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With the increasing penetration of distributed generation (DG), the electric utility system
in the U.S. is becoming more complex with every new project added to the grid. Among
the most popular DG projects are solar and battery storage. With increasing concerns over
climate change and reducing carbon footprints along with dramatic cost reductions,
renewable generation has seen a surge in popularity and penetration in the U.S. grid. The
renewable resource that has gained the most traction has been solar – the sun shines
everywhere.
The general trend for solar resources is that prices steadily decreasing and usage has been
steadily increasing. Prices now are about 25% of what they were 10 years ago and solar
penetration is expected to only increase in the future (see Figure 1).
There are two key types of ground-mounted solar
technologies: fixed and single-axis fixed-tilt technology. Solar panels are mounted in a
“fixed” position, facing south in order to maximize the solar irradiance as the sun moves
from East to West throughout the day. A fixed-tilt solution may be advantageous when
addressing sites with challenging geotechnical conditions, as they may be better able to
follow the terrain. Fixed-tilt designs tend to be the cheapest option when installing solar
at a they contain minimal moving
parts
needed
to
generate
Figure 1 US Solar PV Price Deadlines & Deployment Growth
electricity. The single-axis tracker
solar technology solar technology
mounts solar panels to a racking
system that rotates throughout the
day to track the sun to maximize
the solar generation. Single-axis
tracking is least expensive when
installed in long rows, so when
considering a site with an irregular
boundary, fixed-tilt solar panels are
the more flexible option. While
single-axis trackers are more
expensive than fixed-tilt designs,
the additional solar generation
produced can usually offset the
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incremental cost of the
racking system.
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Figure 2 Large-Scale Battery Storage Cumulative Power Capacity (2010-2023)

Regardless of the solar
technology utilized, the
solar panels can be
monofacial or bifacial.
Monofacial modules are
composed of traditional
sun-facing, one-sided
solar panels, while
bifacial
modules
produce power from
two-sided panels. This
way, bifacial modules
are exposed to direct
sunlight as well as the reflection of sunlight on the ground.
Bifacial gain is highly affected by the albedo, or reflectivity,
of the surface underneath the module. Bi-facial modules
are generally the more popular option as they decrease
the levelized cost of energy by increasing power
production by 5 to 30 percent, depending on the albedo
and system configuration.

while eliminating issues
with
roof
angle,
orientation, and size.
The
solar
panels
themselves comprise
the canopy (rather than
building panels off
another structure, such
as a rooftop), which
allows for the freedom
to choose ideal tilt and
structure.

Additionally, solar is a
lower cost renewable
energy source that can
help utilities achieve their state or region Renewable
Portfolio Standards (RPS) or renewable energy goals. As of
April 2020, 30 states have an RPS and seven states have set
renewable energy goals. Fifteen states have solar or
distributed generation carve-outs included in their RPS.
Renewable
energy sources are undeniably important agents of
progression towards sustainability, but they also cannot
guarantee power production when needed the most.
Battery storage provides a solution to this challenge by
displacing the energy from times of lower demand to
periods of higher demand.

Solar Use Cases & Benefits. One benefit of solar facilities is
they can be used for behind-the-meter generation. For
many utilities, this means having the opportunity to peak
shave, which involves reducing their coincident or
non-coincident demand during peak hours. Those peak
hours can be correlated to demand and transmission
billing determinants and reducing those associated costs.
associated costs.

In 2019, battery storage penetration in the U.S. hit a record
high with 522.7 megawatts installed over the year. Energy
storage is not only being utilized in California, but
advanced in front-of-the-meter storage has been adopted
in 35 states. Battery storage installations are expected to
triple this year and double the year after (see
Figure 2).

Another benefit of solar generation is relatively easy siting
at various locations. Solar panels can be placed in farms or
even brownfield sites. Other solar options that are
popular today are rooftop solar, used at the
residential, commercial and industrial
scale as well as canopy solar, which is
The most prevalent type of battery
utilized in parking lots. Aside from the
storage is lithium-ion, which is a
Renewable energy
general benefits of solar, rooftop
rechargeable battery with several
sources are undeniably
solar and solar canopies. Rooftop
varieties of specific chemistries.
solar and solar canopies are
Although lithium-ion batteries
important agents of progression
efficient uses of land that are
are expensive, their costs have
towards sustainability, but they also
already in use. However, rooftops
decreased dramatically over the
are not always well-suited for
past several years.
cannot guarantee power production
solar
panels.
The
U.S.
when needed the most. Battery storage Lithium-ion batteries have high
Department of Energy found
energy density, voltage capacity,
provides a solution to this challenge by and
that although 83 percent of small
a relatively low self-discharge
buildings have a suitable location
displacing
the
energy
from
times
of
rate. On the other hand, the main
for installation, only 26 percent
concern for these types of batteries
lower demand to periods of
have a total rooftop area suitable for
is
the
age-related
capacity
development.
Therefore,
solar
higher demand.
deterioration.
Additionally, they
canopies are a valuable solution when a
require protection and are sensitive to
company is looking to utilize open space
high temperatures, as exposure to heat
continued on page 3
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down, battery storage can be dispatched in seconds,
allowing for continued electricity reliability to customers.
Batteries can also assist in providing reliable services by
deferring or circumventing the need for transmission and
distribution upgrades. By meeting peak demand, battery
storage can reduce congestion and improve the utilization
of transmission and distribution assets.

causes faster degradation. Another potential commercial
battery storage technology is flow batteries, which
operate by storing charge in tanks of electrolytes. Flow
batteries are not yet commercially available, but they claim
to have slower degradation, be safer, and last for a longer
duration than alternative battery storage methods. Their
long duration and large storage capabilities are owed to
the scalability of the flow battery tanks to meet energy
demand. However, challenges include a relatively low
energy density, a low charge and discharge rate, and the
high viscosity of the electrolytes flowing through the
tanks.

Of all renewable energy
resources, solar energy is expected to grow the fastest in
the United States over the next 30 years. As this
technology continues to advance, the cost of solar energy
will likely continue to decrease. Solar generation can be
used behind-the-meter and can assist with peak shaving
and meeting Renewable Portfolio Standards, while being
a lower cost option and easier to site. Battery storage can
assist in redistributing solar to times of the day with higher
demand, whether it be to shave a utility’s demand peaks or
to provide system reliability. While these are important
benefits of solar generation and battery storage, even
more benefits and use cases exist depending on the
utility’s needs.
For more information or to comment on this article, please
contact:

Battery Storage Use Cases & Benefits. In CAISO, there is an
oversupply of solar energy during the middle of the day
that drops off in the evening when demand peaks –
referred to as the “duck curve”. This results in a rapid
increase in demand on the grid at the end of the day where
CAISO must dispatch other resources to meet the demand.
Battery storage paired with solar is one potential solution
to solve this problem as the mid-day oversupply of solar
power could be captured and used later in the day during
when demand is higher and solar production is low (see
Figure 3).
Another benefit of battery storage, similar to solar, is peak
shaving. Battery storage technology has become
increasingly cost effective and can be dispatched very
effectively during peak hours. For peak shaving efforts,
utilities charge batteries during the off-peak hours when
electricity rates are low. The battery is then discharged
during on-peak hours when electricity prices are at their
highest. This can also result in reduced billing demand,
ultimately reducing transmission and or demand costs.
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GDS Associates, Inc. - Marietta, GA
770.799.2349 or
rebecca.dow@gdsassociates.com
Justin Hey, Engineer
GDS Associates, Inc. - Marietta, GA
770.799.2460 or
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Another primary use case for battery storage is system
reliability.
While
some power plants Figure 3 Net Load - March 31
can take minutes or
hours to ramp up or
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Beneficial Electrification is getting a lot of buzz. Is that the
sound of humming transformers? The fan on a heat pump?
This article introduces the topic with deeper dives into
beneficial electrification policies, programs, and
technologies in future articles. But before we go too far, let’s
get down to the basics. What is beneficial electrification?
The Beneficial Electrification League, a non-profit
founded by the National Rural Electric Cooperative
Association (NRECA) and the Natural Resources Defense
Council (NRDC) to promote beneficial electrification, defines
it as “the application of electricity to end-uses where doing
so satisfies at least one of the following conditions, without
adversely affecting the others:
Saves consumers money over time
Benefits the environment and reduces greenhouse gas
emissions
Improves the product quality or consumer quality of life
Fosters a more robust and resilient grid.”1
In response to concerns over climate
change, electricity supplies with lower
carbon emissions, and challenges with
finding carbon-neutral alternatives to
natural gas, propane, and other
fossil
fuels,
beneficial
electrification is viewed by many
as a key opportunity to
cost-effectively address climate
change.
Beneficial electrification can
touch on nearly any energy using
end-use that consumes fossil fuels.

This includes buildings and their needs for space heating or
cooling, water heating, or cooking. It can also include
industrial or agricultural processes, on-road or non-road
electric vehicles or facility support equipment, such as
electric forklifts.
The load growth opportunity that beneficial electrification
can offer electric utilities is obvious. But that load growth
could pose risks to peak demand or local infrastructure near
its capacity. The good news is that grid resiliency is a core
concept of beneficial electrification and a tool that can be
used to drive utility programs or offer customers new
services. From direct load control to rate design, planning
for beneficial electrification can lead to innovation and
become a method to drive positive customer marketing
and engagement.
As we all know, electric
vehicles are moving
from being an exotic
oddity to a more mainstream option. Driven by innovations
i n battery technology, electric vehicles,
stationary battery storage, and control
systems are opening new markets
for electric utilities. These
innovations create unique
challenges with grid and
charging options, in particular
for the DC fast charging efforts
that may require transformer
upgrades, scheduled charging
windows, or even additional
planning staff. Utilities, local

Beneficial
electrification can touch
on nearly any energy using
end-use that consumes
fossil fuels

continued on page 5
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governments, and others are working to help plan the best
ways to expand the market, pay for assets, manage growth,
and manage electricity loads.
There are also opportunities for beneficial electrification in
the non-road, off-road, and medium/heavy duty
transportation sector, providing operational and economic
benefits over their liquid counterparts. Non-road
electrification offers value beyond energy – fuel price
stability, health and safety, reducing environmental
emissions, improved performance and convenience are
are available for larger commercial buildings, while very
driving adoptions and innovation in the trucking, industrial
efficient ground source heat pumps can meet the needs of
yard equipment, transportation center, and manufacturing
small buildings up to large campus
segments. These market segments may
facilities.
Strategies
to
Reduce
GHG
Emissions
by
2050
drive rapid changes in loads due to the
Heat pump water heaters are another
scale of their operations. Whether
beneficial electrification opportunity.
10%
across a market segment or at a single
Decarbonization
Operating two to three times as
facility, the scale of adoption and loads
Remaining
efficiently as electric resistance water
can create a substantial impact. For
Fuel Use
heaters, heat pump water heaters are
example, electrified ship to shore
being adopted by homes and
39%
cranes at port-based cities offers
22%
Energy Efficiency
businesses. These water heaters can fit
customers
more
rapid
freight Electrification
into a demand response program
offloading, but also relies on very large
along side other water heaters. In
motors likely to operate during peak
addition to energy savings, heat pump
time periods.
water heaters offer dehumidification
Opportunities
and cooling benefits. In the winter, heat
in
i the building
pump water heaters will increase heat
29%
sector
have
loads in a building if the evaporator is
Cleaner Grid
substantially improved over the last
placed indoors. Innovations are
decade. Cold climate heat pumps ongoing,
with
manufacturers
high efficiency heat pumps that can As part of a suite of strategies, the Natural Resources Defense beginning to offer outdoor heat pump
maintain capacity in cold weather are a Council expects electrification to address approximately 22% units that can operate down to -15
key opportunity for regions that have
of US greenhouse gas emissions by 2050.3
degrees F.
high heating demands. Heat pump
manufacturers are now offering
integrated controls that allow for optimizing dual fuel
While
beneficial
systems in which a building’s legacy fossil fuel system is
electrification creates a
retained for use in the coldest weather, with the heat pump
very large opportunity
taking on the dominant heating role. The efficiency gains
for electric utilities,
for space cooling by using these high efficiency heat pumps
there are a number of
are substantial – seasonal energy efficiency ratios of over 20
challenges. The primary challenges are:
are common, far above the minimum federal standard of 14,
Consumer Awareness. People simply don’t know about
creating an opportunity to create cooling energy and
electrification opportunities and technology
demand savings during the summer while providing
performance
efficient heat in the winter. Variable refrigerant flow systems
Workforce Training. Many companies and technicians in
the trades are unfamiliar with the technologies and their
designs or installation requirements
Low Natural Gas Prices. the economics of natural gas
limit rapid electrification adoptions to displace space
heating and water heating
Upfront Cost. A higher upfront cost can be a deterrent

continued on page 6
Source: Conger. Toyota Core Electric Forklift. Digital Image. Conger.com Toyota Core Electric. 08.10.20.
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Do our utility staff have the time and knowledge to
manage electrification questions from customers, develop
programs, or forecast what may happen?
What areas of our distribution network may experience
strains from high adoption of beneficial electrification?
How do we plan for that?
Are my utility’s emissions sufficiently low to promote
electrification that will be beneficial?
How might electrification change my cost structure?
Will electrification lead to stranded natural gas assets?

to electrification adoption, regardless of long-term
operating cost savings. Without financing or other
capital, many consumers will opt to stick with their
traditional technologies.
Despite these challenges, beneficial electrification has
many opportunities. These include:
Including space cooling energy savings in project
economics. this is essential to overcome low natural
gas prices
Users of propane, fuel oil, and or other non-regulated
fuels typically have many end -uses that can be
electrified with solid economic benefits and outcomes
New buildings. Designing all electric buildings using
modern technology can lead to upfront cost savings or
cost equivalency compared to building with natural gas
in mind. Doing it right the first time is typically cheaper
than a retrofit in the future.

There will be additional
articles on beneficial
electrification in future TransActions. These articles will take
a deeper dive into technologies and their performance or
cost considerations, utility planning and economics of
beneficial electrification, and policies or market factors
affecting utility programs or customer engagement. Stay
tuned!
For more information or to comment
on this article, contact:

Beneficial electrification provides
electric utilities with a large
opportunity
for
growth. For natural
gas
utilities,
electrification is a threat to sales and may cause a shift in
new capital investment opportunities or upward pressure
on volumetric retail rates. The growth opportunity for
beneficial electrification will vary based on a region’s
current markets. For example, regions with currently low
market penetration of heat pumps will require substantial
development of and acceptance of the building trades. The
following list is a snapshot of key considerations for electric
and natural gas utilities considering the impacts or
opportunities associated with beneficial electrification.
How rapidly will my market adopt electrification?
What market segments may see the largest change in
loads due to electrification?
What are the load shapes of beneficial electrification
technologies?
How will beneficial electrification affect demand response
or other load management needs?
What customer segments stand to benefit the most from
beneficial electrification?

Rich Hasselman, Managing Director
GDS Associates, Inc. - Madison, WI
608-354-0192 or
rich.hasselman@gdsassociates.com
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