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Solar Panels are an Increasingly Common
Sight on Urban and Rural Properties

Across Maryland

In this report, we explore the historical trends, current
status, and potential growth of Maryland’s solar
photovoltaic (PV) market in terms of market share, use
sectors, and current investments. We also address the
deployment capacity and market potential for residential,
commercial, and utility-scale sectors within Maryland.
Various solar initiatives, legislation, and other enabling
policies currently impacting the solar market are also
discussed.

Solar PV is considered a mature technology with large
investments and broad adoption across the United States
and in Maryland. Solar PV generation, particularly at the
utility scale, is now growing at a faster rate, and with
higher generation, than distributed electrical. Electricity
generated from renewables, including solar PV, is
expected to further increase due to declining costs of the
renewable capacity, making these renewable fuels
increasingly competitive (Figure 1).

A Brief History of Solar
Photovoltaics (PV)

In 1839, Alexander Becquerel found that electrons would
flow as light hit a piece of metal. The concept was not
well understood until Bell Labs, now AT&T Labs,
produced the first PV cell or silicon solar cell in the
1950s. While PV was briefly considered for rural U.S.
electricity production, the technology remained cost
prohibitive for many practical applications. In the late
1950s, U.S. defense programs looked at PV for energy in
orbiting satellites in the space program, with the first
commercial use of PV on the Vanguard 1 satellite in
1958.

By the early 1970s, there were over 1,000 solar-powered
satellites. At that time, crystalline silicon PV cells cost
around $76 per watt (Arafa and Said, 2019; Rodziewicz
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Figure 1. A) Electricity generation from selected fuels (EIA, 2021a); and B) Renewable electricity generation from
selected fuels (EIA, 2021a).
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Figure 2. Brief timeline of photovoltaics (PV) through history.

et al., 2016). The costs decreased slightly throughout the
1970s when PV found wider application in remote
operations without electricity, such as railroad crossings
and road signs. This cost reduction has generally
followed Swanson’s Law, which states that the price of
solar drops by 20% for every doubling of shipped
product. Crystalline silicon PV cells currently cost
around $0.30 per watt (Arafa and Said, 2019).

Modern PV manufacturing further matured with
improvements in efficiency, as well as the invention of
related technologies such as inverters and standardized
components. While these advancements helped improve
the compatibility of solar PV with the electrical grid
system, the U.S. oil crisis spurred further research and
attention on solar PV in the late 1970s. The Carter
administration established the Solar Energy Research
Institute in 1977 under the U.S. Department of Energy.

Small, low-powered solar cells found wider applications
in handheld devices like calculators and watches in the
1980s. PV prices continued to drop through the 1980s
and 1990s as U.S. production increased. California led
the country, while Germany and Japan led adoption of
large-scale PV since the 1990s. China’s subsequent rise
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in the solar energy sector began due to progressive
renewable energy policies in Europe through the 1990s.
These policies created significant demand for PV panels
in the European Union which was met by China using its
competitive advantage in manufacturing. China
surpassed Germany in 2015 to become the country with
the highest installed solar capacity in the world, with
204.7 GW installed by the end of 2019 (IEA, 2020).
Figure 2 shows a brief timeline of solar PV development.

Market Share and Growth

Approximately 61% of electricity use in the world is
currently generated from fossil fuels, 10% from nuclear
sources, and the remaining 29% coming from renewables
(see Figure 3). Of this renewable portion, roughly 16% is
derived from hydroelectric, or hydropower, while 3% is
from solar PV (EIA, 2021c). While hydropower
currently forms a larger portion of our renewable energy
portfolio in terms of electrical generation, solar PV is
one of the largest growth areas.

Since 2006, annual PV growth has grown exponentially
(Figure 4). While there was a global recession during
2009-2011, solar PV continued to increase employment,
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capacity, and total installations each year. While the
COVID-19 pandemic has impacted the solar industry in
each country to varying extents, the United States had a
record 19.2 gigawatts of new capacity added in 2020, a
43% jump from 2019 (Wood Mackenzie, 2021). By early
2021, the solar industry estimated about 760 gigawatts
(GW) of solar PV were installed globally, representing a
3.0% share of total electricity consumption (REN21,
2021). Using an average amount of sunlight and external
efficiency numbers, this conservatively amounts to over
800 terawatt-hours per year of solar electricity. By 2030,
U.S. solar installations are expected to quadruple from
current levels (Wood Mackenzie, 2021).

U.S. capacity of solar PV is also increasing each quarter
with rather large fourth quarter changes each year,
particularly in the utility sector (Figure 5). Solar farms,
or utility-based installations for large, centralized
generation are commonly considered the utility sector.

While solar PV is increasing nationally, hydroelectric
power has remained relatively stagnant due to the fairly
consistent number of hydroelectric facilities, as well as

limited geographic availability for hydropower
operations (Figure 6). The relative share of electricity
generated from solar PV is increasing compared to
hydropower and other renewables.

Maryland’s annual solar installations have shown similar
trends (Figure 7), with the same spike in 2016 attributed
to the utility-scale segment bolstered by projects initially
hedging against extension of the Federal Investment Tax
Credit. In line with national trends, Maryland’s net
electricity generation is also becoming less dependent on
fossil fuels, with solar PV experiencing rapid growth
since 2013 (Figure 8).

While California remained a strong leader in PV growth
for many years, the ranking of many other states
fluctuated due to changing legislative and financial
metrics (Figure 9). Maryland’s ranking, for instance,
fluctuated between 10™ and 17" since 2012. Table 1
shows Maryland’s ranking based on data through 2020.
The financial and legislative changes impacting these
rankings are a combination of net metering rules, state
and local incentives, and/or private development. For

Table 1: Cumulative solar installations for top 20 states in terms of installed capacity (Data source: SEIA, 2021b).

MW Installed Number of Installations Number of Solar Jobs

1 California 32,393.00 1,339,965 68,677
2 Texas 11,062.80 125,003 10,088
3 North Carolina 7,228.40 24,291 6,107
4 Florida 7,680.90 99,530 11,219
5 Arizona 6,111.70 191,900 7,346
6 Nevada 4,209.10 71,460 6,174
7 New Jersey 3,739.30 140,749 5,384
8 Massachusetts 3,380.60 118,273 9,495
9 Georgia 3,248.60 3,425 4,466
10 New York 2,989.90 149,041 10,214
11 Virginia 2,629.00 19,797 4,312
12 Utah 2,456.90 52,658 6,926
13 South Carolina 1,902.60 24,564 3,086
14 Colorado 1,791.90 85,757 6,771
15 Minnesota 1,617.60 9,596 3,993
16 Hawaii 1,441.00 94,408 2,365
17 Maryland 1,376.70 76,172 4,565
18 New Mexico 1,231.40 32,530 1,880
19 Oregon 1,172.00 24,920 3,502
20 Connecticut 952.70 57,468 2,126
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Figure 9: Cumulative U.S. solar installation by state (SEIA, 2021d).
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Maryland, incentives have largely come from the state’s
Renewable Portfolio Standard (RPS), as well as some
other state incentives, including those which have led to
large utility-scale installations.

Many Reasons for Global, National,
and Maryland’s Market Growth of
Solar PV

In some developing countries and in U.S. rural areas,
access to traditional energy sources may be limited. The
need for reliable energy throughout much of sub-Saharan
Africa, for example, cannot be met by limited fossil
resources. In these cases, rural electrification may spur
solar PV development over more traditional fuels.

Likewise, grid-connected utilities may be cost-
prohibitive or unavailable to some rural and remote areas
within Maryland, including agricultural sites which may
have distant farm structures or isolated equipment
needing electrical power. In addition to practical need for
electricity in remote locations, various economic and
policy-based factors are driving the development of solar
PV.

Economic Drivers

In recent years, solar has become much more cost
competitive with traditional energy sources. Solar now
has grid parity (equal to the cost) with fossil fuels. In
over 30 countries, PV technologies are already less
expensive than traditional electrical counterparts and can
be profitable without additional financial incentive
support. This is particularly true in countries where
traditional electricity production is very expensive
because of high fuel or distribution costs.

PV costs are exponentially declining as materials and
manufacturing efficiencies improve (Figure 10).

Major supply increases, like raw materials of silicon in
the mid-2000s, led to a sharp decrease in the cost of
manufacturing. From 2010 to 2020, there was a 64%,
69%, and 82% reduction in the residential, commercial
rooftop, and utility-scale (one-axis) PV system cost
benchmark, respectively. A significant portion of these
reductions can be attributed to total hardware costs
(module, inverter, and hardware balance of system
[BOS]), with module prices dropping 85% over that
period (Feldman et al., 2021). As a result, the share of
unavoidable soft costs, such as utility integration and
permitting, have risen to about 20% of the total system
costs depending on system design, size, and location.

Solar PV-Rooftop Residential
Solar PV-Rooftop C&l
Solar PV-Community

Solar PV—Crystalline Utility Scale'”

st [ s
s20 [ s

Renewable Energy

Solar PV=Thin Film Utility Scale'”
Solar Thermal Tower with Storage
Geothermal $59
Wind $26 - $54
Gas Peaking ®
Nuclear
Conventional

Coal® $65

Gas Combined Cycle®

$0 $25 §50

$44 - $73 @ $8

$75

$101

@586

$159
@ 51270
$100 $125 $150 $175 $200 $225 $250 $275

Figure 11. Levelized cost of energy comparison — unsubsidized analysis. Selected renewable energy generation
technologies are cost-competitive with conventional generation technologies under certain circumstances (Lazard,

2020).
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Solar PV may also be cost-competitive with many
conventional technologies when accounting for levelized
costs (Figure 11). Levelized cost allows us to compare
different methods of electricity generation on a
consistent basis by measuring the average net present
cost of electricity generation for a power plant over its
lifetime. This investment planning tool takes into
account the cost of maintenance and operation, as well as
fuel and technology.

Conventional energy sources, like natural gas, coal, and
nuclear, have significant operation and maintenance
costs, as well as fuel costs. With PV, the fuel (sunlight)
is free and there are limited operation or maintenance
costs. While solar PV may have a higher installation cost
per energy unit, renewable energy systems like PV
become strong contenders when considering the lifetime
of the technology.

Policy Drivers

Figure 12 shows the growing number of countries with
renewable energy policies. When national and NGO
programs incentivize solar PV installations and trainings,
they usually include some financial measures to support
more affordable solar PV. While large portions of
Europe and Asia have national renewable energy
policies, the United States has only implemented various
state-level requirements.

Like many other states (Figure 13), Maryland has given
priority to renewable energy sources, with the state's
legislature enacting a renewable portfolio standard (RPS)
in 2004. Maryland has amended the RPS several times
(Figure 14). The latest update in May 2019 requires 50%
of the state's electricity retail sales from renewable
sources by 2030. The update also requires 14.5% of an
electricity supplier's retail sales from solar power by
2030. The state's offshore wind generating capacity must
reach 400 megawatts (MW) in 2026 and increase to at
least 1,200 MW by 2030. See Maryland Public Utilities
Code Ann. §7-701 (2018) and Maryland Senate Bill 516
(2019) for more information.

The RPS requires a certain percentage of the energy sold
by each utility to come from renewable sources. Utilities
and retail suppliers measure their compliance with the
RPS using Renewable Energy Certificates (RECs),
which are created when renewable sources generate
electricity (one megawatt-hour of electrical generation

equals one REC). RECs represent the environmental
value of renewable energy, while adding a secondary
revenue stream for investments since RECs can be
bought and sold. REC:s initially belong to whoever owns
the renewable energy system, giving them the legal right
to claim the use of the corresponding renewable energy.
This right is valuable to utilities in terms of meeting
Maryland’s RPS, as well as businesses interested in
claiming the use of that renewable energy.

The RECs representing solar-generated electricity are
commonly known as Solar Renewable Energy
Certificates (SRECs). Owners of a solar PV system have
the option of keeping SRECs or selling or assigning them
to someone else. Retiring a REC or SREC means that the
owner has used the certificate and it can no longer be
sold. Utilities purchase RECs or SRECs to comply with
RPS requirements, but corporations can purchase
certificates to support renewable energy and offset their
own operations by claiming the environmental benefits
of the certificate. Figure 15 shows the volume and
growth in RECs and SREC:s retired in Maryland by fuel
type since initiation of RPS requirements in 2006.
Contributions from qualifying biomass sourced from
agricultural crops, geothermal, other biomass liquid and
gas, and solar thermal are too small to see on the chart.

Historically, most of Maryland’s RPS has been met by
RECs from out-of-state resources, with the share of in-
state RECs remaining relatively steady despite growth in
the overall number of RECs retired (Figure 16). Out-of-
state resources accounted for just over 79% of the RPS in
2020. Several factors contribute to the relatively low and
constant number of in-state RECs retired in Maryland,
including limitations in the availability of in-state RECs,
the use of RECs produced in Maryland to comply with
other state RPS policies, and the availability of RECs
(presumably at lower cost) from other states. By utilizing
out-of-state RECs, the Maryland RPS has contributed to
renewable energy development in the rest of the PJM
interconnection (a regional transmission organization
serving 13 states and the District of Columbia), as well
as neighboring regions by providing financial support to
out-of-state resources.

Maryland has also enacted legislation to allow net
metering (Maryland PSC, 2018) a billing arrangement
that credits solar customers for the electricity added to
the grid beyond the amount they consume during a
particular billing period. Net metering typically requires
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Figure 12. Number of countries with renewable energy policies. Renewables 2020 Global Status Report (REN21, 2021).
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Figure 14. Timeline of
Maryland’s Renewable
Portfolio Standard
(RPS) (Maryland DNR,
2019).

Figure 15: Renewable
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Energy Credits
(SRECs) retired in
Maryland for RPS
compliance (Data
source: PIM, 2021).

Figure 16. Maryland
REC Retirement (Data
source: PIM, 2021).
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40 States + DC,
AS, GU, PR, & USVI
currently have mandatory

Net Metering rules

5 of these states are in transition
to policies other than net metering

.State-developed mandatory rules for certain utilities (35 states + DC+ 4 territories) U.S. Territories:
=| In transition to statewide distributed generation compensation rules other than net metering (5 states) -
Statewide distributed generation compensation rules other than net metering (5 states) -

% No statewide mandatory rules, but some utilities allow net metering (2 states)

- NEG credited at retail rate; credits do not expire

o
- NEG credited at retail rate at first, then credits expire or are reduced (e.g., to the avoided cost rate at the end of year)

- NEG credited at less than retail rate (e.g., avoided cost rate)

NOTE: The map shows NEG credits under statewide policies for investor-owned

B " utilities (IOUs); other utilities may offer different NEG credit amounts. IOUs in HI, NV,

NEG is not compensated MS, and GA have other policies for compensating self-generators. Some IOUs in TX

D No statewide mandatory net metering rules and ID offer net metering, but there is no statewide policy. IOUs in WI differ in their
treatment of NEG.

Figure 17. A) Mandatory net metering rules exist in 40 States and DC as of June 2020 (DSIRE, 2020a); and B) customer
credits for monthly net excess generation (NEG) under net metering (DSIRE, 2016).
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installation of a special meter to measure electrical flow
in both directions. When on-site production of electricity
is low, the utility company will supply additional
electricity. Alternatively, when on-site generation
exceeds the electricity used, excess electricity is
transferred to the grid so the customer receives an energy
credit. Later, when energy from the grid is used (and
while the solar array is not producing), the credit is
cashed in for energy from the utility grid. The customer
is billed only for the net amount of electricity consumed.

Under Maryland’s net-metering rules, credits expire each
April. When credits expire, any excess credits in the
account are paid to the solar owner at a rate close to the
annual average electricity wholesale rate depending on
specific policies differing by state. With HB 569,
Maryland’s limit on net metered capacity was set to
3,000 megawatts (Maryland PSC, 2021).

See Figure 17 for an overview of mandatory net metering
rules and state-specific policies for handling customer
credits under net metering.

The increased awareness of carbon dioxide and smog
emissions associated with fossil fuels is also driving
increased deployment of solar PV. In 2009, Maryland
adopted the Greenhouse Gas Emissions Reduction Act
(GGRA) which required the state to reduce greenhouse
gas (GHG) emissions 25% by 2020. The GGRA was
reauthorized in 2016 to achieve a 40% reduction in
emissions by 2030. The state’s 2030 GGRA Plan sets the
more ambitious goal of a 50% reduction by 2030, while
addressing environmental and climate issues in many
ways, including several community solar programs to
expand the benefits of access to renewable energy. See
the 2030 Greenhouse Gas Emissions Reduction Act Plan
(Maryland Department of the Environment, 2021) for
more information.

According to a World Resources Institute report
published in August 2020, Maryland is leading the nation
in cutting emissions with a 38% reduction from 2005-
2017 (Saha and Jaeger, 2020). Additional bills call for
more ambitious goals, including a plan to achieve 100%
clean and renewable electricity by 2040 through the
Regional Greenhouse Gas Initiative (RGGI). The RGGI
is a coalition of 11 east coast states to reduce carbon
emissions.

12

Now that we’ve highlighted Maryland’s diverse energy
landscape, we will take a closer look in subsequent
reports at how to use solar PVs as a resource to deliver
the electricity we need to meet demand.
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