, and/or agriculture properties are
eligible. Funded projects include building insulation,
heating and cooling, and smart building systems. The
improved efficiency ultimately lowers utility costs and
can be transferred to future property owners.

In one Pennsylvania case-study project, a lighting
upgrade that cost $134,000 (entirely financed by
C-PACE), resulted in an annual energy savings of
242,389kWh, and lifetime energy cost savings of
$285,820. In a larger project, 35-year-old chillers

and inefficient lighting were replaced at a cost of
$1,304,352 (entirely financed by C-PACE), for an
annual energy savings of 1,548,086kWh and a lifetime
energy cost savings of $3,660,000 (Pennsylvania
C-PACE).

Even though only certain projects may qualify for
C-PACE funding, it is clear that the lifetime energy cost
savings from C-PACE projects are significantly greater
than the costs of the projects themselves. This suggests
that even partial funding from C-PACE could result in
net energy and cost savings for the variety of businesses
that utilize it. Since the program was only recently
implemented in Philadelphia, it remains to be seen how
effective the program will be locally, but these early case
studies are promising.

Philadelphia is taking several steps to invest in improving
the energy efficiency and climate impacts of municipally-
owned property. For example, since 2009, the city has
reduced its vehicle fleet by 500 and plans to add an
additional 20 electric vehicles to the fleet (bringing the
total to 50) by the end of 2020 (City of Philadelphia



2019). There are also plans for the city to install solar-
powered charging stations for these EVs.

Philadelphia is also investing in municipally-managed
public spaces. Last year the city announced plans

to retrofit all 100,000 public streetlights with high-
efficiency smart LED bulbs, a considerable expansion of
previous policy to only replace broken or non-functioning
streetlights (Maykuth 2019). Also last year, Philadelphia
announced a 10-year “urban forest” plan to increase
tree canopy, an extension of the 30% increase in tree
cover proposed in the city’s Greenworks initiative
(Kummer 2019).

These programs are broadly representative of the many
initiatives Philadelphia has already undertaken to guide
local efficiency through investment in municipal assets,
private property, and public spaces. The following
section explores several examples from other cities and
uses them to suggest additional steps Philadelphia
could take in order to develop a more comprehensive,
resilient, and effective energy efficiency plan.

FURTHER INVESTMENT OPPORTUNITIES

Boston is a city that faces many of the same energy
transition challenges as Philadelphia; namely wintertime
heating demand, old building stock, vehicle congestion,
flooding and increased precipitation from climate change,
and a poverty rate that far exceeds the national average.
For these reasons, policies that have been successful at
delivering efficiency improvements to the city of Boston
have the potential to be easily adapted for Philadelphia.

Go Boston 2030 is Boston'’s plan to increase efficiency

in the transportation sector (City of Boston). It is a broad
initiative aimed at eliminating emissions from passenger
vehicles, expanding public transportation infrastructure,
and encouraging cycling and walking. One indicator

for transportation efficiency is a city's walkability score.
Boston is ranked the third most walkable city by the 2019
Walk Score report with a score of 82 out of 100, while
Philadelphia is ranked 4th with a score of 79 (Walk Score).
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Additionally, Boston is ranked #6 in the list of bike
friendly cities, while Philadelphia fails to enter the top
ten. To continuously increase bike ridership, Go Boston
2030 outlines specific goals such as encouraging a
fourfold increase in cycling trips and installing bike share
stations within a 10-minute walk of 100% of homes (an
increase from the current rate of 85%)).

Boston has also released a 2030 housing plan that
seeks to provide 69,000 new housing units including
16,000 that are income-restricted (Walsh 2014). This
initiative will help Boston meet its housing needs,
while also dramatically reducing its per capita energy
consumption by ensuring that all of these new housing
units are carbon neutral and constructed according to
the guidelines of Transit Oriented Development (TOD).
Sixty-four percent of the units built as part of the 2030
housing construction effort are located within a 5-minute
walk from a major transit hub, as compared to 37% of
existing housing stock.

Philadelphia is already a very walkable city, but Boston's
efforts demonstrate that even dense urban centers can
dramatically improve connectivity and ease of movement.
Doing so not only improves the mobility of cities
(reducing congestion, improving safety, and reducing
travel times) but also can have a dramatic impact on a
city's energy efficiency.

Transportation accounts for 17% of Philadelphia’s
carbon footprint, so every opportunity to allow
commuters to cycle, walk or take public transportation
over driving is an opportunity to reduce the city's energy
demand (City of Philadelphia 2018). Incentivizing non-
automobile modes of transportation could be even more
impactful when electric vehicles make up a sizable
proportion of the Philadelphia vehicle fleet. Fewer

cars on the road helps reduce the load balancing and
infrastructure strain of daily EV charging.

The potential for energy savings through efficiency
improvements in the mobility sector, however, pales in
comparison to the potential impact of residential and
commercial building improvements. London has recently
introduced a number of incentive-based programs to
improve the efficiency of new and existing buildings
(Green World Building Council).
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In London, 78% of CO, emissions come from homes
and workplaces, and 80% of existing building stock

is still likely to be in place by 2050 (The City of
London). To work with existing buildings, London has
implemented the Retrofit Accelerator Homes program
and Workplaces program A key feature is providing
boroughs, housing associations, and workplaces with
free technical expertise and consulting to begin a wide
range of retrofitting projects. Another goal is to create a
new market for low carbon goods and services sectors,
and to make homes warmer and more affordable while
tackling fuel poverty.

The Homes program aims to get started on 1,600
whole-house retrofits over the next three years, and
the Workplaces program has already supported over
220 organizations. The London Mayor's office has also
allocated funds for the Energy Leap project, which is a
trial project for net-zero retrofitting homes (The City of
London). Providing a network of expertise and service
providers could be a tool to help Philadelphia facilitate
the process of individuals and businesses improving
efficiency in their homes.

This network could specifically help when individuals
and businesses are unaware of feasible energy
improvements or need additional encouragement to
follow-through with identified projects. This may be

an opportunity for the city to build upon the C-PACE
program, in addition to expanding to a variety of
buildings other than the businesses and nonprofits that
are currently eligible.

Investment incentive programs can also help cities
achieve urban greening goals, like Philadelphia’s “urban
forest” plan. Singapore’s Skyrise Greenery Incentive, for
example, offers a 50% cost share on both vertical and
horizontal green building projects for both residential
and nonresidential construction with the goal of
replacing any green space that is lost on the ground with
greenspace on “another layer of space” (Kolczak 2017).

In a land constrained country like Singapore, high

urban density is unavoidable, but through this and other
programs, Singapore is working to ensure that this
density offers opportunity, variety, and convenience. This
greening program also has the effect of reducing the
urban heat island effect and improving local air quality.

Singapore is located in the heart of the tropics where
temperatures and humidity remain relatively high year-
round, but the urban heat island effect has an even
greater impact on local energy efficiency in more
temperate cities like Philadelphia and the other three
cities included in our analysis (Manoli et al. 2019).

Urban green space allows for greater capture and
evapotranspiration of moisture and helps to reduce local
temperatures on hot days. In addition, tree cover can
provide shade, further reducing local temperatures and
the need for energy intensive cooling. Trees can even
help moderate temperatures in the winter by reducing
wind speeds at ground level. Tall buildings can create
wind tunnels in dense urban environments, but trees
help to buffer against harsh winter weather.

Urban greening efforts should be looked at as a key
element of any urban efficiency initiative, but many
cities including Boston are pursuing an ambitious urban
greening effort primarily for the purposes of climate
adaptation. As part of its Climate Action Plan, Boston
has made growing and improving its green and open
spaces a key priority to tackling the many effects of
climate change that the city expects to experience in the
years to come (Walsh 2019).

Urban greening is just one of many urban design
principles that can be used to simultaneously aid in
the effort to mitigate local emissions through efficiency
improvements and to help cities prepare for the effects
of climate change by providing water management and
safe and comfortable recreational space.

A major part of a city’s investment strategy ought to be
focused on improving the livability and utility of public
spaces. As a large and densely populated city that
experiences both cold and hot weather conditions,
Philadelphia has an enormous amount to gain by
greening public spaces, a cost-conscious strategy that
has proven effective at reducing the heat island effect,
buffering winter weather, lowering local emissions levels,
and promoting outdoor recreation (Roxon et al. 2020).
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ENFORCE THROUGH REGULATION

Institute responsible standards, fees, and
requirements to fight wasteful energy use.

In Philadelphia, 72% of the city’s carbon footprint
comes from its buildings, with the biggest contributors
being large college and university buildings, offices,

and multifamily residential structures. Starting in 2012,
buildings over 50,000 square feet in Philadelphia are
required to benchmark and publicly disclose their energy
and water usage (Sasko 2019). Between 2013 and
2018, there was a 12% reduction in GHG emissions
and a 5% reduction in overall energy use from the
buildings involved in this reporting.

The number of buildings that have met LEED or Energy
Star label criteria also increased by 53% in that time. Two
primary metrics of energy demand used in calculating
Energy Star scores are site and source energy use
intensity (EUI). The site EUI includes heat and electricity
consumed by buildings as reflected in utility bills (such

as electricity, steam, natural gas, and fuel oil), while the
source EUl is equal to the total amount of energy used to
operate the building, including all transmission, delivery,
and production losses (Energy Star).

Thus, source EUI is the most comprehensive unit of
evaluation, and ultimately the more important metric
when it comes to evaluating environmental sustainability.
A building with an EnergyStar score of X means that

the building is more efficient than X% of buildings in the
U.S. with similar size and function. Therefore, a lower
EUI will result in a higher EnergyStar score.

Figure 1a illustrates the median Energy Star score for all
of the reported buildings in Philadelphia’s benchmarking
program demonstrating that Philadelphia is performing

better than the national median. Figure 1b illustrates
changes in source EUI of different building types.

A key finding of the 2019 Benchmarking Report is

that while some sectors have significantly improved in
energy use, others are trending in the opposite direction
(Philadelphia OOS 2019). Furthermore, as of 2018, only
~850% of the buildings over 50,000 square feet were
compliant in reporting their energy and water use as part
of the benchmarking program.

In Figure 2, we provide a comparison of the EUI of
the reported buildings from 2013 to 2018, in an effort
to provide additional insight into the effectiveness of
Philadelphia’s benchmarking regulation.

Figure 2 contains two groups of data from the
benchmarking reports from 2013 to 2018, from the
Office of Sustainability: the number of buildings that
reported each year varied between 1000 to 1500 (all
submitted), with 462 buildings reporting each of those
six years (Byeargroup). In addition to the source and site
EUI, Figure 2 also contains electricity use EUI, which we
calculated as the site EUl from only electricity use.

Both groups show a decrease in source EUI, but only
the “All submitted” group shows a decrease in site EUL.
It is possible that the overall reduction in site EUI may
simply be a result of new buildings reporting that already
had lower energy use, though we note that this is not the
only possible explanation for this reduction.

Additionally, the lack of significant change of electricity
EUI in both sets of data suggests that there hasn't been
significant electrification of end use demand. The fact
that source EUI for both groups dropped faster than site
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FIGURE 1

a) Median Energy Star Score from 2012-2018 in Philadelphia
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EUI, indicates that much of the efficiency improvement may program. As part of this new law, large buildings must

have come from supply side improvements such as grid submit a certificate of high energy performance to
generation or fuel transportation. Little improvement in site Philadelphia’s office of sustainability or improve their
EUI and electricity use may be a result of the program’s building and energy systems until they are “up to a state
design, which lacks a penalty for noncompliance. of good repair” (Jaramillo 2019).

Fortunately, a more restrictive bill was passed by the Buildings must earn an Energy Star score of 75—

city in December 2019 to improve the benchmarking meaning more efficient than 75% of U.S. buildings



FIGURE 2: CALCULATED SOURCE, SITE, AND ELECTRICITY USE
EUIUSING DATA FROM THE PHILADELPHIA 2013-2018
BENCHMARKING REPORTS
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of similar size and function—to be considered highly
efficient. Tune-up reports for buildings that don't meet
this score need to be submitted every five years to the
office of sustainability. Building owners can be fined up
to $2,000 for violating the law, and an additional $500
for each day they fail to file the report or take action to
achieve the required efficiency standard.

This plan is expected to reduce carbon emissions by
200,000 metric tons annually after implementation
(equivalent to 40,000 cars) (EPA). Building owners

are also estimated to save up to three times what they
spend on the assessment, which costs approximately
five to eight cents per square foot. Based on the median
Energy Star score of 55 in 2018, this new target of 75
is ambitious; however, penalties and evidence of overall
cost savings are likely to significantly improve reporting
and compliance. The law is a great step by the city to
reduce overall energy use by large buildings and is

an example of how Philadelphia is using regulation to
demand that residents and businesses take energy
efficiency seriously.

FURTHER REGULATORY OPPORTUNITIES

Expansion of Philadelphia’s regulatory efforts into a
wider range of local sectors will shift the responsibilities
of tracking and reducing emissions onto consumers.
Both London and Singapore offer insights into the
future regulatory opportunities Philadelphia could
pursue. These cities show that when implementation

of penalties is coupled with incentive programs and
governmental support, well-crafted regulations have the
potential to influence an overall behavioral change to
increase citywide efficiencies.

The Singapore Building Control Act was announced

in 2013. This program is not considerably different

in nature to Philadelphia’s benchmarking program in
that building owners are required to meet minimum
environmental sustainability standards set by the
GreenMark scheme, participate in energy audits

on cooling systems, and submit building energy
consumption data annually (C40 2015). However, unlike

[ yn
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Philadelphia’s benchmarking program, Singapore exhibited
a remarkable 99% compliance rate in its first year, and
compliance rates of 100% in recent years (Singapore
BCA 2018).

A key distinction between this program and Philadelphia’s
is the high fines for non-compliance which can be up

to $10,000. The status of buildings in Singapore has
improved from <0.1% “green” buildings in 2005, to 34%
“green” buildings in 2017. Though success of any program
is rarely attributed to a single factor, this example from
Singapore is encouraging in that it suggests the recent
improvements to Philadelphia’s benchmarking law may be
effective at raising compliance.

Citywide regulations need not be limited to building
efficiency, and in many ways the regulation of public
spaces is much more straight-forward for local
governments. London, for example, has used its ability to
impose traffic restrictions to reduce inner-city congestion,
incentivize the use of public transportation, and help to
fund the maintenance of the city’s public infrastructure.

Congestion charges were first introduced in London
in 2003 to ease traffic in central London. The charges
are based on vehicle efficiencies and CO, emissions,

which discourages older and less efficient vehicles from
traveling into the city. This regulation was followed by

a 26% increase in bus ridership during morning peak
hours into central London, and a 66% increase in bike
traffic into the charging zone by 2007 (Transport for
London 2008).

These mode shifts resulted in a 16% reduction in CO,
emissions, equivalent to 30,000 tons of CO, annually, in
the congestion pricing zone compared to 2002 levels.
London is actively upgrading and expanding public
transportation infrastructure, enabled by the £122
million surplus revenue created by congestion charges,
to support residents that have adopted transportation
mode changes (C40 2011).

London parking maximums were introduced in the early
2000s as part of a London Parking Reform initiative
(Guo 2016). Parking maximum rules limit the number
of parking spaces that residential and commercial
buildings may have within the development. Prior to the
Parking Reform Initiative, London instead had parking
minimums, regulations that required developments to
guarantee a minimum number of parking spaces for
developments.

FIGURE 3: THE EFFECTS OF THE CONGESTION CHARGING SCHEME IN LONDON

PERCENTAGE

The effects of the London congestion charging scheme in percentage change of 2007 compared to 2002. Morning bus ridership only counts for peak hours (7 AM to 10 AM). Charging hours are

7 AM to 6 PM. All data excludes the expanded charging zone introduced in 2007.



Theoretically, decreasing the number of available parking
spaces can reduce urban emissions by discouraging
ownership of private vehicles and increasing urban
density by freeing up land for more efficient purposes.
An NYU study on parking in London during 2001 to
2011 found a 49% reduction in new residential parking
supply and strong evidence of decreased car ownership
per household caused by the parking reform in inner
London (Li & Gao 2014).

Historically, Philadelphia also had regulations on parking
minimums. However, this was eliminated from the zoning
code in 2012 for some developments. Unfortunately,
mid- and high-rise mixed-use buildings, which are
predominantly located where traffic is most dense, are
still subjected to parking minimums (Blumgart 2018).
This is an example of a regulation that may no longer be
contributing to the larger goals of the city and should
possibly be reversed as was done in London.

These examples show encouraging trends in urban
efficiency through imposing regulations and penalties on
wasteful energy practices. Importantly, these regulations
are frequently supported by additional programs that
provide incentives for compliance or improvement to
public amenities. Without these additional supportive
policies, regulations on consumers could negatively
affect low- and middle-income communities and
struggling businesses and could disincentivize
investment in the region. Furthermore, supportive
policies are often an essential piece of regulatory
legislation as they can increase public support, as

was initially the case with the controversial London
congestion charge.
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ENCOURAGE THROUGH EDUGATION

Teach residents about energy efficiency, the
steps they can take, and the lifestyle and economic
benefits it can mean for them.

Community outreach and education has not been a
major focal point of Philadelphia’s Clean Energy Vision
or Greenworks initiative. There are, however, a handful
of efforts outlined within the goals of these reports.
Philadelphia has, for example, a multi-family outreach
program that seeks to deliver tailored reports of energy
use patterns to multi-family building owners, but it

is unclear what supporting context is given to these
building owners or the building tenants regarding the
changes that could be made to improve energy use.

The Philadelphia Energy Authority (PEA) also runs

the Philadelphia Energy Campaign, which adopts a
community-centric approach to expanding clean energy
and improving energy efficiency. This $1 billion campaign
aims to create clean energy jobs and support job training;
help low- and middle-income homes, businesses, and
schools to address deferred maintenance and reduce
energy costs and consumption by over 20%; improve
public health by improving indoor conditions; and reduce
outdoor pollutants (Philadelphia Energy Authority).

While the PEA campaign is strongly focused on
community improvement, there is little in its most recent
progress report to indicate that community engagement,
education and public buy-in is a predominant feature of

the campaign. Instead, the emphasis is on investment
within communities. This is of course a valuable
undertaking, well-aligned with our first pillar (outlined
above) but alone, it will not necessarily create the long-
term and sustainable momentum within communities to
pursue retrofits and the efficient use of energy.

Although not specifically related to energy efficiency,
Philadelphia is demonstrating its ability to engage and
educate residents without the need for large scale
investment through its Solarize Philly program, also
managed by the Philadelphia Energy Authority. This
program streamlines the application and installation process
for Philadelphia homeowners to install rooftop solar on their
homes. The program has also negotiated lower costs from
equipment suppliers on behalf of residents.

By September 2017, over 2000 homes in Philadelphia
had expressed interest in participating in the Solarize
Philly program and by December 2019, 6,000 homes
had signed up for a free installation evaluation. Despite
this, only 640 homeowners took the next step of
signing a contract—a dishearteningly low percentage
(Baylis 2020). This program is closer to a community
engagement initiative since it is not dependent on
massive funding by the city in order to thrive. There is
still opportunity, however, to expand the community
outreach and education efforts for this program and a
comprehensive efficiency improvement plan.



FURTHER EDUCATIONAL OPPORTUNITIES

As discussed at the beginning of this report, improving
energy efficiency in Philadelphia has a wide range of
local benefits beyond just the improvements to regional
emissions profiles. Energy efficiency, retrofits, urban
greening, traffic and parking regulations, and strong
standards can reduce energy costs for homeowners
and businesses, improve public health, and make the
city more enjoyable and livable. These benefits can be
experienced by all Philadelphians and it is essential that
the city works hard to make these widespread benefits
known to Philadelphia residents, especially those living
in low- or middle-income households.

By demonstrating the individual benefits that can be
experienced by a comprehensive energy efficiency plan,
Philadelphia would be able to motivate community action
and buy-in for these initiatives. For example, few cities
have demonstrated greater success at motivating their
populace to tackle urban efficiency than Seoul. Since
2012, Seoul has been promoting the “One Less Nuclear
Power Plant” initiative across two phases (Seoul
Metropolitan Government 2013).

The goal of this program, as made clear by the name,

is to reduce Seoul’s grid electricity demand by the
equivalent of a nuclear power plant. Phase two of the
initiative has extended this goal to making Seoul an
energy self-reliant city. Both phases of this initiative have
focused heavily on energy efficiency as a tool with which
to reduce citywide energy demand.

Seoul's efficiency program has received a high level

of public buy-in because it was framed around solving
related energy issues that the citizens of Seoul cared
about: reliability and safety. Philadelphia can learn

from this success and work to frame a local efficiency
effort around related public concerns such as building
safety, disrepair, congestion, public health, and energy
affordability, especially following its own energy-related
disaster in last year's refinery explosion.
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By demonstrating the
individual benefits that

can be experienced by

a comprenensive energy
gfficiency plan, Philadelphia
would be able to motivate
community action and
buy-in for these initiatives.

In 2011, Seoul was only 3% self-reliant on energy and
had a reserve margin of just 5.5% (Seoul Metropolitan
Government 2014). A major blackout in the region in
September helped catalyze the “One less nuclear power
plant” energy policy. Public opposition to nuclear power
following the Fukushima incident also helped set the
priorities for Seoul’s energy policy.

In addition to building retrofits, investments in public
infrastructure, and creation of a low-carbon energy
industry, one of the key pillars of Seoul's energy plan is the
“creation of a civic culture promoting energy conservation.”

The first step to transforming the local culture in this
way was to come up with 23 clear policy tasks and 71
programs that encompass the city’s energy efficiency
plan. The city government signed over 60 MOU'’s with
local businesses and civic groups and held over 100
public contests. By 2014, Seoul recorded an electricity
reduction of 2.04 million tonnes of oil equivalent (TOE),
of which 1.78 million TOE was from energy savings
and efficient use practices. Close to one million TOE
was saved just through citizens’ active participation—
monitoring their own indoor temperature control,
transportation, and waste production.



19 kleinmanenergy.upenn.edu

Despite significant electrification, Seoul's electricity
demand has dropped by more than 1% a year. Phase
two of the Seoul program builds on the success of
phase one. By 2020, the goal is to have reduced Seoul's
electricity demand from 50,000 GWh (under a baseline
case scenario) to 41,000 GWh. In addition to that, Seoul
plans to provide over 8,000 GWh (20% of demand)
using thermal cogeneration and renewable energy (PV
and fuel cells). This plan will reduce Seoul’s carbon
emissions from 49 million tonnes of CO,e to 39 million
tonnes, even with no change in the grid mix.

Clear and detailed goal setting and policy tasks were
invaluable for Seoul and ought to be replicated by any
city looking to galvanize public support around urban
transformation. In Seoul's case, the highly structured
plan provided easy progress reporting to residents,
which meant that they could see exactly how they were
helping the city achieve its goals.

As part of this goal setting, the city could also outline
clear but voluntary energy use targets for individuals,
and work with utilities to provide customers with regular
updates of their progress toward those targets. Having
a granular and detailed plan is more work up front, but
it makes an efficiency plan much more resilient and
achievable in the long run and allows the public to track
the city's progress leading to community engagement
and public accountability.

Another tool that Philadelphia could deploy to improve
local energy efficiency is the use of public surveys. A
2017 study in Singapore concluded that the consensus
among various stakeholders (from consumers to
industrial entities) was that cost-effectiveness was

the community’s highest priority, with sustainability
considered a secondary, non-prioritized factor (Siva et
al. 2017). Consumers also preferred well-established
technologies that required no new knowledge to
operate. This suggests that the most effective strategies
to improve building efficiency may be those that have the
greatest cost benefit to consumers and do not disrupt
any of their current behaviors.

The study also concluded that the key barriers to
implementation were the inflexible habits and mindsets
of end users, ineffective collaboration between
different parties involved, and the fact that the main
push for green buildings was coming predominantly
from the government. If non-governmental entities were
more aggressive in their push for energy efficiency
strategies, this may also lead Philadelphians to accept
behavioral changes.

Philadelphia could take the findings from this
Singapore survey and use them to inform the design

of a Philadelphia efficiency program or, even better,
Philadelphia to write and distribute its own survey to
gauge residents priorities and concerns and use this to
tailor the framing and policy tasks of an efficiency plan
to best meet these local priorities.
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NEXT STEPS

In many respects, Philadelphia
has already demonstrated
itself to be a leader in

tackling city-wide carbon
BMissions and embracing
regional sustainability.

The City is also well positioned
to become a leader on

urban energy efficiency.

Adequately reducing regional carbon emissions will
require bold and clear policy goals and market action
at the federal and state level. Without a clean electricity
grid—powered entirely by zero-carbon energy sources
such as solar, wind, hydropower, and nuclear—cities
cannot feasibly fully decarbonize their energy demand.
Cities can, however, reduce their demand for grid
electricity and fossil fuels by improving building efficiency,
influencing traffic and mobility patterns, utilizing waste
heat, generating electricity through distributed sources,
and by encouraging behavior change.

In this report, we outlined three “policy pillars” for
improving efficiency measures and offer several
examples that illustrate the kinds of programs
Philadelphia could adopt.

* Guide Through Investment

- Upgrade or retrofit municipal assets with systems
that are more energy efficient

- Offer cost-sharing programs to home-owners and
businesses for implementing greener infrastructure

- Direct investment in public spaces with efficiency in mind
- Provide free inspections and consultations to home-
owners and businesses
* Enforce Through Regulation

- Reconsider existing regulations on traffic, parking,
and building standards and determine if they are still
supportive of 21st century goals

- Introduce penalties and ensure strict enforcement

- Direct funds from penalty systems toward achieving
the targeted goal
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= Encourage Through Education

- Invest in community education and foster community
initiatives, competition, and engagement so that
residents and businesses understand the co-benefits
of efficiency improvements

- Use surveys and community feedback to develop an
in-depth understanding of residents’ primary concerns
and priorities and their willingness for investment and
behavior change

- Provide clear and detailed goals, objectives, and
measures of success based on the information and
preferences revealed through community engagement

Together, these policies can encompass an effective

local energy efficiency plan that reduces the city's carbon
footprint, and also reduces energy costs for residents,
improves urban public spaces, reduces congestion,
encourages healthy decisions by residents, reduces indoor
and outdoor air pollution, and engages communities.

The ability of Philadelphia, or any city for that matter, to
implement some or all of the many efficiency strategies
outlined in the report is dependent on the near-term
economic and social impacts of the global coronavirus
pandemic. There is still an enormous amount of
uncertainty at the time of writing as to how negatively
city budgets, transit agencies, and local businesses will
have been impacted by this pandemic and what that will
mean for the near-term capacity of cities to tackle the
issues of energy affordability, carbon emissions, and
public health. That said, the diverse strategies presented
in this digest offer a menu of options for taking those
steps forward.
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