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2 Executive Summary

Dr. Georges Benjamin, M.D., former Secretary of Health for Maryland and current
Executive Director of the American Public Health Association:

“Extreme heat in urban communities like Baltimore imposes enormous health and
financial costs, including increased heat-related deaths. This is especially true in
underserved and low-income minority neighborhoods. Adoption of Smart Surfaces city-
wide is an essential strategy to address the devastating impacts of climate change and
achieve a cooler and healthier city. This report demonstrates how and why Baltimore’s
leaders, with state support, should move quickly to adopt Smart Surfaces.”

Brendan Shane, Climate Director at the Trust for Public Lands, former C-40 Regional
Director for North America, former Head of Environmental Policy Washington, D.C.:

“The new Smart Surfaces Coalition is so essential because it provides a powerful new way
for cities to address both mitigation and adaptation. It will provide to cities, and groups like
C-40, a powerful new way to slow climate change and improve urban resilience and
livability. It is one of the largest, and perhaps the most effective, urban climate strategy to
limit warming and protect our cities.”

Chris Riehl, President of the Baltimore Tourism Association:

“Incorporating Smart Surfaces in Baltimore will overall improve the livability and appeal
of the city, allowing the city to market itself as more sustainable, energy efficient, and
desirable tourism destination.”

2.1 The Threat to Cities

More and more cities are becoming intolerably hot in the summer, and in the coming years
are increasingly at risk of becoming unlivable due to more extreme summer temperatures.
This is in large part because most cities have been covered with dark, heat-absorbing,
impervious surfaces, such as asphalt parking lots and dark roofs, resulting in higher peak
temperatures, higher energy bills, worsened flooding, and increased air pollution. Summers



are now commonly 9°F hotter in cities than the surrounding countryside, an effect
commonly referred to as the urban heat island. The impact is usually even worse in lower-
income neighborhoods, which generally have even fewer trees and darker surfaces, with
temperatures often 10°F hotter than wealthy neighborhoods with more trees.

Climate change is making cities even hotter. Under current projections, many cities will
experience a tripling of extremely hot summer days by 2050. A National Academy of
Sciences report warns that the mean human-experienced temperature rise by 2070 will
amount to an estimated 13° Fahrenheit.! And it warns that “in the absence of migration, by
2070 one third of the global population is projected to experience [summer heat of] 29 °C,
currently found in only 0.8% of the Earth’s land surface, mostly concentrated in the Sahara.”

The National Academy of Sciences report goes on to warn that more than a billion people
may have to migrate to avoid overheating. A recent Australian Institute report2 estimates
that a billion people could be displaced by climate and weather disasters by 2050. Unless city
policies and the pace of global warming change, many cities will become too hot in the
summer for humans to survive for prolonged periods outside—or in buildings without
adequate air conditioning.

The recent surges in extreme heat in traditionally cool places Seattle, Portland and much of
Canada has led to hundreds of excess heat deaths in a few days and a rush to buy air
conditioners where air conditioning (AC) has historically never been needed. This surge in
urban AC demand raises the terrifying threat of an urban accelerating heat loop that will
make urban heating and climate change even worse.

If AC does increase as projected (from 1.6 billion units now to about 5.6 billion units globally
by 2050),3 this would increase warming by 0.5°C just from increased electricity use. But the
climate impact would be much larger, as AC units use and leak greenhouse gasses that are
potent accelerants of global warming. Large increases in air conditioners would also mean
more AC heat dumped outside onto streets, potentially increasing city temperatures by an
additional 2°F, further increasing air conditioning loads. And in multi-storied building,
dumped heat from operating AC units preheats air drawn in by air conditioners units above,
making them less efficient and in turn requiring more AC units operating at fuller capacity
more of the time, in turn increasing heat rejection outside. Unfortunately, this self-
reinforcing urban overheating is the future of business as usual.

To avoid this nightmare scenario, cities must make themselves cooler, and global warming
must be slowed. The only strategy available that both cools cities and slows global warming

is adoption of Smart Surfaces—surfaces that are reflective, porous and green (such as cool or
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green roofs or reflective parking lots) along with trees and solar photovoltaic panels (PV). It
is therefore important to understand the potential and cost-effectiveness of Smart Surfaces
for cooling cities and slowing global warming.

Our coalition of leading health, planning, architecture, city policy, energy, affordable
housing, energy and other organizations called the Smart Surfaces Coalition is dedicated to
supporting expanded adoption of Smart Surfaces globally. Prior studies of potential city-wide
Smart Surfaces adoption by El Paso, Philadelphia and Washington DC demonstrated Smart
Surfaces to be a cost-effective, city-wide strategy to address climate change mitigation and
adaptation that would also improve equity and create jobs.

In this report, we have expanded the technical depth of analysis from these prior reports. We
analyze and model in detail the economic costs and benefits, as well as temperature
reduction impact, of one city—Baltimore—adopting Smart Surfaces.

With a population of 610,000, Baltimore is a mid-sized city located in an average urban
climactic zone. Like most cities, Baltimore is experiencing increasingly hot summers and is
suffering from the effects of climate change. Also like most cities, Baltimore's wealthier
neighborhoods have more trees and are cooler in the summer than low-income
neighborhoods and communities of color. Baltimore serves as a representative city where
policies around mitigating heat and climate change can hold vital lessons for cities globally
on how to survive and even thrive in a world characterized by climate change and
increasingly extreme summer heat.

2.2 Baltimore’s Future

Cities everywhere, including Baltimore, have a positive vision for their futures. In a range of
reports, Baltimore has described a vision for its future that includes increased livability,
enhanced water and air quality, environmental justice, increased employment, greater
attractiveness for tourism, and reduced carbon emissions.

Like most cities, however, Baltimore has largely covered itself in dark, impervious surfaces,
resulting in increased summer heat, higher energy bills, more flooding and pollution and
large structural inequities—lower-income neighborhoods are often 10 degrees F hotter than
wealthy green parts of the city. See Figure 2.2, below.

And as with most cities, the gap between Baltimore’s aspirations and its reality is being
widened by accelerating climate change and the rising frequency of severe heat and rain
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events. In 2018, the rapidly rising costs of climate change led Baltimore to file Mayor and
City Council of Baltimore v. BP P.L.C., a lawsuit against oil companies which asserts that:

“Baltimore is already experiencing a climatic and meteorological shift towards winters
and springs with more extreme precipitation events contrasted by hotter, dryer, and
longer summers. These changes have led to increased property damage, economic
injuries, and impacts to public health. The city must spend substantial funds to plan
for and respond to these phenomena, and to mitigate their secondary and tertiary
impacts. Compounding these environmental impacts are cascading social and
economic impacts... Baltimore is expected to experience a threefold increase in the
average number of days exceeding 90 degrees by 2050.7

2.3 Smart Surfaces for Baltimore

As noted above, cities are on average 9°F hotter in the summer due to their dark, impervious
surfaces, a phenomenon known as the Urban Heat Island (UHI) effect. Smart Surfaces—
including reflective, porous and green surfaces, solar photovoltaics (PV), and trees—enable
cities to manage and reduce excess heat, as well as manage increasingly severe rain events.

Adverse health and economic impacts from excess heat are multiple and complex. A major
review in the Annual Review of Public Health notes that “heat exhaustion and reduced
human performance are often overlooked in climate change health impact analysis.”™ The
ways that excess heat hurts health, productivity and economic well-being are multiple and
reinforcing, as summarized in Figure 2.2 below from the Annual Review of Public Health.
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Figure 2.1. Heat and health impact pathway’

Shifting from dark, impervious surfaces to Smart Surfaces would measurably improve the
quality of life in neighborhoods by making them cooler, greener, less polluted, and more
shaded by trees—in turn enabling and encouraging more people to spend time outdoors. The
increase in what the great urban activist and author Jane Jacobs calls “eyes on the street” is a
fundamental measure and determinant of community strength, safety, and health. Positive
impacts from more time spent outdoors include increased exercise, improved mental and
physical health, stronger communities, reduced crime, and a range of other positive social
and health-related outcomes. Many of these impacts are complex and difficult to quantify
and therefore are typically ignored. As a result, the benefits of Smart Surfaces are grossly
undercounted, so cities underinvest in Smart Surfaces in favor of lowest-first-cost, dark,
impervious surfaces. The resulting costs in terms of human health and suffering are
€normous.

This report by the Smart Surfaces Coalition answers the question: “How can Smart Surfaces
help Baltimore—and any other city—cost-effectively secure a cooler, healthier, more
productive, sustainable and equitable future despite climate change?”

The Smart Surfaces analysis detailed in the following chapters was conducted with the
guidance of multiple Baltimore city agencies, officials, local non-profits, and neighborhood
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groups—as well as leading experts and partner organizations involved in the Smart Surfaces
Coalition. These 45 Smart Surfaces Coalition partner organizations include the American
Public Health Association (APHA), the American Institute of Architects (AIA), the National
League of Cities (NLC), Habitat for Humanity (HFH) and the International Downtown
Association (IDA). Our analysis demonstrates that Smart Surfaces can play a large role in
enabling Baltimore to achieve its vision of becoming a healthier, more competitive, livable
and equitable city. The benefits of Smart Surfaces adoption by Baltimore would outweigh the
costs by a factor of more than 10 to 1.

2.4 Addressing Structural Inequality and Environmental Justice

In this report, we analyze the costs and benefits associated with Baltimore implementing a
set of Smart Surface adoption targets. Existing Baltimore city goals used in setting Smart
Surface adoption targets and analysis timeframes include the city’s 2040 tree canopy goal and
its 2030 emissions reduction goal.

Mapping and analysis of the costs and benefits of Smart Surfaces adoption was conducted
city-wide as well as for three lower-income areas in Baltimore: Brooklyn-Curtis Bay, Cherry
Hill, and Madison East End. These are predominantly communities of color and make up 5%
of Baltimore by population and 8% of the city by area. Not coincidentally, these lower-
income areas have tree coverage, ranging from 6% to 21%, well below the city-wide average
of 29%, and far below the 40% tree coverage goal set by the city.?

Long-term underinvestment in trees and other Smart Surfaces in lower-income
neighborhoods has resulted in higher summer temperatures, worse air quality, more health
problems, and higher energy bills, both in these neighborhoods and city-wide. Like far too
many cities, Baltimore exhibits a strong negative relationship between income and excess
summer heat. This is environmental inequality at perhaps its most stark.
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Figure 2.2. Heat map of Baltimore®

As illustrated above, lower-income areas such as Madison East End can be up to 14° F hotter
in the summer than wealthy, predominantly white neighborhoods such as Roland Park. This
huge difference reflects decades of city underinvestment in Smart Surfaces in lower-income
neighborhoods compared with tree-lined wealthy neighborhoods (although all the city’s
residents suffer from the Urban Heat Island effect and excess summer heat).

The growing health risks to Baltimore are described and documented in an 8-part series
called “Code Red.”!® An urban studies expert quoted in the documentary states:
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«

Policies like redlining—a practice, beginning in the 1930s and banned by the Fair
Housing Act in 1968, in which neighborhoods were marked high risk for mortgage
lenders in large part based on their racial makeup—forced people of color into less
desirable areas. In Baltimore, the city's hottest neighborhoods, many of which are

predominantly African American, still line up fairly consistently with the
neighborhoods marked "hazardous" on a 1937 map created by the Home Owners'
Loan Corp.”

Baltimore’s 2019 Sustainability Plan affirms the above: “Baltimore’s history of deliberate
racial segregation has positioned people in unhealthy and inequitable circumstances, deeply
affecting the well-being of many of our residents—as well as the social, economic, and
environmental well-being of our city.”

This on-the-ground environmental inequality stands in stark opposition to Baltimore’s future
vision for itself as an equitable city. It is also entirely unnecessary. As the following chapters
document, redressing this gross structural inequality through broad adoption of Smart
Surfaces—especially in lower income neighborhoods—would create financial benefits that
far exceed the costs. City-wide adoption of Smart Surfaces is an overdue investment
necessary for Baltimore to protect itself from accelerating climate change—and become the
healthier, more resilient, and more just city it seeks to be.

2.5 Costs and Benefits of Adopting of Smart Surfaces in Baltimore

Baltimore has developed important policies to improve its quality of life. For example, it is
one of the few substantial U.S. cities to increase its tree coverage over the last decade, from
28% to 29%, at a time when tree coverage in most cities in the U.S. was dropping. Adopting
Smart Surfaces would help confirm Baltimore as a national urban policy leader around
environmental, livability, and environmental justice issues.

25.1 Summary Cost-Benefit Analysis Results: 20-year Adoption Scenario

In this work for Baltimore (and funded by the Abell Foundation), the Smart Surfaces
Coalition developed a customized analytic tool for the city government of Baltimore to
quantify the costs and benefits of Baltimore-wide Smart Surfaces adoption. As documented
in this report, the net present value of adopting Smart Surfaces is substantial. City-wide
adoption of 10 Smart Surfaces strategies would yield a net present value of $13.5 billion,
equal to $21,000 per resident.
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Table 2.1 below summarizes the Smart Surfaces coverage and costs and benefits for
deployment of 10 Smart Surface strategies over a 20-year implementation period. Smart
Surfaces modeled for adoption span reflective parking lots to green roofs, increased solar PV
and more trees. These are all proven, widely available strategies. Cost-effectiveness of these
10 strategies varies, but overall, city-wide adoption of these targets is compelling. These
strategies would have a net present value of more than $13 billion and would reduce peak
Baltimore downtown summer temperature in the hottest central areas by 4.3°F below what it
would otherwise be.

Table 2.1. Consolidated Smart Surface Cost Benefit Analysis Results Summary: Baltimore 20-year Adoption

Scenario (30-year Analysis) (Source: Smart Surfaces Coalition)
BALTIMORE: 20-YEAR ADOPTION SCENARIO IMPACTS CONSOLIDATED SUMMARY

Peak
Total Cost Benefits NPV (millions, Benefit : Employment Summer
Smart Surface Target (millions, (millions, 2020%, 2% Real Cost Rat{o Ry Temp
2020$) 20208) Discount Rate) ¥ Reduction
Estimate i

— o 0,
Cool Roofs i Low-slope roof area: 80% $(112) $862 $541 7.7 1,904 2.4°F
Steep-slope roof area: 20%
Bioswale- .
) Low-slope roof area: 20% $(99) $549 $ 301 5.5 1,391 not included
managed Roofti
Green Roofs Low-slope roof area: 2% $(81) $158 $46 2.0 1,300 not included
o . 0,
Solar PV Low-slope roof area: 40% $(474) $10,604 $6,704 24 61,042 not included
Steep-slope roof area: 20%
Ll Parking area: 50% $(44) $103 $43 23 746 05 °F
Parking ™
Permeable : .
L. Parking area: 5% $48 $113 $110 14.4 not included
Parking®
Bioswale-
managed Parking area: 20% $(100) $578 $F321 5.8 1,698 not included
parking
Reflective
h Road area: 15% $(10) $27 $15 29 162 0.2 °F
Roads ¥
Permeable . ;
] Sidewalk area: 5% $(49) $200 $99 4.1 539 not included
Sidewalks

i Reflective surfaces have a large impact on city temperature. Regional temperature reduction benefits from
reflective surfaces may be large but not included in the quantified benefits due to lack of input data.

i Bioswales/bioretention can manage stormwater runoff from adjacent roofs or parking lots. A small area
of bioswale or tree trench can manage the water runoff of a much larger hard surface.

il Solar PV assumed to be financed by a third party, paid back from first 10 years of clean power generation.
Baltimore system owners will not receive an electricity value benefit until year 11 after installation.

v Permeable parking only applied when a parking lot is ripped out and replaced, at which time it costs less
to make the area permeable (grid-grass or grid-gravel) than to construct a new asphalt parking surface.

Total Cost in this case is therefore a positive number, reflecting a first cost savings.
17



City land area: 40% $(499) $1,330

$14,524 $8,739

(Note: Above costs and benefits do not sum to net benefits indicated because they accrue
over a 30-year timeframe and are discounted to a present value using a 2% discount rate.
Benefits are assumed to extend for 10 years beyond their period of implementation.)

Adoption of Smart Surfaces city-wide would have a more than 10:1 benefit to cost ratio.
Benefits are discussed in detail in the report and include lower energy costs, lower cost of
water treatment and decreased flooding. Lower summer temperature and improved air
quality would reduce health costs and risks of heat death. Smart Surfaces adoption also
creates good local jobs. Avoiding summer excess heat would protect the large and jobs-
intensive tourism industry, in turn contributing to increased economic activity and city
revenue.

Chris Riehl, President of the Baltimore Tourism Association:

“The Smart Surfaces Coalition has the potential to greatly improve conditions in low-
income communities by reducing urban temperatures, supplying jobs, and investing
resources in underserved areas. Improving these conditions will undoubtedly have a ripple
effect both for the local economy and tourism as a whole."

The job creation impact varies by type of Smart Surface, but overall net job creation impact
would be large, as summarized in Table 2.2, below.

Smart Surfaces adoption would create 78,700 job years over 30 years with 72,600 job years
created during the 20-year adoption period, equal to 3,600 full-time jobs during the two
decades of Smart Surfaces deployment. Job impact benefits could be even larger for the

v Temperature reduction from albedo measured between 1-4pm mid-Summer in downtown/central area
of city. Temperature reduction from increased tree canopy is from radiative shading only. It doesn't include
temperature reduction from increased evapotranspiration or reduced heat ejection into the city by air
conditioners due to lower ambient temperature or from shading of buildings by trees. These are substantial
additional heat reduction benefits from expanding tree coverage, meaning that cooling benefits from trees

are underestimated in this model.
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tourism sector, which is a major employer for Baltimore and Maryland and is under
increasing threat from rising summer heat.

As noted above, Baltimore is already suffering from excess summer heat, putting its large
summer tourism industry at risk. Tourism is a major industry for Maryland and Baltimore
and a major source of jobs for both. Tourism accounts for 6.2% of total employment in
Maryland (as of 2016), equal to over $1000 per household.!! The single largest tourism draw
in Maryland is Baltimore.

Table 2.2. Employment Impact Summary: Baltimore 20-year Adoption Scenario (30-year Analysis) - Job Years

Created (Source: Smart Surfaces Coalition)
Employment Impact: 20-year Adoption Scenario (30-year Analysis)
Dollar values in 1,000s of dollars

. . i = T
Cool Roofs LE 3T L =5 ?;:snv:a: Urban Trees Sz Solar PV* IR :::a-:i e
Parking e Roads 8 Roofs Sidewalks 8

Cost & Employment Assumptions

Total Cost
to Meet
Surface $(112,022) $(43,881) $(9,520) $(99,898) $(499,089) $(81,248) $(5,549,233) $(49,028) $(99,392)
Targets
(30-yrs.)
Average

Annual
Salary +
Benefits

Job Years from Direct Installation, Operations & Maintenance, and Additional Replacements

Labor
Intensity
(% of total

cost)

Labor
Cost
Job Years

Created

$(89,618) $35,105) | $(7.616) | $(79.919) | $(249545) | $(40.624) | $(2219,693) | $(19,611) | $(59,635)

1,792 702 152 1,598 4,991 812 44,394 392 1,193

Job Years from Direct Materials

Labor
Intensity
(% of total
cost)
Labor
Cost

$(5,601) $(2,194) $(476) $(4995) | $(249545) | $(24374) | $(832385) $(7,354) $(9,939)
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Job Years
Created

Total Job Years Created

Total Job
Years
Created

Tourism is most common during the summer months due to school holidays and family
travel but, as a US News and World Report article warned, “soaring temperatures” are a
factor to consider while planning a trip to Baltimore in the summer months.!> On our
climate’s current course, Baltimore’s summer heat is projected to put the city far into an
unfavorable tourism comfort range, according to the U. S. Climatic Tourism Index (see
Figure 2.4 below). The combination of higher average heat, greater frequency of extreme
heat, worse air pollution (including smog), and more severe rain and flooding events will
make Baltimore much less attractive for tourists in the summer—unless the city adopts
strategies to effectively cool the city and its neighborhoods. Smart Surfaces is the only viable
strategy available to achieve city-wide or neighborhood-wide cooling.

Climate Change Impacts on Summertime Tourism

Fas

" ol
i i “

U.S. Tourism Climatic Index

40 60 80
Unfavorable Acceptable Very Good/Good Ideal/Excellent
Figure 2.4 Climate Change impacts on Summer Tourism’?
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Implementation of Smart Surfaces city-wide can cut summer peak temperatures in
downtown Baltimore by more than 4 degrees Fahrenheit below what it would otherwise be.
At the end of the 30-year analysis period, Baltimore can be cooler than it is today despite
rising global and regional temperatures. This would not only protect human health; it would
protect Baltimore’s critical tourism industry and its large economic and employment
benefits.

Ren Englum, Group Leader for the Baltimore Chapter of Citizen’s Climate Lobby:

“The Smart Surfaces Coalition illustrates the transformative potential of well-designed
climate solutions. When tackled strategically, we can reduce carbon emissions and save
money while also improving the livability and enjoyability of Baltimore City. We are
especially hopeful that if implemented, the recommendations by Smart Surfaces Coalition
will benefit our most impoverished and underserved communities by reducing energy
costs, lowering summer temperatures and cutting down on air pollution. We all win with
this plan and hope to help see it implemented fully.”

Visitor spending in the Baltimore region sustained 86,414 total jobs directly and indirectly in
2018.1* At least $4.3 billion in tourism-driven revenue was generated in Baltimore in June,
July and August of 2018, along with $171 million in revenue for Maryland and $122 million
in tourism tax revenue accruing to Baltimore. Given the threat to tourism from heat today, it
can reasonably be assumed that the tripling of extremely hot days would substantially reduce
tourism—although it is difficult to calculate how large a reduction would occur. Recent
modeling of tourism impact in other areas from rising temperature suggests potential tourism
losses in the 10% to 20% range, with potential estimated maximum tourism losses of up to
50%.1

Our analysis indicates that due to rising city summer temperatures, Baltimore can expect at
least a 5%-20% loss of summer tourism over 30 years. These ranges are discussed in the
tourism section of the report. Smart Surfaces adoption can cool Baltimore’s downtown by
more than 4°F over this period, more than offsetting projected warming. In other words,
Smart Surfaces adoption would allow Baltimore to become cooler as the world is getting
warmer. This would avoid all potential tourism losses from projected rising heat. If a
potential 20% summer tourism is avoided, NPV of city-wide adoption of Smart Surfaces
would rise to $24 billion with a benefit-cost ratio of over 28:1. This reflects the enormous
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risk to Baltimore’s critical tourism industry from rising summer temperatures. In this report,
we assume the lowest level of loss to summer tourism—5%. See Table 2.3 below.

Table 2.3. Summary Analysis of Baltimore 20-Year Adoption Scenario (see table 2.1 for subtotal results by
surface) with Avoided Tourism Losses of 5%, 10%, and 20% over 30 years (dollar values in millions of 2020
dollars) (Source: Smart Surfaces Coalition)

NPV (2% real  Benefit-

20-Year Adoption Total Cost Total Benefit . Job Years
Scenario (millions, 2020$)  (millions, 2020$) discount) e Created/Saved
(millions, 20203) Ratio

Total — Before
Tourism Benefit $(1,420) $14,524 $8,739 10:1 78,765

(see table 2.1)

o . .
5% Avoided Tourism $ 6,420 $4.793 51,848
Loss
Total with
506 Tourism Benefit $(1,420) $20,944 $13,532 9 130,613
o .

10% Avoided $12,840 $9,586 103,697

Tourism Loss

3 0,
Sotahwich 10% $(1,420) $27,364 $18,325 : 182,461

Tourism Benefit
. ;

20% Avoided $25,680 $19,171 207,394

Tourism Loss

3 0,
Total with 20% $(1,420) $40,204 $23,964 : 286,158

Tourism Benefit

Adoption of Smart Surfaces would allow Baltimore summer temperatures to drop while the
world gets hotter. A cooler Baltimore would be more attractive to tourists, especially
compared with alternative tourist destinations that are getting hotter. Instead of going north
to Boston to escape the summer heat, families from Virginia, Pennsylvania, or New Jersey
might instead come to a cooling Baltimore for summer vacations.

Assuming the lowest level of avoided summer tourism losses of 5%, avoided tourism-related

summer losses would be several thousand jobs. This would increase the positive jobs impact

due to installing Smart Surfaces to about 5,300 full-time jobs in the 20-years during adoption,
2



equal to about 3% of Baltimore’s total labor force. Smart Surfaces is an important investment
for Baltimore employment.

2.6 Smart Surfaces: Urgently Necessary

Baltimore’s vision for its future includes better livability, enhanced water and air quality,
environmental justice, increased employment, greater attractiveness for tourism, expansion
of good jobs and reducing its contribution to global warming. Smart Surfaces can play a
major role in enabling Baltimore to achieve these multiple objectives cost-effectively.

Smart Surfaces can mitigate rapidly mounting climate risks, thereby protecting Baltimore’s
economy. Smart Surfaces are well-proven and widely available solutions, and if deployed
city-wide would make Baltimore cooler, more livable and financially stronger despite
climate change. In contrast, business as usual (dark, impervious surfaces) is a far riskier and
much more financially fraught pathway. All in all, the benefit-cost ratio documented for
adoption of Smart Surfaces by Baltimore is more than 10 to 1, making this one of the few
major climate mitigation strategies available to cities that more than pays for itself.

There is a compelling financial, ethical, and risk case for rapid adoption of Smart Surface
solutions city-wide as the standard, baseline city policy.

2.7 Applicability to Other Cities

In this report, we analyze in detail the costs and benefits and temperature reduction impact
of one city—Baltimore—adopting Smart Surfaces. With a population of 610,000, Baltimore is
an average-sized city, and it is located in a populous and central urban climactic zone. These
factors make Baltimore a representative city where successful policies around mitigating heat
and climate change can hold important lessons for cities globally.

This report builds on and extends similar findings of impact and cost-effectiveness from the
Delivering Urban Resilience — Smart Surfaces Coalition city-wide Smart Surfaces adoption
analysis of/with El Paso, Philadelphia, and Washington DC. As with the other cities studies,
Smart Surfaces adoption by Baltimore would strengthen the economy, expand employment,
enhance urban health, reduce energy bills, and make Baltimore far more resilient in the face
of climate change — protecting Baltimore’s access to low-cost bond markets.!¢ It would also
protect and enhance city credit ratings, as documented in the Risk & Insurance publication,
“Helping Cities Manage Climate Change: Smart Surfaces, Credit Ratings and Risk
Management — Smart Surfaces Coalition.” Unlike the prior reports, this report also
quantifies city-wide adoption of Smart Surfaces impact on city cooling.
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The detailed Smart Surfaces cost-benefit analysis undertaken in four major disparate cities
consistently demonstrate that Smart Surfaces is a highly cost-effective strategy for cities
across the U.S. and globally that are concerned about worsening heat, climate, health, equity,
and/or resilience risks.

Under current projections, many cities will experience a tripling of extremely hot summer
days by 2050. Projected warming will make many cities unlivable (outside air conditioned
space) during summer months, with rapidly expanded air conditioning further accelerating
global warming. To avoid this nightmare scenario, cities must be made cooler and global
warming must be slowed. The only policy that does both these things cost-effectively is
urban adoption Smart Surfaces—reflective, porous and green surfaces (such as reflective or
green roofs or reflective parking lots) along with trees and solar PV.

2.8 Conclusion

Bill Updike, Former Chief of Green Building & Climate branch at DC Department of
Energy & Environment:

“The Smart Surfaces cost-benefit analysis completed for Washington, DC provided a
powerful and persuasive new way for the city to understand and manage its surfaces in
order to address the urban heat island effect and mitigate the effects of climate change. The
report and its findings have been influential within DC in enabling the city to expand
Smart Surface requirements for roofs, roads, and surfaces g_;enerally.”

Dr. Georges C. Benjamin, M.D., Executive Director of the American Public Health
Association, and former Secretary of Health for Maryland and former Deputy Secretary for
Public Health Services for Maryland:

“Climate change is the greatest public health crisis of our lifetime and is an especially grave
and immediate threat to urban communities, particularly lower income communities,
which are at a higher risk of heat related injury. The Smart Surfaces Coalition offers a
transformative and cost-effective way to slow global warming and make cities cooler and
healthier. Smart Surfaces are also an important strategy to mitigate the health risk from
extreme heat in a cost-effective way — it must be adequately funded, rapidly implemented

and brought to scale.”
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Baltimore can reduce its summer temperature as the world warms, and can mitigate flooding
even as the number of extreme rain events rise. In so doing Baltimore can build on its
already strong water management and tree planting policies to enhance livability, support
economic growth, protect its vital tourism industry and become more equitable and cooler.
Many of the physical inequalities that characterize and disadvantage low-income areas can
be redressed with Smart Surfaces—and as demonstrated in this report—would provide large
net financial returns to all its citizens.

Guided by Baltimore’s vision for its future, and with the support of its agencies and NGOs,
this report maps out and quantifies a pathway to a healthier, more livable, equitable and
prosperous future. But this requires that Baltimore make design decisions for its surfaces
differently, shifting from lowest first cost, dark, impervious surfaces to lower total cost
reflective, porous, and green Smart Surfaces.

By deliberately reshaping all its surfaces to better manage its sun and rain, Baltimore can
help ensure that it achieves its health, climate, equity, sustainability, and financial objectives,
ensuring it is an increasingly healthy, livable and vibrant city for coming generations—and a
model for other cities.
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3 Introduction

In a range of surveys, studies and plans, including the 2019 Baltimore Sustainability Plan,
Baltimore has laid out a vision for its future that includes increased livability, enhanced
water and air quality, environmental justice, increased employment, reduced contribution to
global warming, greater attractiveness for tourism and expansion of good local jobs. The
Abell Foundation funded the Smart Surfaces Coalition to undertake a detailed cost-benefit
analysis of the potential for Baltimore to achieve a range of quality of life and environmental
objectives.

This report starts with the set of quality of life, economic, health and environmental and
equity objectives that Baltimore identified as core objectives for itself, and outlines how
Smart Surfaces can help Baltimore achieve these objectives cost-effectively. By deliberately
changing its surfaces, Baltimore can reshape how it manages sun and rain and go a long way
to achieving its objectives.

The City of Baltimore explains in the 2018 lawsuit Mayor and City Council of Baltimore v.
BP P.L.C. that, “Baltimore is already experiencing a climatic and meteorological shift towards
winters and springs with more extreme precipitation events contrasted by hotter, dryer, and
longer summers. These changes have led to increased property damage, economic injuries,
and impacts to public health. The City must spend substantial funds to plan for and respond
to these phenomena, and to mitigate their secondary and tertiary impacts. Compounding
these environmental impacts are cascading social and economic impacts, which cause injuries
to the City that will arise out of localized climate change-related conditions.””

In this report, we undertake a city-wide cost-benefit analysis of adopting Smart Surfaces in
Baltimore. We also quantify the Smart Surfaces costs and benefits for three low-income areas
in Baltimore: Brooklyn-Curtis Bay, Cherry Hill, and Madison East End. These neighborhoods
are substantial, representing about 5 percent of Baltimore by population and 8 percent of the
city by area. Not coincidentally, these low-income areas have less tree coverage than
Baltimore as a whole. Cherry Hill’s 21 percent, Brooklyn-Curtis Bay’s 15 percent, and
Madison East End’s 6 percent tree coverage are all significantly less than the city-wide figure
of 28 percent.!® Underinvestment in trees and green solutions in urban low-income areas
results in higher summer temperatures, worse air quality, more health problems, and higher
energy bills.

This structural inequality is inimical to Baltimore’s future vision for itself and constitutes a
pervasive and ongoing environmental injustice, with large costs for the city as a whole. It is
also entirely unnecessary. As this report documents and details, redressing this gross
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structural inequality through broad adoption of Smart Surfaces would provide financial
benefits that far exceed the costs.

Baltimore has already made major investments and shifts in policies to improve its citizen’s
quality of life, such as expanding city tree coverage. Adopting Smart Surfaces would
strengthen Baltimore’s position as a national leader on environmental, quality of life and
environmental justice issues.

This report demonstrates that the growing city-wide risks from extreme heat and weather
events driven by climate change could be largely offset by Baltimore’s adoption of Smart
Surface technologies. Many of the physical inequalities that characterize and disadvantage
low-income areas can also be greatly improved with Smart Surfaces and would provide
substantial net financial returns to the city as a whole. In the Smart Surfaces adoption
scenarios modeled, net financial benefits exceed costs both city-wide and locally in the
lower-income neighborhoods. Baltimore can achieve billions of dollars in net financial
benefits at a city level. These net positive financial returns constitute a strong financial,
resilience and public policy case for rapid adoption of Smart Surface solutions city-wide as
standard, baseline policy for Baltimore.

As detailed and documented in this report, the net present value of adopting Smart Surfaces
in Baltimore is estimated to be $8.7 billion for the 20-year scenario’ without tourism
benefits, and $13.5 billion with tourism benefits included.

The Smart Surface Coalition has developed a cost-benefit analytic engine to quantify the
costs and benefits of comprehensive Smart Surface adoption in Baltimore. While this
customized cost-benefit tool was developed for and will just be provided to Baltimore
officials and its Office of Sustainability, this report provides findings and analysis on the full
range of Smart Surface technologies and provides insight into many of their benefits. The
findings section also details the main findings from the Smart Surface Coalition’s cost-benefit
analysis.

Most impacts excluded from cost-benefit calculations (due to limited data and/or peer-
reviewed studies, etc.) are benefits, so this report underestimates the value of Smart Surfaces.

Justin Bowers, Baltimore Tree Trust, Assistant Director:

“The Smart Surfaces Coalition is a powerful new organization that brings a greatly needed
ability to quantify and recognize a much more complete set of benefits. This is essential if
we are to shape Baltimore—and all our cities to be more livable, equitable and healthy.”
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3.1 About the Smart Surfaces Coalition

The Smart Surfaces Coalition is a 501(c)(3) non-profit organization that engages more than
40 partner organizations across many sectors, including the National League of Cities, the
American Planning Association, the American Public Health Association, Habitat for
Humanity, AIA, and the International Downtown Association, around a single mission:
transforming and making more livable America’s 18,000 cities and towns while combating
climate change. Smart Surface solutions include cool and green roofing, porous and reflective
pavements, urban trees, solar PV and integrated use of these surfaces (e.g., solar on reflective
roof or on a green roof). The Smart Surfaces Coalition and Coalition partners have developed
an integrated strategy to accelerate tenfold the urban adoption of Smart Surfaces to mitigate
climate change, expand employment, advance equity, and reduce city temperature, air
pollution and flooding, with substantial positive net present value to cities. The Coalition has
also developed an analytic engine that quantifies the full range of costs and benefits of Smart
Surface adoption, in order to enable more informed and cost-effective surfacing decisions.

3.2 Project Background

Supported by funding from the Abell Foundation, the Smart Surfaces Coalition developed a
Baltimore-specific online cost-benefit model of the city’s potential to achieve a broad range
of financial and other benefits by adoption of Smart Surfaces. This analytic engine is
dynamic, meaning that it can run multiple scenarios and answer “what if” questions such as:
What if Baltimore increases tree coverage by 10%? Or, what are the cost and benefits of
shifting to green and reflective roofs and parking lots? Essentially, it is a dynamic cost-
benefit calculating engine customized for Baltimore that allows the city to model and
understand the costs and benefits of a broad range of sustainable infrastructure investment
options. The analytic tool and this corresponding report are intended to allow Baltimore to
better understand its surfaces design options and to enable more informed and effective city
policy.

Cities including Baltimore have not had the tools to-date to make informed decisions or
evaluate the cost-effectiveness of deploying Smart Surfaces. Probably the best US health
valuation model is EPA’s BenMAP—but this deals with only a subset of Baltimore’s health
issues. We built on BenMAP to quantify a more comprehensive set of health costs and
benefits. Doing so involved addressing and solving some benefit estimation gaps. These
include: estimating the indirect energy benefit of green roofs; developing simple, yet robust
temperature-based methods to estimate city ozone concentration reductions; valuing health
benefits of PM2.5 emissions reductions due to installing cool roofs, green roofs, reflective

pavements, and urban trees; valuing heat-related mortality reductions due to cool roofs,
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green roofs, reflective pavements, and urban trees; and combining new methods and existing
methods to estimate costs and benefits at the neighborhood level.

The vast majority of this work has been undertaken by the Smart Surfaces Coalition, with
subcontracted work around data and work with low-income neighborhoods and city
agencies. Also supporting on data collection and early work exposure during the Baltimore
“data day” was the Baltimore Neighborhood Indicators Alliance/the University of Baltimore.

Prior Smart Surfaces technical and cost-benefits analysis demonstrated that large cities such
as Philadelphia and El Paso can save billions of dollars over several decades through
investing in city-wide adoption of Smart Surfaces, and these reports inform this document.
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4 Qverview

4.1 What are Smart Surfaces

This report assembles and analyzes a set of technologies that are applied to the surfaces of
cities, including roofs, roads, parking lots, sidewalks, etc., and describes these collectively
with a relatively new term: “Smart Surfaces.” This term is used to describe a set of surfaces
that can deliver a range of measurable, albeit sometimes complex, benefits and enhancements
relative to conventional urban surfaces.

4.2 Why use Smart Surfaces

Cities suffer from worse air pollution and higher summer temperatures than surrounding
rural areas.! The last decades have seen some cities begin to adopt several surface solutions
that can reduce these environmental, health, and energy costs. These Smart Surface solutions
include reflective (cool) roofs to cool the urban environment and decrease energy bills, green
(vegetated) roofs to reduce stormwater runoff, cool the urban environment, and decrease
energy bills; and rooftop solar photovoltaics (PV) to generate electricity and reduce air
pollution. Urban trees, though commonly seen as a way to beautify cities, are increasingly
recognized for their ability to help manage stormwater, cool the urban environment, reduce
pollution, and decrease energy bills. Cool (reflective) sidewalks and pavements can also be
used to cool Baltimore’s already hot summers.

Figure 4.1. Images of Smart Surfaces (from left to right and top to bottom: cool roofs, solar PV, permeable
pavements, green roofs, urban trees, and reflective pavements)
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These solutions have been deployed in pilots or in standalone programs by dozens of cities or
towns (out of America’s 18,000 cities and towns). Often this work has been with developers,
affordable housing organizations, or others to address a specific problem, such as reducing
the cost of stormwater treatment. However, these initiatives tend to be standalone or pilot
projects and commonly involve only one Smart Surface. Further, these programs often do not
in the long-term change how cities make surface decisions. City infrastructure decisions are
made by city departments that lack the expertise, authority or tools to quantify and
understand critical costs and benefits or make decision based on them. 7he impact categories
that are as a rule ignored by cities in designing their surfaces include city heat, air and water
pollution and quality, human health, equity, employment, livability, impact on tourism, city
bond rating and climate. As a result, American cities (and cities globally) are covered with
dark impervious surfaces that make then hotter, less healthy, less livable and less
competitive.

The Smart Surfaces Coalition was developed to redress this systematic failure. The Coalition
does so through three simultaneous integrated steps with a broad and influential set of engaged
partners. These 3 steps are:

e Organize surface solutions in a single framework to enable city-wide analysis and
adoption

e Build tools for cities to quantify the full costs and benefits of all surface options,
model design scenarios, and make fully informed city-wide surface design decisions

e Directly support cities through integrated training, guidance, and analysis through
a Coalition of leading organizations that cities already trust

Ren Englum, Group Leader for the Baltimore Chapter of Citizen’s Climate Lobby:

“The Smart Surfaces Coalition illustrates the transformative potential of well-designed
climate solutions. When tackled strategically, we can reduce carbon emissions and save
money while also improving the livability and enjoyability of Baltimore City. We are
especially hopeful that if implemented, the recommendations by Smart Surfaces Coalition
will benefit our most impoverished and underserved communities by reducing energy
costs, lowering summer temperatures and cutting down on air pollution. We all win with
this plan and hope to help see it implemented fully.”

4.3 Why focus on lower-income neighborhoods?
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4.3.1 Urban heat island effect

Due to use of low first cost dark, impervious surfaces as the standard surfacing solutions,
Baltimore and other cities experience what is called the urban heat island (UHI) effect. The
UHI effect results in substantially higher summer temperatures—about 9 degrees F—and
worse air pollution in cities than the surrounding suburban and rural areas. Low-income
areas tend to have lower coverage of greenery and higher coverage of dark and impervious
surfaces. For example, two of Baltimore’s low-income neighborhoods, Brooklyn-Curtis Bay
at 15 percent and Madison East End at 6 percent, have tree coverage far below the city-wide
figure of 29 percent. As a result, urban low-income residents suffer disproportionately from
the urban heat island effect.?

Low income communities generally share some common attributes:

Greater population density * more people at risk
Higher % children/elderly » greater medical risk
i Te | g =V 10 [ L= VA [ NN Vg i=1o(=1 « hotter, more smog and more stormwater runoff

Lower % tree cover * hotter and more air pollution

S VA TRl e a I e il laletelna =3 * larger relative energy cost savings

Higher % unemployed *» employment benefits potentially larger

Figure 4.2. Greater risk and larger potential benefit in low-income areas. Source: SSC/Capital E

The combination of impervious surfaces, anthropogenic climate change, and the scarcity of
heat-ameliorating features such as trees and reflective surfaces results in increasingly
dangerous urban summer temperatures.?! Asphalt in particular has very high surface
temperature, heat storage potential, and heat emission capacity relative to other surfaces.?
These elements contribute to high and rising urban temperatures and hurt lower-income
neighborhoods disproportionately.? Heat-related mortality and heat-related distress calls are
concentrated in low-income neighborhoods, which in Baltimore tend to be communities
predominantly of color.?

A study conducted by the University of Maryland and Portland State University highlights
the inequitable heat distribution between lower-income and high-income neighborhoods.
The study found that formerly redlined areas relative to their non-redlined neighborhoods
vary in land surface temperature by as much as 7°C.» Below is a mapping of Baltimore by an
SSC partner that demonstrates the strong inverse correlation between income and
temperature.
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Figure 4.3. Higher heat in lower income areas in Baltimore. Source: SSC/New York Times*®

4.3.2 Health

In Mayor and City Council of Baltimore v. BP P.L.C., Baltimore states that “the City has
incurred and will continue to incur expenses in planning and preparing for, and treating, the
public health impacts associated with anthropogenic global warming including, but not
limited to, impacts associated with extreme weather, extreme heat, decreased air quality, and
vector-borne illnesses.”?” The damage and cost of increased temperature and air pollution are
particularly acute for urban low-income areas. The publication Environmental Health
Perspectives has noted that, “Substantial scientific evidence gained in the past decade has
shown that various aspects of the built environment can have profound, directly measurable
effects on both physical and mental health outcomes, particularly adding to the burden of
illness among ethnic minority populations and low-income communities.”” Increased green
space and gardens has been demonstrated to have a positive correlation with reductions in
asthma hospitalization.? Healthcare costs pose a significantly larger financial burden on
low-income urban residents than higher-income residents. For example, excess heat and
poor air quality in low-income areas increase emergency room visits by low-income
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residents, some of whom lack insurance, creating a burden of large non-reimbursed hospital
costs.%0

According to the City of Baltimore in Mayor and City Council of Baltimore v. BP, P.L.C., in
addition to rising heat-related mortality and morbidity and increased pollution, “the
warming climate system will create disease-related public health impacts in Baltimore,
including but not limited to, increased incidence of emerging and vector-borne diseases with
migration of animal and insect disease vectors; physical and mental health impacts associated
with severe weather events, such as flooding, when they cause population dislocation and
infrastructure loss; exacerbation of existing respiratory disease, cardiovascular disease, and
stroke as a result of heatwaves and increased average temperature; and respiratory distress,
and exacerbation of existing disease. Public health impacts of these climatological changes
are likely to be disproportionately borne by communities made vulnerable by their
geographic location, and by racial and income disparities.”3!

Smart Surfaces are the only viable strategy available to reduce or even reverse climate change
and UHI-driven excess urban heat. Utilizing greenspace to reduce heat can also help mitigate
heat-related illnesses and heat-related emergency calls—which are most common in low-
income areas.3? Increasing urban greenspace and cooling streets can also result in increased
walking and exercise, yielding health benefits associated with greater physical activity.3?

If Baltimore reshapes its outdoors to make its neighborhoods cooler, less polluted and more
shaded, this would increase outdoor activity and exercise, strengthen community and reduce
crime. And, as the great Jane Jacobs noted in her seminal book, The Death and Life of Great

American Cities, having “eyes on the street” is central to making communities safe and

vibrant places to raise families and grow strong community. Smart Surfaces results in more
“eyes on the street” and enables more active outdoor lives and more vibrant communities. In
our analysis, we are able to quantify many benefits, but we do not yet have data to fully
value the creation of more livable, healthy places and communities. These broad additional
benefits could outweigh the benefits we do calculate below.

4.3.3 COVID-19 and Pandemic risk

The COVID-19 pandemic demonstrated that regions with higher poverty levels have higher
mortality rates.> Living in a low-income area—which are more likely to endure higher
pollution rates—can also increase the mortality rate of infected individuals. A 2020 study by
Wiemers et al. provides convincing evidence that vulnerability to Covid-19 based on
preexisting health conditions follows racial and socioeconomic lines.* By investing in
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infrastructure to reduce urban heat and flooding, cities can improve the health of residents
and reduce pre-existing conditions that make populations more vulnerable to pandemics.

4.3.4 Address systemic inequity and energy

Energy costs make up a higher percentage of expenses for lower-income residents. Research
from the Joint Center for Housing Studies of Harvard University, for example, shows that for
the lowest-income renters, tenant-paid household energy costs represent approximately 15%
of income, while energy costs make up about 1% of total income for the highest-income
renters.* As a consequence, the impact of energy bill reductions is proportionally far larger
for affordable housing properties. Roofs in low-income city areas also generally have low
solar reflectance, meaning they absorb the majority of sunlight, which greatly increases the
heat gain on the top floor of buildings, increasing the risk of heat death—and contributing to
higher urban temperatures. In addition, urban low-income residents are more likely to live
in areas with no tree canopy and/or greater than 50 percent impervious area.”’

The September 2020 ACEEE Report, “How High Are Household Energy Burdens? An
Assessment of National and Metropolitan Energy Burden across the United States,” illustrates
this disproportionate burden of energy bills on low-income residents and people of color.
The report findings include the following:

e Nationally, low-income households experienced a median energy burden of 8.1
percent, more than 3 times higher than the median energy burden for non-low-
income households (2.3 percent).

e Within the low-income category, low-income with older adults experienced the
highest median energy burden (9.3 percent), followed by low-income with disability
(8.7 percent) and low-income with children (under 6) (7.1 percent).

e Nationally, over 25% of all households experience a high energy burden (over 6%),
and about 50% of these households experience a severe energy burden (over 10%).

e In 16 cities studied, a quarter of low-income households experienced an energy
burden four times higher than that for all households, and in five of those cities, a
quarter of low-income households experienced an energy burden of over 18%.

e African American households experienced a median energy burden of 4.1 percent, 43
percent greater than white households.

¢ Latino households experienced a median energy burden of 3.5 percent, 20 percent
greater than white households.

e “High energy burdens are associated with inadequate housing conditions and have
been found to affect physical and mental health, nutrition, and local economic
development.”
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The ACEEE report found that “across the 25 municipalities studied, low-income households
experience energy burdens at least two times higher than the average household in all cities.
In all metro areas studied, Black and Hispanic households experience higher energy burdens
than non-Hispanic white households. In addition to the negative physical and mental health
outcomes associated with high energy burdens, “households with high energy burdens are
more likely to stay caught in cycles of poverty,” according to the report.®

In addition, low-income schools, neighborhoods, workplaces and homes are more likely to
experience different forms of discomfort and productivity loss due to higher temperatures
than wealthier and cooler neighborhoods. A New York Times editorial entitled
“Temperatures Rise, and We’re Cooked” summarizes findings that “students who take New
York State Residents exam on a 90-degree day have a 12 percent greater chance of failing
than when the temperature is 72 degrees”, and that in auto factories, “a week of six days
above 90 degrees reduces production by 8 percent”.*

4.4 What is included in this report

Until the Smart Surfaces Coalition formed, there was no established methodology for
estimating the full costs and benefits, including health benefits, for Smart Surface solutions.
Because this report seeks to rigorously document and quantify a set of technology and policy
measures, we have developed some new approaches, methodologies and even a few new
terms. Detailed methodologies for each component of the analysis are included to help
policymakers understand costs and benefits of each Smart Surface solution.

This report reflects the guidance of national and city partners, epidemiologists, technology,
stormwater, energy experts and others, to assemble and analyze U.S. and international data
and studies to build a detailed, integrated cost-benefit analytic/financial model for Baltimore.
In earlier iterations of this work, we estimated the costs and benefits for individual buildings
at the scale of neighborhoods and at the scale of cities—especially Philadelphia, El Paso and
Washington DC.# These past studies inform this Baltimore analysis.

There are tens of thousands of buildings and tens of millions of square feet of pavement in
Baltimore, so it is important to understand the costs and benefits of deploying Smart Surfaces
solutions at a large scale. This is particularly true for low-income areas which generally
suffer from higher summer temperatures, worse air quality, more severe health problems,
and greater energy bills per square foot than more affluent areas (see Figure 2.2). This
analysis is intended to enable more informed, cost-effective city-wide decisions to make
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cities healthier, more equitable and affordable, and to reduce their contribution to climate
change.

4.4.1 Opverview of report structure

This report starts with a brief overview of purpose. It then examines Baltimore’s climate
action and sustainability goals, and how Smart Surfaces might help to achieve these. This is
followed by an introduction to Smart Surface solutions and their impacts. This report then
overviews methods of analysis used in cost-benefit quantification, and explains the structure
of the analytic engine and our cost-benefit findings. The report concludes with the
implications of key findings and a discussion of next steps. The intent is to enable Baltimore
to better understand, evaluate, and estimate the full costs and benefits of smarter city surface
choices, and to then adopt and implement the most cost-effective and beneficial solutions to
meet its objectives.

All costs and benefits are quantified on a present value, dollars per square foot basis, with
explicit and consistent assumptions on term and discount rate. This approach results in
common present value and net present value per square foot ($/ft2) estimates that enable all
costs and benefits to be compared to each other and/or aggregated into a single cost-benefit
estimate. All dollar values are presented in 2020 dollars unless otherwise noted. This report is
designed to allow evaluation of the deployment of integrated options and provides estimates
of the cumulative impact of these solutions at the city-level and at the neighborhood level.
By quantifying a set of costs and benefits that is far broader and more complete than other
work to date, this report is intended to inform and enable more cost-effective city policy
design choices.

Health impacts are large and complex. This report describes the different health impact
pathways and methodologies used to estimate these costs and benefits. Because this type of
analysis is new, it draws on multiple methods, studies, and models to develop an integrated
methodology for estimating health impacts.

Costs (such as operations and maintenance costs), and benefits (such as ozone reduction or
job creation) are mapped and calculated for each Smart Surfaces strategy. These costs and
benefits are then aggregated neighborhood-wide or city-wide. While we were able to
quantify many benefits, additional substantial benefits lack adequate data to allow
quantification, so findings here substantially underestimate benefits and net present value of
these Smart Surface solutions.
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We also provide a flow chart for each impact pathway to provide a clear visual
representation of causal links between each Smart Surface technology (such as a cool roof or
green roof) and quantified impact (such as increased ozone or reduced CO2). In order to
simplify this representation and quantification of impacts, we include only impacts that are
material. Figure 4.4 below is an example of an impact pathway diagram, in this case for the
impact of increasing rooftop vegetation on ozone concentration.
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Figure 4.4. Example of Smart Surface Impact Pathway (Note: vertical arrows indicate increase or decrease while
horizontal arrows indicate direction of impact.)
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5 The City of Baltimore and Sustainability Efforts

5.1 Background on Baltimore sustainability goals

In 2009 the City of Baltimore adopted its first Sustainability Plan. One of the strategies to
reduce pollution included the creation of a Climate Action Plan, which the Baltimore Office
of Sustainability completed in 2012. This plan outlines how the city could reduce greenhouse
gas emissions, and included the specific goal of reducing city-wide emissions by 15% by
2020. The City of Baltimore adopted its second Sustainability Plan in 2019 which outlines
sustainability strategies across 5 themes: community, human-made systems, climate and
resilience, nature in the city, and the economy. Many of the goals outlined in these
influential documents can be addressed through city-wide adoption of Smart Surfaces. Since
the release of these two reports, the Baltimore Office of Sustainability has updated their
emissions targets and other sustainability goals - and these are described and analyzed in
Section 6.

5.1.1 2019 Baltimore Sustainability Plan

The 2019 Baltimore Sustainability Plan seeks to expand the work of other city projects
including the Baltimore Green Network (2018) which transforms vacant properties into
green community assets and connects with community organizations such as schools and
activity centers to utilize these spaces effectively. The Sustainability Plan also seeks to
address hazards including flooding, extreme heat, and the anticipated threats of climate
change by expanding the work of the Disaster Preparedness and Planning Project (DP3)
(2018).42

Accountability and a commitment to reaching the city’s goals serve as a large aspect of the
Baltimore Office of Sustainability’s work. The Sustainability Plan outlines efforts to track
Baltimore’s progress and ability to advance equity and sustainability goals. This includes
three major responsibilities, the first is the production of an annual report, with a focus on
the previous years’ efforts and the effectiveness of “acting in a racially equitable way”.** The
second is an annual Open House event to check in with city residents, ask questions, and
renew Baltimore’s commitments. The third is periodic updates at least every three years to
allow the Sustainability Plan to adapt and stay relevant by updating strategies, setting new
benchmarks, and identifying new or refined metrics.

The Baltimore Sustainability Plan focuses on addressing Baltimore’s sustainability challenges
through an “equity lens”. The report acknowledges the significance of historic inequities in
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Baltimore and their ties to sustainability. For example, the report highlights public health as
an area where the city has glaring disparities and notes that “the majority-white
neighborhood of Roland Park has an average life expectancy that is 20 years longer than the
majority-African American neighborhoods of Harlem Park or Sandtown-Winchester.”#

5.1.2 Baltimore Climate Action Plan

The Baltimore Climate Action Plan, completed in 2012, seeks to reduce GHG emissions from
community-wide activities including energy, transportation, water, waste and land use. The
plan also identifies key considerations to help the city prepare for the impacts of climate
change.®

The Baltimore Climate Action Plan outlines key mitigation strategies in energy savings, land
use and transportation, and growing a green city, including:

e Promoting generation of renewable energy and solar installations

e Adopting green building standards for new construction and large renovation projects

e Reduce the energy consumption of existing commercial and residential buildings and
schools

e Improve water efficiency efforts

e Protect and enhance Baltimore’s urban forest*

The Smart Surface solutions outlined in this report provide tangible ways to achieve the
objectives and broader strategies outlined in Baltimore’s Climate Action Plan. As residential,
commercial, and industrial building energy use are responsible for approximately 70% of
Baltimore’s GHG emissions, Smart Surface solutions that reduce building energy
consumption would contribute to reducing these emissions.*

5.2 Summary of cost-benefit numbers and tables

The tables below summarize the report’s main findings on the cost-effectiveness of city-wide
adoption of cool roofs, green roofs, solar PV, reflective pavements and urban trees. Benefits
valued include energy cost savings, improved air quality and public health, reduced
stormwater runoff, climate change mitigation, and increased employment. The three low-
income areas we focus on, Brooklyn-Curtis Bay, Madison East End, and Cherry Hill, would
realize hundreds of millions of dollars in net benefits over 40 years (see Tables 5.3, 5.4, and
5.5). All costs and benefits quantified in this report are in present value, with explicit
assumptions on term and discount rate.
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Figure 5.1. Three low-income areas of focus, from left to right, Madison East End, Cherry Hill, and Brooklyn-

Curtis Bay.
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Reflective
Roads
Permeable

Sidewalks
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Target

Costs (millions

20209)

Benefits

(millions 2020%)

NPV
(millions

20209)

Benefit:

Cost
Ratio

Employment
(job yrs)

Peak
Summer
Temp

Reduction

Estimate

Hokokok

Low-slope ($112) $862 $541 7.7 1,904 2.41°F
roof area:

80%

Steep-slope

roof area:

20%

Low-slope ($99) $549 $301 5.5 1,391 Not

roof area: included
20%

Low-slope ($81) $158 $46 2.0 1,300 Not

roof area: 2% included
Low-slope ($474) $10,604 $6,704 22.4 61,042 Not

roof area: included
40%

Steep-slope

roof area:

20%

Parking area: ($44) $103 $43 2.3 746 0.52 °F
50%

Parking area: $48 $113 $110 14.4 Not

5% included
Parking area: ($100) $578 $321 5.8 1,698 Not

20% included
Road area: ($10) $27 $15 29 162 0.16 °F
15%

Sidewalk ($49) $200 $99 4.1 539 Not
area: 5% included
City land ($499) $1,330 $560 2.7 9,982 1.21 °F
area: 40%
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$1,420 $14,524 $8,739 10:1 78,765

Table 5.1. 20-Year adoption consolidated summary for Baltimore

Table 5.2. Cherry Hill Results Summary (dollar values in millions of 2020 dollars)
NPV | $82
Total Cost $21
Total Benefit $144
Benefit-Cost Ratio

Job Years Created

Table 5.3. Brooklyn Curtis Bay Results Summary (dollar values in millions of 2020 dollars)

NPV | $144
Total Cost $42
Total Benefit $258
Benefit-Cost Ratio

Job Years Created

Table 5.4. Madison East-End Results Summary (dollar values in millions of 2020 dollars)

NPV | $34
Total Cost $5
Total Benefit $56
Benefit-Cost Ratio

Job Years Created

The payback times for the surface solutions vary greatly: cool roofs offer fast payback in all
cases, though do not offer the largest net benefit on a per square foot basis. Overall, the net
present value of deploying these solutions is $8.7 billion for Baltimore (see Table 5.1).
Including the value of avoided summer tourism revenue losses increases estimated net
benefits to $13.5 billion. When societal benefits are included, all technologies analyzed have
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a benefit-to-cost ratio greater than one. As noted above, this analysis does not capture the
full set of comfort, health, and livability benefits due to complexity of areas such as health or
crime, and due to limited data and limited peer reviewed studies.

5.3 Tourism benefits

Tourism revenue is affected by rising heat, and estimating this impact provides a way to
quantify a portion of the comfort and livability costs of global warming. In Baltimore, the
estimated 30 year avoided tourism loss due to lower urban temperatures from Smart Surface
strategies is 6.4 billion (including $184 million in tax revenue for the city).

City management of water has a large impact on downstream watersheds that are important
tourism destinations—especially the Baltimore Harbor and the Chesapeake Bay—that
enhance the regional attractiveness as a tourist destination as well as enhancing quality of life
for residents. The Chesapeake Bay Foundation notes that “pollution from urban and
suburban runoff is the only major source of pollution that is continuing to grow in the
Chesapeake Bay watershed...every four years an area of land the size of Washington, D.C,, is
paved or hardened in the Chesapeake Bay region.”# Increasing porous surfaces and trees
provides an effective way to reduce this runoff. The impact of climate change on summer
tourism specifically is discussed further in Section 13 of the report.

5.4 Compounding benefits

Costs of Smart Surfaces solutions are relatively simple to calculate and typically involve two
elements: the upfront capital cost to purchase and install, and ongoing operations and
maintenance costs. In contrast, benefits are more numerous, complex and varied, and
commonly include a large range of impacts related to health, stormwater, energy, climate
change, employment etc.

The set of Smart Surfaces measures analyzed in this report commonly provide compounding
benefits. For example, high albedo surfaces bounce incoming sunlight back into space,
reducing global warming, but also cutting urban temperature, air pollution and air
conditioning costs. Solar PV panels shade roofs, so less heat reaches buildings, reducing air
conditioning costs, and improving indoor comfort. Locating PV systems on cool roofs or
green roofs can reduce PV panel temperature, increasing production of electricity. Partial
shading of green roofs by PV panels can improve health of green roofs, in turn making green
roofs work better at cleaning the air or at stormwater management, further lowering risk and
cost of extreme rain events.
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From the perspective of a building owner, the cost-benefit returns of implementing mart
surface solutions are commonly attractive if they are long term tenants or owners, but
unlikely to be attractive for developers that build and then sell (or flip) properties.
Additional, city-wide and societal benefits are large, but do not accrue to the building owner.
However, most of these benefits, including improved citizen health, lower water
infrastructure and treatment costs, lower energy bills, etc., accrue at a city level. The
question of who benefits and how these benefits are recognized (on not recognized) is
therefore an important part of city policies around selection of city surfaces.

5.5 Benefits of slowing climate change

One area of benefits that is generally not calculated or monetized is contribution to slowing
climate change—and its enormous and complex costs. A 2017 report, by the Medical Society
Consortium on Climate & Health, representing 11 major medical societies and more than
400,000 doctors, found that “climate change is already causing problems in communities in
every region of our nation.”® Their report documents health impacts in three areas of health:
direct harms from climate change-altered weather, increased spread of disease and
contamination, and mental health effects.

1,000 U.S. cities have some form of commitment to limiting or reducing their contribution to
climate change. A growing number of cities and towns take some responsibility for their
climate change impact and therefore—as a baseline assumption—this report includes in the
cost-benefit analysis the benefits of greenhouse gas reductions. The dollar value assigned to
CO2 reductions (for example for energy efficiency from cool roofs) is based on the social cost
of carbon, a cost per ton of carbon estimate developed and updated every three years by a
dozen U.S. federal agencies, including the EPA and the Treasury Department.

Even excluding the climate change mitigation benefits, the Smart Surfaces strategies
analyzed in this report have broad benefits for the city, especially for its low-income
neighborhoods, as well as for the larger watersheds in which Baltimore sits. City leadership
on Smart Surfaces can also be expected to accelerate Smart Surface adoption by cities
surrounding Baltimore, in turn increasing city and region-wide cooling and health benefits,
including region-wide summer peak cooling.
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6 Background on Baltimore Sustainability Goals

6.1 Overview of Climate Action Plan and Sustainability Plan goals

which Smart Surfaces address

6.1.1 Summary of objectives

Baltimore’s Climate Action Plan and Sustainability Plan identified three primary objectives
all of which can be cost-effectively achieved through the adoption of Smart Surfaces. The
first objective is increasing livability. The second is to increase the economic strength of the
city. The third objective is to make Baltimore neighborhoods more equitable.

6.1.2 2019 Baltimore Sustainability Plan goals and drivers

The 2019 Baltimore Sustainability Plan identified city goals, and these are the primary
metrics we analyze to measure the impact of Smart Surfaces, including:

e Global warming reduction

e Air quality

e Water quality

e Heat reduction

e Tree canopy cover

e Job creation

e C(Credit rating

e Tourism

2019 Baltimore Sustainability Plan:
Summary of Baltimore goals that Smart Surfaces can help achieve
Goals Driver

Community Investment + Infrastructure Utilize cost-benefit analysis which can
Improvements: strengthen advocacy and provide details
Support programs and policies to increase regarding the host of benefits for specific
investments in low-income neighborhoods.  |Smart Surface adoption scenarios.
Expedite housing renovations, demolitions, = |Adopt city policies such as advanced
and greening efforts to increase the number of |permitting for Smart Surface renovations
thriving, safe, neighborhoods. and developments.
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Collectively integrate and streamline the
delivery of green workforce services to
increase employment and self-employment
and help close the equity and opportunity gaps
for Baltimore’s low-income, African
American, and minority residents.

Smart Surface adoption creates jobs through
installation and maintenance. Low-income
areas can benefit both by adopting solutions
to improve livability and offering jobs to
residents

Review regulatory codes and implement
collaborative programs to protect vulnerable
residents, such as in neighborhoods with high
percentages of seniors, low-income residents,
and non-English-speaking immigrants.

Solutions such as planting more trees, and
reducing neighborhood temperatures by
utilizing reflective pavements are the
greatest for residents such as seniors more at
risk of environmental related health
complications, and low-income areas that
tend to be hotter and more polluted

Increase green infrastructure throughout the
city, targeting neighborhoods with limited
access to large parks and green spaces and high
disparities in health outcomes.

Run scenarios in the cost-benefit engine
analyzing the low-neighborhoods modeled
to make informed decisions, and implement
training programs and best practices through
the Smart Surfaces Coalition

Global Warming Reduction:

Increase energy and water efficiency retrofits
in affordable and low-income housing markets
to reduce greenhouse gas emissions, expand
local sector jobs, and improve the long-term
viability of affordable housing.

Adopt solar PV in residential areas, or
implement adjacent policies which allow for
the use of renewable energy, as well as
utilize porous pavements which help
manage water

Modify operations and policies in city
government to reduce emissions.

Reduce energy use and carbon emissions by
implementing greener solutions such as use
of solar PV, more urban trees, and reflective
and green roofs

Protect and enhance Baltimore’s urban forest,
increase the acreage of maintained and
protected land, as well as plant and establish
more trees to ensure equitable planting
distribution.

Follow Smart Surface Coalition’s best
practices and engage in training with SSC
partner organizations, and existing
organizations in Baltimore, to maintain and
grow Baltimore’s tree canopy

Improve Health:

Create and adopt programs and codes for
promoting occupant health and comfort, as
well as efficiency.

Smart Surface adoption has a host of positive
health benefits, many of which are
explained in this report, and accrue as a
result of reduce temperatures, better manage
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flooding, and mitigating pollution

Assess and monitor how air quality varies Air quality mapping with Smart Surface
across the city to identify neighborhoods in  |Coalition partners can provide valuable
greatest need of improvement and increase input to assess Smart Surface effectiveness
community awareness of how air quality and priority implementation areas

impacts the health of children, the elderly,
low-income communities, and communities of

color.

6.2 Making Baltimore more livable and resilient

6.2.1 Reducing heat

As noted above, in Mayor and City Council of Baltimore v. BP P.L.C., the City of Baltimore
explains that ‘Baltimore is particularly vulnerable to rising temperatures. Because of
Baltimore’s urban infrastructure, increased temperatures will add to the heat load of
buildings and exacerbate existing urban heat islands adding to the risk of high ambient
temperatures. On some summer days, air in urban areas can be up to 10°F warmer than in
other areas.”? Baltimore adds that “extreme heat-induced public health impacts in Baltimore
will result in increased risk of heat-related illnesses (mild heat stress to fatal heat stroke) and
the exacerbation of preexisting conditions in the medically fragile, chronically ill, and
otherwise vulnerable. Between 2000 and 2012, exposure to extreme heat events increased
Baltimore residents’ risk of hospitalization for heart attack by 43 percent.”>!

In the summer of 2018 in Baltimore, when the heat index reached 103 degrees, EMS calls
increased dramatically city-wide for potentially fatal heat stroke and for chronic conditions:
EMS calls for chronic obstructive pulmonary disorder (COPD) increased by nearly 70%, calls
for respiratory distress increased by 20%, calls for cardiac arrest rose by 80%, and calls for
high blood pressure more than doubled. Other conditions also spiked: psychiatric disorders,
substance abuse, and dehydration, among others.>?

Baltimore summer temperature conditions are worsened by low tree coverage, few porous
surfaces, and dark roofs, roads, and parking lots. Replacing dark surfaces with highly
reflective (cool) roofs, roads, and parking lots would decrease the amount of sunlight
absorbed by city surfaces and re-radiated as heat, thereby decreasing air (and building)
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temperature. Additionally, increasing tree canopy coverage would reduce city temperature
by providing shade and increasing transpiration. Baltimore is already a leader among cities in
expanding tree coverage, and it seeks to expand tree coverage further to 40%.

6.2.2 Improving air quality

In 2019, the American Lung Association ranked Baltimore as one of the most ozone-polluted
cities in the nation, and Baltimore County received a failing grade in the ALA annual “State
of the Air” report.>® Improvement in Baltimore’s air quality can be achieved by increasing
Smart Surfaces such as trees and green roofs which remove pollutants and CO2 from the air,
while providing shade and reducing temperature. More reflective surfaces can also help
reduce ozone by reducing ambient temperature. As the City of Baltimore in Mayor and City
Council of Baltimore v. BP P.L.C. notes, “increased heat also intensifies the photochemical
reactions that produce smog, ground-level ozone, and fine particulate matter (PM2s), which
contribute to and exacerbate respiratory disease in children and adults. Increased heat and
CO2enhance the growth of plants that produce pollen, which are associated with allergies.
Also, between 2000 and 2012, exposure to extreme heat events in Baltimore increased risk of
hospitalization for asthma by 37 percent.”>*

In addition, electricity used by Baltimore largely originates from natural gas and coal-fired
power plants. These sources of energy worsen air pollution. Smart Surfaces cool cities and
buildings, reducing the peak summertime load on these utilities, by reducing the demand for
electricity used to run air conditioners. Adding solar PV to rooftops and as shading for
parking lots and pedestrian areas also reduces the amount of energy required from non-
renewable sources.

6.2.3 Reducing flood risk and improving water quality

Extreme rain events have become 70% more frequent over the past six decades,®
exacerbating Baltimore’s existing stormwater management challenges. Approximately 10%
(5,200 acres) of the City’s land is located within a floodplain,* and as recently as April 2020,
parts of downtown Baltimore flooded with four feet of water.”” In Mayor and City Council of
Baltimore v. BP P.L.C., the City of Baltimore noted that “because of anthropogenic global
warming, Baltimore’s hydrologic regime is shifting toward one characterized by more
frequent and extreme precipitation events and associated flooding. These impacts will impact
all sectors, and low-income communities will be particularly affected by flooding, extreme
weather, and heat waves exacerbated by climate change.”®
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Additionally, Baltimore, like other large Mid-Atlantic cities, has historically had a combined
sewer system where stormwater runoff and sewage flow together to wastewater treatment
plants. During dry periods, the pipe infrastructure has sufficient capacity to convey the
combined flow, but heavy rainfall dramatically increases the stormwater runoff (and
therefore the total volume), potentially causing backups in residential areas and discharging
untreated effluent into the Black River, Patapsco River, and Chesapeake Bay.

Several factors contribute to the overflow events. Baltimore is substantially impervious —the
Department of Public Works estimates that 45% of total land area in Baltimore is
impervious—which prevents infiltration and instead routes rainfall into the stormwater
system.> Even bare land, when compacted, acts as an impervious surface, and residents often
directly connect their roof drain pipes to street gutters.®® Rainfall can collect and transport
oil, gasoline, fertilizers and pesticides, and other urban pollutants from the impervious
surfaces directly into the surrounding aquatic environments.

Consequently, the City of Baltimore has been working to improve their stormwater
management infrastructure. The City is required by federal law to obtain a discharge permit
from the EPA for their stormwater system, thereby establishing pollutant standards to meet
water quality criteria.®! In Baltimore, the stormwater system is called the Municipal Separate
Sewer System (MS4). Baltimore received a 5-year permit in 2013 and is gathering public
comments for a renewal, currently ongoing in late 2020. Baltimore has also released a
Watershed Implementation Plan (WIP), and the 2015 WIP calls for “restoring 20% [4,921
acres] of the existing impervious area to the maximum extent practicable.”®? Baltimore has
employed several strategies to meet this objective, including traditional and green
infrastructure installation, programs like mechanical street sweeping, illicit discharge
detection, and inlet screen cleaning, and promotion of stormwater management on private
lands.®

Baltimore is already expanding Smart Surfaces included tree coverage, rain gardens and
pervious surfaces. This analysis should support an acceleration of these investments.

Waterkeepers Chesapeake notes:

“Increasing green infrastructure and climate-Smart Surfaces provides a host of benefits for
clean water. Baltimoreans are facing increasing flooding as climate change continues to
spur intense rainfall, leading to sewage backups and flash floods. This flooding is
devastating, costly and even life threatening. Smart Surfaces can play a key role in
absorbing this runoff and interrupting the harsh, new climate norm.”
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6.3 Addressing Baltimore’s severe asthma problems

The City of Baltimore has one of the highest rates of asthma in the United States. While the
nationwide average of adult asthma is 8.6%, 12.4% of Baltimore City’s adults suffer from
asthma, a rate that is 44% higher than the national average.® As of 2019, Baltimore had the
highest average prevalence of asthma in the state of Maryland. The rates of childhood asthma
in Baltimore present even more significant disparities; 9.4% of children nationally have
asthma, while 20% of Baltimore City children under 18 suffer asthma at—more than twice
the national rate.®

As a result of the high percentage of adults and children with asthma, Baltimore’s rate of
asthma hospitalizations was nearly three times the U.S. average in 2010 and about 2.2 times
higher than Maryland’s average.® Baltimore residents not only account for a larger
percentage of hospitalizations, they also endure higher emergency room visit costs in
comparison to the rest of Maryland. The average cost per asthma emergency department visit
in Baltimore was $826 while the state average was $652 in 2009.¢ In addition, public
insurance was the source of 72.1% of Baltimore City residents’ asthma hospitalizations in
comparison to 60% in the state of Maryland.® Reducing the asthma burden would create
large financial benefits for the city, its citizens and for the state.

Children ages 5-9 were hospitalized for asthma at a higher rate than other age group in
Baltimore City.® The rate of emergency visits in Baltimore related to pediatric asthma was
more than double the rate of Maryland.” Asthma also contributes to missed school days
which poses additional impediments to the learning trajectory of Baltimore’s children. In
addition to the social cost of such high pediatric asthma rates, the annual spending in
Baltimore on pediatric emergency department visits is more than $3.6 million.”!
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Research by Leah Kelly and Kira Burkhart of the Environmental Integrity Project (EIP) has
found “a very strong spatial correlation between asthma hospitalization and emergency room
visits in Baltimore’s zip codes and demographic measures of poverty, particularly median
household income.””? Their conclusion—that poor housing conditions and poverty have a
major impact on asthma prevalence—has been confirmed by a Kaiser Health News and
Capital News Service report published in the Washington Post.”®
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Figure 6.1. Asthma Hospitalization Rates (left) and 2013 Median Household Income (right)*

Kelly and Burkhart’s research found that the demographic measures most closely correlated
with asthma rates in Baltimore were median household income, percent of population using
Medicaid, and percent of population uninsured or using Medicaid.” They also found that
poverty had a significant correlation with asthma rates. Race also plays a large factor as
asthma emergency rates and hospitalizations are higher for those African American than
other racial groups in Maryland according to analyses by the state’s Department of Health.”

Lower-income communities of color in Baltimore endure the highest rates of asthma, which
poses enormous costs. Efforts to mitigate pollution and improve air quality should be focused
on these neighborhoods. Such efforts include prioritizing tree planting in low-income

neighborhoods—which notably and not coincidentally— tend to have substantially less tree
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coverage than wealthier neighborhoods in Baltimore. In addition, expanding green surfaces,
increasing surface reflectivity (to reduce heat and smog) transitioning to cleaner energy city-
wide including urban solar PV would reduce the impact of emissions and the higher
prevalence of asthma in low-income neighborhoods. Reducing NO2, ozone, and PM
exposure would mitigate the asthma disparities in Baltimore both between neighborhoods, as
well as in comparison to Maryland and the rest of the country, and would result in financial
benefits at the family, neighborhood, city and state levels.

The growing health risks and threats to Baltimore are described and documented in an 8-part
series called “Code Red”, a collaboration between the University of Maryland's Howard
Center for Investigative Journalism and Capital News Service, NPR, Wide Angle Youth
Media in Baltimore and WMAR television.

6.4 Increasing the economic strength of the city

6.4.1 Job creation for Baltimore

The unemployment rate for Baltimore City in January 2021 stood at 8.5%7” while the
national average was 6.3% during the same time period.”® Smart Surfaces can contribute to
reducing Baltimore unemployment; Smart Surfaces are labor intensive and provide good jobs.
Investments in Smart Surfaces such as tree planting, resurfacing roads or roofs with reflective
coatings, or installing green roofs or solar panels create many more jobs than dark
impervious surfaces.

Smart Surfaces jobs are also more distributed and typically pay above average wages, at over
$15/hour. According to U.S. News & World Report, solar photovoltaic installers made a
median salary of $44,890 in 2019.7 According to the same analysis, the median salary for
painters is $40,280.% In the US, tree planters make an average salary of $32,803 per year,
equal to $16 per hour.®! A recent Federal study found that employees in the renewable
energy sector earned an average of $48,000 annually, equal to an hourly wage of $23.89.82
This is above the national median hourly wage of $19.14 (in 2019), equal to an annual salary
of $38,000.

Shifting funding in Baltimore to Smart Surfaces would create significant jobs on a net basis.
The number of jobs created from different Smart Surfaces varies, as discussed later in this
report, but Smart Surfaces are on average three times as job-creative as the economy as a
whole.®
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6.4.2 Heat and air quality impact on productivity

A New York Times editorial entitled “Temperatures Rise, and We’re Cooked” summarizes
findings that “students who take New York State Residents exam on a 90-degree day have a
12 percent greater chance of failing than when the temperature is 72 degrees”, and that in
auto factories, “a week of six days above 90 degrees reduces production by 8 percent.”®

Smart Surfaces can mitigate this effect through more reflective roofs, sidewalks and parking
lots, and increased shade from trees that reduce heat within buildings as well as
neighborhood-wide and city-wide.

6.4.3 Tourism

Tourism is most common during the summer months due to school holidays and family
travel. Excess summer heat is a rising concern for tourists. Revenue from summer tourism in
Baltimore is at risk from rising temperatures and increasing heat waves driven by climate
change. As climate change continues, temperatures will become more extreme, including
increases in the number of days above 90°F, 95°F, and even 100°F. Higher temperatures will
also increase smog formation. The combination of higher average heat, greater frequency of
extreme heat and more air pollution will make Baltimore less attractive for tourists in the
summer.

Smart Surfaces would cool and make Baltimore more attractive to tourists. Smart Surfaces
such as reflective roofs, roads, sidewalks, and trees would reduce temperatures in the
summer therefore increasing comfort, walkability, and likely tourism numbers.

A paper by Lee et. al. indicates that cities and tourism entities that invest in sustainable and
green initiatives, referred to as “smart tourism”, can create urban spaces that residents and
visitors both enjoy.®> They define a smart city as a connected city that uses advanced
technologies to create a sustainable metropolis, innovative commerce, and enriched quality
of life for its citizens.

According to Visit Baltimore, a Baltimore non-profit dedicated to driving visitation and
spurring economic growth in Baltimore, 2018 numbers indicate that tourism sustained
86,414 jobs in Baltimore directly and indirectly.® Tourism also generated $10.7 billion in
business sales in 2018 and generated $734 million in state and city tax revenue in 2018.%” In
2019, Visit Baltimore reported that the number of visitors and the economic impact of
tourism increased by 1.1% and 2.6% respectively according to data from Longwoods
International and Tourism Economics.®
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It is also worth noting that while overall tourism numbers rose, market research conducted
by Visit Baltimore found that in 2018 more than 30 percent of residents in surrounding
counties reported a decrease in the frequency of their visits to the city.?’ To retain and gain
visitors from surrounding counties, and boost economic activity, Baltimore should prioritize
improving comfort air quality and aesthetic appeal by accelerating adoption of Smart
Surfaces.

As Visit Baltimore CEO Al Hutchinson noted re COVID, “we are slowly coming back, but it
has been projected that we won'’t fully recover until 2024.7° By making surface changes and
improvements to the city, which have a host of benefits in the summer months when tourists

are most common, Baltimore can strengthen its economically essential tourism industry.

6.4.4 Enhancing economic resilience

Climate change creates new risks and exacerbates existing vulnerabilities, presenting
growing challenges to human health and safety, quality of life, and the rate of economic
growth. Moody’s Investors Service warns that climate change, “will be a growing negative
credit factor for issuers without sufficient adaptation and mitigation strategies."®! Various
Baltimore studies have identified a range of objectives for Baltimore relating to protecting
and enhancing the city’s economic strength. Below are some goals identified by Baltimore
that relate to economic wellbeing, and a summary of how broad adoption of Smart Surfaces
can help achieve these objectives.

Increasing Baltimore’s Economic Strength:

Goals Impact of Smart Surfaces

Promote generation of renewable energy and |Increasing solar PV reduces energy

solar installations, while working to increase |demand from non-renewable sources,
Maryland’s Renewable Portfolio Standard diversifying energy production and
increasing city resilience. This can
protect the city’s credit rating and create

jobs.

Promote mixed-use development, encouraging |Smart Surfaces such as reflective or
pedestrian and transit-oriented neighborhoods |porous pavements and trees cool the
while increasing access to goods and services |city, making it more walkable, and
increasing economic productivity.
Homes in walkable areas on average can
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sell for 25% more than comparable
homes in non-walkable areas.

Create agriculture land-use policies that Smart Surfaces such as green roofs can
encourage urban farms and local food be a platform for local, urban food
production production.

Develop plans and systems to increase Smart Surfaces increase community
community resilience. resilience—both infrastructure and

health—which can protect city credit
rating.

Speed the path to decarbonization through Increased solar PV reduces GHG
increased deployment of renewable energy emissions and load on electric grid,
and electric vehicles. protecting credit rating.

Increase green infrastructure throughout the |Smart Surfaces such as trees and green

city, targeting low-income neighborhoods roofs help clean and cool the air. They
with high disparities in health outcomes and |can additionally help protect or even
higher temperatures and greater pollution increase city tourism, while creating
rates jobs.

Connect youth, young adults, returning Smart Surface implementation will
citizens, and others who have limited work  |create many jobs in the green workforce
experience to green, work-based learning both with initial implementation, and
opportunities. operations and maintenance.

Smart Surfaces can greatly reduce costs and risks of excess heat, smog and flooding, and can
make Baltimore more livable, comfortable, and safer.

6.4.5 Reducing risk to Baltimore credit ratings

Climate change is increasing the frequency and severity of extreme and costly weather
events such as storms, hurricanes, extreme rains, and heat waves. The U.S. government’s
2018 National Climate Assessment Report recognizes that “Climate change creates new risks
and exacerbates existing vulnerabilities in communities across the United States, presenting
growing challenges to human health and safety, quality of life, and the rate of economic
growth.”? These are increasing costs and risks to cities, in turn threatening their credit
rating and their cost of borrowing money.
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Cities that fail to adopt resilience strategies risk credit downgrades that could greatly increase
cost of borrowing. A November 2017 report by Moody's Investors Service on the growing
risk to city and state credit ratings emphasizes that there "will be a growing negative credit
factor for issuers without sufficient adaptation and mitigation strategies." The set of resilience
strategies analyzed in this report would reduce the risk of credit downgrades and could
strengthen the city credit rating, in turn reducing its cost of borrowing.

A three-part analysis published in the leading industry publication Risk & Insurance titled
“Here’s How Cities Can Reduce Climate Change Risk” demonstrates that cities that choose
not to adopt Smart Surfaces can be expected to experience significantly increased climate-
related losses, increased risk of credit rating reductions, and associated increases in city
borrowing costs.”® Over time, these combined threats would increase risk of insolvency for
cities that do not adopt resilience strategies such as Smart Surfaces.

As noted in the Risk & Insurance article, “If city credit rating drops, cities have to increase
the amount of interest paid to bondholders in order to compensate for the excess risk the
bondholder takes on. Cost of borrowing is determined by the city credit rating—and an
improved credit rating reduces the cost of borrowing. For example: In 2014 when Baltimore’s
credit rating improved, the Baltimore Sun noted, ‘The new credit rating is expected to allow
the city to borrow money at lower interest rates for projects such as infrastructure upgrades,
new schools and improved recreation centers. That in turn would save taxpayers cash on
interest payments.””%*

Cities that choose to not adopt Smart Surfaces will experience increased climate related
losses, increased risk of credit rating reductions and associated increases in city borrowing
costs. Over time, these combined threats will increase risk of insolvency for cites that do not
adopt resilience strategies such as Smart Surfaces.

As Smart Surfaces deployment scales up, the urban cooling benefits would also grow
proportionally, further reducing regional energy bills and smog, and improving health and
livability in ways that bring compounding benefits, especially for low-income populations.
The phenomenon that we call “downwind summer cooling” would bring regional comfort
and health benefits both within cities and across larger regions, potentially doubling cooling
compared with policies only within city limits.
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6.5 Addressing Baltimore-specific challenges

In Baltimore, % (as in many other U.S. cities) the coverage of impervious surface is generally
greater in lower-income neighborhoods and communities with higher proportions of people
of color.

6.5.1 Disproportionate heat effects in low-income areas

A recent study conducted by the University of Maryland along with Portland State
University (a Smart Surfaces Coalition partner) highlighted the inequitable heat distribution
between Baltimore neighborhoods. An NPR review noted that “Franklin Square, is hotter
than about two-thirds of the other neighborhoods in Baltimore— about 6 degrees hotter
than the city's coolest neighborhood. It's also in one of the city's poorest communities, with
more than one-third of residents living in poverty.”® Across Baltimore, the hottest areas tend
to be the poorest.

6.5.2 Health complications

Lower-income areas in Baltimore are generally hotter than other areas of the city, and the
residents are often the most vulnerable; low-income areas tend to have a higher proportion
of elderly and children who are more prone to heat-related health issues, and healthcare
costs pose a significantly larger financial burden on low-income residents. Excess heat in
low-income areas and worse air quality increase emergency room visits by low-income
residents, some of whom lack insurance, creating large non-reimbursed hospital costs.

6.5.3 Energy burden and air conditioning

In Baltimore, low-income households experience a median energy burden (% income spent
on energy bills) of 10.5 percent, according to a 2020 ACEEE report. This is 2.4 percent higher
than the U.S. median low-income energy burden of 8.1 percent. In fact, out of 25
metropolitan statistical areas (MSAs) studied in the report, Baltimore’s median low-income
energy burden was the second highest, only behind Birmingham, Alabama’s 10.9 percent.”’

77% of Baltimore’s low-income households experience a high energy burden, while 52%
experience a severe energy burden, designated as greater than 10 percent. When comparing
the energy burden of low-income neighborhoods and Baltimore as a whole, the ratio of low-
income energy burden to median energy burden in Baltimore ranks as the third highest of
metropolitan areas studies in the ACEEE report, demonstrating a large discrepancy between
the energy burden of low-income households and the rest of Baltimore.”®
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These numbers underline the vulnerability of Baltimore’s low-income communities to rising
temperatures, increased cooling cost burdens, increased pollution, and changing climate.
Smart Surfaces would reduce energy costs both in buildings and city-wide through
increasing reflectivity and reducing temperature and related air conditioning load.
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7 Background

This section provides an overview of the solutions analyzed in the report and provides
general background information relevant to understand cost-benefit assumptions and
calculations. For more detailed descriptions and discussions, please refer to the solution
sections.

7.1 Urban heat islands

Urban areas commonly experience higher temperatures than their rural surroundings. This is
called an urban heat island (UHI). The primary cause of UHIs is the replacement of natural,
vegetated land with dark, dry urban surfaces that absorb more solar energy than the natural
surfaces they replace. Other factors that contribute to UHIs include heat given off by fuel
combustion (e.g., in vehicles) and by air conditioners, and from urban morphology (the
dimension and spacing of buildings that tend to trap urban heat).”

URBAN HEAT ISLAND PROFILE
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Figure 7.1. Simple illustrative example of urban heat island profile’®

There are two types of UHIs: surface and atmospheric. Surface UHIs are characterized by
higher ground surface temperatures in urban environments compared to the rural
surroundings. The surface UHI effect is largest during the summer, and generally persists
through the night.!! Atmospheric UHIs are characterized by warmer urban air compared to
the surrounding rural environment.
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Atmospheric UHIs are most pronounced at night when surfaces warmed during the day
release heat.!? Figure 7.1 shows a simple atmospheric UHI profile. Figure 7.2 shows a more
sophisticated illustration with surface and atmospheric UHIs and differences between day
and night.

There are two types of atmospheric UHIs: canopy layer (or near-surface) and boundary
layer.'® Boundary layer UHIs extend from the tops of trees and buildings to where the urban
environment no longer affects the atmosphere. Canopy layer UHIs occur where people live,
from the ground surface to the tops of trees and buildings. Canopy layer UHIs are the most
common UHI discussed. Subsequently, when this report uses the term UH]I, it refers to the
canopy layer/near-surface UHI, unless otherwise specified.

The surface solutions analyzed in this report can play a large role in cost-effectively
mitigating UHIs and the associated negative consequences (e.g., increased energy use and
poor air quality). This is discussed in more detail in Section 8, and in the solution-specific
sections.
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= === Air Temperature (Night)
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Figure 7.2 More detailed urban heat island profile!%*
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7.2 Climate change projections

Climate change is accelerating. The accelerating climate warming trend led Pope Francis in
November 2015 to state in an interview with Time Magazine, “Every year the problems are
getting worse. We are at the limits. If I may use a strong word, I would say that we are at the
limits of suicide.”'®The Spring 2020 National Oceanic and Atmospheric Administration
greenhouse gas index illustrates this trend (see Figure 7.3).
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Figure 7.3. NOAA Annual Greenhouse Gas Index (updated Spring 2020).7%

In Mayor and City Council of Baltimore v. BP P.L.C., the City of Baltimore notes that “the
relationship between increased average temperatures and extreme weather is non-linear—
even a small increase in average daily temperatures will correlate to a substantially larger
number of extremely hot days over the course of each year...Baltimore is expected to
experience a threefold increase in the average number of days exceeding 90 degrees by 2050.
By 2100, average annual temperatures in Baltimore are projected to increase by as much as
12°F. Baltimore has already seen an increase in the number of heat waves, and it is projected
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that by the end of the century, as many as 95 percent of summer days could reach extreme
maximum temperatures.”!?’

According to the U.S. Environmental Protection Agency, Maryland will see warmer
temperatures, rising sea levels, and changing precipitation patterns due to climate change. By
2050, average annual temperatures across the U.S. Northeast are expected to increase by 4.0°
F under a lower emissions scenario and by 5.1° F under a higher emissions scenario relative
to 1975-2005 temperatures. Annual precipitation and frequency of heavy downpours are
projected to increase, especially during winter and spring. On the other hand, average
precipitation is not expected to change significantly in summer and fall, and with increasing
temperatures, intensified evaporation will lead to drier soil. For these reasons, Maryland will
likely see increased drought in summer and fall, and increased flooding in winter and spring.
Sea level in Maryland is rising relatively rapidly, more so than in most coastal areas because
the land is sinking. Rising seas lead to increased erosion and coastal flooding, among other
adverse effects. 1%

7.3 Overview of Smart Surfaces

7.3.1 Cool roofs

Cool roofs have higher solar reflectance (often called albedo) than conventional dark roofs,
which have a low solar reflectance. Solar reflectance, or albedo, indicates the fraction of solar
energy that an object reflects. It ranges from 0 to 1, with 0 meaning an object reflects no
solar energy and 1 meaning an object reflects all solar energy. (High albedo helps keep the
areas such snow or ice cool). Because of their higher solar reflectance, cool roofs reflect more
sunlight and absorb less solar radiation than conventional, dark roofs. This means that cool
roofs do not get as hot, reducing heat transfer to the building below and to the urban
environment. Figure 7.4 below illustrates these concepts.

Cool roofs typically reflect the majority of solar radiation that reaches their surface—much
of which is reflected back into space—and thus remain cooler throughout the day while
reducing global warming. In contrast, dark roofs absorb the large majority of solar radiation,
and their surface gets much hotter than that of a cool roof.
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Figure 7.4 Comparison of a black roof and white roof on a summer afternoon (numbers do not sum due to

rounding).’?®

Major benefits of cool roofs include ambient cooling, reduced energy use for cooling, reduced
greenhouse gas emissions and global cooling, improved air quality, extended surface life (due
to less thermal expansion and contraction) and reduced heat-related mortality. Other

benefits include potential downwind cooling, and reduced stormwater runoff temperature.
Potential drawbacks include potential for glare and increased energy use for heating due to
increased roof reflectivity in the winter and winter shading by trees.
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7.3.2 Green roofs
@ NS
F / i 7

Figure 7.5. Example of a combination of cool roofs and green roofs.

Put simply, a green roof is a vegetative layer on a rooftop. More specifically, green roofs
typically consist of drainage layer and soil layer on top of conventional roofing and
waterproofing systems.!!? Figure 7.6 below shows conventional roofing structure and two
green roof structures, one without a drainage system and one with a drainage system. Green
roofs can be part of a new construction project or a retrofit project assuming structural
requirements are met. Green roofs are typically installed on low slope roofs, and rarely on
steep slope roofs.
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Figure 7.6. Examples of a conventional roof structure (top), green roof structure without a drainage layer
(bottom left), and green roofs structure with a drainage layer (bottom right).”’! The solar reflectance of the black
roofin Figure 7.6 is 0.05 and that of the white roofis 0.80.

There are two general approaches to installing green roof systems: (1) built-in place and (2)
modular.!? Built-in place green roof systems are installed as one continuous unit, whereas
modular systems are installed as trays containing soil or a similar medium (referred to as
growing medium in the industry) and vegetation. Modular green roofs are popular because
they can be easily moved or removed if there are leaks or other issues; however, they are
typically more expensive and may have lower stormwater retention rates (e.g., because of
spacing between trays).!!® There is limited research into the performance differences between
the two green roof system installation methods,!!* so, this report does not make a distinction
between the two in cost-benefit analysis calculations below.
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Major benefits of green roofs include reduced cooling and heating energy use, reduced
greenhouse gas emissions, improved air quality and reduced heat-related mortality, reduced
stormwater runoff, and reduced water pollution. Other benefits include downwind cooling,
reduced stormwater runoff temperature, increased amenity and aesthetic value, and
increased biodiversity. Potential drawbacks for some climes include increased humidity.

7.3.3 Solar PV

Solar PV converts sunlight into electricity. Combined with an inverter and other hardware
(e.g., racking), solar PV panels provide electricity to the grid or to homes and buildings and
offset electricity purchases from the grid.

Figure 7.7. Example of Solar PV.

There are three commonly cited PV sectors: residential, commercial, and utility scale.
Utility-scale consists of large-scale PV power plants and is typically the least expensive on a
unit basis due to economies of scale. Commercial and residential PV are considered
distributed generation, meaning they produce electricity at the point of consumption,
reducing line losses and providing shading to roofs. Distributed generation is typically
located on rooftops (especially in cities where land is expensive), while utility-scale is
typically ground-mounted and generally not near the point of consumption. This report
focuses on PV on buildings.
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Major benefits of solar PV include electricity generation, reduced greenhouse gas emissions,
and improved air quality. Other impacts include shading benefits and the potential for UHI
mitigation.

7.3.4 Reflective pavements

Reflective pavements work like reflective (cool) roofs. They have a higher solar reflectance
than conventional pavements meaning that they reflect more solar energy, reducing the
amount of heat gain and reducing urban surface temperatures. As with cool roofs, some of
the reflected solar energy is reflected back to space, helping to slow global warming.
Reflected solar energy may also impact nearby buildings and pedestrians (discussed in more
detail in Section 9.4.3).

K e ; .' D %

Figure 7.8. Example of a reflective pavement with a higher albedo than conventional pavement.
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Benefits of reflective pavements include ambient cooling, reduced cooling energy use,
reduced greenhouse gas emissions, global cooling, and improved air quality and reduced
heat-related mortality. Other benefits include a potential increase in pavement life, reduced
street lighting requirements, downwind cooling, and reduced stormwater runoff
temperature. Potential drawbacks include potential for glare.

7.3.5 Urban trees

Major benefits from urban trees include ambient cooling, reduced energy use due to lower
need for building cooling, reduced greenhouse gas emissions and global cooling, improved air
quality, reduced heat-related mortality, and reduced stormwater runoff. Other benefits
include downwind cooling, reduced stormwater runoff temperature, increased property
value and aesthetic value, and increased biodiversity. Potential drawbacks are relatively

small and include potential in some circumstances for increased humidity, increased
emissions of biological volatile organic compounds, increased heating needs due to winter
shading, and increased pollen production (increasing contribution to allergies).

Figure 7.8. Example of Urban Trees.
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7.3.6 Permeable sidewalks and parking lots

Permeable pavements are pervious surfaces that allow for stormwater infiltration and
storage, as compared to conventional, impervious surfaces. This can be either permeable
surfaces or impermeable surfaces such as a parking lot that drains into adjacent bioretention
or tree trench that manage stormwater runoff. Major benefits of permeable sidewalks and
parking lots include reduced stormwater runoff and flooding and reduced salt use due to less
ice buildup. Other impacts which warrant further study include ambient cooling, which
leads to reduced cooling energy use, reduced greenhouse gas emissions, improved air quality
and reduced heat-related mortality, increased thermal comfort, and improved water quality.

v _ R
Example of a porous pavement with a higher albedo.
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Figure 7.10. Example of a green, porous parking lot pa vement.

8 Overview of Impacts

The Smart Surfaces solutions modeled in this report analyzes are well established: reflective
roofs, reflective roads, green roofs, porous surfaces, rooftop PV, and urban trees. Each
solution has different costs and benefits, and each has their advocates. However, city
governments and affordable housing and other organizations, have not had a way to fully
evaluate the cost-effectiveness of any of these solutions, either as standalone investments, as
a combined investment, or in comparison with each other. The single largest gap in
understanding and quantifying the benefits of these approaches—especially trees, cool roofs
and green roofs—is the health-related benefits, which involves complicated impact
pathways.

8.1 A note on direct and indirect impacts

The impacts of modifying the urban environment (e.g., installing cool and green roofs, and
urban trees) may be best understood as falling into two main categories: (1) direct impacts
and (2) indirect impacts. Direct effects occur at the individual building level. For example,
the direct effect of installing a cool roof on a building is reducing building cooling load and
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energy costs. One example of an indirect benefit is the reduced cooling load for buildings
that results from city-wide ambient cooling. Significant city-wide cooling requires
widespread deployment of Smart Surfaces.

8.2 Energy and greenhouse gases

In the state of Maryland, grid electricity is substantially produced from fossil fuel-based
sources. Natural gas accounted for 37 percent of the state’s electricity in 2019 and coal
accounted for 14 percent.!!’> Baltimore electricity sources are generally becoming less
polluting, and this decline in emissions/CO2 intensity of electricity is factored into the
calculations.

Baltimore’s objectives include reducing greenhouse gasses and shifting from fossil fuels to
clean energy sources. Cool and green roofs directly reduce energy use for space conditioning
by reducing heat gain and loss to the building below, making buildings more efficient and
lowering energy bills. Rooftop PV reduces grid electricity purchases, and shades the roof,
lowering consumption of fossil fuel fired electricity. A large portion of cooling energy
reductions from cool roofs and green roofs occurs during periods of peak energy demand and
can reduce the use of the least efficient and dirtiest generation capacity.!'® Rooftop PV tends
to offset grid electricity use during peak demand periods, thereby reducing utility need to
operate peaking power plants. Large scale deployment of cool and green roofs, reflective
pavements, and urban trees reduce city-wide summer temperature. Lower ambient air
temperature not only means lower cooling energy consumption, but also reduces peak
electricity demand. Buildings that require less energy and/or produce their own energy are
also less dependent on the grid and more resilient.

8.3 Financial incentives

The state of Maryland has a renewable portfolio standard that was updated in May of 2019 to
require that 50 percent of the state’s renewable energy comes from renewable sources by
2030. This includes a minimum of 14.5 percent from solar power. The state’s goals include
reaching 100 percent renewable energy by 2040.!'” There are a host of financial incentives at
the federal and state level. These include the federal ITC tax credit, discussed further in
Section 9.3.2.4, and at the state level the Maryland Sales and Use Tax Exemption for
Renewable Energy Equipment.

The Baltimore County Property Tax Credit for High Performance Buildings and Homes takes
advantage of state authority that permits local governments to offer property tax credits for
high performing buildings.!8
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8.4 Health

8.4.1 Ozone

Widespread deployment of cool and green roofs, reflective pavements, and urban trees
would have large but diffuse health benefits. Ground-level ozone formation generally
increases with higher air temperature, so lower summer air temperatures result in lower
levels of ground-level ozone and decreased incidence of ozone-related health consequences
(e.g., asthma, heart disease, and premature death).!’® Modeling studies demonstrate that
ozone concentrations worsen with the higher temperatures caused by climate change.!?
Ozone reductions from ambient cooling due to deployment of Smart Surfaces reduce climate
change-related ozone increases. Green roof vegetation and urban trees can also scrub the air
of ozone pollution and ozone precursors, provided that low BVOC-emitting species are
selected.!!

Ozone is a secondary pollutant formed when its two primary precursors, volatile organic
compounds (VOCs) and nitrogen oxides (NOx), combine in the presence of sunlight.
Ambient ozone concentration depends on a number of factors, including temperature,
relative humidity, solar radiation, and wind speed.!??> As temperature increases, the rates of
chemical reactions that create ozone increase, leading to greater ozone formation. Ozone
levels tend to be highest during summer afternoons. The ozone season is typically defined as
the beginning of May through the end of September.!?

Ozone concentration is also dependent on the level of VOCs and NOx in the atmosphere—
the rate of ozone production can be limited by VOCs or by NOx. Ozone precursors are
emitted directly into the atmosphere by biogenic (natural) and anthropogenic (human)
sources. The largest source of anthropogenic VOCs is motor vehicles.!?* At the regional and
global scales, VOC emissions from vegetation are significantly larger than VOC emissions
from anthropogenic sources. Combustion processes are the largest source of anthropogenic
NOx emissions—electric power generation and motor vehicles are the two largest sources.
Biogenic sources of NOx are typically much less significant than anthropogenic sources.

The Clean Air Act of 1963 requires EPA to regularly publish a scientific review of ozone. In
EPA’s most recent review, published in 2020, a panel of experts concluded that ozone
pollution can cause serious health harm through multiple pathways.!>> The review found
further suggestive links between ozone exposure and negative cardiovascular, nervous
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system, and reproductive health outcomes, as well as cancer and mortality. Figure 8.1
provides a more detailed overview of these outcomes.
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Figure 8 1. EPA’s findings on the health impacts of ozone'?

Climate change is projected to increase ozone pollution and consequent negative human
health effects. Bell et al. (2007) analyzed the effects of climate change on ozone
concentrations in 50 U.S. cities and found that climate change can be expected to increase
ambient ozone concentrations and thus harm human health.'?” Perera and Sanford (2011)
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analyzed the ozone-related health costs of climate change in 40 U.S. states and found that 1
part per billion (ppb) and 2 ppb increase in ozone concentration would increase health costs
by $2.7 billion and $5.4 billion, respectively, in 2020.'% (Few studies have examined the
relationship between UHI mitigation and ozone concentration.'” In general, these studies
find reductions in ozone concentrations resulting from UHI mitigation measures such as
increasing surface albedo."

8.4.2 PM25

Reductions in fossil fuel energy from deploying Smart Surfaces also contributes to reductions
in fine particle pollution from power plants and reductions in related health impacts such as
heart disease, asthma, and death.!3® Green roof vegetation and urban trees can also scrub the
air of PM2.5 pollution.

There are two types of fine particles (PM2.5). Primary particles are emitted directly into the
atmosphere (most commonly from burning fossil fuels), and secondary particles are formed
through atmospheric chemical reactions of precursors.!3! Primary PM2.5 largely consists of
carbonaceous materials (elemental carbon, organic carbon, and crustal materials like soil and
ash).132 Major sources of primary particles include fires, dust, agricultural processes,
stationary fuel combustion (e.g., by electric utilities), motor vehicle operation, and industrial
processes (e.g., metal smelters).!3 Secondary particles make up most of the PM2.5 pollution
in the U.S.134 Secondary PM2.5 is mainly made up of sulfates (formed from sulfur dioxide
emissions), nitrates (formed from NOx emissions), ammonium (formed from ammonia
emissions), and organic carbon (formed from VOCs).!*> The vast majority of sulfur dioxide
emissions are from stationary fuel combustion (e.g., fossil fuel power plants). The dominant
source of ammonia emissions is agricultural processes (e.g., animal feed operations).!*® In the
Northeast, the main components of fine particle pollution are organic carbon and sulfates.!®

The Clean Air Act of 1963 requires the EPA to regularly publish a scientific review of
Particulate Matter pollution. In 2009, the EPA released its second most recent Integrated
Science Assessment (ISA) for Particulate Matter (PM).!* In the review, an EPA panel of
experts concluded that PM2.5 pollution can cause serious harm through multiple pathways.
The American Lung Association summarized the EPA’s findings (see Figure 8.2). EPA has

Vi The effect of UHI mitigation measures on air quality as a result of decreased vertical mixing remains an
area for further research. Similarly for the effect of reflective surfaces with high UV reflectance on ozone
formation.
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since released one more Assessment for PM, in December 2019, which includes new
evidence for increased harmful effects of PM2.5 exposure.'*

EPA Concludes Fine Particle Pollution Poses Serious Health Threats

® Causes early death (both short-term and long-term exposure)

® Causes cardiovascular harm (e.qg. heart attacks, strokes, heart disease, congestive heart
failure)

e Likely to cause respiratory harm (e.g. worsened asthma, worsened COPD, inflammation)
* May cause cancer

* May cause reproductive and developmental harm

—U.S. Environmental Protection Agency, Integrated Science Assessment for Particulate
Matter, December 2009. EPA 600/R-08/139F.

Figure 82. The American Lung Association’s summary of the EPA’s findings on the health impacts of PM2.5.14
(Note: COPD stands for chronic obstructive pulmonary disease.)

According to the EPA’s website, “the ISA is a critical part of the scientific basis for updating
the NAAQS,” or National Ambient Air Quality Standards.!*! EPA released its latest update in
December 2020, in which it chose to retain the PM2.5 regulations from the previous (2013)
NAAQS PM standards despite new evidence of PM2.5’s harmful effects in the 2019 ISA for
PM. For example, the 2009 ISA found evidence “suggestive, but not sufficient to infer” that
PM2.5 causes cancer, while the 2019 ISA found that PM2.5 was “likely to be causal” of
cancer. The 2019 ISA also included new evidence that long-term exposure to PM2.5 can
harm the nervous system.!42

Chris Zarba, the former director of the EPA Science Advisory Board, pointed to the new
2019 findings on the negative health impacts of PM2.5, saying that “with hundreds of
thousands of Americans dying from COVID-19, a virus proven to be exacerbated by exposure
to air pollution, and despite overwhelming scientific evidence linking air pollution with
illness and death, it is incomprehensible that outgoing EPA Administrator Andrew Wheeler
would lock in current thresholds for soot or fine particle pollution for another five years.”!43
While the EPA, as of January of 2021, has not updated PM2.5 regulations, the growing
science-based evidence demonstrating its harmful health effects should motivate cities such
as Baltimore to act more aggressively to cut air pollution in order to protect the health of its
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residents and workers. (A more science-based Federal administration is more likely to accept
new scientific and medical findings.)

8.4.3 Heat stress

Heat stress has many negative health outcomes, including premature death, and is expected
to become more common as the planet continues to warm.!* Furthermore, heat waves,
which are expected to become more common with climate change, exacerbate urban heat
islands (UHI).! Urban heat island mitigation through deployment of cool and green roofs,
reflective pavements, and urban trees can help ameliorate the effects of heat stress.

The Centers for Disease Control and Prevention notes that extreme heat can cause
discomfort and fatigue, heat cramps, increased emergency room visits and hospitalizations,
and even death.!% Heat is the leading weather-related killer in the United States.!¥” The EPA
also emphasizes that some populations face higher risks of death from heat-related factors.
These groups include adults 65 and older, children, individuals with certain diseases such as
respiratory or cardiovascular illnesses, those who are economically disadvantaged, and Black
citizens.'*®

Extreme heat events are projected to be more frequent, longer lasting, and more severe as the
climate warms.!* Heat-related mortality is projected to increase by between 3,500 and
27,000 deaths per year in the U.S. by mid-century due to climate-related warming alone. !>
Considering the disproportionate impact of heat on certain populations, it should be noted
that the mortality of citizens will likely be concentrated in lower-income communities and
people of color. Therefore, efforts to mitigate heat stress should be focused on these, and this
report provides detailed information regarding infrastructure-based solutions for doing so.
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EXTREME HEAT EVENTS CAUSE A RANGE OF HEALTH PROBLEMS

Mild symptoms, discomfort, subtle effects
(e.g., skin eruptions, heat fatigue)

s PROPORTION OF POPULATION AFFECTED s

Figure 8.3. A visual representation of the number of health problems that are related to extreme heat.”’

UHIs and climate change together are also expected to increase the number of extreme heat
events in cities.’>? In addition to elevated daytime temperatures due to UHIs, cities take
longer to cool off at night, so urban populations increasingly cannot recover from daytime
heat and are thus more vulnerable to elevated temperatures in subsequent days.!>

There are three ways that Smart Surfaces can reduce heat-related mortality: decrease outdoor
temperatures, increase outdoor shade, and decrease indoor temperatures. Modeling studies
have shown that UHI mitigation solutions can decrease urban heat-related mortalities by
improving outdoor conditions.!> However, SSC has not found adequate data/studies to
quantify the heat-related mortality impact of changes in indoor conditions from the solutions
analyzed in this report, despite the fact that the impact of indoor conditions may be
significant.’ This impact is particularly important for residents in homes without air
conditioning or with inadequate air conditioning (not uncommon in low-income
populations) and residents that live on the top floor of buildings.

8.5 Stormwater management in the Mid-Atlantic region

Stormwater management strategies provide extensive benefits. Pollutant capture and
abatement in tree planters and bioswales protects downstream ecosystems and increases the
safety of public recreation opportunities. Smart Surfaces—especially green roofs, porous
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parking lots and sidewalks, and tree planters—can also delay and minimize peak runoff,
thereby reducing sewage backup flooding of residential properties and the volume of
combined sewer overflows. The reduction of peak flows decreases the burden on the
wastewater treatment plants in combined systems, so the facilities can continue removing
nutrients effectively before discharge into water bodies.

The Smart Surfaces Coalition has already calculated stormwater management benefits in two
other Mid-Atlantic cities, Philadelphia and Washington, D.C.; the latter is one of the leading
cities in the nation on this issue and therefore a model for Baltimore. Water utility customers
in the District of Columbia pay two distinct fees for stormwater management services on
their monthly bills. DC Water, the water and sewer services provider for the D.C. metro
area, collects the Clean Rivers Impervious Area Charge (CRIAC), and the Government of the
District of Columbia charges a Stormwater Fee. The two fees exist because each organization
is seeking to redress city-specific problems in stormwater management.

DC Water’s CRIAC has three main purposes: reduce combined sewer overflow volume into
the district’s waterways, reduce chronic sewage flooding of residential properties, and reduce
peak flows to the Blue Plains wastewater treatment plant.!® These objectives will be
accomplished through both distributed green infrastructure for site-level management and
large tunnels to temporarily store runoff before treatment. Since Baltimore also has a
combined sewer system, the CRIAC purposes are applicable to Baltimore, too.

Secondly, the District is required to obtain a discharge permit for their stormwater system,
and as discussed in Section 6.2.3, Baltimore is also required to obtain a discharge water
quality permit from the EPA. The District’s Stormwater Fee covers the cost to manage and
treat runoff pollution to comply with their permit,' and they use the funds to improve
water quality before it reaches point discharge sources. For example, funded pollution
control efforts in the district include street sweeping, tree planting, installation of green roofs
and rain gardens, trash removal in streets, and ensuring that new construction and
redevelopment projects incorporate green infrastructure.'>® Baltimore’s Watershed
Implementation Plan has outlined similar programs and projects. Section 10.6 will discuss
the methodology used for calculating Baltimore’s potential stormwater benefits, including
strategies from D.C. and the City of Baltimore’s own fees, discounts, and other incentives.

Lastly, the Smart Surfaces Coalition is currently quantifying stormwater management
benefits associated with groundwater recharge, reduced property damages from decreased
flooding, and increased property value. These benefits have yet to be finalized and therefore
are not included in this report; that said, future investigations could determine that could
make a significant contribution to Baltimore.
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8.6 Employment estimates

Smart Surfaces are particularly jobs intensive and thus job creative. Adoption would require
tree planting, the painting roads or roofs with reflective coatings, and the installation of
green roofs or solar panels, all of which are very labor intensive.

This section addresses three main issues surrounding employment: the number of jobs Smart
Surface adoption would create, the pay for these jobs, and ensuring that as many of these jobs
as possible go the Baltimore citizens.

8.6.1 Job creation from Smart Surfaces

As of 2019 there were an estimated 9.5 million green jobs in the United States.!>® These jobs
included installation of solar PV, green and reflective roofs, planting of trees, and adoption of
other Smart Surfaces. The labor intensities of Smart Surface and clean energy adoption are
much higher than the labor intensities of conventional energy sources. For example:

e A World Bank study estimated that wind and solar investment create 13.5 jobs per
million dollars of spending, and that building retrofits which promote energy
efficiency create 16.7 jobs per million dollars of spending. This is more than 3 times
the 5.2 jobs per million dollars in spending for oil and natural gas.!®

e A detailed job analysis found that 5.3 jobs were created per million dollars of fossil
fuel investment, and over 3 times this, 16.7 jobs, were created per million dollars
invested in clean energy (energy efficiency and renewable energy). Importantly, this
analysis also documents the higher job quality and higher pay nature of clean energy
jobs relative to fossil fuel employment.!®!

Each Smart Surface technology has distinct job creative potential, as discussed in the
following sections, but on average Smart Surfaces are about three times as job creative as the
economy as a whole.!6?

We provide estimates for job years created in the United States per million dollars invested
for each Smart Surface technology as shown in Table 6.1. A job-year is the equivalent of full-
time employment for one person for the duration of one year. These estimates are
documented below and reflect correspondence with industry professionals.

In a typical employment analysis, three categories of job creation are estimated, direct,
indirect, and induced. For this work we estimate only direct jobs. Omitting indirect and
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induced jobs reduces total employment impact estimates, and therefore full job creation from
Smart Surfaces is substantially larger than modeled in this section.

8.6.2 Estimating direct job creation from Smart Surfaces

There are many approaches to estimating direct jobs impact. While we reference various
studies, we use a transparent approach based on estimating jobs impact per million dollars
spent, providing a straightforward and transparent basis for estimating and comparing jobs
impacts.

Technology-specific employment estimates are detailed in Section 9. Direct jobs impacts by
technology are presented in Table 8.1 below.

Table 8.1. Estimated job years created per million dollars invested in different Smart Surface solutions.

Category Direct job years

paint roofs, roads and parking lots 17
trees 14
green roofs 14
solar panels on schools, low-income 11
porous surfaces 11

8.6.3 Estimating average salary and employee cost

A recent federal study found that employees in the renewable energy sector earned an
average of $48,000 annually which is equal to an hourly wage of $23.89.16% This is above the
national median hourly wage in 2019 of $19.14, which is equal to an annual salary of
$38,000. According to US News and World Report, solar photovoltaic installers made a
median salary of $42,680 in 2018.1* According to the same analysis, the median salary for
painters is $38,940. For tree planters in the US, individuals make an average salary

of $32,803 per year which is equal to about $16 per hour.'®

These findings suggest an annual average salary range of $35,000-40,000 per year for
employees working on Smart Surfaces, including new and very experienced workers, with an

hourly salary of at least $15 and hour for workers in the Smart Surface fields. It is worth
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noting that new workers typically make less money than experienced workers. As cities
undertake projects to paint roofs and roads, plant trees, and add green roofs and solar, they
will expand the workforce substantially through new hiring—and employees will tend to be
new workers with relatively lower pay. *t

The total or loaded cost of an employee is greater than their annual salary, as employers will
have to cover additional costs associated with an employee. These additional costs commonly
range in estimates from 18%—40%.1% These costs vary and are typically lower for new
workers, and higher for long term employees. Since many new hires for Smart Surface
adoption will likely be newer workers—and since it is important that they have substantial
training, support, and benefits (including for new Baltimore employees)—we estimate
additional costs on top of salary to be above industry average, at 30%—40%.

To reiterate, we assume a higher additional cost to allow for substantial training, worker
support and benefits which increases total cost per Smart Surfaces employee from the
previously mentioned $35,000-$40,000 range. Our analysis suggests an all-in cost per year
for an average Smart Surface employee of about $50,000 per year. This is the average loaded
cost of a Smart Surface employee that we use, and as noted, it assumes above average funding
for training, support, and benefits.

8.6.4 Percent of new Smart Surfaces jobs that go to Baltimore residents

For cities to realize maximum employment benefits from rapidly expanding Smart Surfaces,
green jobs should be directed as much as possible to city residents. In a time of high
unemployment, moving Baltimore city residents off city unemployment rolls and into tax
paying jobs creates a great deal of value to the city including reduced expenditures and
increased revenues.

Early investment in training, an expansion of employment, and the growth of tree planting
and green roof industries in Baltimore would also position Baltimore well in a number of fast
growing and labor-intensive industries. These are jobs that are attainable for people with a
range of education levels and involve substantial training and pathways to management and
job growth.

Vi This suggest the estimated salary average of $35,000 - $40,000 may be on the high side.
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We assume that Smart Surface hiring programs include substantial new employee training,
support, and retention programs and perhaps in-city hiring preferences—features that are
common in larger city programs engaged in expanding clean energy. As noted above, we
have included higher than average overhead costs to provide adequate funding for
recruitment, training, and support of city residents to ensure that employment skews toward
city residents.

Both the adoption of trees and green roofs require substantial land to allow for the growing
of tree saplings and green roof trays. As noted above, green roofs consist of trays that include
hardy, low water use plants like sedum that are then transferred onto and installed on roofs.

If the trees and plants for green roof trays are grown on land in Baltimore, and the city
should offer strong training programs and a preference for employing Baltimore citizens.
This type of program could, ideally, include Baltimore providing land for a tree nursery and a
facility for growing green roof trays required for green roofs.

Baltimore has a host of solar PV installers that provide a strong basis for the expansion of
Baltimore’s creation and assembly of solar systems.

Green roofs and urban trees are fast-growing, labor-intensive sectors that

can take advantage of Baltimore’s relatively low-cost land. By repurposing unused large
adjacent lots as long term zero cost leases to grow green roofs and trees, Baltimore could help
build out 3 substantial new job areas for its citizens: green roofs, trees, and solar assembly.

We assume 50% of employment growth from scaling Smart Surfaces accrues to city residents

and to the city and its tax base.’” Developing an in-city tree nursery and green roof tray
facility would strengthen in city employment.
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9 Quantification of Smart Surfaces Costs and Benefits

9.1 Cool roofs

This section explores the basic principles of reflective/cool roofs and their potential impacts.
Major benefits include ambient cooling, reduced energy use for cooling, reduced greenhouse
gas emissions and global cooling, increased roof life, and improved air quality and reduced
heat-related mortality. Other benefits include downwind cooling and reduced stormwater
runoff temperature. Potential drawbacks include glare and increased energy use for winter
heating.

9.1.1 Cool roof basics

There are two general classes of roof: low slope and steep slope. Low slope (or flat or almost
flat) roofs“ii are common on commercial buildings, multifamily housing, and row homes.
Common types of low slope roofs are built-up roofing, modified bitumen, and single-ply
membrane roofing. The most common cool roof options for low slope roofs are coatings and
membranes.

Steep slope roofs'* are most common on single-family detached homes and some row homes.

Asphalt shingles are by far the most common material for steep slope roofs. Other steep slope
roofing options include metal roofs, tile roofs, and wood shingle roofs. Cool steep slope roofs
are much less developed and less frequently deployed compared to cool low slope roofs.

As cool roofs age, their solar reflectance reduces due to weathering and accumulation of dirt.
As a result, aged solar reflectance is the standard reflectance metric for cool roofs used in
codes, laws, and research. The 3-year aged solar reflectance is the industry norm, and was
developed by the Cool Roof Rating Council,!®® a nonprofit membership organization (and
member of the Smart Surfaces Coalition) that maintains credible, independent roof surface
characteristic ratings and data and that provides industry-wide product testing and rating.
All major building codes such as the American Society of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE) and International Code Council (ICC)) reference Cool
Roof Rating Council standards.

Vi No more than 2 inches of vertical rise over 12 inches of horizontal run
X Greater than 2-inch rise over 12-inch run
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Conventional roofs have ranges of solar reflectance from 0.05-0.20, depending on type.!*
This report assumes a solar reflectance of 0.18 for conventional low slope roofs. Low slope
cool roof solar reflectance also depends on roof type. Multipole low slope cool roof products
are available that have 3-year aged albedos above 0.7. This report assumes that low slope cool
roofs have an aged albedo of 0.7. Table 9.1 below presents the solar reflectance values used in
this analysis.

Because asphalt shingles are the most common type of steep slope roof, this analysis uses
their albedo as the baseline for steep slope roof albedo. The albedo of non-cool asphalt
shingles generally ranges from 0.05-0.15.17° This analysis, however, assumes the existing
average steep slope roof albedo in Baltimore is 0.18 (i.e., on average, roofs absorb 82% of
sunlight), based on guidance provided by experts in the field.!”! Steep slope cool roofs are
typically cool-colored—meaning they have high solar reflectance in the near infrared band
of sunlight and low reflectance in the visible band—and often have a similar color to
conventional steep slope roofs (see Figure 9.1). Currently, there are many steep slope roofing
products on the market that achieve 3-year aged albedos of 0.4 and higher, reflecting
continuing innovation in the field.* It is possible to achieve albedos as high as 0.7.172 Based on
the guidance of experts in cool roof technologies,!”® this analysis assumes an aged albedo of
cool steep slope roofs of 0.4. Figure 9.1 below shows cool-colored roof tiles measured by
Lawrence Berkeley National Laboratory. Table 9.1 below presents the solar reflectance
values used in this analysis.

Table 9.1. Conventional and cool roof albedos used in this report.

SOLAR REFLECTANCE
ROQF SLOPE .
Conventional roof Cool roof

Low slope 0.18 0.70
Steep slope 0.18 0.40

* Based on analysis of Cool Roof Rating Council Rated Product Directory in December 2020:
https://coolroofs.org/directory
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Figure 9.1. Cool-colored tiles (top row) look like conventional roof tiles (bottom row) but have higher solar
reflectance.’”*

Cool roof installation and maintenance costs presented in this report are based on recent
literature and guidance from roofing professionals.!”> Roof replacement, rather than
restoration, is the norm when a roof begins to show significant signs of aging.!”¢ Low-slope
cool roofs are the same or marginally higher cost than their conventional equivalent.”” Based
on literature review and industry discussions, we assume an installation premium of $0.10
per square foot for low slope cool roofs. There is typically a higher cost premium for steep
slope cool roofs. We assume an installation premium of $0.30 per square foot for steep slope
cool roofs. Maintenance requirements for cool roofs are like those for conventional roofs, but
cool roofs can be washed to maintain a higher albedo. There are two cleaning options for
cool roofs: power washing and mop cleaning (or equivalent). We assume a maintenance cost
of $0.10 per square foot every 4 years, based on guidance from experts in the field.!”® Table
9.2 below summarizes cool roof cost premiums.

Table 9.2. Cool roof cost premiums

w Low slope Steep slope

Installation $0.10/SF $0.30/SF
Maintenance $0.10/SF every 4 years $0.10/SF every 4 years

9.1.2 Impacts of cool roofs

Table 9.3, and Figures 9.2 and 9.3, below summarize the costs and benefits of cool roofs for
Baltimore. There are more benefits than costs excluded from cost-benefit results, and
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excluded benefits very likely have a much higher value in aggregate than excluded costs, so
our findings tend to underestimate the benefits and the net present value of cool roofs.

Table 9.3. Cool roof cost-benefit impact table (a “minus” indicates a cost or negative impact, a “plus” indicates a

benefit or positive impact).

IMPACT
Installation (-)

INCLUDED

X

NOT INCLUDED

Maintenance (-)

Direct cooling energy reduction (+)

Direct heating energy penalty (-)

Indirect cooling energy reduction (+)

Indirect heating energy penalty (-)

P P PR

Peak energy load reduction (+)

HVAC air intake temperature energy impact

(+)

GHG emissions reduction (+)

Global cooling (+)

Ozone concentration reduction (+)

PM2.5 concentration reduction (+)

Heat-related mortality reduction (+)

Employment (+)

Increased roof life (+)

P P R | ]| X

Downwind cooling (+)

Downwind warming (-)

Reduced stormwater runoff temperature (+)

Glare (-)

PR P X
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Low Slope Cool Roof Costs and Benefits
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Figure 9.2. The cost and benefits of low slope cool roofs for the 20-year scenario in dollar value (costs are
shown as negative and benefits are positive)
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Steep Slope Cool Roof Costs and Benefits (20-Year Scenario)
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Figure 9.3. the costs and benefits of steep slope cool roofs for the 20-year scenario in dollar value (costs are
shown as negative and benefits are positive)

Cool roofs last longer than conventional roofs due to reduced thermal expansion and
contraction and reduced UV radiation absorption.!” For this reason, and based on guidance
from roofing experts, we estimate that the first cost and maintenance premiums for cool
roofs, both low-slope and steep-slope, will be offset by the financial benefit of extended roof
lifespan.'® The surface life extension benefit is $0.45 per square foot for low slope cool roofs
and $0.60 per square foot for steep slope cool roofs. In essence, more reflective, longer lasting
surfaces pay for their higher initial cost and higher O&M costs because they last longer,
hence delaying and/ or avoiding the large expense of replacement.
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Because the surface temperature of a cool roof is lower than that of a conventional roof, less
heat is transferred to the building below and to the air above. This means that a building
with a cool roof requires less energy for cooling in the summer but can require slightly more
energy for heating in the winter. The reduced solar heat gain in the winter (called the
“heating penalty”) is much less than cooling energy savings'®! because there is less solar
radiation during the winter due to lower sun position, and due to shorter days, increased
cloudiness, and the potential for winter snow coverage. Furthermore, peak demand for
heating typically occurs around sunrise, which is when conventional and cool roofs are
roughly the same temperature. Section 10.1 provides an overview of methods and
assumptions used to estimate this benefit.

In addition to direct energy use impacts, cool roofs reduce peak electricity demand and
demand charges, which benefits utilities because it reduces peak loads and some utility
customers.* Cool roofs can reduce air intake temperature of heating ventilation and air
conditioning (HVAC) systems, reducing cooling energy consumption. For citations and
further explanation of these benefits, see Section 9.1.2.8.

9.1.2.3.1 Factors that impact direct energy savings

The size of direct energy savings/penalties depends on several factors, including the thermal
properties of the roof assembly, the operating schedule of a building, and HVAC equipment
efficiencies.!®? Savings/penalties will be different in residential and commercial properties
because of differences in design, occupancy, and HVAC schedules.*

Energy loss through the roof is reduced by additional insulation, so buildings with well
insulated roofs experience lower heat transfer and thus lower both summer cooling and
winter heating bills. Studies from Princeton University show that insulation levels are the
dominant factor controlling heating needs during the winter, and that albedo is the
dominant factor controlling cooling energy needs during the summer. !

Heat transfer between floors in a building is minimal, so only the top floor of a building will
experience material direct energy impacts from reduced roof heat transfer—for example

X Demand charges are sometimes referred to as capacity charges.

Xi The ratio of cooling savings to heating penalty per square foot of roof area for commercial buildings is
typically higher than that for residential buildings because commercial buildings are typically occupied and
conditioned when cooling demand is at its peak and heating demand is at its minimum (i.e., during the day),
while residential buildings are primarily occupied and conditioned while cooling demand is at its minimum
and heating demand is at its peak (i.e., during the evening, night, and morning). In other words, cooling
savings for commercial buildings tend to be larger than for residential buildings. And conversely, heating
penalties for commercial buildings tend to be smaller than for residential buildings.
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from a reflective roof.!®* Therefore, the more floors a building has, the smaller the percentage
impact of a cool roof on total building energy consumption—although absolute direct
building energy impacts are unchanged by the number of floors.

Direct energy savings depend on climate. For example, a broad modeling study found that
cooling energy savings generally increase in warmer climates, while heating penalties
generally increase in cooler climates.'® The study estimated the load change ratio—the
increase in annual heating load divided by decrease in annual cooling load—for commercial
buildings around the country. A value of 1 means that the savings and penalty exactly offset
each other and a load change ratio less than 1 means that the cooling load decreased more
than the heating load increased, resulting in a net energy savings. In the Mid-Atlantic, the
load change ratio for office buildings ranges from 0.18 to 0.34. In other words, the heating
energy penalty is equal to about one quarter of the cooling energy savings when a cool roof is
installed on an office building in Baltimore. In a warming world, summer cooling benefits
will dominate winter heating penalty by a larger and larger multiple.

91241 Ambient cooling

Reflective roofs stay cooler than conventional roofs, which reduces heat transfer to the urban
environment. At large scale, this can materially reduce urban air temperatures, reduce the
UHI, and effectively offset some or all the warming from climate change. A literature review
calculated a relationship between urban albedo and air temperature based on data from UHI
mitigation modeling studies. This study found that for each 0.1 increase in urban albedo,
average urban air temperature decreases by 0.3°C (0.5°F) and peak temperature decreases by
0.9°C (1.6°F).18¢ The relationship between urban albedo and average air temperature is much
better defined than the relationship between urban albedo and peak air temperature.*

UHIs are highly location specific, so it is preferable to have a location specific ambient
cooling analysis. Fortunately, a 2014 study by Li et. al. examines UHI mitigation in the
Baltimore-Washington metropolitan area.'®” This study found albedo increases are effective
at reducing UHI. Li et. al. (2014) is discussed in more detail in Section 10.3.

Ambient cooling has a broad range of benefits. This report does not directly estimate the
value of ambient cooling from cool roofs, rather it estimates the benefits of ambient cooling

Xil The R2 of the regression for urban albedo and average air temperature is high, but data for urban albedo
and peak air temperature is more scattered. The study does not report the R2 for the relationship between

urban albedo and peak air temperature.
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through energy use reductions (this section) and related GHG emissions reductions (Section
9.1.2.5), improvements in air quality (Section 9.1.2.6), and declines in heat-related mortality
(Section 9.1.2.6.3).

91242 Indirect energy

As noted above, a city-wide switch from conventional, dark roofs to cool roofs can have a
substantial impact on urban summer air temperature, leading to city-wide net energy
savings.®¥ The cooling effect is apparent in the cooling season (summer) and the heating
season (winter), but its effect is much smaller during the heating season for reasons discussed
above in the section on direct energy. Indirect energy savings/penalties are also smaller than
direct energy savings/penalties. For example, a 2005 study from Lawrence Berkeley National
Lab estimates that indirect electricity savings from city-wide installation of cool roofs and
shade trees are less than one-fifth of combined direct and indirect electricity savings.!88

The scale of indirect energy savings/penalties from cool roof installation depends on the city
building stock. For example, as average HVAC efficiency in a city increases, the indirect
energy savings decreases. Similarly, as the insulation level (e.g., R-value) of building
envelopes increases, the net indirect energy savings decreases. Building occupancy patterns
also play a role in the scale of the indirect energy impact.* Section 10.3 provides an
overview of methods and assumptions used to estimate this benefit.

91251 Greenhouse gas emissions reductions

Anthropogenic (human-caused) greenhouse gas (GHG) emissions are the dominant factor
driving global climate change.!® One of the main sources of anthropogenic GHG emissions is
energy use in buildings. In 2018, commercial and residential buildings accounted for about
38% of U.S. GHG emissions.!® Reducing energy used for space conditioning from cool roof
installation reduces building related GHG emissions.

v Cooling energy savings as well as smaller heating penalties.

x Electric heating penalties are included in the electricity savings calculations.

xi For instance, as the ratio of commercial to residential buildings increases, cooling energy savings will
increase and the heating energy penalties decrease. This is because commercial buildings are typically

occupied when cooling demand is at its highest and heating demand is at its lowest.
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91252 Global cooling

Cool roofs reflect more sunlight back into space than conventional roofs, thereby causing
negative radiative forcing®* and reducing global warming. Studies have found that increasing
the albedo of one square foot of roof by 0.25 is equivalent to a one-time GHG offset of
between 5.8 and 7.6 kg CO2e.!*! Because the global cooling impact can be large, this analysis
includes this important and often overlooked impact.

The impact of roof albedo changes on Earth’s radiative forcing remains an active area of
research. One of the key scientific questions relates to the impact of surface albedo changes
on cloud formation.!>? However, clouds are one of the most complex aspects to climate
modeling, with no clear conclusions, so urban-climate scientists commonly ignore or
discount the impact of urban albedo changes on cloud formation.!**ii Given lack of any
consensus on impact, this unsettled issue is outside the scope of this report.

The methods and assumptions used to estimate cool roof climate change mitigation impact
are described in Section 10.4.

Figure 9.4 shows cool roof climate change mitigation pathways.

'1’ Roofaibet[o 12) ~L Energy.use. .. —) \l' GHG emissions. —) ~1r C]lmatec}\arnge.-:

Figure 9.4. Cool roof climate change mitigation pathways (note: up arrows (1) indicate an increase, and down
arrows () indicate a decrease; shaded boxes indicate pathways included in cost-benefit results)

i Radiative forcing is the difference between the radiant energy received by the Earth (from the Sun) and
the energy Earth radiates to space.

it And note that urban areas already increase cloud formation because of particulates they produce.
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9.1.2.6.1 Cool roofs and ozone

Increasing urban albedo indirectly reduces ambient ozone concentrations by: (1) decreasing
ambient temperature; and (2) decreasing summertime building energy use. As discussed
above in Section 8, the chemical reactions that form ozone are temperature dependent, so
decreasing ambient temperature decreases ambient ozone concentration. Decreasing ambient
temperature also indirectly reduces summertime building energy use. Cool roofs directly
reduce summertime building energy consumption by reducing solar heat gain and by
reducing urban temperature, in turn reducing city—wide cooling loads. Decreased
summertime building energy use leads to decreased emissions of ozone precursors from fossil
fuel power plants that are a major source of ozone precursor emissions. In general, as ozone
precursor emissions decline, ozone formation declines as well.

Figure 9.5 shows the pathways through which cool roofs can reduce ozone levels. However,
due to the complexities involved in photochemical air quality modeling, this report does not
include the benefit of precursor emissions reductions. This report discusses the methods,
assumptions, and pathways in more detail in Section 10.5.

[~ temperature " - v
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Figure 9.5. Cool roof ozone concentration reduction pathways (Note: Up arrows (1) indicate an increase, and
down arrows () indicate a decrease; shaded boxes indicate pathways included in cost-benefit results).

91262 Cool roofs and PM2.5

Cool roofs reduce PM2.5 pollution directly by decreasing building energy use and indirectly
by decreasing ambient temperature, which in turn reduces building energy use. Reducing
building energy use results in decreased emissions of PM2.5 and PM2.5 precursors,
decreasing primary and secondary PM2.5 pollution.

Figure 9.6 shows the PM2.5 concentration reduction pathways of cool roofs. This report
describes PM2.5 impact estimation methods and assumptions in Section 10.5.
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Figure 9.6. Cool roof PM2.5 concentration reduction pathways (Note: Up arrows (1) indicate an increase, and
down arrows (| ) indicate a decrease; shaded boxes indicate pathways included in cost-benefit results)

9126.3 Cool roofs and heat-related mortality

Studies show that UHI mitigation solutions like cool roofs decrease urban heat-related
mortalities by reducing air temperature.'** As noted in Section 8.4, there are two pathways
by which cool roofs can reduce heat-related mortality: (1) improving outdoor temperature
conditions and (2) improving indoor temperature conditions. This report did not find
sufficient rigorous work documenting the potential for cool roofs to reduce heat-related
mortality by improving indoor conditions, so this benefit is not estimated in this report.
However, this benefit is probably significant!®> and warrants further research.** Because this
analysis does not include the heat-related mortality impact of cool roofs from improving
indoor conditions, heat-related mortality benefit estimates in this report should be
considered conservative. This report describes heat-related mortality benefit estimation
methods and assumptions in Section 10.5.

For resurfacing city roofs, roads, and pavements we estimate that 80% of cost is for labor in
the city, with a comparatively small proportion of overall cost expended on products such as
paints, brushes, and other tools.

Based on literature review and industry discussions, we estimate the number of direct jobs
created per one million dollars invested. For painting roofs, roads, and pavements, the large
majority (about 80%) of cost to the employer comes from labor in the city, i.e., paying
painting crews, with limited costs from paints, brushes, etc. $800,000 (80% of $1 million)

Xx The evaluation of the Energy Coordinating Agency (ECA) of Philadelphia’s Cool Homes Pilot Project
provides some insight on indoor temperature reductions to be expected from cool roof installation, though
it can only speculate on the impact of heat on health. In its sample of 35 homes, the ECA found white roofs
reduced indoor peak air temperature in bedrooms under the roof without air conditioners by about 2°F. In

bedrooms with air conditioners, the peak indoor air temperature declined by 0.4°F.
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pays for 16 job years at $50k/job. We estimate that the other $200,000 invested in a project
would go to paint and other materials and equipment. These products are made in factories
that are likely remote and that have much higher capital and equipment costs, as well as
lower labor input, yielding on the order of 5 job years per million dollars. This is equal to
average labor intensity across the economy as a whole.'? The $200,000 that goes to materials
made in factories therefore creates 1 additional job. We estimate that a total of 17 direct job
years are created per million dollars spent on reflective roofs, parking lots, and roads.

91281 Reduced HVAC air intake temperature

One consequence of lower surface temperatures on cool roofs is lower near-roof surface air
temperatures. [f HVAC components are located on the roof, lower near-roof-surface air
temperatures may cause increased air conditioning efficiency and decreased energy use
because the air conditioner does not need to remove as much heat from cooler incoming air.
This potential benefit is little studied and not well quantified.

Lower intake air temperature during the cooling season could have a significant impact on
the cooling energy savings on multistory buildings. As previously described, the impact of
solar heat gain or loss through the roof is only evident on the top floor of a building. The
impacts of lower air intake temperature on a reflective or green roof on HVAC energy
consumption would impact entire buildings’ energy consumption. This benefit is probably
substantial where AC systems are on roofs and should be included in future estimates of the
energy consumption impact of cool roofs and deserves further research.

9.1.2.8.2 Reduced peak electricity demand

Peak roof surface temperatures generally coincide with peak electricity demand, which in
warmer climes generally occur on weekday afternoons during the cooling season
(summer).!”” Because cool roofs have lower peak surface temperatures, buildings with cool
roofs experience reduced peak electricity demand.!*® Peak electricity demand reductions
mean reduced consumption during periods with higher electricity rates during which “time
of use” rates apply, and reduced capacity charges (e.g., for large commercial and industrial
buildings), so reduced peak demand can provide significant cost savings. However, because of
limitations in the Green Roof Energy Calculator (GREC)!' this analysis does not quantify the
benefits of peak electricity demand reductions, and energy benefit calculations are
conservative as a result.
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91283 Downwind cooling

There is modeling evidence that reducing UHIs in upwind cities can reduce UHIs
downwind. A study from the University of Maryland modeled an extreme UHI event in
Baltimore in 2007.2°° The model results showed that hot air from upwind urbanization
contributed to as much as 25% of Baltimore’s UHI, equivalent to 1.25°C for the event
modeled. Downwind cooling from city-wide adoption of Smart Surface options in Baltimore
is likely to be material. Due to the limited research estimating the potential downwind
cooling impacts of upwind urban cooling, this report does not include downwind cooling
benefits in cost-benefit calculations. The downwind cooling benefit of region-wide
deployment of the Smart Surface solutions discussed in this report is large at a regional level
(especially as Smart Surfaces are adopted regionally), and this benefit merits further research,
analysis and modeling.

91284 Reduced stormwater runoff temperature

Because dark conventional roofs absorb most incoming solar radiation, they become very
hot. During a sunny summer afternoon storm event, this heat heats rain runoff, increasing
initial stormwater runoff temperatures. 2! Increased stormwater runoff temperatures can
cause temperature spikes in local water bodies. Cold-water aquatic ecosystems (e.g., cold-
water streams that support trout) can be particularly sensitive to heated runoff.??. Given the
large uncertainty and the difficulty in valuing reduced stormwater runoff temperature and
its likely limited impact, this analysis does not include this potential benefit of more
reflective, cooler surfaces in cost-benefit calculations.

9.1.2.8.5 Increased PV efficiency

Reflective roofs may enhance performance of solar PV systems installed on them. PV panel
efficiency degrades slightly with higher panel temperature, so lower near-roof air
temperatures increase PV efficiency. One study compares PV power output over a black roof
and green roof and found a small (0.8%-1.5%) increase in power output over a green roof
(see Section 9.2.2.12 for more details). The increase in power output of a PV system over a
cool roof is likely smaller in size than that of a PV system over a green roof because shading
from the PV system would limit the sunlight that reaches the cool roof, thus partially
negating its cooling ability. Much of the green roof ambient cooling benefit comes from
evapotranspiration, which would not be as limited by shade. Lacking convincing work
quantifying the impact of cool roofs on PV power output, we do not include this benefit in
cost-benefit calculations.

91286 Glare

Glare from roofs that reflect a large fraction of visible light (e.g., bright white roofs) might
disturb occupants of nearby taller buildings.?® In situations where this is a concern, cool-
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colored roofs (discussed in Section 9.1.1) that are specified to reduce glare are a good
alternative. This is likely a not significant impact and is highly location specific, so it is not
included in cost-benefit calculations in this analysis.

9.2 Green roofs

The sections below explore the basic principles of green roofs and their benefits, including
reduced cooling energy use, reduced greenhouse gas emissions, improved air quality and
reduced heat-related mortality, reduced stormwater runoff, and increased employment.
Other benefits include downwind cooling, reduced stormwater runoff temperature,
increased amenity and aesthetic value, and increased biodiversity.

9.2.1 Green roof basics

There are two major types of green roof: (1) intensive and (2) extensive. Intensive green roofs
are thicker, typically with soil depths greater than six inches, able to support a wider variety
of larger plants (like shrubs and sometimes small trees), and are often accessible to the public.
However, they are heavier and more expensive to install and maintain. Extensive green
roofs, typically have soil depths between three and six inches, support herbaceous ground
cover plants (sedums are common), and are usually . Extensive green roofs are lighter and
less expensive to install and maintain compared to intensive green roofs.> Extensive green
roofs are by far the most common green roof type.??* Figure 9.7 below shows examples of an
extensive and intensive green roof.

* For more discussion on the types of green roofs EPA and GSA have good resources.
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http://www.epa.gov/sites/production/files/2014-06/documents/greenroofscompendium.pdf
http://www.gsa.gov/portal/mediaId/158783/fileName/The_Benefits_and_Challenges_of_Green_Roofs_on_Public_and_Commercial_Buildings.action

Figure 9.7. Example of extensive green roof (left) and intensive green roof (right)*>

9.2.1.2 Installation and maintenance costs

We assume that all green roofs modeled are of the extensive type, and these have a life of 40
years. This assumption is consistent with published cost-benefit analyses.??® Green roof
installation and maintenance costs are based on current literature and guidance from roofing
professionals.??” This report assumes that the additional cost of a green roof compared to a
conventional roof is $15 per square foot.**

Maintenance of green roofs is greater than conventional or cool roofs and can include
weeding, and spot planting to cover bare spots. Because plants on an extensive green roof are
selected to survive without permanent irrigation, and long-term irrigation on extensive
green roofs is uncommon, only long-term non-irrigated green roofs are analyzed in this
report.

Based on literature review and industry discussions, this report assumes green roof
maintenance premiums of $0.46 per square foot per year.?® These maintenance premiums
remain constant throughout the analysis. In addition, this report assumes a one-time

i Green roof cost per square foot generally decreases as roof area increases In addition, as the green roof
industry matures, the cost per square foot of green roofs is expected to decrease due to economies of scale.
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PREMIUM COST

Installation Premium $15/ft2
Maintenance Premium $0.46/ft2-yr
Employee Training Premium $0.036/1t2

employment training cost of $0.036 per square foot. The maintenance and replacement
premiums are summarized in Table 9.4.xi

Table 9.4. Green roof cost premiums

9.2.2 Impacts of green roofs

Table 9.5 and Figure 9.8 below summarize the costs and benefits of green roofs included in
the cost-benefit calculations of this report. There are more benefits than costs excluded from
cost-benefit calculations, and excluded benefits likely have a higher value in aggregate than
excluded costs, so the findings can be considered conservative (i.e., underestimate the net
value of green roofs).

Table 9.5. Green roof cost-benefit impact table (a “minus” indicates a cost or negative impact, a ‘plus” indicates
a benefit or positive impact).

IMPACT INCLUDED NOT INCLUDED
Installation (-) X
Maintenance (-)

Direct cooling energy reduction (+)

Direct heating energy reduction (+)

Indirect cooling energy reduction (+)

P P | R

Indirect heating energy penalty (-)

Peak energy load reduction (+) X

HVAC air intake temperature energy impact X
(+)

GHG emissions reduction (+)
Global Cooling (+) X

Carbon sequestration (+) X

<

xii As a reminder, the lower bound estimate assumes the highest cost estimates and the lowest benefit
estimates, while the upper bound estimate assumes the lowest cost estimates and the highest benefit
estimates. The middle estimate, our core estimate, assumes average or mid-point cost and benefit
estimates.
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Ozone concentration reduction (+)

PM2.5 concentration reduction (+)

Heat-related mortality reduction (+)

Reduced stormwater runoff (+)

Employment (+)

PP R | R

Downwind cooling (+)

Downwind warming (-)

Reduced stormwater runoff temperature (+)

Amenity value (+)

Aesthetic benefit (+)

Biodiversity (+)

Increased PV efficiency (+)

Increased humidity (+/-)

PP PR PR | R |

Green Roof Costs and Benefits (20-Year Scenario)
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Figure 9.8. The costs and benefits of green roofs for the 20-year scenario in dollar value (costs are negative and
benefits are positive)

There are three mechanisms by which green roofs reduce direct energy consumption: (1)
increasing roof surface evapotranspiration rates, (2) shading the roof surface, and (3)
increasing roof insulation and thermal mass.?® Figure 9.9 below illustrates the three
mechanisms that keep green roofs cooler than conventional roofs during the summer—the
temperature difference can be as much as 50°F*ii210—]eading to significant cooling energy
savings. The thermal mass and thermal resistance provided by green roofs also help reduce
heating energy costs in the winter. Section 10.1 provides an overview of methods and
assumptions used to estimate this benefit.

Evapotranspiration

Lt
\\\%%
<§hg3w®

Thermal mass

Indoor

Figure 9.9. Green roof direct energy benefit features.?!!

Like cool roofs, green roofs reduce total and peak electricity demand, which provide
significant benefits to utilities (because it reduces peak electricity consumption) and to some
utility customers (because peak electricity and demand charges can be expensive). Green
roofs may also cool air intake temperature of HVAC systems, potentially reducing cooling

xii For example, on a summer day in Chicago, the surface temperature of a green roof ranged from 91 to
119°F and that of an adjacent conventional roof was 169°F. Similarly, the near surface air temperature over

a green roof was 7°F cooler than that over a conventional roof.
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energy consumption. This report does not include these potentially substantial benefits in
cost-benefit results due to limitations in data availability. For more explanation of these
benefits see Section 9.2.2.12 v

Evapotranspiration, the combination of evaporation and transpiration, occurs when heat
coverts water into water vapor, keeping green roofs cooler than conventional roofs and
yielding cooling energy savings for the building below. Increased evapotranspiration results
in latent heat transfer (energy released or absorbed in a phase change process), meaning
green roofs stay cooler in the summer than conventional roofs.*v212 This results in less heat
transferred to the building below, so building cooling energy needs decrease.

As one would expect, the availability of moisture in the green roof is an important factor in
determining the size of the evapotranspiration impact on cooling energy. More moisture
means more evapotranspiration benefits, but only up to a point.?!3 The cooling energy use
benefit plateaus above a certain soil moisture content.™"

Seasons and air movement also affect evapotranspiration benefit of green roofs. In the
summer, when green roof plants are active and there is plenty of solar energy for
evapotranspiration, green roofs provide a relatively large evapotranspiration benefit.
However, in the winter, evapotranspiration is greatly reduced because there is less solar
energy available for evapotranspiration, and plants are less active or are inactive.®i214 The
evapotranspiration benefit also increases with air movement because humid air is moved
away more rapidly, making way for drier air, thus increasing evapotranspiration cooling
benefits.

xiv | ike on a cool roof, the near-roof surface temperature on a green roof will be lower than that on a
conventional roof during the summer. If HYAC components are located on the roof, lower near-roof surface
air temperatures can result in increased air conditioner efficiency and decreased energy use. We do not
include the direct energy impact of air conditioning efficiency increases from low near-roof surface
temperatures in our direct energy savings/penalties impact because it is not well documented.

»v The cooling process involved in evapotranspiration is the same as that the human body uses to cool itself
through sweating. Evapotranspiration is the combination of transpiration and evaporation. Transpiration is
the process of water movement from a plant’s roots out through its leaves (and to a small extent though
its stems and flowers). In evapotranspiration, heat from the sun leads to the evaporation of water from the
vegetation and soil, producing a cooling effect. In other words, evapotranspiration converts sensible heat
into latent heat.

xvi This report does not present the quantitative findings of Sun et al. (2014) because, as the authors note,
“The conclusions presented here are qualitatively generalizable.”

xxvii In the northern part of the U.S., evapotranspiration typically begins in April, reaches a peak in

June/July, and decreases in October.
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Green roof vegetation shades the growing medium (soil), which reduces its solar energy
absorption and results in lower surface temperatures compared to a conventional roof. This
lower surface temperature due to shading decreases the amount of heat transferred to the
building below and results in lower building cooling energy use.

In addition to increased evapotranspiration rates and shading of the roof surface, green roofs
have a higher thermal mass and thermal resistance than conventional roofs, *¥ii which means
they take longer to absorb and release heat than conventional roofs. One consequence of this
is decreased and delayed heat transfer through the roof to the building below. Furthermore,
because they take longer to heat up and cool down, green roofs experience smaller swings in
temperature than conventional roofs.®* The net effect is reduced building energy needs and
costs.?!

As noted, green roofs provide a small insulation benefit to the building below.?'® The amount
of thermal resistance (insulation) provided by green roofs depends on the thickness of the
growing medium—a thicker growing medium generally means greater insulating
properties—and the moisture content in the growing medium—as moisture content
increases, insulation value decreases.?'” This is a small benefit, so the effect of soil moisture
on the insulating properties of an extensive green roof is minimal and not included in cost-
benefit calculations in this report.

The direct energy consumption impacts of green roofs depend on many of the same factors as
cool roofs, namely the thermal properties of the roof assembly, the operating schedule of the
building, HVAC equipment efficiencies, and climate. Only the top floor of a building
experiences direct energy consumption impacts from green roofs.

xviii Thermal mass is the ability of a material to absorb and store heat energy.
xix Because they heat up slower than conventional roofs, the membrane of a green roof (where the heat
transfer between the roof and building occurs) reaches peak temperature after conventional roofs,

reducing peak cooling loads.
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92271 Ambient cooling

Because of evapotranspiration and shading, green roofs are typically cooler than
conventional roofs, reducing heat transfer to the urban air. Green roof installation at large
scale reduces urban air temperatures, helping to mitigate the UH]I, in effect offsetting part of
projected global warming.

A recent modeling study found that solar radiation and green roof soil moisture are the main
determinants of green roof outdoor thermal performance.?!® As solar radiation increases, the
green roof ambient cooling benefit decreases, but is not eliminated. Generally, as soil
moisture increases, sensible heat transfer to the urban air decreases—i.e., green roof ambient
cooling benefit increases.**2!? The study also found that relative humidity does not show a
strong impact on green roof ambient cooling benefit.??

While numerous studies examine the impacts of cool roofs, fewer studies have examined the
city-wide impact of green roof installation. Two early studies, one that studied Toronto and
one that studied New York City, found air temperature reductions from green roof
installation.?”! A recent study examined the impact of green roofs on urban temperatures in
the Baltimore-Washington metropolitan area.??? The study modeled the cooling impacts of
green and cool roofs during a 2008 heat wave and found that increasing green roof coverage
generally reduces ambient temperatures. In particular, the study found that if about 90% of
roofs in the Baltimore-Washington area were converted to green roofs, the daily maximum
2-m temperature (near-surface air temperature) during the heat wave was reduced by 0.5 °C.
In the afternoon, when the 2-m urban heat island was less pronounced, green roofs actually
had a more pronounced effect on the 2-m temperature. For instance, 50% green roof
adoption was projected to result in a temperature decreases of up to 0.6 °C. Green roof
installation may also increase urban humidity, which potentially has negative comfort effects
that are discussed in more detail in Section 9.2.2.12.

This report does not directly estimate the value of ambient cooling from green roofs, but
does estimate the benefits of ambient cooling through energy use reductions (this section)
and related GHG emissions reductions (Section 9.2.2.8), improvements in air quality (Section
9.2.2.9), and declines in heat-related mortality (Section 9.2.2.9.3).

xx A recent modeling study demonstrates the importance of green roof soil moisture content. Li et al. (2014)
found that if green roofs are very dry, their cooling benefits are largely eliminated. Itis important that green
roof moisture content be monitored and not be allowed to drop below levels that could harm green roof
health or enhance the UHI. This could involve installation of permanent irrigation, which would increase

the upfront and maintenance costs of a green roof.
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Reducing energy use for space cooling and heating from green roofs reduces GHG emissions.
Green roof installation may also lead to global cooling because green roofs have a higher
albedo than conventional roofs. Green roof albedo ranges from 0.25 to 0.30.22 Unlike for cool
roofs, global cooling impact has not been studied specifically for green roofs. However,
because global cooling can be a significant benefit, this analysis includes this benefit for
green roofs as for cool roofs. This report uses the lower, more conservative estimate (0.25) of
green roof albedo.

Plants sequester carbon through the processes of photosynthesis. Carbon is also stored in
plant roots and in soil. Studies have found that extensive green roofs sequester a small
amount of carbon,??* but the amount of carbon sequestered is minimal?? so, this report does
not include carbon sequestration benefits in green roof cost-benefit analysis results.

The methods and assumptions used to estimate green roof climate change mitigation impact
are described in Section 10.4. Figure 9.10 shows green roof climate change mitigation
pathways.

N (4) P Carbon

sequestration

Figure 9.10. Green roof climate change mitigation pathways (Note: Up arrows (1) indicate an increase, and
down arrows (| ) indicate a decrease; shaded boxes indicate pathways included in cost-benefit results)

92291 Green roofs and ozone

Compared to cool roofs, green roofs have two additional ozone reduction pathways. (The
following paragraph references steps illustrated in Figure 9.11 below.) In addition to
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reducing ambient ozone concentrations by (1) decreasing ambient temperature and (2)
decreasing building energy use, green roofs also reduce ambient ozone concentrations by (3)
directly removing NO2 (an ozone precursor) from the air and (4) directly removing ozone
from the air. Green roofs directly remove NO2 and ozone through dry deposition (pollution
removal during non-rainy periods). Figure 9.11 illustrates the ozone concentration reduction
pathways of green roofs. Due to the complexities involved in photochemical air quality
modeling, this report does not include the benefit of precursor emissions reductions in cost-
benefit analysis calculations. Further, direct removal of pollutants from the air by extensive
green roofs is small, so this benefit is not included in the cost-benefit calculations either. As
green roofs become a substantial percent of city roofs, these additional ozone reduction
benefits could become substantial. This report discusses the methods, assumptions, and
pathways in more detail in Section 10.5.
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Figure 9.11. Green roof ozone concentration reduction pathways (Note: Up arrows (1) indicate an increase, and
down arrows () indicate a decrease; shaded boxes indicate pathways included in cost-benefit results)

92292 Green roofs and PM2.5

Green roofs reduce concentration of PM2.5 in four ways. Green roof plants directly remove
PM2.5 from the air by dry deposition (pathway (1) in Figure 9.12 Green roof plants also
directly remove PM2.5 precursors from the air through dry deposition thereby decreasing
secondary PM2.5 pollution (pathway (4) in Figure 9.12). Similar to cool roofs, green roofs
reduce PM2.5 pollution by decreasing ambient temperature (pathway (2) in Figure 9.10), and
by decreasing building energy use (pathway (3) in Figure 9.11). Figure 9.12 shows green roof
PM2.5 concentration reduction pathways. The direct removal of pollutants from the air by
extensive green roofs tends to be small, so this benefit is also not included in our cost-benefit

calculations. This report describes PM2.5 impact estimation methods and assumptions in
Section 10.5.
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Figure 9.12. Green roof PMZ2.5 concentration reduction pathways (Note: Up arrows (1) indicate an increase, and
down arrows (| ) indicate a decrease)

92293 Green roofs and heat-related mortality

Modeling studies have shown that UHI mitigation solutions (e.g., cool roofs and green roofs)
can decrease urban heat-related mortality by reducing ambient air temperature.??® As noted
in Section 9.2.2.9, there are two pathways by which green roofs can reduce heat-related
mortality: by (1) improving outdoor temperature conditions and (2) improving indoor
temperature conditions. This report found only limited work documenting the potential for
green roofs to reduce heat-related mortality by improving indoor conditions, but these
reductions could be significant.?”’” This is an area that deserves further research. Because this
analysis does not include the heat-related mortality impact of green roofs from improving
indoor conditions, estimated heat-related mortality benefits are underestimated. This report

outlines methods and assumptions to estimate green roof heat-related mortality impact in
Section 10.5.

As noted, Baltimore has a high percentage of impervious surface area, resulting in larger
volumes of stormwater runoff during rain events. Managing this runoff is a major challenge.
Stormwater runoff can result in combined sewer overflows, flash flooding, channel erosion,
surface and groundwater pollution, wildlife habitat degradation, and federal fines for
pollution exceedances.?”® Climate change is predicted to bring more extreme rainfall to
Baltimore, increasing river pollution and stormwater management costs.??

There are three types of stormwater management: treatment, detention, and retention.??
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Treatment focuses on water quality control through removal of pollutants, while detention
focuses on quantity control through managing the peak discharge rate of stormwater.
Retention effectively provides both treatment and detention by holding stormwater onsite
and cleaning it.

Green roofs are useful tools for stormwater management because they provide stormwater
retention and can also help meet water quality treatment and detention requirements. The
green roof growing medium captures and stores rainfall.**2! Evapotranspiration and water
storage in roof plants and growing medium provides stormwater retention capacity of green
roofs. Water not captured or evaporated from the roof either runs off the roof surface or
gradually discharges (see Figure 9.13). Peak runoff rate reduction, delayed peak runoff, and
decreased total runoff from green roofs all relieve pressure on stormwater infrastructure and
reduce water pollution. Figure 9.14 illustrates these stormwater benefits of green roofs.
Section 10.6 provides an overview of methods and assumptions used to estimate this benefit.

Precipitation (PR) Evapotranspiration (ET)
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Figure 9.13. Green roof water budget.”*?

xxi German green roof guidelines suggest the growing medium generally retains 30 percent to 60 percent
of rainfall when fully saturated.
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Figure 9.14. Example timeline of rainfall and green roof runoff?*?

9.2.2.10.1 Important factors that influence green roof stormwater retention

Green roof stormwater retention capacity depends on several factors. Plant selection,
growing medium, drainage layer, and roof slope all affect green roof stormwater retention.
Green roofs retain the most stormwater during the summer, because this is when plants are
most active and evapotranspiration is at its peak.?* The amount of water a green roof retains
depends on the amount of rain that falls, the rate of rainfall, and the time elapsed since the
previous rainfall.?®> As a green roof becomes more saturated, its ability to absorb rainfall
decreases. Therefore, a green roof will reduce peak runoff rates less as (1) the amount of
rainfall in a storm increase, (2) the rate of rainfall increases, and (3) the length of time
between storms decreases.

For this report, all green roofs are assumed to be extensive, meaning they are shallow,
relatively lighter, cover a larger proportion of roof area, and grow succulents.?¢*ii These
plants are typically installed in shallow trays which are usually 3-5 inches deep, and do not
support trees or shrubs. Green roofs adoption is similar to tree planting in that there is
extensive offsite investment in planting, maintaining, and growing of plants. The timeline for
growing plants used for green roof trays prior to installation is typically 12-18 months. These

xii Sycculents include hardy plants such as sedum which are discussed further in the Growing Green Guide:
http://www.growinggreenguide.org/technical-guide/design-and-planning/plant-selection/green-roofs/
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green trays, like tree saplings, are then transported to the city and installed. For green roofs,
installation requires lifting and installing the trays onto prepared roofs. Like trees, green
roofs have a large offsite labor component and as a result total job creation available to city
residents depends on where these plants are grown.

Green roof installation costs vary, but the EPA estimates the cost of a green roof starts at $10
per square foot for simpler and extensive roofing.?®” Other estimates establish green roof costs
between $10 and $15 per square foot.?*® Larger green roof installations cost less, and smaller
roofs cost more per square foot. Deeper green roofs that can support shrubs or trees are
substantially more expensive. However, as the green roof industry expands, green roofs costs
are flat or declining. This is consistent with an average of $12 to $15 per square foot
installation cost for urban extensive green roofs.

Based on literature review and industry guidance, we estimate that direct jobs per $1 million
invested in urban green roofs includes 50% or $500,000 in direct labor costs which is
equivalent to 10 job years. The remaining 50% or $500,000 would pay for green roof trays
and equipment. This portion is somewhat less jobs intensive than installation and
maintenance since about 40% is designated to labor cost and 60% in equipment, cost of land
leasing etc. This includes an additional four job years created from the $500,000 spent on
green roof trays. We estimate that a total of 14 direct job years are created per one million
dollars spent on green roofs.

922121 Reduced HVAC air intake temperature

Like cool roofs, green roofs may impact HVAC air intake temperature. Walmart compared a
green roof to a white roof on a store in Chicago?” and found that when just heat transfer
energy savings were considered on a single-story Walmart store in Chicago, a green roof
resulted in approximately 1.6% energy savings compared to the white roof. However, when
the effect on air intake temperatures was included in energy savings calculations, the green
roof saved roughly 5.3% in whole building energy use (15% cooling reduction and 11%
heating reduction) compared to the white roof.i As noted in the cool roof impacts section
(Section 9.1.2.8), this benefit may be significant and deserves future research.

xii Note that the results of the Walmart study are based on the analysis of a single story building with an
approximately 1-to-1 floor area to roof area ratio so it is difficult to draw general conclusions for all buildings
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922122 Downwind cooling

As discussed in the cool roof impacts section (Section 9.1.2.8), hot air from urbanization
heats cities and towns downwind because of heat transfer by air movement (called
“advection”). The ambient cooling benefit provided by green roofs could help alleviate a
portion of this downwind warming. However, as noted above, due to limited available
research this analysis does not include this benefit.

922123 Increased amenity value/real estate value

Amenity value is the increase in building value that accrues to its owner from installing an
accessible green roof. With a green roof, a building owner may be able to charge more for
rent or may achieve faster or higher occupancy or might earn revenue from hosted events on
the roof.?0 The GSA estimated the “real estate effect” (the market’s value of a green roof) at
$13 per square foot of roof per year.?*! For green roof installations that include building
tenant access and use, this amenity value would significantly increase building value.
However, because this benefit is site specific, amenity value is not included in cost-benefit
calculations and the benefits of green roofs is underestimated.

922124 Aesthetic value

Green space and vegetation have been shown to building occupant stress,?> lower blood
pressure,?® and decrease neighborhood crime.?** But extensive green roofs analyzed in this
study are usually not visible by building occupants or pedestrians. Green roofs may still
provide aesthetic benefits to occupants of neighboring buildings who can see the roof.?>
However, because these studies are site-specific and because the GSA view is that for some of
these studies, their “methodology is open to debate,”?* this analysis does not value aesthetic
benefits of green roofs.

922125 Increased biodiversity

Biodiversity refers to the variety of life in an area. Green roofs generally increase biodiversity
compared to conventional roofs.?” The GSA notes that the most important factors in
encouraging biodiversity on a green roof are plant type, growing medium depth, and
variation in plant height and spacing.?® In general, intensive green roofs will support a wider
variety of species than extensive green roofs. However, there is limited ecological research

sizes. Thought experiment: HVAC equipment draws in large volumes of air. Walmart HVAC system and HVAC
system of 5 story building with same floor area as Walmart store will draw in approximately same amount
of outside air to maintain comfortable building environment. The Walmart HVAC system will draw in more
air that has been tempered by roof than the HVAC system of the five-story building with same floor because
the roof of the five-story building is 5 times smaller than the Walmart roof. As a result, air temp on

cool/green roof will have less impact on cooling/heating consumption of 5 story building.
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examining the biodiversity benefits of different types of green roofs,?* so, this analysis does
not include biodiversity benefits in cost-benefit results.

922126 Increased PV efficiency

Like cool roofs, green roofs may enhance PV performance. However, unlike cool roofs, there
are studies which examine the green roof-PV relationship. As discussed, PV panel efficiency
degrades slightly with higher panel temperature, so lower near-roof air temperatures on
green roofs could measurably increase PV efficiency. In NREL’s PVWatts model, the
temperature coefficient of power for a “Premium” module is 0.35% per °C (-0.19% per °F),>°
meaning that for each additional degree PV panel temperature rises above 25°C (77°F), PV
power output decreases by 0.35% (0.19%)*v For example, at 30°C, PV power output would
decrease by 1.8%.

Chemisa and Lamnatou (2014) conducted an experimental study of green roof-PV systems in
a Mediterranean climate (Lleida, Spain, specifically).' and note that PV protects plants from
high irradiance, and thus benefits the health of the green roof.

With regards to green roof-PV power output advantage over standalone PV, values ranging
from 0.8% up to over 8% have been observed. Assuming an electricity cost of $0.15/kWh, a
5kW system over a green roof would earn about $13.50 more per year than the same system
over a black roof.

Most studies examining the integration of green roof and PV agree that the two technologies
can be successfully combined and provide beneficial results for cities such as Baltimore.
Given the limited and variable data on the effect of green roofs on PV power output, this
benefit is not included in cost-benefit calculations.

922127 Increased humidity

While green roofs can decrease city air temperature, they can also increase humidity and
apparent temperature (how hot it feels).*> Higher moisture content in the air can increase
cooling energy consumption®* and heat-stress.**¥i Thus, increases in humidity from green
roofs can decrease green roof energy and comfort benefits. However, higher relative
humidity is also correlated with reduced ozone concentrations,?? which would increase the
ozone reduction benefit of green roofs. Both the negative and positive impacts of higher

xiv Higher quality panels typically have lower temperature coefficients of power. For example, the
“Premium” module in PVWatts has a temperature coefficient of -0.35% per °C.

»xv How hot air feels is based on both temperature and moisture content.

xxvi Because air conditioning systems may have to do more work to deliver air within the set humidity range.

xxvii Because it is more difficult for humans to cool their bodies in more humid conditions.
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humidity vary by location and are condition dependent. This report found no conclusive
research on the negative or positive impacts of increased humidity from green roofs, and this
excluded it from cost-benefit calculations.

9.3 Solar PV

This section explores the basic principles of rooftop PV systems and their potential impacts.
As noted, benefits include electricity generation, reduced greenhouse gas emissions,
improved air quality, shading benefits and the potential for UHI mitigation.

Solar is the fastest growing form of electricity in the US due largely to declining costs. There
is a rapidly expanding the market for and sale of solar panels in Maryland and in Baltimore,
as well as increasing the number local solar manufacturing/assembly firms. There are a
number of solar installers working in Baltimore, all of which offer multiple financing
options,xaviii
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Figure 9.15. Mary]énd Solar SEIA.?%3

Solar installations in Baltimore include residential—on single or multi-family homes—
commercial, and installations on state owned buildings. A decade ago, building owners

xxviii See Energy Sage for a list of the top ten solar providers in Baltimore:

https://www.energysage.com/local-data/solar-companies/md/baltimore-county/baltimore/
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typically had to pay upfront for a solar PV system, but today’s solar installers offer multiple
3 party financing options. Of the solar financing options, direct purchase is only one of
many options.B#*x A model of fractional ownership is also growing very rapidly through the
adoption of community solar where multiple buildings contract to buy power on an ongoing
basis over 10 to 20 years from a single non-local power plant —all with no upfront capital
costs.

Solar systems in Baltimore today have an average of a 10- or 11-year payback?>, which can
be expected to continue to drop in coming years, as electricity costs rise and the installed cost
of solar is projected to continue to drop.?¢ 27

As noted by EnergySage which solicits and compares solar quotes from over 500 solar
vendors, including those in the Baltimore market, the platform has found that,

“Both $0-down solar loans and $0-down solar leases/PPAs result in immediate
savings, with no money out-of-pocket, because your monthly loan or lease/PPA
payment will be less than your current monthly utility bill. The monthly savings
from a solar loan, however, are likely to be higher than the savings from a solar lease
or PPA. This is because solar loans are typically paid down in 7 to 15 years, whereas
leases require regular payments over the term of the agreement.”?8

Sustainable Capital Finance, one of many firms offering 3¢ party financing for solar in
Baltimore including under a PPA structure, explains that,

“A solar PPA, or power purchase agreement, is typically an off-balance sheet financial
arrangement through which an energy consumer (Commonly referred to as an off-
taker) allows a third-party developer to develop, construct, operate and maintain a
photovoltaic (PV) system on its property, at no upfront cost. The off taker then agrees

to purchase electricity from the system’s owner, over a predetermined period. The
off-taker will typically a lower rate than the existing utility rate while benefitting
from a more sustainable source of power and the ability to meet sustainability
initiatives.”>°

xxix A helpful resource for further information on solar in Maryland is the “Maryland Consumer’s Guide to
Solar” by Diana Chance and David L. Comis
https://energy.maryland.gov/residential/Documents/A%20Maryland%20Consumers%20Guide %20to %20S

olar%20LR72dpi.pdf.
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Third party financing is often preferrable for public agencies as well. At the end of 2019
Baltimore County officials were evaluating third party financed solar installations on a dozen
public buildings. These buildings ranged from community centers, to a police station, to a
park in the Baltimore City suburb of Lansdowne. As noted in an article from the Bal/timore
Sun, “Officials are soliciting design proposals from solar development firms that would
install, operate and maintain the panels, while selling the power to the county.”2%

Another option is solar leases where the installer owns the solar and the building owner
“rents” the solar panel system from the solar company that owns and maintains the system.
Installers offer a loan option where the host is responsible for maintenance, but the system is
financed by the installer.

Property assessed clean energy (PACE) financing is another innovative mechanism for
financing renewable energy. Maryland has a PACE program that is active in Baltimore. For
example, C-PACE financed a solar power system and energy efficient roof system in
Baltimore in 2020. It is a 56.3 kW system will save $9,000 in the first year and $260,000 over
the life of the system. With C-PACE, Baltimore property owners can get solar funded on
their commercial properties with no money down and terms of up to 25 years, with a
positive cash flow from day one.?! It is also worth emphasizing that third party financing is
available for lower income homes in Baltimore.*

In all these third-party financing strategies, homeowners and firms can secure a lower long-
term cost of electricity and can save money without an upfront capital outlay. For this
report, we assume that all solar buyers in Baltimore have a range of third-party financing
options and that all solar purchases modeled in this report use one of the many third-party
financing options available. With an average 10-year payback, buyers of solar systems—
whether residential commercial or public—do not receive financial benefits until after year
10 of installation/operation, with the first 10 years of power output going to pay the 3 party
financing.

The state of Maryland also has several regulations worth noting, including that Maryland
also provides a $1000 rebate for home solar?® for systems over 1 kW and up to 9 kWl a
feature that solar installers in Baltimore promote.?® In Maryland, the average residential

® More information can be found in the Baltimore Sun’s article “Solar energy financing program will target
low-income neighborhoods” https://www.baltimoresun.com/business/bs-bz-solar-financing-20160719-
story.html.

i For more information on incentives and tax credits in Maryland, Solar Reviews offers a helpful guide

https://www.solarreviews.com/solar-incentives/maryland.
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solar system is 5 kW and costs about $15,350 after accounting for the federal tax credit, and
almost all solar systems in Baltimore are above 1 kW 264

Clean Energy Technology Eligible System Rebate Amount
Capacity Range
Solar Photovoltaic (PV) 1-8 kW-dc $1,000,
8-108 kW-dc $1,000 + $150/kW *(capacity — 8 kW)
108-250.0 kW-dc $16,000+$100/kW*(capacity—108 kW)
$20,000 maximum
Solar Photovoltaic (PV)-  [250.1 -375 kW-dc 20,000 + $80/kW*(capacity-250 kW)
rooftop only rooftop only 30,000 maximum
rooftop only

Figure 9.16. Rebates for solar PV systems in Maryland®>

For simplicity we assume no federal or state incentives, instead we model all solar PV
adoption as third party financed (see section 9.3.1 below), and we count electricity benefits
only after year 10, when 3" party solar financing is typically fully paid off so lower bills then
accrue to the homeowner of business owner where the solar panels are installed.

Because we are assuming all new solar in Baltimore is third-party financed, the first ten years
of electricity generation benefits accrue to the financier, and only the last 20 years of
electricity generation accrue to the residential or commercial property in Baltimore.

9.3.1 PV Basics

The standard measure for estimating PV system install cost is cost per watt. System install
costs have come down dramatically in the last decade and are expected to continue to fall.
Average residential PV installed costs are $3.04/watt with a price per unit dropping as
installations get larger. Table 9.6 shows installation cost used in this report in Baltimore for
low-slope and steep slope roofs.
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Accounting for trends in PV durability and longevity improvements, this report assumes a
system life of 30 years for direct purchase PV systems with 20% PV efficiency.

Table 9.6. Solar PV initial installation cost and operations and maintenance costs in dollars per square foot for
low-slope and steep-slope roofs.

First installation cost Operations and maintenance
premium premium

Low-slope $43/SF $0.3/SF/year

Steep-slope $50/SF $0.35/SF/year

93.1.1.1 Third-party financing

As noted above, this report assumes third party financing is used for all new solar PV
installation.?®® Under a solar lease, the electricity user pays a monthly fee for the solar system
and uses all the electricity the system produces, with no additional charges. Similarly, in a
PPA, the electricity user typically purchases electricity from the system at a rate lower than
what they would pay the utility. Loan purchase is similar to direct purchase except that the
home or building owner uses a loan to finance some or all the installation cost.

9.3.2 Impacts of Solar PV

Table 9.7 and Figures 9.17 and 9.18 below summarize the costs and benefits of rooftop PV
included in the cost-benefit results of this report. There are more benefits than costs
excluded from cost-benefit analysis, and excluded benefits very likely have higher aggregate

value than excluded costs, meaning our findings tend to underestimate the net value of urban
solar PV.

Table 9.7. Rooftop PV cost-benefit impact table (a “minus” indicates a cost or negative impact, a ‘plus” indicates
a benefit or positive impact).

IMPACT INCLUDED NOT INCLUDED

Installation (-) X
Maintenance (-) X
Energy generation (+) X
Tax Credits (+) X
SRECs (+) X
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GHG emissions reduction (+) X

Ozone concentration reduction (+) X
PM2.5 concentration reduction (+) X
Employment (+) X
Carbon sequestration (+) X
Ozone concentration reduction (+) X
PM2.5 concentration reduction (+) X

Direct energy reduction/penalty (+/-)
UHI mitigation & related benefits (+)
Increased home value (+)

iR iR

Avoided peak transmission and distribution losses (+)

Solar PV on Low-Slope Roof Costs and Benefits (20-Year Scenario)
$4,000,000,000

$3,500,000,000
$3,000,000,000
$2,500,000,000
$2,000,000,000
$1,500,000,000
$1,000,000,000

$500,000,000

$O ———
($500,000,000)
Operations Employment  Electricity PM2.5 GHG Welfare Employee
and training value (less (energy emissions  payments pay
maintenance financing  generation) (energy
payment)* generation)

Figure 9.17. The costs and benefits of solar PV on low-slope roofs for the 20-year scenario in dollar value (costs
are shown as negative and benefits are positive. Solar PV payback after year 10, this model assumes "first cost”
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[e.g., financing payments] are net of electricity value [electricity value is zero for first 10 years after install], and
therefore first cost is zero. Third-party financiers will bear the actual first cost and Baltimore system owners
will not receive an electricity value benefit until year 11 after installation; “First 10 years of electricity value
benefit goes to third-party financier)

Solar PV on Steep-Slope Roof Costs and Benefits
(20-Year Scenario)
$2,000,000,000

$1,500,000,000

$1,000,000,000

$500,000,000

$0
N
($500,000,000)
Operations Employment Electricity PM2.5 GHG Welfare Employee
and training value (less (energy emissions  payments pay
maintenance financing  generation) (energy

payment)* generation)

Figure 9.18. Costs and benefits of solar PV on steep-slope roofs for the 20-year scenario in dollar value (costs
are shown as negative and benefits are positive Solar PV payback after year 10, this model assumes "first cost”
[e.g., financing payments] are net of electricity value [electricity value is zero for first 10 years after install], and
therefore first cost is zero. Third-party financiers bear the first cost and receive the value of the first 10 years of
power generation "First 10 years of electricity value benefit goes to third-party financier)

Rooftop PV substitutes Pa clean power for grid-purchased electricity, some of which is
generated by polluting fossil fuel plants. The state of Maryland has net metering laws
recognizing the value of PV electricity generation at the same price as electricity purchased
from the utility. Maryland also offers virtual net metering, a system that enables individuals
to accrue the benefits of solar even if they do not install a solar system on their property.
Individuals can share the electricity output from a shared solar array or community solar
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farm that is not on-site but is shared among subscribers. Individuals receive credits on their
electric bills for excess energy produced based on their share of a community solar
installation.?¢’

PV system owners can take advantage of the substantial financial incentives offered to
owners, including production-based incentives (e.g., solar renewable energy credits) and tax
credits. In a third-party financing arrangement, the customer typically does not receive these
incentives, and as such we do not include them in our analysis.

The 2021 omnibus spending bill, passed in end 2020, included extension of renewable energy
tax incentives and updates to the Investment Tax Credit (ITC), and ensures that commercial
and utility scale solar projects that begin construction in 2021 and 2022 will be able to
receive a tax credit at 26 percent. Solar projects that begin in 2023 will be eligible for a 22
percent tax credit and projects that begin construction after 2023 are only eligible for a 10%
ITC credit. In 2024 and beyond commercial and utility markets will remain at 10 percent for
the foreseeable future.?® Changes to the internal revenue code under section 25D for the
residential energy tax credit follows the same phase down schedule and percentages as
commercial projects but will reach zero percent for residential projects beginning in 2024.2%°
Because we assume in this analysis that all solar PV is financed through a third party, tax
credits accrue to the third-party financers, so do not include the value of tax credits
separately in cost-benefit calculations.

Solar renewable energy credits (SRECs) are equivalent to one MWh of electricity derived
from a solar system. In the state of Maryland, solar PV and solar water heat are eligible for
SRECs. The price of SRECs is highly variable and fluctuates within a tradable market. To be
conservative, we do not include the value of SRECs in this analysis.

Rooftop PV has only one substantial climate change mitigation pathway by displacing
polluting grid electricity. Figure 9.19 shows this climate change mitigation pathway. This
benefit is included in cost-benefit calculations. For more on methods and assumptions, see
Section 10.4 Solar panels on roofs have two additional smaller benefits: they typically
increase a roof’s effective albedo, in turn reducing urban heat gain, and they also shade the
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roof, reducing building air conditioning cooling needs. Both these impacts cut cost, reduce
climate change and improve city air quality/lower urban temperature.

Figure 9.19. Rooftop PV climate change mitigation pathways (Note: Up arrows () indicate an increase, and
down arrows (| ) indicate a decrease; shaded boxes indicate pathways included in cost-benefit results)

Rooftop PV has one significant ozone reduction pathway and one significant PM2.5
reduction pathway. PV panels produce electricity that reduces electricity purchases from the
grid. The electricity produced by the PV panels generates no emissions, whereas electricity
from the grid generates a range of air pollutants, including PM2.5, PM2.5 precursors, and
ozone precursors. Therefore, installing PV panels reduces ozone concentrations by
decreasing electricity-related ozone precursor emissions and reduces PM2.5 concentrations
by reducing emissions of PM2.5 and PM2.5 precursors.

Due to the complexities involved in photochemical air quality modeling, this report does not
include the benefit of ozone precursor emissions reductions in cost-benefit analysis
calculations. Figure 9.20 shows the PM2.5 reduction pathways of rooftop PV. This report
describes PM2.5 impact estimation methods and assumptions in Section 10.5.

Figure 9.20. Rooftop PV PM2.5 concentration reduction pathway (Note: Up arrows (1) indicate an increase, and
down arrows (| ) indicate a decrease; shaded boxes indicate pathways included in cost-benefit results)

While large scale solar installations typically cover many acres, installing smaller solar arrays
in cites is more labor intensive (for example lifting panels onto roofs). The large labor
component of urban installation of solar PV is reflected in its high-cost relative to large-
scale, or “utility scale,” solar installations.?”

Based on research and industry discussions, we estimate that direct jobs per million dollars
invested in urban solar include 40%, or $400,000, in direct labor costs, which is equivalent to
eight job years at a full cost of $50,000 per job. The balance of $600,000 goes to pay for solar
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cells, etc., and is much less job intensive than installation and maintenance—and equal to the
average job intensity of the economy as whole at five direct jobs per one million dollars.?!
The $600,000 balance translates into three job years. As a whole, therefore, the one-million-
dollar investment gives us a total of 11 direct job years per million dollars invested in urban
solar installations.

93291 Reduced cooling energy consumption

When PV panels are installed on a roof, they shade the roof surface and reduce its
temperature, providing modest cooling energy savings. Simulations of PV on a commercial
low slope roof in San Diego, CA found the PV system decreased annual cooling load on the
top floor of a building by 38% and had no impact on annual heating load.?? In Baltimore,
assuming an electricity price of $0.13 per kWh,?” a cooling energy intensity of 2.5 kWh per
square foot,?”* and a reduction in annual cooling load of 20% (because of lower solar
insolation in Baltimore), PV shading could lead to annual cooling energy savings of about
$0.065 per square foot per year on the top floor of a commercial building. However, because
of uncertainty about the size of cooling load reduction in Baltimore, we do not include this
benefit in cost-benefit calculations. This calculation underestimates benefits of PV and is a
topic that warrants further research.

On a green roof, partial shading by PV can enhance vegetation health and allowing for
greater vegetation diversity.?”> PV shading may also reduce air intake temperatures, leading
to further savings. However, due to the limited amount of research on this benefit, these
shading benefits are not included in the cost-benefit calculations.

93292 UHI Mitigation

There is some modeling evidence that large scale deployment of solar PV can reduce urban
air temperatures. A modeling study of the sensible heat flux from black roofs, white roofs,
green roofs, and these three roof types with added PV panels found that putting PV panels
on black roofs slightly reduces the contribution of black roofs to the UHI because total heat
conduction away from the roof decreases.?’¢ Putting PV panels on a white or green roof
increases the total sensible heat flux away from these roofs (decreasing their UHI benefit).2”
For example, a white roof without PV panels contributes less to the UHI than a white with
PV panels. However, a white or green roof with PV panels is still considerably better than a
bare or PV-covered black roof.?”8 As the cited study notes, its results cannot be directly
translated to changes in temperature,?”” but a 2015 study of Los Angeles that modeled
“reasonably high” levels of solar PV deployment in the Los Angeles area found either no
temperature benefit or a slight temperature benefit from installing PV.2% The cooling benefit
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of PV increased with increasing PV efficiency.*i For example, with a PV efficiency between
10% and 15%, there was no impact (positive or negative) on temperature. However, with PV
efficiency at 30%, the study found regional cooling up to 0.15°C. The typical efficiency of PV
panels currently installed is about 20%, indicating a slight cooling benefit.

Reductions in ambient temperature from large scale PV installation could reduce energy use,
reduce GHG emissions, and improve air quality and health. Due to a limited amount of
research in this area and lack of results specific to cities examined in this analysis, this benefit
is not included in cost-benefit calculations.

93293 Avoided transmission and distribution losses

The U.S. Energy Information Administration estimates average transmission and distribution
losses of 6% in the U.S.%! These include losses between sources of supply and locations of
distribution (transmission losses) and losses in distribution to customers (distribution
losses).?2 Urban rooftop solar PV coverage generally avoids transmission and distribution
losses.?* Transmission losses rise during peak periods (e.g., summer afternoons in Baltimore),
and PV (especially west- and southwest-facing systems) reduces demand during this peak
summer city electricity consumption period.?* This increases value of PV systems in cities
and towns over utility power generation (that overwhelmingly occurs outside cities), but this
value is also not included in this analysis.

9.4 Reflective Pavements

The sections below explore the basic principles of reflective pavements and their impacts.
Benefits include ambient cooling, reduced cooling energy use, reduced greenhouse gas
emissions, global cooling, and improved air quality and reduced heat-related mortality.
Other benefits include a potential increase in pavement life, reduced street lighting
requirements, downwind cooling, and reduced stormwater runoff temperature. Potential
drawbacks are much smaller and include glare and reduced thermal comfort.

9.4.1 Pavement basics

There are several common terms used in discussions about impervious pavements that are
useful to know. The two basic components of pavement are aggregate and binder. Aggregate,
provides strength, friction, and resistance to wear.?® Binder, often asphalt or Portland
cement, is like glue; it provides stiffness and prevents pavement from breaking apart under

Xl This is because as more solar energy is converted to electricity, there is less energy is available to heat

urban environment. This is similar to increasing albedo.
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the stresses of traffic and weather.?® Concrete is the composite of aggregate and binder.?¥’
Pavements are often built on top of a base course, which typically consists of crushed
aggregate and is used to provide a stable base and proper drainage.?® The base course is built
on top of the subgrade, or soil.

The two most common types of pavements are asphalt concrete and Portland cement
concrete. Asphalt concrete consists of asphalt binder (which is black in color and is made
from petroleum) and aggregate.?® Asphalt concrete (commonly called “asphalt”) is the most
common roadway pavement—about 90% of roads are asphalt concrete.?° Portland cement
concrete consists of Portland cement binder (which is grey or whitish in color and is derived
from calcium and silicon oxides) and aggregate. Portland cement concrete is roughly 11
percent Portland cement binder, 33 percent sand, and 56 percent coarse aggregate by
weight.?! Portland cement concrete (commonly called “concrete”) is typically used for
sidewalks, bridge decks, elevated highways, parking lots, and heavily trafficked roadways
(especially those with high truck traffic).??

There are three ways heat transfers from one medium to another: conduction, convection,
and radiation. Figure 9.21 presents a visual representation of heat transfer processes in
pavements. Pavement is heated on the surface by the sun from solar radiation. Heat is lost
through radiation from the pavement surface to the cooler atmosphere, by convection at the
surface to cooler air above the pavement, and by conduction between the pavement surface,
and subsurface layers (and the pavement subsurface layer and the earth).?*
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Figure 9.21. Pavement surface energy balance?®*

The size of these heat transfers is determined by several pavement properties: solar
reflectance (albedo), thermal emittance,*i thermal conductivity,” and specific heat.*¥?> The
Federal Highway Administration (FWHA) notes that thermal emittance, thermal
conductivity, and specific heat of asphalt and concrete pavements are very similar, so
variances in albedo is the most important material property in determining differences in

thermal performance between pavements.?® As a result, this analysis focuses on pavement
albedo.

xlii Thermal emittance describes how readily a surface gives off heat. The higher the thermal emittance, the
more readily the surface gives off heat.
xliv Thermal conductivity describes a materials ability to conduct heat. Higher thermal conductivity means a
material is better able to conduct heat; in other words, heat moves more quickly through materials with
higher thermal conductivity.
®v Specific heat is the amount of heat required to change the temperature of a material per unit mass. It is
related to heat capacity. The higher the specific heat of a material, the greater the amount of heat required
to change its temperature.
125



There are several factors that make analysis of pavements more complicated than analysis of
roofs. Roofs experience relatively consistent environments because they have little or no
traffic. Pavements, in contrast, experience a range of vehicle and pedestrian traffic, leading to
varied wear and increased convection due to traffic movement.?*’ Pedestrians, vehicles, and
nearby vegetation and structures also shade pavements?*® more than roofs. If pavement is
shaded for most of the day, for example, it may not make sense to increase its solar
reflectance.

As pavements age or become damaged they need to be repaired. Ting et al. (2001) describe
two classes of pavement repair: rehabilitation and maintenance.?”® Rehabilitation, which
typically occurs one or two times during a pavement’s lifetime, are major repairs. Examples
of rehabilitation techniques for asphalt pavement include patching, surface milling (i.e.,
removing the top of asphalt), and overlays of a new asphalt (or potentially concrete)
surface.3%

Maintenance also includes preservation techniques. Surface treatments are a common
preservation technique for asphalt pavements and include techniques like chip seals,*v!
asphalt emulsion sealcoats, ! slurry seals,”¥i and bituminous crack sealants.®*3%! Surface
treatments extend pavement life and improve water proofing and skid resistance.3%? Chip
seals, asphalt emulsion seal coats, and slurry seals include very reflective options discussed
below.

Unlike the three-year aged solar reflectance used for cool roofs, there is no standardized
measure of aged solar reflectance for pavements, perhaps because the conditions that
pavements experience are far broader than those experienced by roofs. The sections below
describe the solar reflectance of conventional and reflective pavements drawn from literature
and discussion with pavement professionals. There is no standard industry solar reflectance
measure used.

xvi For a description of chip seals, see
https://en.wikipedia.org/wiki/Chipseal

Vi Eor a description of emulsion sealcoats, see
http://www.pavementinteractive.org/article/emulsified-asphalt/
il Eor a description of slurry seals, see
http://www.pavementinteractive.org/article/slurry-seals/

xlix For a description of bituminous crack sealants, see

http://www.pavementinteractive.org/article/bituminous-surface-treatments/
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The albedo of new asphalt pavement ranges from 0.05 to 0.10. But as asphalt ages its albedo
increases due to weathering and soiling, stabilizing between 0.10 and 0.20.3% The albedo of
new concrete pavement ranges from 0.35 to 0.40, but in contrast to asphalt pavements, as
concrete pavements age, their albedo decreases, stabilizing between 0.25 and 0.35.3 Albedo
will vary to some extent by geography because of different pavement mix design

standards."*® This analysis assumes a conservative conventional citywide average pavement
albedo of 0.18 (see Table 9.8).

Brick is an important material for sidewalks, especially in older cities like Baltimore. Red
brick has an albedo between 0.20 and 0.30.3% This report does not quantify the effects of
increasing sidewalk albedo.

Table 9.8. Solar reflectance of conventional pavements

PAVEMENT TYPE ALBEDO

Asphalt 0.15
Concrete 0.30
Conventional pavement average 0.18

Reflective pavements work in a similar way to reflective (cool) roofs. They have a higher
solar reflectance than conventional pavements, meaning that they reflect more solar energy,
reducing the amount of pavement heat gain and reducing surface temperatures. As with cool
roofs, some of the reflected solar energy is reflected back to space. Reflected solar energy

may also impact nearby buildings and pedestrians (discussed in more detail in Section
9.4.3.5).

As noted in a report by ACEEE, experiments...show quantitatively that at pavement
temperatures greater than 40 °C the amount of rutting increases dramatically. Similarly,
under simple shear stress, samples suffer larger permanent shear distortion when their
temperatures are elevated. Temperatures greater than 50 °C, at which the pavements degrade
more rapidly, are known to occur in actual roads even in temperate climates. The peak
pavement temperature can be reduced by about 4°C for each increase of 0.1 of albedo.3"

The most cost-effective way to increase existing road and parking lot reflectivity is through
surface treatments or overlays, essentially resurfacing the existing pavement surface.® 20

I For example, choice of aggregate is highly dependent on local geology (because aggregate is heavy and

thus expensive to transport).
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cities and towns are coordinating to cool their cities by painting roads with reflective
seals/paint. Los Angeles is hoping that broad application of white paints on roads can help
lower city temperature by up to 3 degrees.3"”

One Smart Surfaces Coalition initiative is the Cool Roadways Partership, now involving 2
dozen cities and is led by the Global Cool City Alliance (an SSC partner). The initiative
already involves a dozen cites applying reflective resurfacing to increase reflectivity, cut local
temperature and extend the life of road surfaces. This ongoing imitative provides a good
example of urban reflective Smart Surfaces.

Thinner pavement layers are also less expensive because they require less material.?® This
report focuses on changing the albedo of only the pavement layer exposed to the sun. For
pavements that support car traffic (i.e., roads and parking lots) this means applying surface
treatments to increase albedo. As noted in Section 9.4.2, this report models reflective paints
such as CoolSeal®"! and SunShield3? on roads and parking lots to reflect more sun and reduce
neighborhood and city temperature.

This report assumes a reflective parking lot and road albedo of 0.35 based on the guidance of
professionals in the field.3'* Albedo assumptions for conventional and reflective pavements
are listed in Table 9.9.

Table 9.9. Albedo of conventional and reflective pavements

PAVEMENT TYPE CONVENTIONAL ALBEDO REFLECTIVE ALBEDO
Road 0.18 0.35
Parking Lot 0.18 0.35

Several studies have examined the relationship between pavement albedo and pavement
surface temperature. Rosenfeld et al. (1995) reported that pavement surface temperature
decreases by about 8°F (5°C) for every 0.1 increase in surface albedo.?'* Experiments by
Pomerantz et al. (2000) demonstrated that surface temperature of asphalt pavement decreases
by 5-9°F (3-5°C) for every 0.1 increase in surface albedo.?'> Similarly, Pomerantz et al. (2003)
found that surface temperature of concrete pavement decreases by about 9°F (5°C) for every
0.1 increase in surface albedo. Li et al. (2013), studied both asphalt and concrete pavement
and found pavement temperature decreases by about 6°C for every 0.1 increase in pavement
albedo, a similar relationship to the previous studies.?!® The similar relationship between
albedo and surface temperature for both asphalt and concrete pavement reflects their
similarity in thermal properties.3!’
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9.4.2 Cost and timeline

94211 Costandtimeline

There are four phases of a road’s use phase when it can be made reflective: (1) during initial
construction, (2) during reconstruction, (3) during resurfacing, and (4) during preservation.
During construction (1) and reconstruction (2), a new wearing surface (the layer that
vehicles drive on) is constructed, among other additions or modifications. During these
phases, a reflective layer could be applied on top of the new wearing surface, requiring
limited additional work. During resurfacing (3), a few inches of asphalt are removed and
replaced with a new wearing surface. Similar to new construction and reconstruction, a thin
reflective layer could be applied on top of the new wearing surface. In preservation (4), no
surface material is removed. Instead, a surface treatment is applied to increase the time until
the next servicing.

In Baltimore, road preservation surface treatments include slurry seals, with a unit cost of
around $4 per square yard ($0.45 per square foot).?'® This analysis assumes a $0.022 per
square foot cost premium for a reflective slurry seal. CoolSeal and SunShield are examples of
effectively used reflective sealants or slurry seals.

Reflective surfaces get less hot, which means surfaces experience less daily thermal
expansion and contraction. Therefore, there is less cracking and these surfaces last longer.
The value of extending the surface life generally exceeds the cost of adding a reflective layer.
During each instance of preservation, this analysis assumes the added cost of a reflective
slurry seal is the difference in cost between the unit costs of the reflective slurry seal and the
standard slurry seal (i.e., $0.022 per square foot). This makes sense because the city would be
applying a slurry seal regardless of reflectivity, so it will only pay for the extra cost, or the
cost premium, of the reflective layer. The reflective seal cost premium (i.e., $0.022 per square
foot) for the reflective slurry seal, as an additional process is fully offset (Figure 7.17) by road
life extension.

This analysis assumes that a slurry seal is needed for pavement condition purposes 10 years
after initial construction, reconstruction, or resurfacing and every 7 years after.3!® For
simplicity, we assume the first reflective slurry seal is applied 10 years after initial
construction, reconstruction, or resurfacing, when the first slurry seal would be applied. Two

' Aslurry seal is an asphalt emulsion combined with fine aggregate.
129



subsequent reflective slurry seals are applied at 7-year intervals (this analysis assumes
reflective slurry seals have a 7-year life due to road life extension benefits). During this
three-cycle slurry seal application phase after new construction or reconstruction, the
reflective slurry seal is applied at the cost premium (as noted above). After the three-cycle
slurry seal application, this analysis assumes the pavement is resurfaced and the reflective
slurry seal is applied at full cost, since conventional roads are not sealed during construction,
reconstruction, or resurfacing. After the 10-year resurfacing life, this analysis assumes a two-
cycle slurry seal application phase.!i

Parking lots are commonly privately owned and do not experience heavy traffic volume.32
Therefore, this report assumes, after initial construction, parking lots do not undergo
resurfacing for 15 years—any maintenance in the meantime is likely crack sealing and filling
potholes. Any reflectivity increase for parking lots will come at the full cost of $0.43 per
square foot initially, and at $0.022 per square foot when the parking lot is resurfaced or
sealed after 15 years.

Lifecycle phase Construction Reconstruction Resurfacing Preservation

]

Yes

Apply slurry seal
as part of normal
process?

Cost of reflective
slurry seal? .

Cost premium

Figure 9.22. Flow chart to determine if pay full cost or cost premium for reflective slurry seal.

9.4.3 Impacts of reflective pavement

li This report does not estimate costs and benefits for transition of reflective roads starting during new
construction or reconstruction and during resurfacing because these cycles are cost prohibitive.
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Table 9.10 and Figures 9.23 and 9.24 below summarize the costs and benefits of reflective
pavements included in the cost-benefit results of this report.

Table 9.10. Reflective pavement cost-benefit impact table (a “minus” indicates a cost or negative impact, a
“plus” indicates a benefit or positive impact).

IMPACT INCLUDED NOT INCLUDED ‘
Installation (-) X
Maintenance (-)

Indirect cooling energy reduction (+)

Indirect heating energy penalty (-)

GHG emissions reduction (+)
Global cooling (+)

Ozone concentration reduction (+)

PM2.5 concentration reduction (+)

Heat-related mortality reduction (+)

Employment (+)

DA PR P | | e | | e

Increased surface life (+)

Direct cooling energy reduction (+) X

>

Direct heating energy penalty (-)

Enhanced nighttime visibility (+) X
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Downwind cooling (+)

Downwind warming (-)

Reduced stormwater runoff temperature (+)
Glare (-)
Reduced/improved thermal comfort (+/-)

Increased upward UV radiation (-)

DA PR PR e | <

Decreased visibility of roadway markings (-)

Reflective Parking Costs and Benefits (20-Year Scenario)
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Figure 9.23. The costs and benefits of reflective parking lots for the 20-year scenario in dollar value (costs are
shown in negative values and benefits are positive)
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Reflective Streets Costs and Benefits (20-Year Scenario)
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Figure 9.24. The costs and benefits of reflective streets for the 20-year scenario in dollar value (costs are
negative values and benefits are positive values)

94321 Ambient cooling

The mechanism by which reflective pavements provide indirect energy benefits is similar to
that of cool roofs. Reflective pavements (i.e., those with high albedo) absorb less solar energy
than standard pavements, so they heat up less and transmit less heat to urban air, reducing
ambient temperatures. Higher albedo surfaces also experience less thermal expansion and
contraction, reduced cracking and as a result last longer.

As noted in the cool roof section (Section 9.1), there is a generally established relationship
between urban albedo increases and air temperature decreases. A 2000 study from Lawrence
Berkeley National Lab derives an approximate formula for the maximum theoretical change
in peak air temperature caused by changes in pavement albedo.3?! They estimate that in
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typical cases,'il increasing pavement albedo from 0.10 to 0.35'" across the entire city would
reduce peak air temperatures by up to 1°F (0.6°C). Other studies of city-wide albedo changes
examine only cool roofs or an average urban albedo increase (i.e., a combination of cool roofs
and reflective pavements). LA is seeking to reduce city temperature by three degrees F by
applying reflective slurry seals to its roads to make them more reflective.32

This report does not directly estimate the value of ambient cooling from reflective
pavements, rather it indirectly estimates the benefits of ambient cooling through energy use
reductions (this section) and related GHG emissions reductions (Section 9.4.3.3) and
improvements in air quality and declines in heat related mortality (Section 9.4.3.3).

94322 Indirect energy

A modeling study of Los Angeles estimated that increasing the albedo of all 1250 km2 of
pavement in Los Angeles by 0.25 would lead to a temperature change of 0.6°C (about 1F) and
indirect energy savings of $15 million (1998$) per year ($0.01 per square foot of pavement
per year).33lv

Section 10.3 provides an overview of methods and assumptions used to estimate this benefit.

94323 Climate change mitigation

Reflective pavements reduce building space conditioning energy consumption through

ambient cooling, reducing GHG emissions from power plants. Like cool roofs, much of the
light reflected by reflective pavements is reflected back to space, helping to counter global
warming. Because this impact can be significant, it is included in cost-benefit calculations.

This report describes the methods and assumptions used to estimate the climate change
mitigation impact of reflective pavements in Section 10.4. Figure 9.25 shows the climate
change mitigation pathways of reflective pavements.

li This formula applies to cities in which “winds do not mix the air from outlying areas;” in other words, it
does not apply to windy cities or cities located near large bodies of water. The study cites the Los Angeles
Basin, Phoenix, and Dallas as examples.

v This is approximately equivalent to replacing asphalt pavements with concrete pavements.

Vv This is equivalent to about $22 million today, or about $0.002 per square foot.
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Figure 9.25. Climate change mitigation pathways of reflective pavements (Note: Up arrows (1) indicate an
Increase and down arrows () indicate a decrease; shaded boxes indicate pathways included in cost-benefit
results)

94331 Reflective pavements and ozone

The chemical reactions that form ozone are dependent on temperature, and decreasing
ambient temperature decreases ambient ozone concentration. Decreasing ambient
temperature also indirectly reduces summertime building energy use, leading to decreased
ozone precursor emissions. In general, as precursor emissions decline, ozone formation
declines as well. Figure 9.26 shows the pathways through which reflective pavements can
reduce ozone levels. Due to the complexities involved in photochemical air quality modeling,
this report does not include the benefit of precursor emissions reductions in cost-benefit
calculations. This report discusses the methods, assumptions, and pathways involved in the
ozone-benefits analysis in more detail in Section 10.5.
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Figure 9.26. Ozone concentration reduction pathway for reflective pavements (Note: Up arrows (1) indicate an
Increase and down arrows (| ) indicate a decrease; shaded boxes indicate pathways included in cost-benefit
results)

94332 Reflective pavements and PM2.5

Reflective pavements reduce PM2.5 pollution indirectly by decreasing ambient temperature,
which in turn reduces building energy use. Reducing building energy use results in decreased

power plant emissions of PM2.5 and PM2.5 precursors, decreasing primary and secondary
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PM2.5 pollution. Figure 9.27 shows the PM2.5 concentration reduction pathways of
reflective pavements. This report describes PM2.5 impact estimation methods and
assumptions in Section 10.5.

- Pavéemeént -
—

Figure 9.27. PM2.5 concentration reduction pathway for reflective pavements (Note: Up arrows (1) indicate an
increase and down arrows () indicate a decrease; shaded boxes indicate pathways included in cost-benefit
results)

94333 Reflective pavements and heat-related mortality

Unlike cool roofs and green roofs that can impact heat-related mortality by two pathways,
reflective pavements reduce heat-related mortality by only one significant pathway:
improving outdoor temperature conditions. Several modeling studies have found that city-
wide increases in albedo can reduce heat-related mortality.3?* This report describes heat-
related mortality benefit estimation methods and assumptions in Section 10.5.

Employment assumptions for reflective roofs and pavements are reviewed in Section 9.1.2.7.

9.4.3.5.1 Direct energy

There are two mechanisms by which reflective pavements directly influence building energy
consumption: (1) increased heat gain and (2) decreased artificial lighting requirements. Some
of the sunlight reflected from reflective pavements is absorbed by surrounding buildings. The
building heat gain also decreases building heating load in the winter, though this effect
appears much smaller.3” The increased amount of reflected sunlight from reflective
pavements can also slightly reduce nearby buildings’ artificial lighting needs, which has two
direct energy benefits.?”® Reducing a buildings artificial lighting reduces energy used for
lighting and reduces heat given off by internal lighting, which could reduce cooling energy
requirements in the summer (and increases heating requirements in the winter).
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There are no comprehensive studies that examine the combined impact of increased heat
gain and decreased artificial lighting requirements caused by reflective pavements. As a
result, this impact is not included in cost-benefit calculations.

94.35.2 Increased pavement life

Increasing pavement albedo leads to increased pavement life because the lower peak
temperatures of reflective pavements mean less thermal expansion and contraction, slowing
the aging process. Research has shown that increasing the albedo of asphalt reduces the risk
of premature failure due to rutting (a particular type of asphalt pavement failure).3”” For
concrete, lower daytime surface temperature reduces the temperature-related stresses that
contribute to cracking.3® As noted above this surface life extension offsets cost of reflective
surfaces application and O&M costs.

94.35.3 Enhanced nighttime visibility

Increasing pavement reflectivity can enhance nighttime visibility.?” This can increase driver
and pedestrian safety and reduce street lighting needs because reflective pavements better
reflect street and vehicle lights.33® When new light fixtures are installed, fewer streetlights
are required to achieve desired lighting levels with reflective pavements, meaning lights can
be located further apart. When lights are replaced on existing fixtures, reflective pavements
would mean lower power lights can be installed, reducing city energy bills and cutting
related pollution. While light load reduction benefits including spacing streetlights further
apart are now well documented, because Baltimore is not doing much in the way of adding
new streetlights, the savings are excluded from cost-benefit analysis calculations. As the city
upgrades its lights, use of higher albedo surfaces would reduce the cost of lighting upgrades
(smaller light fixtures), though more efficient LED street lighting means lower energy
savings and/or high visibility.

94.3.5.4 Reduced stormwater runoff temperature

As with cool and green roofs, reflective pavements would reduce initial summer stormwater
runoff temperatures, helping reduce thermal shock to aquatic life in nearby water bodies.
However, this analysis does not include the potential benefit of reduced stormwater runoff
temperature in cost-benefit calculations.

94355 Downwind cooling

As discussed in the cool roof impacts section (Section 9.1.2.8), hot air from urbanization
heats downwind areas because of heat transfer by advection. The ambient cooling benefit
provided by reflective pavements could help alleviate a portion of this downwind warming.
However, as discussed, this analysis does not include this benefit due to limited available
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research. At a larger regional level (e.g., installing Smart Surfaces in the larger Baltimore
metro area), downwind cooling benefits could be large.

94356 Glare

Glare is caused by excessive brightness and can be uncomfortable or disabling, but glare is
also subjective.*®! Brightness is caused by too much visible light entering the eye, so reflective
pavements that reflect strongly in the visible spectrum can cause glare. For most people,
small increases in pavement solar reflectance will not cause glare-related problems because
many people encounter these kinds of pavements everyday—people drive, bike, and walk on
concrete pavements around the country.3

This report found limited research examining the relationship between increased pavement
reflectivity and glare, so the impacts of glare are not included in cost-benefit calculations. In
addition, this report assumes no investment in increasing sidewalk albedo, eg it is not
deployed in either scenario modeled in this report.
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Figure 9.28. Solar energy versus wavelength reaching Earth’s surfaces on a typical clear summer day (blue is
ultraviolet wavelengths, green is visible wavelengths, and orange is near-infrared wavelengths)P*?

9.5 Urban Trees

The sections below explore the basic principles of urban trees and their impacts. As noted in
Section 7.3.5, major benefits from urban trees include ambient cooling, reduced energy use
for cooling and heating, reduced greenhouse gas emissions and global cooling, improved air
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quality and reduced heat-related mortality, and reduced stormwater runoff. Other benefits
include downwind cooling, reduced stormwater runoff temperature, increased property
value and aesthetic value, increased biodiversity, carbon sequestration, reduced crime, and
improved thermal comfort. Potential drawbacks are fewer and smaller and may include
potential for increased humidity, increased emissions of biological volatile organic
compounds, increased winter heating needs due to ambient cooling, and increased pollen
production.

9.5.1 Urban tree basics

The initial cost of planting a tree includes purchasing the tree and the cost of planting. There
is a wide range of estimates for tree planting costs. For Baltimore, this report assumes $283
per tree, based on discussions with American Forests, TPL, Casey Trees, and the US Forest
Service. This cost is slightly inflated to provide funding for additional training to expand
trained workforce. Field measurements conducted by the US Forest Service indicate the
average urban tree crown size in Baltimore is 581 square feet per tree. In addition, we assume
2% of new trees planted will not survive and need to be replaced. There are also costs for
maintaining trees including pruning, pest and disease control, irrigation, program
administration, liability issues, root damage repair (e.g., to sidewalks), and stump removal.3*
A regional summary of the costs and benefits of trees by the U.S. Forest Service, and
discussion with American Forests and Casey Trees, leads this report to assume maintenance
costs for trees in Baltimore of $0.47 per square foot of tree canopy per year.33

Table 9.11. Tree planting and maintenance costs used for Baltimore

PREMIUM COST
Installation (planting) $283/tree
Maintenance $0.47/SF/year

There are several organizations in Baltimore that focus on planting new trees and providing
resources to communities, including free or discounted tree planting. Blue Water Baltimore’s
Forestry Program focuses on planting and caring for trees in an effort to increase tree canopy.
Each year Blue Water Baltimore gives away 1,000 trees to Baltimore County and City
residents.33¢ The Baltimore Tree Trust, nonprofit organization, is also a leader in increasing
the tree canopy on private properties and in low-canopy neighborhoods throughout the
city.3%7
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9.5.2 Impacts of urban trees

Urban trees provide direct and indirect benefits. Direct benefits include energy savings due
to shading of adjacent buildings and windbreak. Urban trees also sequester CO2, remove
harmful pollutants from the air, and reduce stormwater runoff. Indirect benefits of urban
trees include ambient cooling through evapotranspiration and shading (which reduces
cooling energy use city-wide), reduced ambient ozone concentrations and related health
costs, and heat-related mortality. Urban trees also indirectly achieve pollution reductions
(e.g., CO2, ozone precursors, PM2.5 and PM2.5 precursors) by reducing demand for
electricity. Akbari et al., EPA, and Casey Trees provide excellent descriptions of the benefits
of urban trees.**® Much of the discussion and references cited below draw from these sources.

Table 9.12 and Figure 9.29 below summarize the costs and benefits of urban trees included in
the cost-benefit calculations of this report. There are more benefits than costs excluded from
cost-benefit calculations, and excluded benefits very likely have a much higher value in
aggregate than excluded costs, so this report’s findings underestimate the net value of urban
trees.

Table 9.12. Urban tree cost-benefit impact table (A “minus” indicates a cost or negative impact, a “plus”
Indicates a benefit or positive impact).

IMPACT INCLUDED NOT INCLUDED
Planting (-) X
Maintenance and other expenses (-)

Direct cooling energy reduction (+)

Direct heating energy reduction (+)

Indirect cooling energy reduction (+)

Indirect heating energy penalty (-)

GHG emissions reduction (+)

P PR | | |

Global cooling (+)

Carbon sequestration (+) X

Ozone concentration reduction (+)

PM2.5 concentration reduction (+)

Air pollution uptake (+)

Heat-related mortality reduction (+)

PP PR |

Reduced stormwater runoff (+)

Improved thermal comfort (+) X

<

Downwind cooling (+)

Downwind warming (-) X
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Figure 9.29. The costs and benefits of urban trees for the 20-year scenario in dollar value (cost values are
negative and benefit values are positive)
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Urban trees can directly reduce energy use of adjacent buildings by shading, decreasing the
amount of solar radiation absorbed by the building surface or passed through windows. This
reduces building surface and internal temperatures3® , which in turn reduces building
cooling energy needs. Huang et al. (1990) estimated that during the summer, 10% to 30% of
solar energy reaches surfaces under a tree’s canopy.*® In the winter, up to 80% of incident
solar energy reaches the surfaces below deciduous tree canopy, proving useful natural
warmth to building in winter months. Deciduous trees are the norm in Baltimore.

Trees can also serve as windbreaks (i.e., wind shields), reducing the wind speed in the
vicinity of buildings.3*! This can reduce winter infiltration of cold air into the shielded
building, leading to reduced heating energy use. The effect of evergreen trees, which do not
lose foliage in the winter, is larger than the wind-slowing effect of deciduous trees, which
lose foliage in the winter. In summer, the effect of a windbreak can be positive or negative,3#
but potential air conditioning use increases from windbreaks are generally much less than
savings due to shading.3®

One study of a utility tree planting program found cooling energy savings of 1% per tree and
heating energy savings of 2% per tree.3* A simulation study of trees in various U.S. cities
found 20% tree canopy cover over a home yielded between 8% and 18% savings on cooling
energy use and between 2% and 8% savings on heating energy use.?®

Section 10.1 provides an overview of methods and assumptions used to estimate this benefit.

Evapotranspiration and shading from urban trees lead to ambient cooling, reducing cooling-
related energy use.34

The extent of ambient cooling in the U.S varies by city. A modeling study simulated the
impact of increasing the urban forest in 10 U.S. cities and found that, on average, increasing
tree cover could reduce temperatures at 2pm between 0.3 and 1°C.3¥ A UHI mitigation
potential analysis for New York City found that open space tree planting (10.8% of the city)
and curbside planting (6.7% of the city) could reduce summer temperatures at 3pm by 0.2°F
and 0.4°F, respectively.3# Similarly, a study that modeled changes in a city’s vegetated cover
and changes in temperature found that increasing vegetation by 10% of total surface area
reduced maximum temperature by 0.18°C in Washington D.C and by 0.27°C in
Philadelphia.3* A study conducted in 2018 looks at the radiative shading effect trees have on
the urban built environment in multiple cities across the United States. The results indicate a
10% absolute increase in tree canopy can result in a 1.1°F peak summer temperature
reduction due to the radiative shading effect of trees.*° Our analysis uses this 1.1°F
temperature reduction in determining an estimated peak summer temperature reduction

142



from trees. The results indicate that approximately ten years after the end of the 20-year
adoption period, Baltimore can expect to see a 40% tree canopy cover, up from 29% today.
Applying the simple temperature reduction formula deduced from the results of the Wang,
Wang, and Yang 2018 report, we estimate that Baltimore will experience approximately and
conservatively 1.2°F peak summer temperature reduction due to the shading effect of the
additional tree canopy.

95231 Indirect energy

Indirect energy savings will also vary by city. The ten-city modeling study cited above found
that ambient cooling due to greater numbers of urban trees would lead to annual indirect
energy savings between $1 and $3 per 1000 ft2 of roof in Washington, DC."%! It is
reasonable to expect that Baltimore would see similar savings due to its similar climate. We
do not directly apply these results, though, and instead use the findings of Akbari and
Konopacki (2005) to estimate indirect energy benefit due to urban trees.?? The resulting
estimate for savings is comparable to the value found for Washington, DC, in the previously
mentioned modeling study.

Section 10.3 provides an overview of methods and assumptions used to estimate this benefit.

Urban trees contribute to climate change mitigation in four ways: by reducing direct and
indirect energy use (and thus reducing greenhouse gas emissions from power plants), by
directly sequestering and storing CO2,%3 and by global cooling (discussed in Section 9.1.2.5).

A modeling study of CO2 emissions reduction benefits of urban trees in Los Angeles found
that each tree would reduce power plant CO2 emissions by 18 kg of CO2 per year.i3>
When a tree dies, most of the CO2 it stored is released to the atmosphere through
decomposition, though different disposal techniques can prolong the release.?>"ii Rosenfeld
et al. (1998) found the sequestration benefit to be less than one fourth of the emissions
reductions (i.e., less than 4.5 kg of CO2 per year).3>¢ Given the limited CO2 sequestration
from Baltimore tree planting, this report does not include sequestration from urban tree
planting in cost-benefit calculation, resulting in a slight underestimate of the benefits or

M In other words, a building with a 10,000 square foot roof would expect $10 to $30 of indirect energy
savings with more trees planted in Washington, DC.
Vi This includes emissions reductions due to direct and indirect energy savings.

Wi For example, mulching will release stored CO2 more quickly than using the wood to make furniture.
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urban tree plantings.'* Large scale tree planting across cities and towns would have a
significant carbon sequestration benefit.

Planting urban trees may also lead to global cooling (discussed in Section 9.5.2) because trees
typically have a higher albedo than conventional roofs or pavements they cover—tree albedo
ranges from 0.25 to 0.30.37 Since global cooling can be a significant benefit, this analysis
includes this benefit for trees as for cool and green roofs and reflective pavements. This
report uses the low estimate (0.25) of tree albedo. Figure 9.30 shows urban tree climate
change mitigation pathways. Refer to Section 10.4 for an overview of methods and
assumptions.

N (4) 1 cCarbon

sequestration

Figure 9.30. Urban tree climate change mitigation pathways (Note: Up arrows (1) indicate an increase, and
down arrows (| ) indicate a decrease; shaded boxes indicate pathways included in cost-benefit results)

95251 Urban trees and ozone

Urban trees have the same ozone reduction pathways as green roofs. Urban trees reduce
ambient ozone concentration by (1) decreasing ambient temperature, (2) decreasing building
energy use, (3) directly removing NO2 (an ozone precursor) from the air, and (4) directly
removing ozone from the air. Urban trees directly remove NO2 and ozone from the air
through dry deposition (pollution removal dry periods). Figure 9.31 shows the ozone
concentration reduction pathways of urban trees. Due to the complexities involved in
photochemical air quality modeling, this report does not include the benefit of ozone
precursor emissions reductions in cost-benefit analysis calculations. In contrast to green

lix This agrees with guidance we received from urban tree experts.
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roofs, much work has been done on estimating the value of pollution removal by urban trees.
This report includes this benefit for urban trees (see below). Methods and assumptions are
discussed in more detail in Section 10.5.

> (1) Ambient - -

(.-l terperature. .- l

.- J-Ozone formation'.

4 Ozoneprecursor | o
> (2) 4 Energyuse [ emissions — [ {inidirect. con¢:.- -

N (4) Directly remove . Sy oronecone -

Figure 9.31. Urban tree ozone concentration reduction pathways (Note: Up arrows (1) indicate an increase, and
down arrows (| ) indicate a decrease; shaded boxes indicate pathways included in cost-benefit results)

95252 Urban trees and PM2.5

Urban trees reduce PM2.5 concentrations in the same four ways as green roofs do. Urban
trees remove PM2.5 from the air by dry deposition (pathway (1) in Figure 9.32). Urban trees
also remove PM2.5 precursors from the air through dry deposition, thereby decreasing
secondary PM2.5 pollution (pathway (4) in Figure 9.32). Urban trees reduce PM2.5 pollution
by decreasing ambient temperature (pathway (2) in Figure 9.32) and by decreasing building
energy use (pathway (3) in Figure 9.32). In contrast to green roofs, much work has been done
on estimating the value of urban tree pollution uptake. This report includes this benefit for
urban trees (see below). This report describes PM2.5 impact estimation methods and
assumptions in Section 10.5.
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Figure 9.32. Urban tree PM2.5 concentration reduction pathways (Note: Up arrows (1) indicate an increase and
down arrows (| ) indicate a decrease shaded boxes indicate pathways included in cost-benefit results)

9.5.2.5.3 Urban trees and pollution uptake

In addition to removing CO2 from the air through sequestration, trees also directly remove
other air pollutants through dry deposition, essentially filtering the air. Air pollutants
removed through dry deposition include ozone, PM10 and PM2.5, carbon monoxide (CO),
sulfur dioxide (SO2), and nitrogen dioxides (NOx). Gaseous pollutants are primarily removed
through leaf stomata, while particulates are intercepted by leaves and other tree surfaces as
air moves through the tree canopy.?>® A group of researchers from the U.S. Forest Service
estimated that U.S. urban trees in 2006 removed about 711,000 metric tons of pollutants (O3,
PM10, NO2, SO2, CO), valued at $3.8 billion.>° Despite the large value of pollutant removal,
actual changes in local ambient air quality are modest and are typically less than 1%,3%
although this increases with rising urban tree coverage. The impact of direct removal of
pollutants, though modest, is well documented, so it is included in cost-benefit calculations.
Refer to Section 10.5.4 for a description of assumptions.

95254 Urban trees and heat-related mortality

Urban trees can reduce heat-related mortality through the same pathways as cool roofs and
green roofs. Urban trees can reduce heat-related mortality by keeping buildings cooler
through shading. In addition, urban trees can reduce heat-related mortality through ambient
cooling. Modeling studies find that increasing urban vegetation reduces heat-related
mortality.3¢! This report did not find analyses documenting the potential for urban trees to
reduce heat-related mortality by improving indoor conditions, but these reductions could be
significant.? By not including this benefit, this report underestimates total benefits. This
report describes methods and assumptions to estimate green roof heat-related mortality
impact in Section 10.5.
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9526 Stormwater

Trees, like green roofs, also reduce stormwater runoff volumes and delay time of peak
runoff.3% Tree surfaces intercept rain as it falls. The soil around urban trees also absorb
rainwater, where it infiltrates into the ground, is absorbed by the tree through its roots, or
evaporates. Figure 9.33 illustrates these and other stormwater runoff reduction pathways.
Simulation studies estimate that urban trees reduce citywide stormwater.3¢*

Interception and soil capture are most effective at reducing stormwater runoff during small
rain events, which account for most precipitation events and are responsible for most
roadway pollution wash-off (e.g., vehicle oils).>® During large rain events or extended
periods of rain, an urban tree’s capacity for interception and soil absorption trees capacity
will be reached.3¢¢

Refer to Section 10.6 for an overview of methods and assumptions.
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Figure 9.33. Illustration of tree stormwater runoff reduction pathways*s”

Based on literature review and discussion with tree experts, we estimate that the number
direct jobs created per million dollars invested in tree planting includes 50%, or $500,000, in
direct labor costs, yielding 10 job years at $50,000 per job. We estimate that the other
$500,000 would go towards buying saplings to plant and other supplementary materials. We
estimate that a total of 14 direct job years are created per million dollars spent on tree
planting.

Saplings ready for planting cost on average $283 per tree, according to American Forests.
They can be grown within city boundaries but are more commonly grown remotely where
lower land and labor costs more than offset higher transport cost, so the employment
benefits of sapling growth may not accrue at the city level. Baltimore can provide incentives
or preferences for saplings grown in the city and/or sapling growth projects that employ city
residents. For example, Baltimore can provide land in the city for tree nurseries that also
grows green roof trays that make up green roofs. Smart Surfaces Coalition partners, including
American Forests and Trust for Public Lands encourage establishment or expansion of tree
nurseries within city jurisdictions, to increase employment and reduce transportation costs.
This is an important policy option decision for Baltimore.

95281 Improved thermal comfort

Numerous studies have demonstrated thermal comfort benefits from urban trees in different
climates.3%® The most important local climate factor in the thermal comfort impact of urban
trees is mean radiant temperature, which is a measure of the amount of direct and reflected
radiation experienced by a surface. For small scale plantings of trees (e.g., along a single
street), there is only a small reduction in air temperature.*® Large-scale tree planting is
required to provide cities with substantial air temperature reductions.

Tree shading reduces radiant temperature, thus enhancing thermal comfort. The size of the
thermal comfort impact directly in the shadow of a tree depends on climate. A U.S.
simulation study of a hot-dry climate found planting trees in a street canyon reduced
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physiological equivalent temperature (PET)*37° by over 20°C in summer conditions.*”!
Similarly, a simulation study in Freiburg, Germany, found shade under the tree canopy
reduced PET by up to 15°C in summer conditions, which the authors note is two steps on a
thermal sensation scale (e.g., from “hot” to “warm” to “slightly warm”).372 The thermal
comfort benefits described above serve as an upper bound because the impacts were
estimated directly under tree canopy. In reality, pedestrians will only experience tree shade
part of the time.
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Figure 9.34. Impact of urban trees on summertime pedestrian thermal comfort

Adding trees can reduce thermal comfort in winter,3”® but deciduous trees block little winter
solar radiation.?’* In Baltimore net thermal comfort benefits from shade are large.

Given the difficulty in valuing thermal comfort impacts, particularly impacts of shade, this
report does not include thermal comfort benefits of trees directly in cost-benefit calculations.
However, we do include a discussion of increased thermal comfort on the impact of tourism,
including an estimate of benefits from Smart Surface installations city-wide, including
trees—and the potential benefits of avoided tourism losses.

95282 Crime reduction

Smart Surfaces cannot single-handedly create a safe community for citizens, but they are an
integral component of a comprehensive public-safety strategy. Among the surface types
outlined in this report, well-maintained trees and green spaces can contribute to crime
reduction. Scientists from the University of Vermont and the US Forest Service investigated

 Physiological equivalent temperature (PET) is defined as the air temperature at which, in a typical indoor
setting, the human energy budget is maintained by the skin temperature, core temperature, and sweat rate
equal to those under the conditions to be assessed [Chen and Ng (2012), [ref 371]. In other words, PET is
the hypothetical indoor air temperature at which an individual, performing a defined activity and in a
standard set of clothes, would experience the same physiological response, and thus experiences the same
level of thermal comfort/discomfort, as the conditions under study.
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this relationship in Baltimore City and County. Specifically, the scientists examined robbery,
burglary, theft, and shootings, both fatal and attempted.3”> Their findings are particularly
convincing because they kept an extensive number of variables constant when comparing
neighborhoods’ crime rate vs. tree cover. The surveyors ensured each location had the same
median income, population density, race, amount of agricultural land, percent of households
classified as “rural,” housing age, type, and tenure.?”®

The research concluded that neighborhoods with 10% greater tree-canopy cover experienced
11.8% less crime than similar neighborhoods.?”” Well-designed green space could decrease
crime by attracting people to spend time outdoors,?”® resulting in an informal system of
surveillance.?” The author Jane Jacobs termed this “eyes on the street.”?’ Pruning and
watering vegetation signifies residents actively care about and are involved in their
surroundings.! Put simply, people like trees, they like neighborhoods with trees, and they
are much more likely to spend time outdoors where trees provide shade and a comfortable
place for socializing.®¥? More eyes on the street makes neighborhoods safer.

As discussed above, Smart Surfaces reduce ambient summer temperature. And lower summer
temperature has in multiple studies correlated with lower crime. For example, research
indicates that an increase of 3.6°F in ambient temperature in the US could increase the rate
of aggravated assault by 2.3% and the murder rate by 2.2%.38 A 2019 study concluded that
3.6°F increase (2°C) was associated with a homicide rate increase of 1.5%.3% Researchers in
Spain documented that intimate partner femicides increased by 28.8% for each degree in
daily maximum temperature above 93.2°F 3%

In addition to the larger impact of tree shading, trees canopies can lower city-wide
temperatures by 1.8°F and an additional 3.6°F in the local area.3® Safe Streets Baltimore—an
outreach program to reduce gun violence among youth—has decreased homicides by 56% in
the Cherry Hill neighborhood.?” Smart Surfaces can be an important tool to augment the
work of organizations like Safe Streets Baltimore and help create a safer better quality of life
for community members.

95283 Increased humidity

Urban trees add water to the air through evapotranspiration, which decreases temperature
but raises humidity. Increasing humidity can have adverse impact on comfort and may even
increase cooling energy use.™ However, EPA notes both negative or positive impacts of

I Because air conditioning units would have to remove more moisture.
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increased humidity from urban trees, and net impact is unclear, so it is not included in cost-
benefit calculations.

95284 Increased biological volatile organic compounds emissions (BVOCs)

Trees can also emit ozone precursor biologic volatile organic compounds (BVOCs), that for
certain trees could counteract the ozone reductions that result from reduced ambient air
temperature.*388 However, this is a well-known risk of increasing urban tree canopy, so city
planners select from lists of tree species with low or very low volatile organic compound
emissions.® Trees with low ozone-forming potential typically are prioritized for urban tree
programs, avoiding the potential health costs. This potential health cost of tree VOCs is
therefore not estimated in this analysis, which may cause a slight undercounting of costs.

Urban trees can enhance quality of life in multiple ways. First, they increase habitat for birds
and other living things.3* Trees reduce urban noise,*! are linked to reduced crime, 3% and
provide other psychological and social benefits that help reduce stress and aggressive
behavior.3 Urban trees reduce stormwater runoff temperature because they shade urban
hardscape from solar radiation, reducing urban surface temperatures and thus runoff
temperatures from these surfaces.

These myriad benefits of trees discussed above are large but are not quantified in this report
because of limited extant research. Not including these benefits of urban trees means that
tree benefits are undercounted and are larger than estimated in this report. Among other
things, this means that actual benefit cost ratio for urban trees is substantially
underestimated in this report—as well as more generally in urban policy.

9.6 Permeable Sidewalks and Parking Lots

The sections below explore the basic principles of permeable pavements and their potential
impacts. While permeable pavements can be used for most pedestrian and vehicular
applications, this report focuses on sidewalk and parking lot applications.

As previously noted, major benefits of permeable sidewalks and parking lots include reduced
stormwater runoff and reduced winter salt use due to reduced ice buildup. Permeable
sidewalks are far less likely to have ice buildup, greatly reducing potential for falling and
reducing related health and liability damages.

i The rate at which trees emit VOCs is affected by sunlight, temperature, and humidity; it also varies by
species. Generally, as temperature increases, biogenic VOC emissions increase. But as Nowak (2002) [ref
376] points out, even though adding trees will increase the biogenic VOC emission potential, the added

trees will likely reduce ambient temperatures so the overall biogenic VOC emissions could still decrease.
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Other impacts which warrant further study include ambient cooling, which leads to reduced
cooling energy use, reduced greenhouse gas emissions, improved air quality and reduced
heat-related mortality, increased thermal comfort, and improved water quality.

9.6.1 Permeable pavement basics

Common permeable pavements include pervious asphalt (called “porous asphalt”), pervious
concrete, permeable interlocking concrete pavers (called “permeable pavers”), and lattice
structures containing gravel or grass. These permeable pavements all have similar structural
components.3**

e The surface layeris the top layer that pedestrians see. This is the layer that cars drive
on and people walk on. Under the surface layer are the bedding layer, the reservoir
layer, underdrain (optional), filter layer (optional), and subgrade.

e The bedding layertypically consists of small, open-graded aggregate. It provides a
level surface under the surface layer.

e The reservoir layer, which consists of the open-graded base reservoir and sometimes
the open-graded subbase reservoir, is usually crushed stone. This layer provides load
support and water storage. Pavement use, desired water storage, and the
characteristics of the underlying soil determine the depth of the reservoir. Depending
on the pavement use, a subbase reservoir may not be required.

® An underdrain is a perforated pipe that conveys excess stormwater to the storm drain.
Underdrains are optional but are often used when permeable pavements are installed
over low-infiltration soils such as clay.

e The filter layeris an optional fabric or small sized aggregate layer that is used to
prevent soil from entering the base/subbase layers. The subgrade is the soil layer that
underlies the permeable pavement system. The infiltration rate of the underlying soil
influences the thickness of the reservoir layer and whether an underdrain is needed.
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Figure 9.35. Example cross section of permeable pavement.®”

9.6.2 Examples of permeable pavements

Porous and impervious asphalt have a very similar appearance and method of installation.3*
The main difference is that porous asphalt has reduced sand or fines, resulting in air voids for
water to drain through.3” Air voids typically make up 15 to 20 percent of the volume of
porous asphalt.3® The thickness of the porous asphalt surface layer depends on the expected
traffic load and is typically 3 to 7 inches thick.?® Porous asphalt can be used for pedestrian
walkways, sidewalks, driveways, parking lots, and low-volume roadways, but is rarely used
for high-volume and/or high-speed roadways because it usually cannot long term bear
sustained high traffic load.*®
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Figure 9.36. Example of porous asphalt pavement.*’!

9.6.2.2 Pervious concrete

Similar to porous asphalt, the surface layer of pervious concrete pavement is simply Portland
concrete cement with reduced sand or fines, resulting in air voids for water to drain
through.*? Air voids account for between 15 to 20 percent of the pervious concrete surface
layer.“® The thickness of the pervious concrete surface layer typically ranges from 4 to 8
inches. 04

Figure 9.37. Example of pervious concrete pavement surface layer, with quarter to for scale.*%”
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9.6.2.3 Permeable interlocking concrete pavements

Permeable interlocking concrete pavements (henceforth referred to as “permeable pavers”)
consist of impervious concrete blocks, or pavers, installed in patterns that leave space for
stormwater to infiltrate to lower pavement layers. The proportion of the pavement surface
area that is open space varies based on the specific type of pavement and manufacturer. Open
spaces can be filled with gravel, aggregate, topsoil and grass, or coarse sand, among others.*"”
Permeable interlocking concrete pavements can be used for the same applications as porous
asphalt pavements—pedestrian and vehicular applications except high-volume/high-speed
roadways.*%
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Figure 9.38. Examples of permeable pavers.*?

9.6.2.4 Grid pavements

Grid permeable pavements employ plastic, metal, or concrete lattices for support, with the
open space filled with soil, sand or aggregate that can allow grass or other vegetation to
grow.*1? These pavements are often called concrete grid pavers or plastic reinforced grid
pavers, depending on the material used for the lattices. These pavements contain
significantly more open area than the permeable pavements discussed above so hold more
water and are typically only used for areas that experience low traffic volume (e.g., alleys,
side streets, parking lots, driveways, patios, and trails).*!! Grid pavements are generally not
used for sidewalks.
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9.6.2.5 Permeable pavement thermal performance

For a full picture of the thermal performance of permeable pavements, it is necessary to
understand how they perform under both dry and wet conditions. During dry summer
weather, permeable pavement tends to have a higher daytime surface temperature than an
impervious pavement made of the equivalent material, suggesting permeable pavements may
increase daytime air temperatures.*3

However, at night dry permeable pavements tend to have lower surface temperature than
the impervious equivalent because permeable pavements store less energy, suggesting
permeable pavements may decrease nighttime air temperatures.*“ The daytime and
nighttime surface temperature of a wet permeable pavement tends to be less than that of the
wet impervious equivalent.*”® This difference is due to much greater evaporative cooling
from permeable pavements. Unsurprisingly, as surface-moisture level decreases (e.g., as the
number of days since the last rain increases), the surface temperature difference between a
permeable pavement and the impervious equivalent decreases.*!¢ Because energy/heat in the
pavement evaporates surface moisture during evaporative cooling, there is less energy
available to heat the air or surroundings. At scale, evaporative cooling from permeable
pavements could lead to measurable air temperature reductions in neighborhoods and city-
wide.

9.6.2.6 Solar reflectance of permeable pavement

In general, permeable pavements may be slightly less reflective than their impervious
equivalent, perhaps because of their increased roughness and void space.*” Based on the
limited information available, porous asphalt has a similar initial albedo to impervious
asphalt.#!® Pervious concrete may have a slightly lower initial albedo than impervious
concrete,*® and permeable pavers have a similar initial albedo to impermeable pavers.*?° Grid
pavers' albedo is largely determined by the filler. High albedo filler, such as light-colored
gravel, would provide a higher albedo surface.
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We found no studies on the aged albedo of permeable pavements. Nevertheless, we can
expect albedo changes in permeable pavements to be similar to that of traditional pavements
(i.e., albedo of asphalt pavements will increase with age and albedo of concrete pavements
will decrease with age).

The primary maintenance concern for permeable pavements is protecting against sediment
and particle build up that can clog the air voids and reduce the effectiveness of stormwater
infiltration water absorption.*?! Sediment and particle sources include vehicles, the
atmosphere, and runoff.?

Clogging increases with age and use; however, permeable pavements are effective even when
partially clogged.*® Sediment and soil deposits should be removed as needed.**

Because of reduced freeze/thaw stress, a permeable asphalt parking lot can last 15 years
longer than a traditional asphalt parking lot in the same conditions.*”® Porous asphalt
pavements tend to develop fewer cracks and potholes than impervious asphalt.*2

Due to the differences in materials and structural requirements between permeable
pavement and impervious pavement, permeable pavements are generally only an option for
new construction or for impervious pavement replacement.

The cost of installing a permeable parking lot varies widely. This report focuses on plastic
grid pavers for parking lots and on permeable pavers for sidewalks. The plastic lattices
themselves cost on average $2.00 per square foot.*” With a cost multiplier of 1.4 to cover
additional costs like construction management and design,*?® this equates to $2.80 per square
foot. The cost of the material used to fill the lattice varies. For grass we assume a cost of $1.62
per square foot installed.*”® For gravel, we assume a cost of $1.30 per square foot installed. i
In total, plastic grid with grass and plastic grid with gravel cost $4.42 per square foot and
$4.10 per square foot, respectively. The cost of permeable pavers averages about $10.50 per
square foot.*3

ki Based on a pea gravel cost of $50 per cubic yard, a 2-inch-thick layer, and a cost multiplier of 1.4 to cover
additional costs like management and design (same as before).
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We assume conventional concrete sidewalks cost $5.02 per square foot, and conventional
brick sidewalks cost $10.78 per square foot. We assume a conventional asphalt parking lot
cost of $5.50 per square foot.**! We assume that permeable pavements are installed when
sidewalks or parking lots are already in need of replacement. Because grid pavers have lower
first cost than conventional pavements, permeable pavement installation first costs actually
represent a net cost reduction to Baltimore. In addition, permeable pavements have longer
lifespans than conventional pavements, so replacement costs are incurred less frequently,
further contributing to a net benefit accrued during first costs.

Based on an analysis prepared for the Maryland Department of the Environment, the yearly
maintenance cost of non-vegetated permeable pavements averages about $0.05 per square
foot, and the yearly maintenance cost for vegetated permeable pavements averages about
$0.07 per square foot.*32

Timeline assumptions for traditional asphalt parking lots are the same as discussed under
reflective pavements (Section 9.4.2), with a complete replacement required every 15 years.
Permeable alternatives can extend surface life.

Little research has been done on the lifespan on gravel or grass filled lattice systems.
However, products such as the Grasspave2, Gravelpave2, and True Grid systems claim to
have lifespans of 25 years for the gravel filled products and 60 years for the grass-filled
products (we use 40 years for this analysis because 60 years is beyond the bounds of our
analysis).*® This lifespan can vary depending on how heavily the parking lot is used and the
material used to fill the lattice, but for simplicity we use these numbers. In this report, we
assume the parking lot needs to be completely replaced at the end of its life.

Table 9.13. Permeable parking lot lifespans

Parking lot pavement type Lifespan (years)

Conventional asphalt 15
Plastic grid with gravel 25
Plastic grid with grass 40

As noted in Section 9.4.2, this report assumes conventional sidewalks are replaced every 40
years. Pavers typically last longer than conventional pavement,*** which is why we assume
permeable sidewalks last the full 30-year analysis period as well.
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9.6.3 Impacts of permeable sidewalks and parking lots

Table 9.14 and Figures 9.40 and 9.41 below summarize the costs and benefits of permeable
sidewalks and parking lots included in the cost-benefit results of this report. For cities that
get serious about health, UHI mitigation, and climate change mitigation, permeable
pavements can be a part of the solution.

Table 9.14. Permeable sidewalk and parking lot cost-benefit impact table (NOTE: A “minus” indicates a cost or
negative impact, a ‘plus” indicates a benefit or positive impact)

IMPACT INCLUDED NOT INCLUDED
Installation (-) X
Maintenance (-)

Reduced stormwater runoff (+)

P | <

Reduced pavement salt use (+)

Ambient cooling/warming and co-impacts (+/- X

)

Reduced/improved thermal comfort (+/-) X

Improved water quality (+) X
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Permeable Parking Costs and Benefits (20-Year Scenario)
$120,000,000

$100,000,000
$80,000,000
$60,000,000
$40,000,000
$20,000,000

$0 ! - S — S

($20,000,000)

Firstcost  Operations and  Additional  Stormwater fee  SRC value Reduced salt
maintenance replacements discounts use

Figure 9.40. The costs and benefits of permeable parking lots for the 20-year goal scenario in dollar value (cost
values are negative and benefit values are positive. Because new permeable parking lots cost less to install than
their new conventional alternatives, installation is a net benefit for permeable parking)
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Permeable Sidewalks Costs and Benefits (20-Year Scenario)
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Figure 9.41. The costs and benefits of permeable sidewalks for the 20-year goal scenario in dollar value (cost
values are negative and benefit values are positive)

Permeable pavement is widely recognized as an effective stormwater management measure.
Permeable pavement contains air voids, which allows water to pass through the surface layer
to subsurface layers and then to infiltrate the ground and/or be conveyed to storm sewers.*®
The air voids in the surface layer also provide water storage capacity.*%

Permeable pavements can reduce the total and peak stormwater runoff volumes by more
slowly conveying stormwater to the conventional stormwater system, by allowing
stormwater to gradually infiltrate the soil below the pavement, and marginally through
evaporation of water from the surface layer of the pavement. The degree to which permeable
pavements reduce stormwater runoff depends on a number of factors including the aggregate
used for the retention layer, the porosity of the pavement surface, the characteristics of the
underlying soil, and whether an underdrain is used.*’ Refer to Section 10.6 for an overview
of methods and assumptions in our stormwater benefits calculations.
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Maintenance is required to avoid excess clogging and to maintain a permeable pavement’s
stormwater retention capabilities. However, as mentioned, only very rarely does clogging
render permeable pavements completely ineffective. Vacuum sweeping and dry sweeping are
effective methods to reduce pore clogging and restore permeable pavement effectiveness.*®

Snow and ice are less likely to accumulate on permeable surfaces, and melt faster on
permeable pavements than impervious pavements, so far less deicing material is required to
treat permeable pavements in the winter, improving water quality (and potentially reducing
water treatment needs) and reducing salting costs.* For example, research in New
Hampshire found that permeable asphalt pavement required about 75% less salt than
conventional asphalt.# Research shows melted water immediately infiltrates pervious
concrete, limiting the potential for refreezing.*!! It appears reasonable that pervious concrete
requires less salting compared to traditional concrete. Similar results are expected for
permeable pavers and lattice structures as well. Refer to Section 10.8 for an overview of
assumptions.

Porous surfaces relative to conventional roads, sidewalks, or parking surfaces are generally
15%-30% more expensive and more labor intensive than conventional surfaces. However,
the initial construction cost of porous asphalt sidewalks is lower than those of conventional
concrete sidewalks.*? The initial cost of porous asphalt roads is about 15%-20% more than
conventional asphalt, and porous concrete is about 25%-30% more than conventional
concrete.

Porous surfaces include modified versions of conventional surfaces such as pavers or bricks,
and structured surfaces such as rigid plastic lattices filled in with pebbles or grass.*? These
surfaces can be placed near trees to support water penetration to roots.

We estimate that the number of direct jobs created for each one million dollars invested in
porous surfaces includes 40%, or $400,000, in direct labor costs, which yields eight job years
at $50,000 per job. The balance of $600,000 would go to pay for lattices, pebbles, and other
materials, production of which is less jobs intensive than porous pavement installation. We
assume a labor intensity for production of materials equal to the average job intensity of the
economy of the whole, at five jobs per million dollars. The balance of $600,000 therefore

v See this Economic Policy Institute report on updated employment multipliers for the U.S. economy:
https://www.epi.org/publication/updated-employment-multipliers-for-the-u-s-economy/
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goes to create another three direct jobs. We estimate a total of 11 direct job years are created
per million dollars invested in porous surfaces.

Note this estimate may be high for pervious asphalt and pervious concrete and may be low
for pavers, brick, and lattice-type surface structures. These general estimates therefore merit
additional and more detailed analysis. For now, however, we will use the above estimate of
11 jobs years per million dollars invested in porous surfaces.

96.35.1 Ambient cooling

Permeable pavements can lead to ambient cooling and other benefits. However, their UHI
(urban heat island) mitigation potential is less understood than the other solutions analyzed
in this report. Because permeable pavements are less thermally massive, they cool off faster
at night, which improves nighttime UHIL.

When dry, the surface temperature of permeable pavement tends to be greater than the
impervious equivalent, suggesting contribution to daytime UHIs. But permeable pavements
store less energy than their impervious equivalent, suggesting they can mitigate nighttime
UHIs because they have less potential to warm up urban air.*** On the other hand,
evaporative cooling can occur when water is present in the surface layer of permeable
pavements,*> meaning permeable pavements tend to be cooler than impermeable pavements
after it rains. Permeable pavements may be particularly useful for UHI mitigation in these
circumstances.

A modeling study of the July daytime air temperature impact of various traditional and
permeable pavements around a building in Taiwan found slightly lower air temperatures
around a building with permeable pavements than with traditional pavements.** However, a
different empirical study in Davis, California found slightly higher daytime air temperatures
above dry permeable pavement compared to dry impervious pavement and slightly lower
daytime air temperatures above wet permeable pavement.*” At night, the air temperature
above permeable pavement was generally lower than that above impervious pavement under
both dry and wet conditions.*

Current literature suggests permeable pavements are effective at mitigating nighttime UHIs
and decreasing nighttime urban air temperatures. Under the appropriate conditions, large
scale installations of permeable pavement could reduce daytime and nighttime air
temperatures, with the largest impact occurring at night and/or when pavement is wet. This
is an area that deserves further study.
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Converting conventional asphalt parking lots to plastic grid pavers with gravel or grass will
likely have a small beneficial impact on urban temperatures because of increased albedo and
evapotranspiration. In the case of both parking lots and sidewalks, the area of conventional
pavement converted to permeable pavement is likely to be small, resulting in only a small
impact of urban temperatures. As a result, this benefit is not included in cost-benefit
calculations.

9.6.3.5.1.1 Co-benefits of ambient cooling

The available literature suggests that except under dry daytime conditions, permeable
pavements are effective at reducing ambient air temperature. Co-benefits include ambient
cooling, including reduced energy use, reduced pollutant emissions from power plants,
improved air quality, and reduced heat-related mortality. However, permeable pavements
may support ambient warming during dry daytime conditions, increasing energy use and
emissions from power plants, contributing to worse air quality, and increasing heat-related
mortality. If this ambient warming during dry daytime conditions is large enough, it could
offset the benefits of ambient cooling during more favorable conditions. This is an area that
merits further study.

96.352 Thermal comfort

Based on permeable pavement surface temperature and near-surface temperature studies
cited above, permeable pavements likely enhance thermal comfort during wet conditions
and nighttime conditions. Few studies have examined the thermal comfort impacts of
permeable pavements under dry daytime conditions. A study of permeable pavements in
Taiwan generally found permeable pavements improve summer daytime thermal comfort,
though thermal sensation did not change.* However, this study also found air temperature
improvements over dry permeable pavement, so its results may not be consistent with the
studies that found higher air temperature above dry permeable pavement during the day.
This is an area that deserves further study.

96.35.3 Water quality
Permeable pavements improve urban water quality. EPA has summarized several studies that

quantify pollutant removal by permeable pavements, including dirt, dust, heavy metals, and
landscaping nutrients.*® However, there is still insufficient data to quantify this benefit.

9.6.3.5.4 Pedestrian safety
The properties of permeable pavements that lead to reduced salt use likely also mean that
permeable pavements form ice slower, and clear of ice faster. This means permeable
pavements are safer for pedestrians in the winter, due to fewer falling accidents. However,
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data to estimate this potential benefit is limited, and we do not include it in cost-benefit
calculations.
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100verview of Methodology

The kind of full, integrated analysis presented in this report required that we solve a large set
of benefit estimation challenges, such as estimating the indirect energy benefit of green
roofs; developing simple, yet robust temperature-based methods to estimate city ozone
concentration reductions; valuing health benefits of PM2.5 emissions reductions due to
installing cool roofs, green roofs, reflective pavements, and urban trees; valuing heat-related
mortality reductions due to cool roofs, green roofs, reflective pavements, and urban trees;
and combining new methods and existing methods to estimate costs and benefits. As a rule,
we proceeded cautiously and conservatively in developing estimating methods. The sections
below provide an overview of the methods used to estimate the benefits included in cost-
benefit calculations.

10.1Direct energy

This report uses the Green Roof Energy Calculator (GREC) v2.0 to estimate direct energy
savings/penalties from the installation of cool and green roofs on low slope roofs. To estimate
the direct energy savings/penalties from the installation of cool roofs on steep slope roofs™
this report uses GAF’s Cool Roof Energy Savings Tool (CREST), which generates energy
savings estimates using Oak Ridge National Laboratory cool roof calculators. Due to
limitations in GREC this report does not quantify the peak energy demand and consumption
reduction benefits of installing cool roofs or green roofs."

This report uses results of i-Tree Eco analyses to estimate direct energy impacts of trees. i-
Tree Eco only estimates energy benefits for residential buildings.

10.2Energy generation

This report estimates the energy output of rooftop PV systems using NREL’s PVWatts
Calculator. This report assumes that 100% of solar PV systems are financed by third parties,
and the photovoltaics are 20% efficient. n the adoption timeframe.

10.3 Ambient cooling and indirect energy

v This report assumes green roofs are not installed on steep-slope roofs.
vi GREC only provides annual energy savings/penalties estimates so its outputs are not resolved enough to

estimate peak demand benefits.
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10.3.1 Estimating ambient cooling impacts

Based on a broad literature review, this report uses Li et al. (2014) as the basis for ambient
cooling calculations for cool roofs and green roofs.*! For reflective pavements, this report
uses Kalkstein et al. (2013) as the basis for ambient cooling calculations.*? For urban trees,
this report uses Sailor (2003) as the basis for ambient cooling calculations for Baltimore.*3

10.3.2 Estimating indirect energy impacts

The basis of our indirect energy calculations is from Akbari and Konopacki (2005).4>*

10.4Climate change

10.4.1 Estimating climate change mitigation impacts of emissions reductions

For emissions intensities in Baltimore, this report uses the most recent numbers available
from the Baltimore emissions survey and assumes a projected business as usual decrease in
emissions intensity of 3% per year (the grid CO2 intensity is dropping as fossil fuel power
plants are gradually being replaced with wind and solar).*>

This report estimates the value of GHG emissions reductions from cool roofs, green roofs,
rooftop PV, reflective pavements, and urban trees using the social cost of carbon (SCC). The
SCC is an estimate of the economic damages/benefits associated with a small increase or
decrease in CO2 emissions.*¢ Developed by a dozen U.S. federal agencies, including the
Department of the Treasury and the Environmental Protection Agency, the SCC reflects the
best current science and economic understanding of the impact of climate change.

10.4.2 Estimating climate change impacts of global cooling

To estimate the CO2-equivalent impact of the global cooling effects of cool roofs and
reflective pavements, this report uses Akbari et al. (2009) and Menon et al. (2010).%’ For
green roofs and urban trees, this report scales the results of Akbari et al. (2009) and Menon et
al. (2010) to match the albedo of green roofs and urban trees. This report uses the Federally
developed Social Cost of Carbon (SSC) for determining the value of CO2 reductions/global
cooling benefits.

10.5Health
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10.5.1 Estimating ozone health impacts

This report estimates the ozone impact of cool and green roofs, reflective pavements, and
urban trees using the relationship between temperature and ozone formation. This report
uses temperature reductions calculated using the work described in Section 10.3. This report
applies temperature-ozone relationship from Bloomer et al. (2009) to the temperature
reductions to determine the impact of temperature reductions on ozone concentrations. 458xil
To estimate the health impact of ozone pollution reduction, this report uses EPA’s Benefits
Mapping and Analysis Program-Community Edition (BenMAPCE) v1.1.%i This report uses
scale-specific population breakdowns to estimate the ozone health impacts at the city-wide
and low-income region scales.

10.5.2 Estimating PM2.5 health impacts

The basis of the PM2.5 health benefits assessment in this report is Machol and Rizk (2013).4°
Machol and Rizk (2013) develop a method to determine the PM2.5-related health benefits
per kWh of electricity. This report utilizes their methodology for PM2.5 benefit calculations.
Put simply, this report multiplies the energy savings calculated using the methods in Sections
10.1, 10.2, and 10.3 by the health benefits factors from Machol and Rizk (2013) to estimate
the PM2.5-related health impacts.

10.5.3 Estimating heat-related mortality impacts

Kalkstein et al. (2013) and Stone et al. (2014) form the basis for the heat-related mortality
impact assessment in this report.#? This report estimates the value of avoided heat-related
mortality using the Value of Statistical Life (VSL).%!

The studies above consider population at the city-scale or larger. Therefore, we scale the
city-wide heat-related mortality impact estimates by the ratio of low-income region
population to city-wide population in order to better approximate the heat-related mortality
impact in the low-income regions.

10.5.4 Estimating pollution uptake by urban trees

This report estimates the health impacts of pollution uptake by urban trees using results from
location-specific i-Tree Landscape analyses. i-Tree Landscape bases its health impact

kit OCPs relate a change in air temperature to a change in ozone concentrations.
i BenMAP was developed to facilitate the process of applying health impact functions and economic

valuation functions to quantify and value mortality and morbidity impacts due to changes in air quality.
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estimates on county- or city-level population data.*? Therefore, for low-income regions we
scale the county or city-wide health estimates by the ratio of low-income region population
to county/city population to better approximate the pollution uptake impact in low-income
regions.

10.6 Stormwater impacts

We have calculated the benefits from converting 1700 acres of impervious surfaces into
permeable surfaces over 20 years; permeable options include detention basins, porous
parking lots and sidewalks, green roofs, tree wells, sidewalk planters, and rain gardens. To
calculate this target, we used Baltimore’s existing objectives for impervious surfaces and the
actual number of acres that have been converted since 2010 to estimate the potential 2020-
2040 transformation. We assumed volunteer and development contributions maintain the
same rate, the Stormwater Fee Credit program reaches the same rate as the volunteer
program, and the municipal government can complete all intended projects using the suite of
Smart Surface types. In fact, these assumptions achieve a switch of almost 2000 acres from
impervious surfaces into permeable surfaces by 2040, and we decreased the target to 1700
acres by 2040 to provide a more conservative, more easily achievable estimate.

The 2015 version of Baltimore’s Watershed Implementation Plan calls for “restoring 20%
[4,921 acres] of the existing impervious area to the maximum extent practicable.”*%* The
Department of Public Works, the City of Baltimore, and the local organization CleanWater
Baltimore collectively developed this restoration goal; it has been reaffirmed and
incorporated into more recent publications, including the 2019 Baltimore Sustainability Plan,
developed by the Baltimore Office of Sustainability.44

Baltimore has utilized both projects and programs to meet their 20% restoration objective,
including traditional and green infrastructure installation, street sweeping and illicit
discharge detection, and promotion of stormwater management on private lands.*5 In the
2019 MS4 annual report, Baltimore City stated that they exceeded the impervious area
restoration goal.“® However, they note, “the majority of the restoration is provided by
programs, specifically street sweeping.”#” Many traditional large-scale projects—detention
basins, wetlands, and ponds—have been cancelled and most small-scale projects, like
bioswales and rain gardens, are currently still in the design phase.*

Street sweeping prevents an excessive number of pollutants, like nitrogen and phosphorus,
from entering waterways and is an important component of stormwater management.
However, street sweeping doesn’t eliminate the root of the challenges: the impervious
surfaces themselves. Furthermore, as mentioned in Section 6.2, both the average annual
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rainfall and extreme rain event frequency are expected to increase in the upcoming decades.
Smart Surfaces, which would convert impervious surfaces into permeable options, would
help the City of Baltimore address immediate challenges, secure long-term benefits, and
improve urban resilience int face of projected accelerating climate change and associated
sever and extreme weather events.

The community members of Baltimore are clearly interested and invested in the physical
transformation of surfaces in their city. As the 2019 MS4 report notes, voluntary community
initiatives—removal of impervious surfaces, afforestation, rain harvesting in cisterns,
installation of rain gardens, bioswales, and sidewalk planters—have transformed 165 acres of
Baltimore since 2010, exceeding the Watershed Implementation Plan’s expected volunteer
contribution of 95 acres.*® Since 2010, development within Baltimore City has created an
additional 206 acres of detention basins and 280 acres of small-scale bioretention strategies.*”°
Non-municipal groups have collectively transformed 660 acres of land into Smart Surfaces
over the 2010-2020 decade. This report assumes that the non-municipal groups will not
increase their rate, so over the intended implementation period of 20 years, they will convert
1,320 additional impervious acres to permeable surfaces.

Like the Government of the District of Columbia, the City of Baltimore charges property
owners a Stormwater Fee. The Stormwater Fee Credit program, which provides a fee
discount for installing on-site stormwater retention, incentivizes Smart Surfaces
development, but only 6 acres have been credited to the program in the 2010-2020 decade,
less than the objective of 34 acres.*’! Blue Water Baltimore, a local water quality
organization, highlights this challenge. They state that many residents don’t understand the
benefits they can derive from green stormwater management in their neighborhoods and
aren’t aware of the credits they could earn towards their stormwater fee.#’2 Furthermore,
residents who do install retention practices reportedly still don’t receive fee credits, even
several years after project completion.*”3

Blue Water Baltimore discusses recommendations in their 2019 Green Stormwater
Infrastructure report, such as developing a task force to streamline project approvals and
increase coordination between local government agencies.*” Baltimore’s Office of
Sustainability also supports these initiatives, recommending removing application obstacles
for properties under 5,000 ft? and creating a committee to evaluate and approve policies for
accelerated implementation.”> We assume that these organizations will drive the expansion
of the Stormwater Fee Credit program, and that over the implementation period of 20 years,
property owners utilizing the Credit program will convert an additional 330 acres from
impervious to permeable.
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The final key contributor is, of course, the City of Baltimore itself. Raising capital funding is
often a challenge for stormwater management, particularly because Baltimore’s population
has been consistently decreasing, and as Baltimore notes it is difficult to install and maintain
infrastructure projects when approximately 14,000 Baltimore lots are vacant and almost 20%
of Baltimore households live under the poverty line.#¢ That said, the 2019 MS4 annual report
states stormwater management projects were cancelled not for cost reasons, but rather due to
issues related to implementation. Many large-scale traditional infrastructure projects—
detention basins, wetlands, and ponds (all between 3 and 100 acres)—were cancelled due to
access problems and conflict with existing recreation opportunities.”” Some small-scale
bioretention projects, ranging in size from 0.2 to 3 acres, were cancelled due to similar
problems.*’8

Fortunately, the suite of potential Smart Surfaces creates flexibility in implementation and
achieving the desired stormwater runoff reduction—while also supporting the functional use
of the site. For example, a parking lot’s transformation through use of bioretention retains its
functionality and is easy to access for maintenance. Narrow sidewalks may only be able to
incorporate tree wells and stormwater planters in a few locations, but the entire sidewalk
could become porous.

The largest stormwater infiltration (and therefore largest benefits) will occur with a shift
from completely impervious surfaces to tree wells, stormwater planters, bioswales, and even
urban farms. The Baltimore Office of Sustainability’s 2019 Plan suggests implementing green
infrastructure on “vacant lots created by the demolition of vacant buildings.”#”® Other options
include installation of green roofs on commercial buildings and the conversion of paved
parking lots into high albedo surfaces served by adjacent bioretention/tree trenches.

10.6.1 Stormwater benefits from fee discounts and stormwater retention

credits

The Smart Surfaces Coalition has calculated stormwater management benefits for other Mid-
Atlantic cities, and this report builds upon this to determine the benefits for Baltimore.
Section 8.5 discussed the two stormwater management fees in the District of Columbia; one
fee funded pollution control efforts and maintenance of the stormwater system and the
second fee aimed to reduce combined sewer overflow (CSO) volumes. To determine a given
customer’s two fees, the District and DC Water calculate that property’s Equivalent
Residential Unit (ERU). The ERU is “a statistical median of the amount of impervious surface
area in a single-family residential property,”#® and D.C. declares one ERU is equal to 1,000 ft2
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of impervious surface. Currently, the monthly Stormwater Fee for D.C. infrastructure
maintenance and pollution control is $2.67/ERU.*!

Baltimore’s Stormwater Fee is analogous to D.C.’s Fee, funding the “maintenance, operations,
and improvement of the stormwater management system” to improve water quality.?
However, Baltimore charges $4.98/1,000 ft? of impervious surface (per month); this value is
used in the calculations.*®® Residents can install and maintain practices outlined in the
Stormwater Fee Credit program to reduce their monthly payment and can achieve a
maximum discount of 45%.%* Discounts can be renewed every three years.

The second D.C. stormwater fee focused on decreasing CSO volumes, but Baltimore has a
somewhat different situation. In the early 20" Century, the City of Baltimore separated its
stormwater and sewer systems; the systems run parallel to each other and flow downhill by
gravity. However, over time the parallel pipes started leaking and exchanging water, leading
to sewer discharges into streets, streams, and homes and businesses.*® To address this return
towards a CSO situation, Baltimore officials approved a $1.6 billion, 13-year plan to improve
the sewer infrastructure in 2017. A local newspaper notes, “residents will pay for the work
through years of expected sewer bill increases”¢ and water utility customers have seen their
bills regularly increase by 10% per year.

The Chesapeake Bay Foundation notes that Baltimore property owners have already paid
hundreds of millions of dollars since 2002 to fund the City’s previous sewer agreement with
the EPA, and yet the deadline expired in 2015 with unmet objectives.*’” In 2017, there were
5,000 sewage backups in homes; the City has offered $2,500 per backup event to residents.*
Unfortunately, despite these significant costs and impact on community members, we could
not estimate the Smart Surfaces benefits for reduced CSO events in Baltimore. Unlike in
D.C., Baltimore has not established a fee to specifically reduce overflow volumes, and
therefore citizens cannot take advantage of any incentives to install Smart Surfaces for a
reduced fee.

The Baltimore Office of Sustainability has proposed an Offsite Stormwater Mitigation Credit
strategy;*° a program similar to one already in place in Washington, D.C. District property
owners who install stormwater management practices not only receive discounts on the two
fees, but also generate Stormwater Retention Credits (SRCs). Large development projects in
the D.C. metro area can then meet up to 50% of their required stormwater runoff retention
by purchasing SRCs from off-site sellers.**® The average 2020 market price in D.C. for SRCs
was $1.64 per SRC,#! where one SRC corresponds to one gallon of stormwater retention for
one year. For a conservative estimate, we made two assumptions. First, we assumed a lower

price of $1.40 per SRC in D.C. and, second, we assumed this price will stay constant over the
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entire implementation timeframe. Finally, we conservatively used only 50% of our assumed
D.C. market price for Baltimore, resulting in an assumed Baltimore value of $0.70 per SRC.
This is number we use to estimate water management benefits from Smart Surfaces for
Baltimore.

We calculated stormwater management benefits for all green infrastructure surfaces using
both the Stormwater Fee discount and the Offsite Stormwater Mitigation Credit program.
For example, the maximum 45% discount of the Stormwater Fee is $2.24 per 1,000 ft? of
impervious surface managed, or a value of $0.00224 per square foot of managed impervious
surface. Residents and property owners in Baltimore can then calculate the total benefit from
the Fee discount if they know how much impervious surface will be converted to porous
alternatives. For example, bioswales adjacent to buildings can manage stormwater runoff
from the roof. Using our conservative $0.70 per SRC estimate, bioswale-managed roofs can
generate an annual value of $0.70469 per square foot of roof area managed.

10.7Employment

See Section 8.6 for general employment assumptions. See Sections 9.1.2.7 (cool roofs),
9.2.2.11 (green roofs), 9.3.2.8 (solar PV), 9.4.3.4 (reflective pavements), 9.5.2.7 (urban trees),
and 9.6.3.4 (permeable pavements) for technology specific employment assumptions. This
report values labor impacts in Baltimore using O’Sullivan et al. (2014).42

This report also values labor impacts using an average annual loaded cost, or income, per job
year of $50,000.%x

As noted, this report considers only direct and indirect job creation and not induced jobs,
which underestimates the total jobs that Smart Surface solutions would create.

10.8 Summary of key assumptions

10.8.1 Universal

Analysis year 1: 2022
Discount rate: 2% (real)

kix Future, more detailed analysis of tax impact would more carefully model out revenue and tax issues. This
draft is intended to provide a first order estimate.
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Dollar year: 2020

10.8.2 Cool roofs

Table 10.1. Conventional and cool roof albedos used in this report
SOLAR REFLECTANCE

ROOF SLOPE

Conventional Roof Cool Roof

Steep slope 0.16 0.35

Low slope 0.16 0.70

Note, the industry best steep-slope shingle has a reflectance of 0.4.

Table 10.2. Cool roof lifespan assumptions used in this report
Low slope cool roof life Steep slope cool roof life
30 years 30 years

Table 10.3. Cool roof cost premiums.

Low slope Steep slope
Installation $0.10/SF $0.30/SF
Maintenance $0.10/SF every 4 years $0.10/SF every 4 years

10.8.3 Green roofs

Green roof life: 40 years

Table 10.4. Green roof cost premiums.

COSTS $/SF COST ACCRUED
Installation premium $13.00/SF one-time
Operations and Maintenance $0.46/SF-yr ongoing

Employment Training $0.036/SF one-time
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10.8.4 Rooftop PV

Table 10.5. PV system size footprint calculation
System size kW/m2 Avg. Efficiency  Array Area Array Area (ft2)

(kW) (m2)
1 1 20% 5 53.8

Direct purchase and third-party financing system life: 30 years

PV system purchase breakdown: 100% third-party financing

PV Efficiency is set to 20% as the average PV installed over the 20-year adoption period.
This is a conservative number as PV efficiency is becoming more efficient, as costs continue
to decline. In previous reports, 15% efficiency was used, but today many new rooftop PV
systems exceed this efficiency, and 20% efficient panels are becoming the norm.

To determine emissions reduction potential from solar PV adoption this report uses the
emissions from electricity generation reported in the Baltimore emissions report from 2017.
Additionally, to account for the current and expected future reduction in emissions intensity,
this analysis assumes an annualized 3% expected emissions intensity reduction from 2017
and assumes installation of PV goals begins in 2022, with an accelerated adoption through
2030 to meet the city’s emission reduction goals.

This report calculates the energy production from one SF of solar PV per year in Baltimore
using NREL’s PV Watts calculator (see Tables 10.6 and 10.7). Using these we find the
following generation potential:

Table 10.6. Electricity generation potential from solar PV for Baltimore, MD

Surface type Output per SF of PV surface (kWh/yr)

Low slope roof 24.13
Steep slope roof 21.89
Parking lot 24.13

For emissions reduction calculations, we determine that a reasonable Solar PV adoption goal
for 2030 and 2040 as % of available low slope and steep slope roofs is as follows:

Table 10.7. Solar PV adoption goals, assuming start in 2022

ROOF TYPE By End-2030 Total Over 20-Years

Low-slope roofs 25% 40%
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Steep-slope roofs 12% 20%

Note: Parking lots offer additional areas for solar PV during this period and can be used to
fulfill low-slope roof targets as the direction the panels face, and angle (and therefore
output), are not limited by roof-slope.

The area to be converted each year is multiplied the per SF cost of solar on low-slope and
steep-slope, along with operations and maintenance (O&M) costs, and the one-time
employment training costs.

The per year net benefit (cost) is then calculated across the analysis periods and the net
present value is taken using a real discount rate of 2% equal to 4% nominal discount rate.

Total generation from new rooftop solar PV installed over the analysis period is summed
using the SF/kWh in the Table 10.8 and offsets projected annual emissions, calculated using a
3% annual decrease from the 2017 Baltimore emissions inventory, from residential and
commercial electricity consumption to provide an estimate of direct emissions reduction.

10.8.5 Reflective pavements

Table 10.8. Solar reflectance of pavements used in this analysis

PAVEMENT TYPE CONVENTIONAL REFLECTIVE PAVEMENT
PAVEMENT ALBEDO ALBEDO

Parking lot 0.16 0.35

Road 0.16 0.35

10.8.6 Urban trees

Table 10.9. Baltimore tree canopy background information

Existing canopy (%) 29%

Future target canopy (%) 40%
New canopy needed (SF) 248,243,213
Average crown size of urban tree (SF) 581
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Number of trees needed to meet target 427,084
Install cost per tree ($2020) $283.00
Total install cost ($2020) $120,864,841
Total install cost per SF ($2020) $0.49

Note the costs in the table above (Table 10.9) indicate the total install cost in 2020 dollars if
all trees needed to reach the Baltimore tree goal were to be planted in one year. This analysis
spreads adoption over 20 years and uses a discount rate of 2% to determine net present value
of planting all trees necessary to meet Baltimore’s 40% tree canopy goal by 2040. The initial
install cost per tree used in this analysis is conservative, slightly higher than the actual cost
for an individual tree sapling, as it includes a buffer to account for potential costs incurred if
planting trees in boxes (constructing boxes), or additional maintenance that may be required
in first two years after tree planted (e.g., in addition to the included $0.0474/SF-yr of tree
canopy maintenance included in the analysis).

In addition, there will be some overlap in tree crowns. As such, we use 581 SF as an average
tree crown size, this comes from field observations and measurements from US Forest Service
researchers, and is reflects discussions with American Trees, Casey Trees and TPL.

Table 10.10. Tree planting and maintenance costs used for Baltimore
COSTS IMPACT TYPE $/SF

First cost one-time $0.49/SF

Operations and maintenance ongoing $0.0474/SF

Additional replacements ongoing: 2% of new canopy  $1.35/SF
per year

Urban tree replacement: Following discussions with American Forests and Casey Trees, we
estimate 2% of new urban trees planted will need to be replaced per year.

177



11 Cost-Benefit Analysis

A customized cost-benefit analytic tool has been developed for the Baltimore City.
(Baltimore organizations that wish to access the framework may be able to submit a
download request online.) The online analytic engine will allow a user to create scenarios
based on adoption of various Smart Surfaces and 10 different Smart Surface options. The
calculator uses the adoption mix as an input to determine the adoption scenario’s net
financial benefit, temperature reduction impact, job years created, and CO2-equivalent
reduction.

Justin Bowers, Assistant Director of the Baltimore Tree Trust:

“Smaller community-based programs often struggle to scale urban tree canopy growth.
With the help and backing of a rigorous cost-benefit analytic engine, organizations like
ours can gain the resources necessary to demonstrate fuller benefits to city developers and

expand planting programs.”

Where

When

Roofing

Streets and Sidewalks

Trees

£
2
3
4 ParkingLots
5
6

Figure 11.1. The six main categories available to users in the Smart Surfaces Coalition’s online cost-benefit
analytic engine.

11.1Location category

The first category titled “where” has four main options for the engine user to select from

including the entire city of Baltimore, or one of three low-income neighborhoods: Madison
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East End, Cherry Hill, or Brooklyn-Curtis Bay. These neighborhoods would benefit from
above-city-average Smart Surface adoption intensity, which is discussed further in Section
4.3.

=
Baltimore MD Baltimore MD Baltimore MD Baltimore MD
Madison East End Cherry Hill Brooklyn-Curtis Bay

Figure 11.2. Includes four main options to select while creating Smart Surface adoption scenarios including the
entire city of Baltimore, Madison FEast End, Cherry Hill, or Brooklyn-Curtis Bay.

After selecting a neighborhood, the user has the option to customize surface area options.
The tool provides a basic ‘surface inventory’ based on city data and estimates. The tool uses
these areas as the total area available for a given target. The default surface inventory. default
surface inventory.
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roof (commercial, low slope) 90300000
roof (commercial, steep slope) 28510000
roof (residential detached, low slope) 6220000
roof (residential detached, steep slope) 55940000
roof (residential attached, low slope) 73610000
roof (residential attached, steep slope) 73610000
roof (residential multi-family, low slope) 15790000
roof (residential multi-family, steep slope) 4990000
parking 195520000
roads 195520000
sidewalks 128630000
other city area 1704000000

2

a2

B2

f2

a2

a2

2

Figure 11.3. Surface area measured in feet squared for roofs, parking, roads, sidewalks, and other city area that
can be adjusted in the cost-benefit tool. Current numbers are based on city data and estimates.

11.2Time frame section

The section labeled “when” allows the user to select a time frame for adoption of Smart
Surface. The overall target areas will be held constant.

Over 10 years

Achieve your targets by
incrementally replacing existing
surfaces over 10 years: from
2020 through 2030. Observe
their costs and ongoing benefits
in 2040.

Over 20 years

Achieve your targets by
incrementally replacing existing
surfaces over 20 years: from
2020 through 2040. Observe
their costs and ongoing benefits
in 2050.

Figure 11.4. Three available options for time frame targets.

Over 30 years

Achieve your targets by
incrementally replacing existing
surfaces over 30 years: from
2020 through 2050. Observe
their costs and ongoing benefits
in 2060.
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11.3Roofing section

The third section titled “roofing” allows the user to determine how much of the city will be
converted to include cool roofs, cool roofs with rainwater harvesting, green roofs, and
photovoltaic panels.

Users can select a target commitment from three percentage-based choices including
minimal, moderate, and extensive roof upgrades. These will translate into total areas of
specific roofing surfaces to be upgraded over your selected time period. The impact of those
selections will be evident in the first + operational costs but more critically in the 10, 20, and
30 year returns on investments.

Minimal Moderate Extensive

Make 15% of all eligible Make 22% of all eligible Make 30% of all eligible
existing roofs cool, green &/or existing roofs cool, green &/or existing roofs cool, green &/or
solar photovoltaic. solar photovoltaic. solar photovoltaic.

Figure 11.5. Three categories of roofing options include minimal, moderate or extensive roofing for cool roofs,
green and/or solar PV solutions on eligible and existing roofs.

After selection of a roofing option, the analytic engine offers a possible breakdown of how to
meet established targets. This breakdown is customizable using drop-down sliders adjustable
by % of existing surface eligible to be converted to each Smart Surface. This percentage is
then broken into feet squared of each Smart Surface option.

11.3.1 Engine roofing solutions details

Cool roofs reflect more sunlight back into space and absorb less solar radiation than
conventional dark roofs. As a result, cool roofs do not get as hot which reduces heat transfer
to the building below and to the urban environment.
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Cool roofs can be combined with rainwater management though adjacent bioretention such
as a swale.

As described in more detail in the previous Section 7.3.2, a green roof is a landscaped layer
on a rooftop which consists of an insulation layer, a drainage layer, a soil layer, and
vegetation on top of conventional roofing and waterproofing systems. Green roofs reduce
cooling and heating energy use, reduce greenhouse gas emissions, reduce stormwater runoff
and improve air quality. Other benefits include downwind cooling, reduced temperatures in
stormwater runoff, increased employment, increased amenity and aesthetic value, reduced
heat related mortality, and increased biodiversity.

A rooftop solar photovoltaic panel system is an assembly of solar cells that generates clean
electricity. Major benefits include clean electricity generation, reduced greenhouse gas
emissions, and improved air quality.

11.4Parking lots

The fourth section titled “parking lots” estimates how much of the city’s parking lots are
converted to Smart Surfaces.

The user can select a minimal, moderate or extensive target commitment from these
percentage-based choices for improving parking lots for managing heat and rain.
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Minimal Moderate Extensive

Make 20% of the city's parking Make 25% of the city's parking Make 30% of the city's parking
lots cool, reflective &/or water- lots cool, reflective &/or water- lots cool, reflective & /or water-
retaining. retaining. retaining.

Figure 11.6. Three categories of parking lot options include minimal, moderate or extensive surfacing for cool,
reflective, and/or water-retaining solutions. Each pre-set surface goal is fully adjustable using drop-down
sliders.
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11.4.1 Parking lot solutions details

Parking lots are a major contributor to urban heat and flooding. Reflective pavements have a
higher solar reflectance than conventional dark pavements, so reduce the amount of
pavement heat gain, and reduce surface and air temperatures.

To cope with rainfall, tree trenches or bioswales can be added to manage rainfall runoff from
parking lots.

Structured stormwater detention tanks can also be integrated into parking lot upgrades to
store even the most intensive rainfalls with either slow release or grey water reuse for
landscaping and other demands. Finally, parking lots can be good sites for solar photovoltaic
arrays which generate electricity, provide shade for automobiles, can provide protection
form rain for pedestrians, can provide for nighttime lighting for safety and convenience, and
can provide vehicle recharging.

11.5Streets and sidewalks

This fifth section titled “streets and sidewalks” determines how much of the city’s streets and
sidewalks will be converted to include reflective pavements and rainwater permeable and
storage solutions.

The user can select a minimal, moderate or extensive target commitment from these
percentage-based choices for improving streets and sidewalks for managing heat and rain.
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Minimal Moderate Extensive
Make 7% of the existing city Make 10% of the existing city Make 12% of the existing city
streets and sidewalks reflective, streets and sidewalks reflective, streets and sidewalks reflective,
permeable &/or water- permeable &/or water- permeable &/or water-
retaining. retaining. retaining.

Figure 11.7. Three categories of city streets and sidewalk options include minimal, moderate or extensive
surfacing for reflective, permeable, and/or water-retaining solutions.

11.5.1 Streets and sidewalk solutions details
Similarly, to the benefits and solutions discussed for parking lots in Section 11.4, Baltimore’s

streets and sidewalks can help address urban heat, and stormwater management.

11.6Trees

The sixth section in the engine is titled “trees” and determines how much of Baltimore will
be add trees.
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The user can select a target commitment for these choices for urban trees from the minimal,
moderate or extensive percentage-based choices.

Minimal Moderate Extensive

Add 5% to the tree cover of the Add 7% to the tree cover of the Add 10% to the tree cover of
entire city, taking it from 28% to entire city, taking it from 28% to the entire city, taking it from
33%. 35%. 28% to 38%.

Figure 11.8. Three categories of tree coverage options include minimal, moderate and extensive.

11.7Results

Once the user has specified the scenario they wish to test, they run the analysis to get the
corresponding impact and financial results. The engine will present a net cost or benefit that
is broken down by category, and it is also possible to isolate the costs and benefits breakdown
for each individual Smart Surface technology.

11.8 Low-income areas

In conducting our cost-benefit analysis we selected three lower income neighborhoods of
color that might benefit the most from the adoption of Smart Surface solutions. Urban low-
income neighborhoods of color systematically endure higher temperatures due to a higher
prevalence of dark and impervious surfaces, and a lack of tree canopy. This reflects practices
such as red-lining in the 1930s, which designated city neighborhoods with larger percentages
of residents of color as “risky investments” and impacted the development of neighborhoods
into the 21st century. A recent New York Times article indicates that in cities, including
Baltimore, neighborhoods that are poorer and have more residents of color can be 5 to 20°F
hotter in the summer than wealthier, whiter parts of the same city. In Baltimore, the New
York Times found that on one of the hottest days of the summer in 2018, the coolest part of
the city recorded a temperature of 87 degrees, while the hottest parts of the city hovered
between 98 and 99 degrees, with some lower income areas reaching as high as 102 degrees**.
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Cooler: Neighborhoods next to parks
and those with plenty of tree cover saw
significantly cooler temperatures on a
hot summer afternoon: as low as 87°F.
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Figure 11.9. Heat map of Baltimore with low-income neighborhoods***

Considering the severe effect of heat on Baltimore’s neighborhoods we selected several
lower-income neighborhoods and communities of color that would benefit the most from
Smart Surface adoption. We were also advised on this by TreeBaltimore. The neighborhoods
selected are Cherry Hill, Madison East End, and Brooklyn-Curtis Bay.

The Cherry Hill, Madison East End, and Brooklyn-Curtis Bay neighborhoods present a great
opportunity for Smart Surfaces to improve the livability and walkability of areas that
comprise 5% of Baltimore’s population and 8% of the city’s area. Making the right surface
decisions can effectively boost tree coverage, reduce urban heat, and address additional
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climate challenges such as flooding and environmental justice all while creating jobs and
reducing energy bills. In each neighborhood we assess various targets including roofing
options (cool roofs, bioswale-managed roofs, green roofs, and solar PV), parking lot options
(reflective, permeable, and bioswale-managed parking), as well as reflective roads, permeable
sidewalks, and trees.

Our analysis of the Cherry Hill neighborhood indicates that Smart Surfaces would provide a
benefit-cost ratio of 6.8:1 resulting in a peak summer temperature reduction of an estimated
3.1 °F, create roughly 825 job years created, and a net present value of $81,770,936. Though
tree cover is actually roughly 20% compared to Madison East-End's 6%, there is a lot of low
slope roofs and the area size is nearly five times bigger than the Madison East-End. It is also
located in one of the southernmost parts of the city and is fairly new. While the benefit cost
ratio of Smart Surfaces in Cherry Hill is highest for solar PV, permeable parking, and cool
roofs respectively, trees actually account for nearly 2.11 °F of peak summer temperature
reduction. Therefore, an integrated system approach of combining all these solutions would
be most effective in getting the full potential out of these surface considerations.

Results from the Madison East-End neighborhood show that Smart Surfaces would have a
benefit-cost ratio of 11.3:1, reduce peak summer temperature by 8.29 °F, create roughly 302
job years, and have a net present value of $34,385,205. In this neighborhood, the surfaces
with the largest reductions of peak summer temperature are actually cool roofs (4.29 °F) and
trees (3.71 °F). This neighborhood is centrally located in the city, contains several
brownfields, and has some of the lowest property value in the country. It is also extremely
dense with an abundance of low slope, dark roofs and minimal tree cover (only 6% of total
area), which explains the large potential for temperature reduction. The benefit cost ratio of
Smart Surfaces in Madison East-End is highest for bioswale managed roofs, solar PV, and
permeable parking respectively. Based on the large potential for reduction in peak summer
temperature, installing cool roofs and trees are vital for making Madison East-End more
walkable and livable, yet the compounding benefits of Smart Surfaces means an integrated
approach would too be effective.

The implementation of Smart Surfaces in the Brooklyn Curtis Bay neighborhood would have
a benefit-cost ratio of 6.1:1, reduce peak summer temperature by about 3.96 °F, create
roughly 1,486 job years, and have a net present value of $143,960,554. In this neighborhood,
the surfaces with the largest reductions of peak summer temperature are trees (2.79 °F),
which also can create over 500 job years. Despite this Brooklyn Curtis Bay having the largest
land area of the three neighborhoods, it still only has roughly 14% tree cover and plethora of
vacant lots, parking lots, and low slope roofs. In this southern neighborhood, there is a lot of
industrial activity and redevelopment projects. While trees are critical for Brooklyn Curtis
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Bay in terms of employment and temperature reduction because there is so little now,
surfaces like solar PV, permeable parking, and cool roofs aid the benefit-cost ratio and create
jobs as well (Solar PV can create 778 job years in this neighborhood). Often times these
surfaces offset costs for each other and the combination of numerous designs can provide
further benefits.

These numbers reflect a 20-year adoption scenario in which impacts are calculated for an
additional 10 years after project completion to reflect compounding benefits. In each of these
three neighborhoods solar PV installments have the highest potential for employment and in
two of the three neighborhoods, it has the highest impact on the benefit-cost ratio (it ranks
second behind bioswale-managed roofs in Madison East-End). Also, tree planting has been
proven to create jobs and significantly reduce peak summer temperatures, but at times, they
can be costly. It is therefore important to recognize the benefits from every surface so that it
can offset that cost.

Table 11.1 indicates data from the Baltimore Neighborhood Indicators Alliance such as
median household income, life expectancy, and demographic percentages for the three
neighborhoods selected. We provide data from Baltimore City and Greater Roland
Park/Poplar Hill, which is a higher income neighborhood in Baltimore for comparison and
context. The data indicates that in comparison to Baltimore as a whole, and higher-income
regions, the three neighborhoods we indicated have a lower median household income and
life expectancy. Cherry Hill and Madison East-End also have a higher population of Black,
Hispanic, Asian, and non-white residents.

Table 11.1. Selected Baltimore citywide and neighborhood-level statistics (source: BNIA 2018 and 2019 Vital
Signs data)**>

Cherry Hill Madison East- Brooklyn-Curtis ~ Baltimore Greater Roland
End Bay average Park/Poplar Hill

Median $26,654.10 $37,328.30 $39,162.10 $50,379 $120,733.30
household
income
Life expectancy 70.3 68.4 69.5 72.7 82.7
Percent of family ~ 37.8% 34.4% 24.6% 16.0% 1.4%
households living
below the
poverty line
Percent 88.0% 85.3% 34.2% 61.9% 6.1%
Black/African-
American
Percent Asian, 7% 11.7% 22.1% 10.5% 17%
Hispanic, or non-
‘White
Percent 5.1% 2.9% 43.8% 27.5% 76.9%
‘White/Caucasian
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As noted in the explanation of the location category in Section 11.1, each of these three
neighborhoods can be modeled separately in the cost-benefit analytic engine.
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12Findings
12.1Baltimore 20-year scenario summary of findings

12.1.1 Baltimore 20-year scenario summary of cost-benefit findings

Table 12.1. Roofing targets for 20-year scenario

acresNPV
(millions
2020%)

Green Solar
Roofs PV

Bioswale-
managed'™

Surface Type

Low s}ope roofs 80% 3414 20% 853.57 204 85 40% 1707
adoption
Sieepsiope PN ™ N/A N/A 25% ®
TOO0IS a OpthIl
Adoption
timeframe 20 20 20 20
(yrs)
Table 12.2. Pavement targets for 20-year scenario
Bioswale-

Surface Type

Porous/Permeable!*xit

managed

Parking 50% 2244 5% 224 20% 898
Streets 15% 673 N/A
Sidewalk - 148
e 0% 5%
Adoption
timeframe (yrs) & 20 146 20 186 20 45
acres installed per
year

Table 12.3 Urban tree target for 20-year scenario

Surface Type Tree Canopy ‘

acres (new canopy)

x Bjoswales/bioretention can manage stormwater runoff from adjacent roofs or parking lots. Bioswale-
managed roofs and parking lots are calculated using SF or % of the area managed by a bioswale, not SF of
bioswale — the size of the bioswale is about 4.5% of the impervious area managed. l.e., a small area of
bioswale or tree trench can manage the water runoff of a much larger hard surface.

ki PV can be put on any roof (e.g., PV can go on a regular roof, green roofs, or reflective/cool roofs, and
standard roofs).

i permeable parking only applied when a parking lot is ripped out and replaced, at which time it costs less
to make the area permeable (grid-grass or grid-gravel) than to construct a new asphalt parking surface.
Total Cost in this case is therefore positive number because it costs less to install permeable parking when

the hard surface parking lot is replaced, reflecting a first cost savings.
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City Area (% of total)

40% 5699

Adoption timeframe (yrs) 20

Table 12.4. 20-year scenario summary (dollar values in millions of 2020 dollars)
Total NPV (2% real discount rate) $8,739

Total Cost ($1,420)
Total Benefit $14,524

Benefit-Cost Ratio

Job Years Created

Table 12.5. 20-year scenario summary with avoided tourism loss included (dollar values in millions of 2020
dollars)

Estimated Avoided Tourism Loss $6,420
Total Benefit + Avoided Tourism Loss $20,944

‘ Benefit-Cost Ratio (with tourism benefit) ‘ 14.8:1 \
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Table 12.6. Costs and benefits summary for Smart Surface roofing targets (20-year scenario, dollar values in

thousands of 2020 dollars)
Existing Surface Low-slope Roofing Steep-slope Roofing

Bioswale-
Smart Surface Cool Roofs managed Green Roofs Cool Roofs Solar PV
Roof

Adoption target (% of
existing surface)
Adoption timeframe (years)

20 20 20 20 20 20
Analysis timeframe (years) 30 30 30 30 30 30
($86,261)  ($99,392)  ($81,248)  ($319,616) | ($25761) | ($154,659)
First cost ($14,873)  ($68,744)  ($55,772) b ($7,337) il
Operations and maintenance | ($70,645)  ($20,842)  ($25,344)  ($283,633) | ($15,489)  ($138,880)

Additional replacements ($744) ($9,805) ($2,935)

Employment training ($132) ($35,982) ($15,779)
BENEFITS $800,485 $549,322 $158,122 $7,321,898 $61,215 $3,281,719
Energy $135,976 $6,088 $2,789,182 $2,794 $1,318,679
Direct energy savings $107,472 $5,375 $919

Ind'irect (UHI) energy $28,503 $713 $1,875

savings

Electricity valuelxiil $2,789,182 $1,318,679
[z 1 $467,655 $12,197 $3,491,959 $26,275 $1,511,748
L $268,517 $6,713 $17,662

kit Solar PV payback after year 10, this model assumes "first cost" (i.e., financing payments) are net of
electricity value (electricity value is zero for first 10 years after install), and therefore first cost is zero. Third-
party financiers will bear the actual first cost and Baltimore system owners will not receive an electricity
value benefit until year 11 after installation.
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PM2.5 (direct energy $85,961 $2.,677 $1,168

savings)

PM2.5 (indirect energy $17,951 $427 $1,181

savings)

PM2.5 (energy generation) $3,491,959 $1,511,748

Heat-related mortality $95.226 $2,381 $6,264

Climate change $110,593 $1,549 $960,556 $6,385 $415,856

GHG emissions (direct $14,508 $978 $64

energy savings)

GHG emissions (indirect $4,405 $113 $290

energy savings)

GHG emissions (energy $960,556 $415,856

generation)

Global cooling $91,681 $458 $6,031

Life extension $86,261 $25,761

Surface life extension $86,261 $25,761

Water $549,322 $135,786

Fee discounts $12,195 $1,714

SRC value $537,127 $134,072

Employment $1,983 $80,202 $35,436

Welfare payments $4 $3,981 $2,012

Employee pay $1,979 $76,222 $33,424

Taxes $519

Federal taxes $462 N/A to N/A to
financed financed

City taxes $56 N/A to N/A to
financed financed

NET TOTAL
NPV (2% real discount rate)

Benefit-Cost Ratio

$714,224
$513,050

9.4

$449,931
$301,406
55

$76,874
$45,631
1.9

$7,002,282
$4,637,736
229

$3,127,060
$2,066,530
21.2
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Table 12.7. Costs and benefits summary of Smart Surface pavement targets (20-year scenario, dollar values in

thousands of 2020 dollars)

Existing Surface Parking Lots Roads Sidewalks

Smart Surface Reflective Permeable Bioswale-managed Reflective Permeable
Parking Parking Parking Roads Sidewalks

Adoption target (% of existing 50% 59 20% 15% 59

surface)

Adoption timeframe (years) 20 20 20 20 20

Analysis timeframe (years) 30 30 30 30 30

COSTS ($43,881) $48,452 ($99,898,491) ($9,520) ($49,028)
First cost ($42,037) $14,773 ($68,744) ($651) ($42,435)
Operations and maintenance ($1,845) ($12,024) ($20,842) ($1,302) ($6,592)
Additional replacements $45,703 ($10,312) ($7,567)

Employment training

B $102,806 $ 644 b b 9 5200,36
Energy $5,611 $1,683

Direct energy savings

Indirect (UHI) energy savings $5,611 $1,683

Electricity value*

Health $34,270 $10,281

Ozone $11,824 $3,547

194



PM2.5 (direct energy savings)
PM2.5 (indirect energy savings) $3,607 $1,082

PM2.5 (energy generation)

Heat-related mortality $18,838 $5,651

Climate change $19,044 $5,713
GHG emissions (direct energy

savings)

GHG emissions (indirect energy $802 $240

savings)

GHG emissions (energy
generation)

Global cooling $18,242 $5,473
Life extension $43,881 $9,520
Surface life extension $43,881 $9,520
Water $111,141 $577,725 $199,872
Fee discounts $4,294 $12,826 $6,250
Reduced water use
SRC value $106,847 $564,899 $193,622
Other $1,503 $490
Reduced salt use $1,503 $490

NET TOTAL $58,925 $161,096 $477,827 $17,677 $151,334

NPV (2% real discount rate) $43.213 $110,397 $320,637 $14,553 $98,511
Benefit-Cost Ratio 2.3 14.4 5.8 29 4.1

As indicated in the summary table above (Table 12.7), Smart Surface pavements cost-benefit
analysis does not include benefits for employment or taxes because roads and sidewalks are
typically purchased and installed by the city. Reflective slurry seals for roads and reflective
parking and sidewalks require no additional labor over what traditional resealing project for
roads, refinishing parking lots, and replacing sidewalks would normally require.

Table 12.8. Costs and benefits Summary of Urban Trees (dollar values in millions of 2020 dollars unless
otherwise specified)

Background Assumptions

Existing Canopy (%) 29%

Future Target Canopy (%)™" 40%

New Canopy Needed (SF) 248,243,213
Average Crown Size of Urban Tree (SF)** 581
Number of trees needed to meet target 427,084
Cost per tree™ (2020$) ($283.00)

v Eyll 40% canopy coverage will occur approximately 10 years after year 20 of adoption assuming O&M continues.
v From Nowak field measurements in Baltimore.
Wi Includes 2yrs maintenance and/or possible additional construction needed
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Total cost ($121)

Total cost per SF canopy (2020$) ($0.49)
Adoption target (% of other surface) 18%
Adoption timeframe (years) 20
Analysis timeframe (years) 30
COSTS ($499)
First cost ($121)
Operations and maintenance ($241)
Additional replacements ($137)
BENEFITS $1,330
Energy $26
Direct energy savings $10
Indirect (UHI) energy savings $16
Health $80
Ozone $15
PM2.5 (direct energy savings) $9
PM2.5 (indirect energy savings) $10
Heat-related mortality $46
Climate change $35
GHG emissions (direct energy savings) $1
GHG emissions (indirect energy savings) $3
Global cooling $31
Water $1,189
Fee discounts $44
Pollution uptake $83
SRC value $1,063

NET TOTAL

NPV (2% real discount rate)
Benefit-cost ratio

12.1.2 Employment impact summary for 20-year scenario

Table 12.9. Employment impact for Smart Surface roofing targets (20-year scenario, dollar values in millions of
2020 dollars unless otherwise specified)
Direct Employment Impact: 20-year Adoption Scenario (30-year Analysis) — Direct Job Years Created

Bioswale-

Surface: Cool Roofs Green Roofs Solar PVxvii
managed Roofs

Direct (install + O&M) labor intensity (as %
of total cost)

ki Solar PV employment calculation based on full amount of principal (i.e., first cost, not net of electricity

value, and not including interest).
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Direct (materials) labor intensity (as % of

5% 15%
total cost)
Avg. annual salary + benefits of 1 Smart
Surface job (2020$) ($50,000) ($50,000)
Total cost (30-year timeframe) ‘ ($112) ($81) ($5,549) ($99)
Total direct install + O&M labor cost ($90) ($41) ($2,220) ($60)
Total direct install + O&M job years created 1,792 812 44,394 1,193
Total direct materials labor cost ‘ ($6) ($24) ($832) ($10)
Total direct materials job years created ‘ 112 487 16,648 199

Total job years created (30-year timeframe) ‘ 1,904

Direct Employment Impact During 20-year Adoption Timeframe —

Total install + O&M + materials labor cost
(during 20-year adoption timeframe) ($56)

($59)

61,042

Direct Job Years Created

($2,920)

($58)

Total job years created (during 20-year
adoption timeframe) 1,120

1,176

58,391

1,152

Table 12.10. Employment impact for Smart Surface pavement targets (20-year scenario, dollar values in millions
of 2020 dollars unless otherwise specified)

Direct Employment Impact: 20-year Adoption Scenario (30-year Analysis) — Direct Job Years Created

Reflective

Surface: Parking

Direct (install + O&M) labor intensity (as % of
total cost) 80%

Direct (materials) labor intensity (as % of total
cost)

Avg. annual salary + benefits of 1 Smart Surface
job (2020%)

5%

($50,000)

Reflective
Roads

Bioswale-
managed
Parking

80%

5%

($50,000)

Permeable
Sidewalks
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Total cost (30-year timeframe)

($44) ($10) ($100) ($49)
Total direct install + O&M labor cost ($35) ($8) ($80) (%20)
Total direct install + O&M job years created 702 152 1,598 392
Total direct materials labor cost ($2) ($0.5) ($5) ($7)
Total direct materials job years created 44 10 100 147
Total job years created (30-year timeframe) 746 162 1,698 539

Direct Employment Impact During 20-year Adoption Timeframe — Direct Job Years Created
Total install + O&M + materials labor cost (during
20-year adoption timeframe) ($36) ($3) ($69) ($26)

Total job years created (during 20-year adoption
timeframe) 727 52 1,371 514

Table 12.11. Employment impact for urban trees and total Smart Surface employment impact (20-year scenario,
dollar values in millions of 2020 dollars unless otherwise specified)
Surface: Urban Trees
Direct (install + O&M) labor intensity (as % of

50%
total cost) ?

TOTAL
50% (ALL
SURFACES)

Direct (materials) labor intensity (as % of total
cost)

Avg. annual salary + benefits of 1 Smart Surface
job (2020%) ($50,000)

Total cost (30 year timeframe) ($499)

Total direct install + O&M labor cost ($250)
Total direct install + O&M job years created 4991 56,027

Total direct materials labor cost

Total direct materials job years created 4,991 22,737
Total direct job years created (30-year

timeframe) ,982 78,765
Total install + O&M cost (during 20-year

adoption timeframe) ($407)

Total job years created from install and O&M
during 20-year adoption timeframe 8,137 72,638

12.1.3 Emissions reduction impact summary for 20-year scenario

This analysis measures the emissions reduction impact of meeting reflective surface goals by
first determining how much city area is to be become more reflective. We then determine
the net increase in reflectivity (albedo) per surface replacement.

Table 12.12. The COZ emissions offset from increasing surface albedo in the years following installation
(cumulative v. single).

CO2EQ OFFSET FROM INCREASING SURFACE ALBEDO

(REFLECTIVITY)
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Years from Kg/m?/0.01 albedo Kg/m?/0.01 albedo increase

installation increase (cumulative) (single year)
0

1 0.96 0.96
2 1.57 0.61
3 1.97 0.4

4 2.27 0.3

5 2.53 0.26
6 2.74 0.21
7 2.92 0.18
8 3.1 0.18
9 3.24 0.14
10 3.38 0.14
11 3.5 0.12
12 3.62 0.12
13 3.74 0.12
14 3.84 0.1
15 3.93 0.09
16 4.03 0.1
17 41 0.07
18 418 0.08
19 4.24 0.06
20 431 0.07
21-25 4.48 0.034
26-30 4.82 0.068
31-35 5.1 0.056
36-40 5.31 0.042
41-45 5.48 0.034
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46-50 5.62 0.028

100 6.01 0.0078
200 6.66 0.0065
max 6.7

Table 12.13. 20-year adoption scenario emissions summary results (20-year adoption, 30-year analysis)
Smart 920-Year Adoption Taret Total Cumulative Emissions Cumulative Total
Surface ear Adoption 1argets Reductions Reduction/Avoidance

il;;fzce Reflective (% @ Solar PV (% From From Solar PV Total CO2eq Emissions

Reflecti
of surface of surface SHECERE (tonnes CO2 Reduction (tonnes, 30

) o) (tonnes
type ype CO2e q)

avoided) years)

Low slope
roofs

3,328,318

8,907,060 12,235,378

Steep slope
roofs
Parking 50% 748,287 748,287
Streets 216,400 216,400
TOTAL 4,539,236 16,937,843

20% 20% 246,231 3,491,547 3,737,778

12,398,607

12.2Baltimore Accelerated Adoption Scenario summary of findings

The Baltimore Accelerated Adoption Scenario was developed to frontload the reflective
surface and Solar PV installation within the 20-Year Adoption Scenario for the purpose of
providing greater assistance to the Baltimore 30% emissions reduction goal by 2030, as well
as temperature reduction. For our emissions reduction model, the goals below are to be
achieved by the end of 2030, with an assumed start year in 2022. For accelerated cost-benefit
model, quantification of costs and benefits assume a 10-year adoption timeframe with 10-
years of additional modeling of ongoing costs and benefits to arrive at a net present value.
Please note this scenario serves as a snapshot for where the city could be after ten years of
adoption of the accelerated surfaces. Estimated tourism loss is not included in NPV values
and summary tables below.
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12.2.1 Baltimore Accelerated Adoption Scenario summary of cost-benefit

findings

Table 12.14. Roofing targets and NPV for Accelerated Adoption Scenario (dollar values in millions of 2020
dollars)

Surface Type

Low slope roofs
adoption

Steep slope roofs
adoption
Adoption
timeframe (yrs)

Table 12.15. Pavement targets and NPV for Accelerated Adoption Scenario (dollar values in millions of 2020
dollars)

Surface Type Reflective
Parking

Streets
Sidewalk

Adoption timeframe (yrs)

Table 12.16. Accelerated Adoption Scenario summary (dollar values in millions of 2020 dollars)
Total NPV

Total Cost

Total Benefit $4,957
Benefit-Cost Ratio

Job Years Created

kit Solar PV can be put on any roof (e.g., PV+ green, PV+ cool, or standard).
kix Temperature reduction estimate includes half of 20-year adoption scenario tree canopy cover target
met
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Table 12.17. Costs and benefits summary for Smart Surface roofing targets (Accelerated Adoption Scenario,
dollar values in thousands of 2020 dollars)

Existing Surface

Smart Surface

Adoption target (% of

Low-slope Roofing

Cool Roofs!==

Solar PVl

Steep-slope Roofing

Cool Roofs™*

Solar PV

e 65% 25% 12%
existing surface)
Adoption timeframe (years)
10 10 10 10
Analysis timeframe (years) 20 20 20 20

COSTS ($54,378) ($237,995) ($10,598) ($110,768)
First cost ($12,084) _bood ($4,891) ~bood
Operations and maintenance ($42,294) ($215,506) ($5,707) ($101,301)
Additional replacements

Employment training ($22,489) ($9,468)

energy savings)

BENEFITS $511,315 $3,054,280 $24,737 $1,304,992
Energy $83,534 $912,295 $1,056 $414,442
Direct energy savings $66,024 $347

Indirect (UHI) energy $17,510 $709

savings

Electricity value™ $912,295 $414,442
Health $287,294 $1,650,163 $9,933 $685,817
Ozone $164,958 $6,677

PM2.5 (direct energy $52.808 $442

savings)

PM2.5 (indirect energy $11,028 $446

savings)

PM2.5 (energy generation) $1,650,163 $685,817
Heat-related mortality $58,500 $2,368

Climate change $86,109 $453,921 $3,149 $188,657
GHG emissions (direct $8,912 $24

kx Reflective surfaces have a large impact on city temperature. Local temperature reduction benefits from

reflective surfaces are large but not included in the quantified benefits due to lack of input data.

ki Solar PV payback after year 10, this model assumes "first cost" (i.e., financing payments) are net of
electricity value (electricity value is zero for first 10 years after install), and therefore first cost is zero. Third-
party financiers will bear the actual first cost and Baltimore system owners will not receive an electricity

value benefit until year 11 after installation.
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GHG emissions (indirect $2,706 $110
energy savings)

GHG emissions (energy $453,921 $188,657

generation)

Global cooling $74,490 $3,015

Life extension $54,378 $10,598
Surface life extension $54,378 $10,598
Employment $37,900 $16,076

Welfare payments $1,881 $913

Employee pay $36,019 $15,163
NET TOTAL $456,937 $2,816,285 $14,139 $1,194,224
NPV (2% real discount rate) $372,347 $2,143,704 $12,157 $907,138

Benefit-Cost Ratio 9.4 12.8 23 11.8

Table 12.18. Costs and benefits summary of Smart Surface pavement targets (Accelerated Adoption Scenario,
dollar values in thousands of 2020 dollars)

Existing Surface Parking Lots Roads

Smart Surface Reflective Parking™* Reflective Roads™™
Adoption target (% of existing 8 9

surface) e >
Adoption timeframe (years) 10 10
Analysis timeframe (years) 20 20

COSTS ($26,003) ($1,427)

First cost ($25,222) ($217)
Operations and maintenance ($781) ($369)
Additional replacements ($841)

Employment training
B $ 404 56
Energy $2,546 $424

Direct energy savings

Indirect (UHI) energy savings $2.,546 $424
Electricity value*

Health $15,547 $2,591
Ozone $5,364 $894
PM2.5 (direct energy savings)

PM2.5 (indirect energy savings) $1,636 $273

PM2.5 (energy generation)
Heat-related mortality $8,546 $1,424
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Climate change $11,309 $1,885

GHG emissions (direct energy

savings)

GHG emissions (indirect energy $364 $61
savings)

GHG emissions (energy

generation)

Global cooling $10,945 $1,824
Life extension $26,003 $1,427
Surface life extension $26,003 $1,427

NET TOTAL $29,401

NPV (2% real discount rate) $24,463
Benefit-Cost Ratio 2.1 .

12.2.2 Employment impact summary for Accelerated Adoption Scenario

Table 12.19. Accelerated Adoption Scenario Impact on Employment (dollar values in thousands of 2020 dollars
unless otherwise specified)
Direct Employment Impact: 20-year Adoption Scenario (30-year Analysis) — Direct Job Years Created
Reflective Reflective Bioswale-

Surface: | Cool Roofs Parking Roads managed
Roofs

Direct (install + O&M) labor
intensity (as % of total cost) 80% 80%
Direct (materials) labor intensity (as

% of total cost)

Avg. annual salary + benefits of 1
Smart Surface job (2020%) ($50,000) ($50,000)

Total cost ($64,976) ($26,003) ($1,427) | ($3,319,302)
Total direct install + O&M labor
cost ($51,981) ($20,803) ($1,141) | ($1,327,721)
Total direct install + O&M job years
created 1,040 416 23 26,554 28,033
Total direct materials labor cost ($3,249) ($1,300) ($71) ($497,895)

Total direct materials job years
created 65 26 9958 10,050
Total job years created 1,105 442 24 36,512 38,083

Timeframe (years) 20 20 20 20

5% 5%

12.2.3 Emissions reduction impact summary for accelerated adoption scenario

Baltimore set an emissions reduction goal of 30% by 2030. The Smart Surfaces accelerated
adoption scenario for Baltimore was therefore specifically developed in order to be aggressive
on adoption of Smart Surfaces that contribute most rapidly to CO2 reduction—reflective

surfaces and solar PV.
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Table 12.20. Baltimore 2030 emissions reduction goal summary

Est.
Current
Annual

Emissions
(2021)

Base Year
(2017)
Annual
Emissions
(tonnes)

2030
Annual
Emissions
Goal

CcO2
reduction
(CO2eq)
by 2030

8,556,989 | 7,861,498 | 5,989,892

Difference
(tonnes to .
if

(from base

Projected
2030
emissions

% of 2030
emissions
goal met if
accelerated
adoption
scenario

reduce
before
2030)

accelerated
adoption
scenario

targets met
targets met

1,871,606 | 7,137,190

year)

Emissions Reduction
(tonnes in 2030)

From

Smart
Surface
Surface

Type

Targets (% by 2030)

Solar PV
(% of
surface

type)

Reflective
(% of
surface

type)

From Solar
PV (single-
year 2030

Reflective
(single-year
2030,

Table 12.21. Accelerated adoption scenario emissions impact summary — 2030 goal summary results

2030 Total

Percent of
2030 Goal
Achieved

Total CO2eq Emissions
Reduction (tonnes) in
2030
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tonnes tonnes CO2

CO2eq) avoided)

Low slope
roofs 218,240

327,256 545,496

Steep
slope 10% 12% 10,361 124,966 135,327 7%
roofs
Parking 30% 37,273 37,273 2%
Streets 6,212 6,212
272,086 724,308

452,222

12.3 Neighborhood specific cost-benefit breakdown

12.3.2 Cherry Hill

Table 12.22. Roofing targets for Cherry Hill

Bioswale- Green Solar
managedbodi acres Roofs acres PVbooil acres

Surface Type

Low slope roofs 80% 27 20% 7 2% 0.7 40% 14

Steep slope 20% 6 N/A N/A 20% 6

roofs

Adoption

timeframe (yrs) 0.03

& acres 20 1.7 acres/yr. 20 0.3 acres/yr. 20 ' 20 1 acre/yr.
acres/yr.

installed per
year

Table 12.23. Pavement targets for Cherry Hill

ki Bioswales/bioretention can manage stormwater runoff from adjacent roofs or parking lots. Bioswale-
managed roofs and parking lots are calculated using SF or % of the area managed by a bioswale, not SF of
bioswale — the size of the bioswale is about 4.5% of the impervious area managed. l.e., a small area of
bioswale or tree trench can manage the water runoff of a much larger hard surface.
kit P\ Can be put on any roof (e.g., PV can go on a regular roof, green roofs, or reflective/cool roofs, and
standard roofs).
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Bioswale-

Surface Type Reflective Porous/Permeable™>xiv

managed
Parking
Roads
Sidewalk
Adoption
timeframe (yrs) &
acres installed per

2 acres/yr.

0.25 acres/yr. 0.6 acres/yr.

year

Table 12.24. Urban tree target for Cherry Hill

Surface Type acres (new canopy)

Area (% of total)

Adoption timeframe (yrs)

Table 12.25. Cherry Hill Smart Surface cost-benefit summary (dollar values in thousands of 2020 dollars)
Benefits NPV (2% real  Benefit: Employment Peak Summer
discount rate) Cost Ratio  (job yrs) Temp
Reduction
Estimate™x

Low-slope

Roofs roof area:
80%
Steep-slope
roof area:
20%

kaiv permeable parking only applied when a parking lot is ripped out and replaced, at which time it costs
less to make the area permeable (grid-grass or grid-gravel) than to construct a new asphalt parking surface.
Total Cost in this case is therefore positive number because it costs less to install permeable parking when
the hard surface parking lot is replaced, reflecting a first cost savings.

kv Reflective surfaces have a large impact on city temperature. Local temperature reduction benefits from
reflective surfaces are large but not included in the quantified benefits due to lack of input data.
Temperature reduction from increased tree canopy is from radiative shading only. It doesn't include
temperature reduction from increased evapotranspiration or reduced heat ejection into the city by air
conditioners due to lower ambient temperature or from shading of buildings by trees. These are substantial
additional heat reduction benefits from expanding tree coverage, meaning that cooling benefits from trees
are underestimated in this model.
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Bioswale-
managed
roofteovi

Green Low-slope ($643) $1,251 . Not included

Roofs roof area: 2%

Solar
P\TIV\\\VI

Reflective Parking area:  ($608) $1,425

Parking 50%

Permeable
Parking

Ixxxviii

Bioswale- Parking area:  ($1,385) $8,008 o Not included

managed 20%

Parking

Reflective

Roads

Permeable Sidewalk ($622) $2,543 b Not included

Sidewalks area: 5%
Treeslxx\'lx

TOTAL $143,754 $81,771

12.3.3 Brooklyn Curtis Bay

Table 12.26. Roofing targets for Brooklyn Curtis Bay

ki Bjoswales/bioretention can manage stormwater runoff from adjacent roofs or parking lots. Bioswale-
managed roofs and parking lots are calculated using SF or % of the area managed by a bioswale, not SF of
bioswale — the size of the bioswale is about 4.5% of the impervious area managed. l.e., a small area of
bioswale or tree trench can manage the water runoff of a much larger hard surface.

kvt Solar PV payback after year 10, this model assumes "first cost” (i.e., financing payments) are net of
electricity value (electricity value is zero for first 10 years after install), and therefore first cost is zero. Third-
party financiers will bear the actual first cost and Baltimore system owners will not receive an electricity
value benefit until year 11 after installation.

kil permeable parking only applied when a parking lot is ripped out and replaced, at which time it costs
less to make the area permeable (grid-grass or grid-gravel) than to construct a new asphalt parking surface.
Total Cost in this case is therefore positive number because it costs less to install permeable parking when
the hard surface parking lot is replaced, reflecting a first cost savings.

ix Actual canopy will reach 40% at an estimated 10 years after end of adoption timeframe assuming O&M, at that time tree
temperature reduction benefits have accrued.
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Bioswale-

Surface Type

managed

Low slope
roofs

Steep slope
roofs

Adoption
timeframe 05 0.05

g::;]i ;c::: 20 2.7 acres/yr. 20 acres/yr. 20 acres/yr. 20 1.6 acres/yr.

year

Table 12.27. Pavement targets for Brooklyn Curtis Bay

Bioswale-

Surface Type Reflective Porous/Permeable

managed

Parking 50% 86 5% 9 20% 34
Roads 15% 26 N/A

Sidewalk 0% 5% 3

Adoption
timeframe (yrs)
& acres installed
per year

20 5.6 acres/yr. 20 0.6 acres/yr. 20 1.7 acres/yr.

Table 12.28. Urban tree target for Brooklyn Curtis Bay

Tree

Surface T'
uriace ype Canopy acres (new canopy)

Area (% of total) 40% 290

Adoption timeframe (yrs) 20

Table 12.29. Brooklyn Curtis Bay Smart Surface cost-benefit summary (dollar values in thousands of 2020
dollars)

Benefits NPV (2% Benefit: Employment  Peak Summer
real Cost (job yrs) Temp
discount Ratio Reduction
rate) Estimat: e]xxxv

Cool Low-slope roof  ($1,427) $10,980 $6,892 7.7 24 0.62 °F
R area: 80%

Steep-slope
roof area: 20%
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Bioswale-

managed

roof

Green Low-slope roof  ($1,035) $2,015
Roofs area: 2%

Solar

14%

Reflective Parking area: ($1,674) $3,921
50%

Parking

Permeable

Parking

Bioswale- Parking area: ($3,810) $22,034 $12,229

managed 20%

Parking

Reflective

Roads

Permeable Sidewalk area: ($947)
Sidewalks 5%

Trees

TOTAL $257,929 $143,961

12.3.4 Madison East-End

Table 12.30. Roofing targets for Madison East-End

Cool Bioswale-

Surface Type
P Roofs ACTES managed

Low slope

roofs

Not included

Not included

Not included
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Steep slope

roofs 20% 0.4 N/A N/A 20% 0.4
Adoption
timeframe
0.12 0.02
. 20 0.52 .
(yrs) & acres 20 1 acre/yr. 20 S 20 acres/yr. acres/yr

installed per
year

Table 12.31. Pavement targets for Madison Fast-End

. Bioswale-
Surface Type Reflective Porous/Permeable

managed

Parking 0.7 20% 0.27
Roads 15% 1.8 N/A
Sidewalk 0% 5% 0.17

i .12
édoptlon 20 0 20 0.012 acres/yr. 20 0.01 acres/yr.
timeframe (yrs) acres/yr.

Table 12.32. Urban tree target for Madison East-End

T
Surface Type =
Canopy acres (new canopy)

Area (% of total) 40% 225

Adoption timeframe (yrs) 20

Table 12.33. Madison Fast-End Smart Surface cost-benefit summary (dollar values in thousands of 2020 dollars)
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Low-slope
roof area: 80%
Steep-slope

roof area: 20%

Costs (20208)

($515)

Benefits
(20208)

NPV (20208,
2% real
discount rate)

Benefit:C
ost Ratio

Employment
(ob yrs)

Peak Summer
Temp
Reduction

Estimate™

Bioswale- Low-slope ($55) $1,598 $1,061 29.0 1 Not included
managed roof area: 10%
roof
Green Low-slope ($473) $920 $265 1.9 8 Not included
Roofs roof area: 2%
Low-slope ($1,860) $43,401 $27,560 23.3 244 Not included
roof area: 40%
Steep-slope
roof area: 20%
Reflective Parking area: ($13) $31 $13 23 0 0.05 °F
Parking 20
Permeable Parking area: $14 $34 $33 14.4 Not included
Parking =
Bioswale- Parking area: ($30) $172 $95 5.8 1 Not included
managed 20%
Parking
Reflective Road area: ($25) $73 $39 2.9 0 0.14°F
Roads 15%
Permeable Sidewalk area:  ($55) $226 $111 4.1 1 Not included
Sidewalks 5%
Land area: ($1,970) $5,250 $2,209 2.7 39 3.71 °F

Trees
40%

($4,981)

$56,392

$34,385
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13  Summer Tourism

Tourism is a major industry for Baltimore and Maryland as is a large source of revenue and
employment. In the calendar year 2019, visitor spending from tourism in Maryland
accounted for $18.6 billion. In Baltimore specifically, this supported 86,827 jobs directly and
indirectly and generated $312 million in city tax revenue.*® In the state of Maryland,
tourism accounted for 6.2% of total employment, as of 2016, and contributed over $1000 per
household. Tourism revenue grew 2%-8% every year between 2008 and 2016.4”

However, the Urban Heat Island effect, exacerbated by climate change is causing increasing
extreme summer heat and poses growing risks to the tourism industry and the economic
welfare of Baltimore and Maryland residents. July 2020 set a 148-year record for heat in
Baltimore, as the city endured 25 days of 90-degree temperatures.*® Researchers at the
University of Maryland emphasized that Marylanders should expect more long and humid
stretches in the years to come due to the effects of climate change.*” How Baltimore and
Maryland prepare—or don't prepare—for accelerating climate change impacts will
determine not just the future livability of Baltimore in its hot summer months, but also the
future of its critical and vulnerable tourism industry.

Employment and revenue from Baltimore’s tourism industry is increasingly threatened by
excess summer heat events accelerate in the coming years. This threat is documented and
discussed in the sections above and below and demonstrates the need for Baltimore to adopt
a city-wide Smart Surfaces strategy to protect its essential tourism industry. In addition, it is
important that Maryland to support Baltimore in its transition to smarter and greener
infrastructure solutions.

Chris Riehl, President of the Baltimore Tourism Association and owner of a local business
Baltimore Rent-A-Tour:

"Sustainable design features are something that the people of Baltimore are proud of. In the
long term, incorporating Smart Surfaces in Baltimore will overall improve the livability
and appeal of the city; allowing the city to market itself as a more sustainable, energy

efficient, and desirable tourism destination.”
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13.1 Maryland and Baltimore summer conditions

As the Maryland State government has noted, “the effects of climate change in Maryland are
already apparent in rising seas, summer heat waves, and more frequent and violent
thunderstorms.”® The health risks and additional social and structural threats to Baltimore
are extensively described and documented in a remarkable eight-part series titled “Code
Red”, which is the result of collaboration between the University of Maryland's Howard
Center for Investigative Journalism, Capital News Service, NPR, Wide Angle Youth Media in
Baltimore, and WMAR television.>"!

The “Code Red” series documents the disproportionate impact of climate change and summer
heat on lower-income communities in Baltimore and the ways in which heat affects health
and livability for city residents. The series examined factors such as ambient and surface
temperatures in Baltimore. Additionally, it noted that neighborhoods in which dark and
impervious surfaces are more prevalent tend to be significantly hotter. For example, one
neighborhood examined had an ambient temperature of 87 degrees Fahrenheit, while the
surface temperatures reached as high as 163 degrees.>®

Visitation to Baltimore is the highest during the summer months. Considering the high
summer surface temperature in areas with extensive dark and impervious surfaces, the
tourism industry can expect impacts in the coming years as climate change accelerates heat
events and temperatures increase in the summer months. In the state of Maryland, the most
popular months for travel are June and July, according to data from Champion Traveler.>®
Over 40% of annual tourism occurs during the 3 hottest months of the year—June, July, and
August.>*
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Figure 13.1. This tourism graph is based on Google searches for services used by tourists relative to the rest of
the year. The summer months display the largest number of tourists.”%

While June and July are the most popular months of tourism, the best times to visit
Maryland for ideal weather and comfortable conditions based on average temperature and
humidity data from NOAA is considered April 23 to June 24" or August 27 to October
28t—which largely excludes the 3 summer months of June, July and August.>® Therefore,
while these summer months have traditionally been the most popular for tourism, sources
such as US News already warn that “soaring temperatures” are a factor to consider while
planning a trip to Baltimore in the summer months.>”” Climate change has put Baltimore’s
critical summer tourism industry on a collision course with rising summer heat.

13.2 Summer heat events and patterns

Average summer temperatures and the number of days in which heat exceeds dangerous
levels are projected to increase drastically in Baltimore and Maryland in the coming decades.
Currently, Maryland averages 10 days per year when the heat exceeds dangerous levels, and
projections indicate that number will likely rise to 40 days each year by 2050.5% Figure 13.2
below illustrates that in about 30 years, Baltimore’s summer temperatures will be deemed
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unacceptable - “unfavorable” for tourists if no action is taken to address climate change and
its impacts.

Climate Change Impacts on Summertime Tourism

July 1970s July 2050s |

U.S. Tourism Climatic Index

40 60 80
Unfavorable Acceptable Very Good/Good Ideal/Excellent
Figure 13.2. Climate change impacts on summer tourism under a high emissions scenario.””

A Baltimore Magazine’s article entitled “Hell and High Water” discusses the threat of a
projected steep increase in summer heat waves— defined as a heat index of over 105 degrees.
The number of days with a heat index above 105 degrees is projected to rise from eight in
2020 to 30 in the year 2030, as Figure 13.3 shows below. This increase in extreme heat will
increasingly deter tourists and could greatly reduce summer tourism.
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DAYS IN BALTIMORE WITH HEAT INDEX ABOVE 105°

Figure 13.3. Days in Baltimore in which the heat index reaches above 105 degrees Fahrenheit.*’°

To deal with excess summer heat, Baltimore has established “cooling centers” scattered across
the city to protect against excessive heat during summer months for vulnerable communities
such as the elderly.”"! The cooling center locations in Baltimore are mapped below in Figure
13.4. And while these cooling centers save lives, they will not reduce summer tourism losses
as heat rises. After all, sitting in a crowded cooling center or in air-conditioned hotel rooms
is not an appealing vacation.
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Figure 13.4. Cooling centers in Baltimore already in place to combat intense summer heat.>’?

13.3 The impact of excess heat on tourism

Summer heat in Baltimore is already a problem for tourists, as illustrated by these quotes
from popular tourism sources and sites:

e In the summer of 2016, the Baltimore Business Journal raised the concern, “what do
people do when it is too hot to be outside for any extended period of time?”. The
Journal noted the heat’s effect on tourism specifically, “that was the question
Baltimore residents and tourists faced over the weekend and even into Monday as
temperatures creeped around 100 degrees beginning Friday, and exceeding that point
on Monday. The Baltimore Orioles hosted one of the biggest non-division matchups
of the year...but the number of fans who came to see the action was down from what
was expected.”!3

e A TripAdvisor commentary responding to a question about summer conditions in
Baltimore remarks, “it tends to be hot and very humid... I can’t say it’s comfortable in
July, especially for someone who might not be used to heat and humidity,”* and “we

have been facing record temperatures here in Baltimore, and today is supposed to
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reach 101 degrees. Many roads in our area have been "buckling" due to the extended
heat wave we've been experiencing.”"

e A five-star rated tourist book on the city titled Bal/timore points out the connection
between Baltimore’s surfaces and its excess summer heat, noting that Baltimore’s
“blacktop serve as a heat sink, absorbing more of the summer's relentless sun.”>®

“July is consistently the hottest month in
Baltimore, with an average high of around
91°F. Note that temperatures in the center of
Baltimore City will be significantly higher
than in the less-dense regions as the swaths
of concrete and blacktop serve as a heat sink,
absorbing more of the summer's relentless
sun.” — Baltimore by Jennifer Walker

Figure 13.5. Image courtesy of Amazon.com and quote illustrates the problem of summer temperatures and
conditions.>"”

Implementing the Smart Surfaces strategies described in this report would mitigate city-wide
urban heat island (UHI) impacts and could fully offset the rising temperatures that are
expected from climate change. Implementation of Smart Surfaces city-wide can reduce
summer peak temperatures by over 3 degrees, with even larger reductions in the hottest
areas, which are often lower-income and communities of color. At the end of our 30-year
analysis period, Baltimore in the summer could be cooler than it is today despite rising global
and regional temperatures—if Smart Surface strategies are adopted.* This would protect
Baltimore’s critical tourism industry and could make Baltimore more livable and attractive to
tourists than it is today.

X This is based on the combination of our own analysis and calculations based on the work of Haider Taha,

a leading expert on climate modeling in reflective surfaces.
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13.4 Baltimore tourism numbers

As noted above, in 2019, tourism generated 10.7 billion dollars in business sales for
Baltimore. Baltimore’s tourism industry generated $312 million in city tax revenue in 2019
and sustained 86,827 total jobs directly and indirectly.>!8

40% of tourism dollars accrue in the three summer months (June, July, and August),* which
means that $4.28 billion in tourism driven revenue was generated for Baltimore in June, July
and August, along with $171 million in revenue for Maryland and $122 million in tourism
tax revenue accrues to Baltimore.

Given the threat to tourism from heat today, we can conservatively assume that 3-4°F of
additional climate heat and tripling of days at a heat index above 105 degrees Fahrenheit
might reduce summer tourism in Baltimore by 10-20%. We model 5% and 10% summer heat
related losses as a conservative estimate.

Research published in 2008 by the Chicago Climate Task Force concluded that expected
increases in average summer temperatures due to climate change will make the city climate
uncomfortable, resulting in fewer events being held in Chicago and making it harder to
attract non-residents.”” A similar effect can be expected for Baltimore. Additionally, a 2006
simulation study concluded that domestic tourism may decrease as much as 20% in warmer
countries because of climate change.>? A 2018 study on heat and urban tourism in Lisbon,
Portugal notes: “tourists end up having a lower engagement with the destination by visiting
fewer attractions, performing fewer activities or reducing the duration of their daytime visit
to the city” due to uncomfortably high summer temperatures.>*

To be clear, it is unreasonable to assume that tourists are indifferent to excess heat, or that
tourist guidebooks and websites will not warn tourists of excess heat/pollution (they already
do so), or that expanded cooling centers, will maintain the tourist industry in the face of
rising heat waves (tourists will not be happy in crowded cooling centers or stuck in hotel
rooms). After all, there is a large part of a continent of cooler alternative destinations in
driving distance, especially for longer lasting summer family holidays. Elderly retirees and
families with young children are especially likely to choose to avoid a hot city and instead
travel further north to cooler areas during the summer holidays.>?

xi Because tourism in the summer is common due to school holidays.
xii These calculations are based on the total business sales and tax revenue for Baltimore compared to peak
visitation months.
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Broad adoption of Smart Surfaces would allow Baltimore to entirely offset and avoid rising
heat over the coming decades. That is, Baltimore could become cooler as the world —and
alternative tourism destinations - get hotter. Avoiding 10% loss of summer tourism through
broad Smart Surfaces adoption would avoid $10 billion in lost tourism revenue, $1.2 billion
in revenue to Maryland and $800 million in city revenue over 30 years. Even with just an
avoided 5% tourism loss, the lowest end of the range suggested by research about potential
tourism losses, the net present value to Baltimore over the 30-year analysis period would be ~
$5 billion in visitor spending, including $600 million in revenue to the state and ~$400
million in Baltimore tax revenue.* With a 10% avoided summer tourism losses would save
$1.2 billion in State revenue over the 30-year period. This indicates that the State of
Maryland should be very willing to invest substantially to support Baltimore adoption Smart
Surfaces.

The 5% calculation are used in this report is a very conservative (e.g., very likely low)
estimate of potential for summer tourism revenue losses that would be avoided by a broad
adoption of Smart Surfaces and the resulting cooling of the city while the rest of the world
gets hotter.

The above revenue impact estimates assume no future growth in tourism and tourism
revenue, a conservative assumption given long term historic growth in Baltimore tourism
and tourism revenue. If the historical growth in tourism revenue were to continue this
would make avoided tourism losses larger. As a 2020 major tourism analysis of Maryland
notes, Maryland visitor spending has grown for seven straight years, expanding by more than
35% since 2009, at an average rate of about 4% per year.>?

Investing in city-wide adoption of Smart Surfaces to reduce summer heat, air pollution and
the myriad of other benefits documented in this report is a low risk, prudent strategy for
Baltimore. Investing in Smart Surfaces for Baltimore is also a smart strategy for Maryland.
Maryland investment in state tourism averaged $1.2 billion per year in 2015 and 2016.5% As
noted above, Baltimore summer tourism revenue brings $418 million in revenue per year to
the state coffers (in 2019). As noted above, it is therefore reasonable to expect that Maryland
help pay for Baltimore to adopt Smart Surfaces city-wide to protect this critical state revenue
source and employer.

xciil Because we assume a linear installation rate and because the effects of UHI mitigation are approximately
additive, we assume that the UHI mitigation impact on tourism is linear (i.e., halfway through the 40-year

analysis period, in 2037, the Smart Surfaces solutions yield 1°F in UHI mitigation).
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Note: This kind of full, integrated analysis has not been done before in large part because of
its complexity, and because existing analytic tools address only a small portion of the study
scope. For example, we used EPA’s BenMAP to value the health benefits that result from
declines in ambient ozone concentration, but then solved a large set of other benefit
estimation challenges including: estimating the indirect energy benefit of green roofs;
developing simple, yet robust temperature-based methods to estimate city ozone
concentration reductions; valuing health benefits of PM2.5 emissions reductions due to
installing cool roofs, green roofs, solar PV, reflective pavements, and urban trees; valuing
heat-related mortality reductions due to cool roofs, green roofs, reflective pavements, and
urban trees; and combining new methods and existing methods to estimate costs and benefits
at ward-level. This has involved guidance from a range of field specific experts. We wish to
that the range of national and city partners, technology, stormwater, and energy experts who
helped us gather data, develop analytic approaches, and build an integrated cost-benefit
model for Baltimore.
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14 Conclusions

Justin Bowers, Assistant Director of the Baltimore Tree Trust:

“The benefits that planting trees and other Smart Surfaces have on a community can be
tremendous. Despite clear benefits for air, reduced urban temperatures, low-income
communities, flood safety, and reduced energy burdens, a large number of benefits of trees
are ignored in city policies. For Baltimore, trees deliver a large range of benefits, and the
Smart Surface coalition cost-benefit tools allow us to really get at these and make a much
better informed and more successful urban design choices. We have to do this if cities are
to remain livable in a warming world.”

This report provides an in-depth analysis of the costs and benefits of applying a set of roofing
and surfacing solutions both at city-scale across Baltimore.

This report also provides an analysis of the impact of Smart Surfaces deployment on the three
low-income neighborhoods of Brooklyn-Curtis Bay, Cherry Hill, and Madison East End. The
low-income areas studied represent, in total, about 5 percent of Baltimore by population and
over 8 percent of the city by area. These low-income neighborhoods have, on average, 90%
higher family poverty rates and 55% higher unemployment rates than city-wide averages,
according to Baltimore Neighborhood Indicators Alliance (BNIA)’s 2020 report. Not
coincidentally, these low-income areas have less tree coverage than Baltimore as a whole.
Cherry Hill’s 21 percent, Brooklyn-Curtis Bay’s 15 percent, and Madison East End’s 6 percent
tree coverage are all substantially less than the city-wide figure of 29 percent.

Long term underinvestment in trees and green solutions in urban low-income areas has
resulted in higher summer temperatures, worse air quality, more health problems, and
higher energy bills. This long-term structural inequality is both inimical to the City’s
commitment to equality of opportunity, as well as an unnecessary waste of money.

While more research remains to be done, the findings of this report are compelling. Low-
income areas in Baltimore as part of a city-wide Smart Surfaces strategy would achieve large
and very cost-effective improvements in health and comfort, lower energy bills, and reduced
climate change by adopting Smart Surface solutions. Deployment of these solutions at scale
in low-income areas can help redress systemic inequity in Baltimore’s urban infrastructure.
Reductions in energy bills matter much more to low-income residents than to wealthy city
residents. Similarly, health benefits from the deployment of Smart Surface solutions would
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be greater for low-income than for wealthy city residents who already live in green cooler
neighborhoods.

Overall, the Smart Surface solutions evaluated in this report provide a very large positive net
benefit for Baltimore, with a net present value of over $9 billion and a compelling cost-
benefit ration of 15:1 (assuming avoided 5% summer tourism losses).

The payback time for these solutions varies greatly: cool roofs offer very fast payback in all
cases, while several other solutions offer the largest total net benefits. The report quantifies a
large range of costs and benefits from adopting Smart Surface solutions, including detailed
estimation of health impacts.

As discussed in the report, many additional benefits and a few costs were identified but not
quantified due to lack of data and/or need to limit study scope. Unquantified benefits exceed
unquantified costs, so the cost-benefit findings in this report underestimate the cost-
effectiveness of these solutions. That is, the net benefits of scale deployment of Smart
Surfaces are significantly larger than estimated here.

Furthermore, this analysis largely does not capture the regional comfort, health, and
livability benefits. As deployment scales up, broader, shared urban cooling benefits also grow
proportionally, reducing energy bills and smog, and improving health and livability in ways
that bring reinforcing benefits, especially for low-income populations.

14.1 Low-income impact versus city-average impact

Low-income areas can achieve large gains in health, comfort and resilience, reducing energy
bills, and mitigating climate change. Deployment of these solutions at scale in low-income
areas can address systemic inequity in urban quality of life. For example, reductions in
energy bills are a more significant portion of income saved for low-income residents than to
wealthier city residents. Similarly, health benefits from the solutions analyzed in this report
are generally larger for lower-income neighborhoods than for wealthier neighborhoods
because these are already cooler and less polluted and with higher tree coverage. Job
creation, if coupled with job training would also benefit low-income residents.

14.1.1 Comfort

Lower income city residents tend to live in areas with fewer trees and more impervious
surface.”® This was largely evident in the low-income regions we analyzed in this analysis.
This indicates that the comfort benefit from Smart Surface adoption in low-income areas,
which are currently less comfortable, hotter and more polluted in the summer than the city

as a whole, would be greater than average city-wide.
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Baltimore’s average tree canopy is 29%, while the tree canopy for Brooklyn-Curtis Bay,
Cherry Hill, and Madison East End is 15%, 21% and 6%, respectively. A goal should be set in
the longer term, that all neighborhoods reach at least 40% tree coverage, requiring continued
over-investment in low-income areas (to offset historic underinvestment) to achieve
environmental parity and structural environmental justice with respect to urban surfaces.

14.1.2 Energy

Lower-income households in Baltimore spend about 10.5% of income on energy costs, while
Baltimore households overall spend about 3% of income on energy costs.>2¢ Energy savings
due to Smart Surface solution installation would therefore provide a much greater relative
benefit to low-income residents.

If we assume that air conditioning accounts for 12% of energy costs for the average Baltimore
household,>” and if we suppose that Smart Surfaces reduce air conditioning use by 25%, this
will free up about 0.3% of a low-income household’s income that no longer has to be spent
on air conditioning costs. For higher income households, this would only free up 0.09% of
income. The benefit to lower income households in this case is at least three times larger
than it is for higher income households. Regardless of percent energy saved, the benefit to
low-income residents will be roughly three times larger, demonstrating the larger relative
impact of Smart Surface solutions on low-income citizens.

14.1.3 Employment

In 2019, the low-income neighborhoods of Brooklyn-Curtis Bay, Cherry Hill, and Madison
East End had, on average, an unemployment rate of 14.8% versus the Baltimore city-wide
unemployment rate of 8.5%.52% Given higher unemployment in these low-income areas, it is
reasonable to assume a higher percentage of jobs created from Smart Surface solution installs
could accrue to low-income residents if cities provide policy and training efforts to support
employment in these communities.

Establishment of a nursery on city leased property for expanding tree nursery and green roof
capacity would also be very job creative for Baltimore.

14.1.4 Health

Based on above ozone analysis, the health benefits for Baltimore’s low-income
neighborhoods are about 1.5 times greater per person than the benefits for the average city
resident. If we assume the same multiplier (1.5) holds for the other air pollution related
benefits (PM2.5 and heat-related mortality), this indicates that low- income residents would
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experience roughly 50% greater health benefit compared to the average city resident. City
average impact per person includes low-income residents—removing low-income areas from
the city-wide average would make income-linked differences even more stark.

This report identifies many additional benefits of city-wide adoption of Smart Surface
technologies that we could not quantify due to insufficient data and/or peer reviewed
studies, therefore, this report’s findings generally underestimate the cost-effectiveness of
these solutions—especially trees.

One large benefit of city-wide adoption of Smart Surface strategies we did not quantify (since
it extends beyond the city) is that cooling of cities also means areas that are downwind in the
summer would receive cooler airflow and improved air quality. This downwind cooling from
city-wide adoption of Smart Surface options in Baltimore could be large. This downwind
cooling would create additional energy, air quality, and livability benefits within each city as
well as for the larger region.

The findings in this report demonstrate that city-wide deployment of the surface
technologies is a viable and highly cost-effective strategy for cities generally and Baltimore
specifically to protect their livability as well as key employment sectors such as tourism.
Smart Surfaces would enhance the comfort and quality of life of every citizen.

The threats to Baltimore described by Baltimore officials (and quoted from above) are threats
to every sector of the city from education to industry and livability. Protecting the city form
rapidly increasing heat waves and extreme weather cannot be done overnight 0 it takes years
and the sooner Baltimore begins the sooner it will see gains and the lower the risks it will
face.

In adopting these Smart Surface strategies city-wide, Baltimore can also go a long way in
redressing current deep structural inequality that consigns low-income citizens and people of
color to less healthy, less green neighborhoods characterized by more severe heat and worse
air pollution. This endemic urban structural inequality is both immoral and entirely
unnecessary. Through city-wide Smart Surface strategies, Baltimore can provide a healthier
place to work and live for all its citizens. The data on cost-effectiveness of these strategies is
compelling.

This report demonstrates that city-wide adoption of Smart Surfaces creates very large net
financial benefits for Baltimore. These findings should result in broad recognition of and
support for these strategies as a city-wide standard practice. Comprehensive Smart Surface
adoption would enable Baltimore to improve quality of life, address structural inequality,
improve livability, cut costs, and contribute to slowing climate change. Baltimore leadership
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on Smart Surfaces can also be expected to accelerate Smart Surface adoption by the
surrounding cities, in turn increasing city and region-wide cooling and health benefits.

The growing city-wide risks from extreme heat and climate change can be largely offset by
Baltimore’s adoption of these Smart Surface technologies. The city can become cooler as the
world warms. Large net positive financial returns to the city as a whole constitute a strong
financial, resilience and public policy-based case for rapid adoption of Smart Surface
solutions city-wide as standard, baseline policy for Baltimore.
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