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ABSTRACT
ABSTRACT
Battery Energy Storage Systems (BESS) are emerging
technologies which are opening new opportunities that improve
and reduce the costs of electricity. However, exactly where the
storage is deployed (generation, transmission or customer)
on the electricity system can have an immense impact on the
value created by BESS technologies. In this study, we highlight
the value created by BESS when installed downstream from a
nearly overloaded node at the distribution level by deferring
investment in capital-intensive feeder upgrades. The study
also examines regulatory policy initiatives in “storage as a
transmission asset” and provides recommendations based
on the understanding of the regulatory treatment of energy
storage to ensure increased deployment of these systems as
transmission assets.
Keywords: Transmission & distribution, Battery energy storage
systems, distribution feeder, load-carrying capability, storage
˔˦ ˔ ˧˥˔ˡ˦ˠ˜˦˦˜ˢˡ ˔˦˦˘˧ʟ ˟ˢ˔˗ ˖˨˥˩˘ʟ ˕˘ˡ˘Ё˧ʠ˖ˢ˦˧ ˔ˡ˔˟ˬ˦˜˦ʟ
upgrade deferral.
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ʤʡʣ ʵʴʶʾʺ˅˂ˈˁʷ
Energy storage has often been called the ‘holy grail’
for a clean energy future because it has the potential to
play a pivotal role in the electricity system, especially
as the grid ages and new infrastructure is required to
maintain reliability. As the falling component and
installed costs are leading to favorable economics,
policies and market regulations have lagged due to
lack of knowledge on the sweeping value streams of
energy storage in the current electric grid. The role
that energy storage can play in the ever-increasing
share of renewables in the fuel mix for the electricity
sector is also important to understand.

are reliant upon voltage regulation and protection
schemes; (4) “limited transmission capacity which
can force resources to be curtailed during their
time of peak production, while the expansion of
new transmission capacity poses regulatory and
environmental challenges.”

The ability of energy storage systems to inherently
act like a “sponge,” i.e., absorb energy during excess
and discharge energy to the grid when the demand
is high, is of paramount importance in today’s grid.
Although conventional energy storage systems
like pumped hydro (potential energy to electrical
energy), have been around for a few generations,
battery-based energy storage systems (BESS) are
JDLQLQJSRSXODULW\GXHWRWKHLULQFUHDVHGH൶FLHQF\
The electric sector is seeing numerous changes,
modularity as well as higher charge density, all
including the growing adoption of electric
characteristics which are suited towards the modern
transportation and the ever-increasing amount of
grid. A variety of market reports have emerged
renewable energy penetrating the grid. These changes
hailing grid-scale BESS as the “the next big asset”
ZLOO SURYLGH PDQ\ EHQH¿WV VXFK DV WKH DELOLW\ WR
in the present energy system with annual growth
respond to green public policy goals, increased
projections of over 10% with a market valuation of
“diversity of generation options, and increased
$21.6B in 2018, a number which will grow much
consumer choice, but these changes will also present
higher in the coming years (Adroit, 2019). The U.S.
several distinct challenges that energy storage can
has the world’s largest battery storage market, with
help to alleviate such as (1) increasing consumer
61.8 megawatts of power capacity installed in the
GHPDQG IRU UHOLDEOH D൵RUGDEOH UHQHZDEOH SRZHU
second quarter of 2018 with a market growth rate of
options; (2) speed of investment and deployment
60% year to year (Utility Dive, 2019). The U.S. is
of variable generation; (3) ancillary services needs
one of the largest markets in the adoption of battery
resulting from the fact that distributed energy
storage technology at a commercial scale. Currently,
resources (such as storage) create bidirectional
36 states in the U.S. have a combined operational
SRZHU ÀRZ WKDW WD[HV GLVWULEXWLRQ V\VWHPV ZKLFK
capacity of 1.6 GW of battery storage resources.
Figure 1: Operational Battery Storage Projects and State Energy
Storage Mandates in the US, March 2019

3

Source: DOE Global Storage Database, S&P
Global Platts Analytics (March 2019)

distribution substation. In this evaluation, it would
be essential to cover the characteristics that BESS
requires, as well as the opportunities and challenges
The Federal Energy Regulatory Commission
WKDWLWFDQHQFRXQWHULQWKLVQDVFHQWDSSOLFDWLRQ¿HOG
)(5&  GH¿QHV HQHUJ\ VWRUDJH DV D ³UHVRXUFH
Transmission and distribution upgrades (poles,
capable of receiving electric energy from the grid
wires, equipment) have been contentious in the
and storing it for later injection of electric energy
recent past due to high-cost outlay, environmental
EDFN WR WKH JULG )(5&   7KLV GH¿QLWLRQ LV
concerns and high probability of stranded assets
intended to cover electric storage resources capable
which lead to a rise in the actual cost of electricity to
of receiving electric energy from the grid and
the consumers in the service area since the upgrades
storing it for later injection of electric energy back
are added to the rate base leading to an increase in
to the grid, regardless of their storage medium (e.g.,
the transmission charge.
EDWWHULHV À\ZKHHOV FRPSUHVVHG DLU DQG SXPSHG
K\GUR  ,Q  )(5& ¿QDOL]HG WZR ODQGPDUN
regulations paving the way for the deployment of ʤʡʥ ʼˡ˧˥ˢ˗˨˖˧˜ˢˡ
storage resources in the future. FERC Order 845 With increasing emphasis on reducing global
proposed reforms to the generator interconnection carbon emissions and promoting universal energy
procedures and agreements to explicitly account for access (SE4All, 2017), and long-term concerns over
storage resources (like BESS).
fuel price volatility and energy security (Yergin,
FERC Order 841 mandates ISO/RTOs to revise
WKHLU WDUL൵ WR IDFLOLWDWH WKH SDUWLFLSDWLRQ RI VWRUDJH
resources in capacity, energy, and ancillary
services markets. Transmission entities have
¿OHG WKHLU FRPPHQWVFRPSOLDQFH SODQV WR WKHVH
regulations. Recently, ISOs/RTOs such as CAISO
(California Independent System Operator) and
MISO (Midwestern Independent System Operator)
have started deliberations regarding the treatment
of “storage as transmission asset” (SATA), which
would enable utilities to recover investment costs
through transmission rate recovery (TRR). The
policy development proceedings are still underway
as of June 2019 in CAISO. Based on their location
RI WKH DSSOLFDWLRQ %(66 FDQ EH FODVVL¿HG LQWR
behind-the-meter, which usually entails residential
or commercial systems and front-of-the meter which
are systems owned and operated by the utilities and
independent power producers on the generation,
transmission and distribution side of the grid.
In this research, the focus would be on front-ofmeter grid-scale (or utility-scale) BESS particularly
targeted towards deferring transmission and
distribution investments, which can occur due to
load growth in a region leading to transmission
congestion and rise in electricity prices. The aim
would be to evaluate whether grid-scale BESS
can allow utilities to defer capital-intensive
transmission and distribution upgrades by installing
these systems downstream from the transmission/
4

2016), renewable energy technologies, with
rapidly declining costs (Kost et al., 2011; Breyer et
al.,2013), are becoming an increasingly important
part of the future energy system (Jacobson et al.,
2009). However, integrating high shares of variable
renewable energy sources into power systems can
prove to be a challenge (Peters et al.,2011). Out of
WKH VHYHUDO DYDLODEOH ÀH[LELOLW\ PHDVXUHV HQHUJ\
storage technologies are particularly promising
response options because of their unique ability
to decouple power generation and load over time.
Battery energy storage systems or BESS have
emerged as frontrunners to provide a multitude
of opportunities for utilities and IPPs to generate
revenue through market applications such as energy
DUELWUDJH FDSDFLW\ ¿UPLQJ IUHTXHQF\ UHJXODWLRQ
etcetera. The development of transmission
infrastructure is increasingly facing challenges
involving “who pays for” and “who owns” new
transmission capacity in part due to the high
FDSLWDO FRVW DQG GL൶FXOWLHV LQ VLWLQJ WUDQVPLVVLRQ
infrastructure due to environmental impacts, costs,
and aesthetic concerns (Bhatnagar & Loose, 2012).
The ability of BESS to provide a secondary source
of electrical energy during times of peak overload
in a transmission/distribution line or substation
has recently been a topic for research, although the
commercial viability is still up for debate.
This research tries to understand the technoeconomic viability of Battery Energy Storage

Systems (or BESS) by asking three pertinent
questions:

than expected electricity demand1. Recently energy
storage has also been debated in regulatory circles
as either a generating asset, transmission asset or
1. What are the general indicators for the viability
both. In November 2018, Generators NRG Energy,
of BESS as a Transmission & Distribution
1H[W(UD(QHUJ\5HVRXUFHVDQG9LVWUD(QHUJ\¿OHG
(T&D) Asset? In other words, why do we need
comments with the Public Utility Commission of
BESS in the T&D sector?
Texas (PUCT) last week arguing that transmission
2. Can BESS technology be techno-economically and distribution (T&D) utilities cannot legally own
viable in deferring capital investments in the battery storage under existing state rules (Utility
7 ' VHFWRU LH GR WKH HFRQRPLF EHQH¿WV Dive, 2018 (b)). It has thus become an important
outweigh the costs when installing & LVVXH WR GH¿QH RZQHUVKLS ULJKWV DURXQG EDWWHU\
operating BESS as a transmission asset and a storage, which can act both as generation and load
on the power grid.
transmission + market asset?
7KHEDVLFSUHPLVHIRUXWLOL]LQJ%(66IRUWKH7 '
upgrade deferral is fairly straightforward. The
utility or the regional planning authority would
forecast the peak load periods or days during which
5HFHQW H൵RUWV KDYH IRFXVHG RQ LPSOHPHQWLQJ the line/substation is overloaded, i.e., exceeds the
BESS to serve the load growth in an area where power handling capacity (in MVA or MW) based
upgrading the transmission & distribution (T&D) RQ KLVWRULFDO ORDG SUR¿OHV DQG DQ DQQXDO JURZWK
LQIUDVWUXFWXUH LV GL൶FXOW GXH WR WHUUDLQ DQG RWKHU rate. This study is usually conducted in the yearly
SK\VLFDOFRQGLWLRQV$UL]RQD3XEOLF6HUYLFH $36  or 10-year local capacity requirement studies
recently purchased a 2 MW/8 MWh Li-ion BESS conducted in the transmission planning process. As
as an alternative to the traditional approach of WKHGHPDQGSUR¿OHDSSURDFKHVWKH3+&FRQJHVWLRQ
upgrading 20 miles of 21-kilovolt cables that in the system increases, as a result of which LMP
service the town of Punkin, AZ (Utility Dive, 2018 prices rise. The function of BESS would be to
(a)). The upgrade required construction through have enough power or energy during these times to
hilly and mountainous terrain, with considerable serve the load downstream from the transmission/
expense and local disruption, which was avoided distribution substation. The complexity arrives in
with the use of BESS, which would provide the WKH ¿QDQFLDO YDOXDWLRQ RI WKHVH EHQH¿WV DQG FRVWV
town with peak electricity during the days in which for the utility and the ratepayers. The literature on
the line was forecasted to be overloaded. Another BESS application for T&D deferral is scarce and
example, in 2017, a utility that serves customers in SRUWUD\V GL൵HULQJ YDOXHV RI GHIHUUDO PDNLQJ LW
Massachusetts announced plans to install a 6 MW certain that the value is location dependent. Also,
energy storage system with an 8-hour duration WKHUHLVDVLJQL¿FDQWJDSLQOLWHUDWXUHDWWULEXWLQJWKH
alongside a new diesel generator on Nantucket EHQH¿WVRIORZHUFRVWWUDQVPLVVLRQXSJUDGHVXVLQJ
Island to provide backup power and postpone the preferred resources such as BESS for the ratepayers.
need to construct a costly submarine transmission
cable to bring electricity from the mainland to meet %DOGXFFL HW DO   HYDOXDWHG WKH EHQH¿WV RI
anticipated growth in electricity demand (Rusco, deferring investment in a substation located on
Bainbridge Island, Washington, by nine years,
2018).
estimating the deferral value at $162/kW-year. Eyer
Another factor that has generated interest is the and Corey (2004) determined the cost of transmission
ability of BESS to avoid stranded assets. System and distribution (T&D) upgrade deferral combined
planners must contend with the possibility of by estimating the cost of the T&D upgrade to be
stranded T&D assets for infrastructure built in the deferred based on $/kW to be added or the T&D
context of reliability for load growth that never marginal cost (Balducci et al.,2015). The value of
PDWHULDOL]HG ,Q 6RXWK &DUROLQD UDWHSD\HUV ZHUH
saddled with a $9B bill after two nuclear reactors
were abandoned due to cost overruns and lower 1
3. What are the underlying opportunities and
challenges for this technology in the T&D
system in the future?
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FRVWGHIHUUDOFDQEHVLJQL¿FDQWGXHWRWKHQDWXUHRI
utility cost accounting. For example, if an energy
storage system could be used to shave local load
peaks resulting in deferral of a $10 million substation
IRU¿YH\HDUVWKHEHQH¿WZRXOGEHPLOOLRQLI
WKHFRVWRIFDSLWDOWRWKHXWLOLW\PLQXVLQÀDWLRQZDV
8% (Balducci et al.,2018). Another study estimated
WUDQVPLVVLRQ XSJUDGH GHIHUUDO EHQH¿WV DW N:
year based on average annual transmission cost for
every unit of reduced peak demand. This estimate
is consistent with the average annual transmission
cost per kW of summer coincident peak load in
ERCOT. On distribution upgrade deferral, it was
noted that distribution system costs are driven by
non-coincident, local peak loads with deferral value
estimated at $14/kW-year (Schmitt & Sanford,
2018). In this study, the primary metric used has
been chosen to ensure a holistic value estimate
FRQVLGHULQJERWKXWLOLW\DQGUDWHSD\HUEHQH¿WV7KLV
would be discussed later in the case study section.

ʥʡʣ ˁʸʸʷʹ˂˅ʵʸˆˆʹ˂˅
ˇ˅ʴˁˆˀʼˆˆʼ˂ˁʙ
ʷʼˆˇ˅ʼʵˈˇʼ˂ˁʷʸʹʸ˅˅ʴʿ

when approaching the idea of implementing BESS
before undertaking transmission and distribution
(T&D) upgrades. The key factors to consider are
EULHÀ\H[DPLQHGEHORZ

ʥʡʤ

ʻ˜˚˛˖ˢ˦˧˔ˡ˗˟˘˔˗˧˜ˠ˘˦ˢ˙ˇʙʷ
investment:

%(66 R൵HUV D ORZHUFRVW DOWHUQDWLYH WR H[SHQVLYH
transmission & distribution upgrades. Infrastructure
projects are also prone to cost overruns, environmental
concerns, and sometimes public outcry due to rightof-way regulations, this leads to long lead times
for approval, construction, and project delivery.
All of these constraints could be easily bypassed
using energy storage resources, which are much
easier to install and operate downstream from a
transmission or distribution substation. According to
a Department of Energy (DOE) report published in
2015, a typical transmission line could cost upwards
of $1.5M/mile, which is much higher compared to
storage alternatives of a similar capacity.

ʥʡʥ ʻ˜˚˛ˣ˘˔˞ʠ˧ˢʠ˔˩˘˥˔˚˘˗˘ˠ˔ˡ˗
ratio:

The peak-to-average demand ratio is the ratio of the
Battery-based energy storage systems or BESS can peak demand to the average demand for a service
become an alternative to building new lines and territory/region. It is a ratio that measures how
power plants and help increase the throughput of much higher hourly peak demand is than average
electricity in existing lines by reducing congestion hourly demand. A high peak-to-average demand
DQGXQKHOSIXOHOHFWULFH൵HFWVVXFKDVYROWDJHLVVXHV UDWLR PHDQV D ODUJH ÀXFWXDWLRQ LQ GDLO\ HOHFWULFLW\
thermal overloads, or providing reactive power demand. A higher ratio also translates into decreasing
to the grid. BESS can be positioned downstream DYHUDJHXWLOL]DWLRQOHYHOVIRUJHQHUDWRUVLQDUHJLRQ
from the transmission constraint and charged when 7KXV HOHFWULF V\VWHPV PXVW PDLQWDLQ VX൶FLHQW
WKH GHPDQG IRU HOHFWULFLW\ LV ORZ LH R൵SHDN RU capacity to meet expected peak loads plus a reserve
nighttime) and discharge during peak hours. By margin. In the US, the peak-to-average demand
bringing storage closer to the load, it may also help ratio is increasing (see Figure below) especially
alleviate high line-congestion and line-loss rates that LQ WKH 1HZ (QJODQG ZKHUHDV 7H[DV KDV D ÀDWWHU
occur during times of peak demand, this reduces the curve although it is increasing which is troublesome
need for new transmission projects and extends the EXW R൵HUV DQ RSSRUWXQLW\ IRU PRGXODU %(66 WR EH
life of the existing system. It allows grid planners operated (discharged) to cover the peak demand
to become more reactive and reduces uncertainty periods instead of upgrading the T&D infrastructure
during transmission planning by allowing them to just to meet the peak load periods.
DGGUHVVSHDNVRQDVKRUWHUIXWXUHKRUL]RQ%XWWKLV
argument may not hold for locations where the
load growth rate is higher than average or where
building transmission infrastructure is necessary for
reliability and resiliency concerns. Thus, utilities
PXVWDQDO\]HHDFKVLWXDWLRQRQDFDVHWRFDVHEDVLV
6

Figure 2. Electric Reliability Council of Texas peak-to-average demand ratio:

Source: EIA 2014
)URPWKH¿JXUHDERYHLWLVFOHDUWKDWWKHSHDNDYHUDJHGHPDQGUDWLRKDVUHPDLQHGDURXQGWKHVDPHOHYHO
LQ 7H[DV +RZHYHU WKH KLJKHU YDOXH RI WKH UDWLR VLJQL¿HV SHDN GHPDQG H[FHHGV WKH DYHUDJH GHPDQG
VLJQL¿FDQWO\GXULQJSHDNGHPDQGGD\V
Figure 3. Peak to average demand ratio for transmission zones across the US

Source: ICF, ABB Velocity Suite 2019
7KH¿JXUHDERYHVKRZVWKHKLJKSRWHQWLDOYLDELOLW\RI%(66LQUHJLRQVVXFKDV&DOLIRUQLD$UL]RQD)ORULGD
New Jersey, Montana and New England region.
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ʥʡʦ ˆ˟ˢ˪ˣ˘˔˞˗˘ˠ˔ˡ˗˚˥ˢ˪˧˛
(rate):
,Q JHQHUDO LW LV PRUH EHQH¿FLDO WR GHIHU XSJUDGHV
using modular resources at hot spots where peak
demand is growing slower than it is to defer
upgrades of T&D equipment serving the demand
WKDW LV JURZLQJ UDSLGO\ VSHFL¿FDOO\ LQKHUHQW
demand growth, not including block load additions
such as new commercial facilities and residential
development). There are two basic reasons for
this. First, if the probability based on historic load
analysis portrays that the demand growth will be
slow, it usually indicates the need for a relatively
small amount of storage resources to defer an
upgrade, in a given year. Secondly, since relatively
small amounts of storage resources are needed – in a
given year –storage resources may be economically
viable for more years of deferral if demand growth
is low.

ʥʡʧ ˈˡ˖˘˥˧˔˜ˡ˧ˬ˔˕ˢ˨˧˧˛˘˧˜ˠ˜ˡ˚
˔ˡ˗˟˜˞˘˟˜˛ˢˢ˗ˢ˙˕˟ˢ˖˞˟ˢ˔˗
additions:
BESS and other DERs may be attractive alternatives
when there is uncertainty about the magnitude and
timing of block load additions that would cause an
overload. Block load additions are usually related
to commercial or residential development or the
expansion of existing industrial facilities in a service
territory/area. A recent example of uncertain load
characteristics in a local service area has been the
growth of oil & gas related drilling activities in the
ERCOT region (Texas), especially in the Panhandle
and West Texas region. The dependence of oil & gas
industry electricity usage on the commodity prices
of oil also plays a role in shaping the load curve for
these regions, which may see spikes during high
prices of oil and lower demands when oil prices are
low.
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ʦʡʣ ˇʙʷˈ˃ʺ˅ʴʷʸʷʸʹʸ˅˅ʴʿʭ
ʴʶʴˆʸˆˇˈʷˌʼˁʸ˅ʶ˂ˇ
ˆʸ˅ˉʼʶʸˇʸ˅˅ʼˇ˂˅ˌ
ERCOT (Electricity Reliability Council of Texas)
region has shown a higher demand growth than
PDQ\ RWKHU RUJDQL]HG PDUNHWV ZLWK D \HDU
growth rate compared to US average 1.3%/year
from 2000 to 2017 (ICF, 2019). The peak demand
in this region is projected to grow at 1.8%/year
and total demand at 2.4%/year according to recent
market studies. ERCOT is seeing an increase in the
amount of energy storage resources being developed
for a variety of grid and customer applications in the
ERCOT region. As of 2019, 89 MW of utility-scale
battery resources, which are a type of energy storage,
are registered, and approximately 2,300 MW of
new battery capacity was under consideration for
the ERCOT region. The recent increase in battery
interconnection requests may be due to declining
battery technology costs and the availability of
Investment Tax Credits for qualifying energy
storage systems (ERCOT, 2018).
Many of the battery projects under development are
being co-located with solar facilities since batteries
can be deployed when solar power is unavailable or
at lower output levels to better match load ramps.
%DWWHULHV DOVR FDQ H൵HFWLYHO\ VWRUH ZLQG SRZHU
WKDW LV SURGXFHG GXULQJ R൵SHDN KRXUV $ PDMRU
share of existing battery resources is currently
used for Ancillary Services (operating reserves that
are procured to respond to variability in load and
generation output), which usually means smaller
battery systems with short duration discharge
capacity (of 30 min – 1 hour). Since FERC Order
841, which encourages greater participation of
battery or in general, storage resources in the energy,
capacity and ancillary markets does not fall within
the purview of T&D deferral, and this value stream
has been slow to emerge.

Figure 4. Congested transmission lines in Texas and their proximity to major cities/load centers.

Source: Ventyx, ABB.
StorageVET (Storage Value Estimation Tool) is a
techno-economic model for the analysis of energy
storage technologies and some types of aggregations
of storage technologies with other energy resources
such as wind or photovoltaic technologies. The tool
can be used as a standalone model or integrated with
other power system models. The fundamental use
of StorageVET is to support the understanding of
energy storage project economics and operations.
The tool is adaptable to many settings, including
policy or regulatory analysis, commercial decisions
(by a range of actors), infrastructure planning and
UHVHDUFK (35, )RUHYDOXDWLRQRIWKH¿QDQFLDO
EHQH¿WV RI GHIHUUDO WR WKH XWLOLW\ DQG UDWHSD\HUV
VHYHUDO FRVW WHVWV SRUWUD\ WKH H൵HFWLYHQHVV RI WKH
investment into capital-intensive projects similar
WR EHQH¿WFRVW DQDO\VLV UDWLRV (DFK WHVW DQVZHUV
D GL൵HUHQW TXHVWLRQ LQ WHUPV RI ZKR DQG KRZ WKH
LQYHVWPHQWZLOODVVLVW$WDEOHVKRZLQJWKHGL൵HUHQW
tests and their respective purposes and values are
shown below:

)RUWKLVFDVHVWXG\DEHQH¿WFRVWUDWLR %&5 WHVW
would be most appropriate since the investment into
DGHIHUUHGLQYHVWPHQWZRXOGD൵HFWERWKWKHXWLOLW\
and ratepayers. A novel concept, i.e., considering
“Storage as a transmission asset” (SATA), allows
utilities to recover their investment through costbased revenue recovery by adding the project to
their rate-base, which can eventually show up on a
customer bill as an extra charge for transmission. The
EHQH¿WFRVWUDWLRFRQVLVWVRIEHQH¿WVSURGXFHGE\WKH
investment (here avoided cost of T&D investment
and market revenues), and the total costs of the
%(66 LQFOXGH LQVWDOOHG ¿[HG DQG YDULDEOH FRVWV
including federal tax incentives. BCR expressed as
a net greater than one (1), means that the investment
will have a positive impact on the utility’s resource
acquisitions. Measures and programs that have
a BCR less than one (1) are sometimes adopted
because they have value for other reasons such
as equity, emergency measures, etcetera. Some
residential and low-income programs are examples
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of programs that may not pass the BCR test but are
still implemented.

reliably. The battery charge/discharge durations
considered in the study are 4 hours and 5-hours
due to larger capacity requirements for the ERCOT
7KHORJLFIRUDVVHVVLQJGL൵HUHQWEDWWHU\SRZHUDQG
region due to higher than average load, although this
energy capacities stems from the observation that
depends on local requirements. The projected load
GL൵HUHQWXWLOLWLHVZRXOGKDYHGL൵HUHQWH[SHFWDWLRQV
growth rate is representative of the ERCOT region,
on upgrade investment deferral. This depends
which is undergoing rapid growth (2-3% growth per
on the risk-averse nature of the utility, meaning a
\HDU $KLJKHUEDWWHU\VL]HKDVEHHQDVVXPHGWREH
more risk-averse utility would like to defer for a
selected for a higher projected load growth due to
lower number of years and invest in T&D upgrades
the requirement of more energy capacity.
more quickly to meet the projected demand growth
Figure 5. Load growth for the 69-kV test feeder during a typical
peak demand day with a 3% projected load growth:

The Figure above demonstrates how the load growth
for the 69-kV test feeder during a typical peak
demand day with a 3% projected load growth rate.
This shows how the load exceeds the load-carrying
capability or power handling capability (25 MW) of
the distribution feeder post-2016.

ʧʡʣ ˅ʸˆʸʴ˅ʶʻʷʸˆʼʺˁʙ
ˀʸˇʻ˂ʷ˂ʿ˂ʺˌ
The methodology for this case study is focused on
providing T&D deferral, although it has been shown
in pilot studies that value-stacking with deferral as
the primary use-case is possible. The most practical
values available to be used with T&D deferral
according to the knowledge of battery operation and
market dynamics are real-time energy arbitrage and
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voltage support, this is discussed in the later sections
in more detail. The study is based on the evaluation
RI GL൵HUHQW VFHQDULRV RI EDWWHU\ VL]HV SRZHU DQG
energy capacity) to defer T&D upgrades by:
1.

$QDO\]LQJWKHORDGSUR¿OHDQGSRZHUKDQGOLQJ
capability of a distribution feeder and
identifying the peak demand days.

2.

Initiating battery storage dispatch algorithm
WRFKDUJHGXULQJR൵SHDNKRXUVDQGGLVFKDUJH
during on-peak hours (peak demand) when the
demand > PHC of the line/substation.

3.

Calculation of number of years that BESS
can successfully defer upgrade investments
DQGWKHEHQH¿WFRVWUDWLRE\DVVHVVLQJWKHQHW
present values of “avoided cost” of traditional
transmission upgrades and installed cost of
BESS from recent DOE and industry reports.

4.

Calculation of the number of years that BESS $JURZWKUDWHLVDSSOLHGWRWKHGHIHUUDOORDGSUR¿OH
can successfully defer upgrade investments
ORDGSUR¿OHIURPWKHIHHGHU WRHVWLPDWHWKHQXPEHU
DQG EHQH¿WFRVW UDWLRV RI %(66 RSHUDWLRQ DV of years of successful years that asset upgrades can
be deferred. This process repeats until the rated
both a “transmission” and “market” asset.
power and energy is lower than the estimated
It is important to note that if the rated power and
minimum. The corresponding year is recorded as
energy of the input storage system is larger than
WKH ¿UVW \HDU RI IDLOHG GHIHUUDO )RU VROYLQJ PL[HG
the estimated daily minimum to meet the deferral,
OLQHDU SURJUDPPLQJ 0/3  RSWLPL]DWLRQ SUREOHP
then the upgrade can be deferred for the year. If
EHIRUHWKH¿UVW\HDURIIDLOHGGHIHUUDOWKHIROORZLQJ
partial deferral occurs, then the model outputs the
constraints are added to make sure the storage keeps
number of hours that overload could not be avoided.
the net power at the overloaded asset within bounds:
(1)
(2)
+HUH µEDWWHU\ FKDUJH¶ DQG µEDWWHU\ GLVFKDUJH¶ DUH RSWLPL]DWLRQ YDULDEOHV LQ WKH 6WRUDJH9(7 3\WKRQ
environment.
)RUEDWWHU\RSWLPL]DWLRQXQGHUK\EULGRSHUDWLRQDVD
transmission and market asset, StorageVET allows
the selection of multiple grid services, although
WKHFRGHZDVPRGL¿HGWRRQO\RSHUDWHRQWKHUHDO
time markets with priority to T&D deferral. The
algorithm for energy arbitrage, i.e., buy low and sell
KLJK ZDV XWLOL]HG IRU WKHVH PRQWKV DQG WKH SUR¿W
ZDVFDOFXODWHGDVWKHGL൵HUHQFHRIGLVFKDUJHUHYHQXH
DQG FKDUJLQJ FRVW E\ XWLOL]LQJ KLVWRULFDO (5&27
West prices. The model is robust to identify peak
overload scenarios in a week-ahead timeframe and
limits arbitrage to accommodate discharge during
overload periods. Battery replacement costs are not
included in the analysis to avoid complexity but will
play a role when considering hybrid operation due
to increased battery cycling-related degradation.

peak loads, which typically follow daily, weekly,
and seasonal patterns, as shown in Figure 6 below.

ʧʡʤ ˀˢ˗˘˟ʴ˦˦˨ˠˣ˧˜ˢˡ˦˔ˡ˗
Limitations:
1. Batteries are assumed to last till the entire
duration of deferral for transmission cases
while a single replacement is considered for
‘transmission + market’ (T+M) operation. Also,
it is assumed that T&D upgrades will inevitably
have to be implemented after ‘tp’ years of deferral
to ensure long-term reliability.
2. The load growth rate for a scenario is applied
to all the subsequent years and is not variable
for a scenario. In the real world, the load growth
understandably would change each year due to
block load additions and other reasons.

In typical radial distribution systems, the power
is delivered from the substation to the end-users
through dedicated feeders. Each feeder has a
recommended apparent power limitation. This limit
3. Battery charging costs are assumed to be
LVGH¿QHGPDLQO\E\WKHIHHGHUFRQGXFWRUVL]HDQG
negligible in the “transmission” case since
allowable sag. A feeder upgrade is required when
WKH EDWWHULHV DUH RQO\ EHLQJ XWLOL]HG IRU IHZHU
the demand exceeds feeder capacity, or the sagging
than 100 hours for the entire year and these
of overhead conductors reduces the clearance below
costs can be recovered through a rate recovery
the minimum required value (Zhang et al.,2016). A
arrangement.
GL൵HUHQWXSJUDGHVLWXDWLRQZRXOGEHFDXVHGE\WKH
feeder load exceeding the transformer kVA rating.
4. The discount rate and loan repayment periods
A BESS could also potentially permit transformer
are representative of actual industry metrics but
upgrade deferral. Feeder upgrade planning is driven
are subject to change on a case-case basis.
by projections of the magnitude and duration of
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5. A successful deferral year does not consist of
even a single hour of line overload.

ʨʡʣ ʴˁʴʿˌˆʼˆʙ˅ʸˆˈʿˇˆ

A preliminary analysis of electric load data for the
25 MW distribution feeder showed that the overload
period was usually occurring for the 3-hour period
during peak demand days. To alleviate this overload
period, battery discharge durations of 4 hours are
FRQVLGHUHGLQWKLVFDVHVWXG\7KUHHVL]HVRI%(66
7. 7KH %(66 RSWLPL]DWLRQ PRGHO IRU RSHUDWLRQ MW/12 MWh, 5 MW/20MWh, and 7 MW/28 MWh
in the day-ahead/real-time market has perfect ZHUH FRQVLGHUHG ZLWK WKUHH GL൵HUHQW ORDG JURZWK
week-ahead foresight of the market prices and scenarios of 1%, 2%, and 3% in the region which are
representative of ERCOT load growth possibilities.
daily load curves.
On simulating this battery model on StorageVET,
the output values are the hourly battery dispatch of
WKHODVW\HDURIVXFFHVVIXOGHIHUUDODVZHOODVWKH¿UVW
year of failed deferral based on the energy capacity
of the BESS.
6. 7KH LQFUHPHQWDO PRQWKO\ EHQH¿WV RI WKH ¿UVW
year of failed deferral are not accounted for in
WKHFDOFXODWLRQVRIWKHHFRQRPLFEHQH¿WV2QO\
WKH EHQH¿WV DFFUXHG WLOO WKH ZKROH ODVW \HDU RI
successful deferral are being considered.

Figure 6. Battery charging, discharge and load reduction for the test 5 MW/20 MWh BESS for a
forecasted overload day in 2021 operating in pure transmission mode.

The output, i.e., last year of “complete” successful
deferral is the input into a techno-economic
model developed in MS Excel which accounts for
BESS installed costs, feeder upgrade costs and
representative discount and loan repayment rates
to evaluate the net present values of investment
IRU ERWK WKH RSWLRQV ZKLFK LV HYHQWXDOO\ XWLOL]HG
WRHYDOXDWHWKHEHQH¿WFRVWUDWLRRIWKHLQYHVWPHQW
deferral.
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ʨʡʤ

ʵ˘ˡ˘Ё˧ʠʶˢ˦˧˅˔˧˜ˢʶ˔˟˖˨˟˔˧˜ˢˡ
ˀ˘˧˛ˢ˗ˢ˟ˢ˚ˬʭ

7KH EHQH¿WV RI GLVWULEXWLRQV\VWHPFRQQHFWHG
energy storage are typically measured concerning
the value obtained by the utility owner and operator
(Kleinberg et al.,2014). This can be expressed
in terms of the value of the “avoided cost” of
feeder/substation equipment upgrade and market
revenues, if any. The capital cost for a BESS can
EH GLYLGHG LQWR WZR PDLQ SDUWV 7KH ¿UVW RQH LV

the cost of the power conditioning system and its
auxiliaries denoted as the “power” component with
unit price in Million $/MW. The other one is the
“energy” component, representing the cost of the
actual storage components with unit price in M$/
MWh. The total installed cost of the battery is the
summation of power and energy components. To
calculate the overall cost of operation of BESS over
the deferred year, annual operating expenses (in $/
\HDU ZKLFKFRQVLVWVRIWKH¿[HGDQGYDULDEOH2 0
costs are added to the installed costs.
The cost components and respective values of Li-ion
battery systems have been obtained from NREL’s
2018 PV-BESS cost benchmarks (Fu et al.,2018).
The capital cost for the feeder upgrade is a function
of the upgraded feeder length. It can be calculated
as the product of upgraded feeder length (in miles)
and price of feeder upgrade (in $/mile). The case
study assumes the upgrade of a 69-kV overhead
line to an underground feeder line. Brown (2009)
estimated that undergrounding local overhead
distribution lines would cost ~$1 million per mile,
but to account for labor and other administrative
expenses, $1.50 million per mile is assumed to be a
reasonable estimate. For comparison, the minimum
replacement costs for existing overhead distribution

lines ranged from $86,700 to $126,900/mile, with
maximum replacement costs ranging from $903,000
to $1,000,000 (Larson et al.,2016). The respective
FRVWYDOXHVZHUHLQSXWWHGWRWKHEHQH¿WFRVWPRGHO
GHYHORSHG WR FDOFXODWH WKH EHQH¿WFRVW UDWLRV IRU
GL൵HUHQWVFHQDULRVRI%(66GHSOR\PHQW
The method to determine the techno-economic
EHQH¿WFRVW UDWLR RI IHHGHU XSJUDGH GHIHUUDO LV WR
compare the net present values (Zhang et al., 2016)
of the following at the year t till the last year of
successful deferral at year tp:
The construction of an additional feeder at the future
time tf when the load grows beyond the original
feeder capacity limitation (PVfeeder) plus any market
revenues obtained from BESS operation in the dayahead or real-time market (PVM).
The installation (PVB) and total operational cost of
a BESS (PVBOC) at the time tp plus the deferred time
t’f years of new feeder construction at a future time
a year following tp at a discount rate ‘d’ (typically
7-8%).
(3)

=

7DEOH/DVW\HDURIVXFFHVVIXOGHIHUUDODQGEHQH¿WFRVWUDWLRVIRUPXOWLSOHWHVWVFHQDULRVDVVXPLQJ
BESS only as a “transmission asset.”
%(666SHFL¿FDWLRQ
Scenario

Power & Energy
&DSDFLW\

Load
/DVW<HDURI
%HQH¿W&RVW5D
*URZWK
6XFFHVVIXO
5DWH 'HIHUUDO %DVH WLREDVHGRQ139 %HQH¿W N:K
$QDO\VLV DWWp
<HDU±

S1

3 MW, 12 MWh

1%

2026

1.44

$493/kWh

S2

3 MW, 12 MWh

2%

2021

1.15

$212/kWh

S3

3 MW, 12 MWh

3%

2020

1.08

$128/kWh

S4

5 MW, 20 MWh

1%

2027

1.34

$247/kWh

S5

5 MW, 20 MWh

2%

2023

1.12

$63/kWh

S6

5 MW, 20 MWh

3%

2022

1.01

$17/kWh

S7

7 MW, 28 MWh

1%

2039

1.28

$152/kWh

S8

7 MW, 28 MWh

2%

2024

1.10

$89/kWh

S9

7 MW, 28 MWh

3%

2023

0.91

-$32/kWh
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7DEOH/DVW\HDURIVXFFHVVIXOGHIHUUDODQGEHQH¿WFRVWUDWLRVIRUPXOWLSOHWHVWVFHQDULRVDVVXPLQJ%(66
as a “transmission asset” with operation in the real-time energy market.
BESS
6SHFL¿FDWLRQ
Scenario

Load

/DVW<HDURI

%HQH¿W&RVW5DWLR

6XFFHVVIXO

EDVHGRQ139

Power and
*URZWK 'HIHUUDO %DVH $QDO\VLV ODVW\HDURI
VXFFHVVIXOGHIHUUDO
(QHUJ\&DSDFLW\ 5DWH <HDU±

%HQH¿W&RVW
5DWLRIRU³70´
2SHUDWLRQ

S1

3 MW, 12 MWh

1%

2026

1.44

2.31

S2

3 MW, 12 MWh

2%

2021

1.15

1.85

S3

3 MW, 12 MWh

3%

2020

1.08

1.44

S4

5 MW, 20 MWh

1%

2027

1.45

2.95

S5

5 MW, 20 MWh

2%

2023

1.12

2.01

S6

5 MW, 20 MWh

3%

2022

1.01

1.97

S7

7 MW, 28 MWh

1%

2039

1.28

4.7

S8

7 MW, 28 MWh

2%

2024

1.10

3.1

S9

7 MW, 28 MWh

3%

2023

0.89

2.95

Based on the analysis shown in Tables 1 and 2
DERYH WKHUH LV D FOHDU WUDGHR൵ EHWZHHQ WKH \HDUV
of required deferral and economic viability of
%(66LHEHQH¿WFRVWUDWLRV,IRSWLQJXQGHUSXUH
³WUDQVPLVVLRQ´RSHUDWLRQDKLJKHUEHQH¿WFRVWUDWLR
does not necessarily signify a more economical
alternative since the number of deferred years may
be lower, which may be against the utility’s planning
objectives for the service area. Battery capital costs
DQG IHHGHU XSJUDGH FRVWV DUH VLJQL¿FDQW GULYHUV LQ
DVVHVVLQJ GHIHUUDO EHQH¿WV$V %(66 FRVWV UHGXFH
further due to technological advancements and
economies of scale, the analysis results may change
moving towards more favorable economics for
ODUJHUVL]HG%(66FRQ¿JXUDWLRQV,QFUHDVLQJ%(66
capacity leads to more years of deferral. However,
KLJKHU FDSLWDO FRVWV R൵VHW WKH GHIHUUDO EHQH¿WV
leading to lowering BC ratios for a considerable
number of years before reaching breakeven
FRPSDUHG WR VPDOOHU VL]HG %(66$QRWKHU LQVLJKW
obtained from this study is that under low load
growth, it is much more economically viable to go
IRUDVPDOOHUVL]HG%(66 DVVKRZQLQ)LJ WRHQVXUH
WKHFDSLWDOFRVWVGRQRWH[FHHGGHIHUUDOEHQH¿WVRYHU
the deferral period.
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Even under a high load growth scenario, it is more
HFRQRPLFDOO\ YLDEOH WR LPSOHPHQW D ORZHU VL]HG
BESS considering eventual feeder construction
after ‘tp’ years. When load growth is minimal,
hybrid-operation as a transmission and market
DVVHW LV PRUH SUR¿WDEOH IRU ODUJHUVL]HG EDWWHU\
FRQ¿JXUDWLRQV EHFDXVH VWRUDJH RSHUDWLRQ DV D
transmission complements operation in the real-time
HQHUJ\PDUNHWOHDGLQJWRVLJQL¿FDQWUHYHQXHV7KH
revenues are even higher if the price volatility in the
energy market is high, but battery replacement costs
must be accounted for due to more frequent battery
cycling under arbitrage operation.
When load growth increases over 2%, it is
more prudent to have dedicated BESS to ensure
transmission assets do not interfere with battery
charge-discharge cycles and to limit battery
degradation. Hybrid operation as a market asset
(day-ahead or real-time) adds revenue leading to
D VXEVWDQWLDO LQFUHDVH LQ EHQH¿WFRVW UDWLRV ZKLFK
DUH SRVVLEOH IRU WKH IXWXUH LI VX൶FLHQW EDWWHU\
RSWLPL]DWLRQ WHFKQLTXHV DUH IRUPXODWHG ,W LV DOVR
necessary to implement relevant market mechanisms
to notify storage operators for SATA or Market
operation on a day-ahead basis such that battery

FKDUJHGLVFKDUJH F\FOHV DUH QRW D൵HFWHG LQ K\EULG
operations leading to overload or loss of revenues.
7KLVPD\EHLQWKHIRUPRIDORDGEDVHGQRWL¿FDWLRQ
test pursued by CAISO. It has been discussed in the
later sections.

ʨʡʥ ˂ˣˣˢ˥˧˨ˡ˜˧˜˘˦˔ˡ˗ʶ˛˔˟˟˘ˡ˚˘˦
Apart from the traditional usage of batteries to store
R൵SHDNHQHUJ\DQGGLVFKDUJHGXULQJSHDNGHPDQG
times, i.e., energy arbitrage or time-shifting, there are
several other opportunities for BESS to be employed
for key grid applications. Although the value of
WKHVHVHUYLFHVPD\QRWEHTXDQWL¿HGFRPSOHWHO\LQ
the present market and regulatory structure, these
EHQH¿WVR൵HUXWLOLWLHVDFRVWH൵HFWLYHVROXWLRQWRD
variety of grid issues ranging from high capital costs
to congestion. Three major opportunities have been
mentioned below:

al.,2017). A typical container usually stores 1-5
MWh of energy. A large battery plant is essentially
D EXQFK RI FRQWDLQHUV V\QFKURQL]LQJ WR SURYLGH
energy and capacity services. This modularity is
QRWRQO\JRRGIRU%(66FXVWRPL]DWLRQEXWDOVRWKH
control and maintenance down to the single-cell
OHYHO,WDOVREX\VVLJQL¿FDQWWLPHIRUWKHXWLOLWLHVWR
DVVHVVWKHGHPDQGSUR¿OHRIDVHUYLFHWHUULWRU\IRUD
future line or substation upgrades.

5.2.2 Value Stacking with
Complementary Services

$VRIQRZEDWWHULHVXWLOL]HGDVWUDQVPLVVLRQDVVHWV
are not allowed to operate in the wholesale market
due to the current regulatory structure of ISO/
RTOs. Some transmission operators such as CAISO
and MISO have initiated proceedings to formulate
rules regarding the hybrid operation of storage for
transmission and market purposes. An important
aspect of considering value-stacking for BESS with
5.2.1 Modularity
the primary use of peak-shaving which can defer
$VLJQL¿FDQWDGYDQWDJHRI%(66DVDWUDQVPLVVLRQ upgrade investments in existing lines, feeders or
asset is its modularity and transportability. A potential substations is the “compatibility” of the secondary
business model that a utility or transmission operator use-case with the primary use case.
can consider is transferring BESS physically to
GL൵HUHQW DUHDV IRU XSJUDGH GHIHUUDO RU DQ\ RWKHU
5.2.3 Integration with PV
ancillary purposes inside its service territory area
where issues such as peak load growth, low power Integrating BESS with on-site PV can provide
quality or reactive power injection can be treated. DGGLWLRQDOÀH[LELOLW\DQGUHYHQXHVWUHDPVIRUDXWLOLW\
Grid battery systems are extremely modular. deferring T&D upgrade. The dispatch algorithm
Cells are assembled into modules, and then the for the PV-BESS can be adjusted to include PV
modules are mounted into cabinet racks (mostly generation during daylight hours or can be adjusted
19-inch), and racks are installed into a standardVL]HG container (mostly 40 feet long) (Hesse et
WRVWRUH39EDVHGHQHUJ\LQWKHVWRUDJHWRGLVSDWFKGXULQJSHDNGHPDQGKRXUV¿QDOO\(T  DQG  FDQEH
changed as:
(4)
(5)
Although the added cost of PV may prove to be a deterrent initially, PV combined with storage is eligible
for tax deduction under US’ Business Investment Tax Credit or commonly known as ITC which reduces
30% of the capital cost of the combined system in the form of a tax deduction for the utility or tax equity
investor. Currently, projects which would start construction before December 31st, 2020, are eligible for
a 30% deduction, which will eventually be faded to 22% after 2022. An important caveat here is that to
become eligible for the tax credit under this law, and the BESS must be charged entirely from the PV system
attached to it, or else the 30% credit drops down to the % of energy charged using solar energy. Also, the
FKDUJLQJ FRVW UHGXFHV ZKHQ 39 LV VXSSO\LQJ HQHUJ\ WR WKH %(667R SRWHQWLDOO\ XWLOL]H K\EULG V\VWHPV
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for T&D deferral, additional studies need to be
FRQGXFWHG WR DQDO\]H WKH UHVRXUFH SRWHQWLDO DQG
variability of solar energy in the region to ascertain
whether it would be technologically viable or not.
In areas where peak demand periods coincide or
succeed hours with high solar output potential,
K\EULGV\VWHPVPD\R൵HUDQDWWUDFWLYHRSSRUWXQLW\
to reduce charging costs from the grid as well as
defer capital investments on upgrading T&D
infrastructure such as feeders, transformers etcetera.
Energy storage systems have the potential to disrupt
the electric grid as we know it for years to come
due to its expanding growth, falling costs, and
awareness among policymakers and industries. To
achieve that, the storage ecosystem needs to be
aware of some key challenges which can decelerate
the phenomenal growth it has seen over the last
decade. These barriers and challenges have been
mentioned below.

ʨʡʦ ʼ˥˥˘˚˨˟˔˥ʷ˘ˠ˔ˡ˗ʹˢ˥˘˖˔˦˧˦
A major challenge for utilities investing in storage
systems for T&D deferral would be to assess the
demand forecast for upcoming years to design and
dispatch the battery system accordingly. Across the
US, electricity demand has slowed in some places
(PJM) and exploded in other areas (ERCOT) due
to a variety of reasons such as increasing demand
response measures and rapid residential and
industrial growth. The role of emerging technologies
OLNHHQHUJ\H൶FLHQF\LQGXVWULDOGHPDQGUHVSRQVH
and explosive growth of the EV industry will create
problems for utilities to predict load across their
service territories due to the intermittent nature of
WKHGHPDQG8WLOLWLHVKDGVWUXJJOHGZLWKÀDWGHPDQG
for the last decade, but analysis by the National
Renewable Energy Laboratory (NREL) predicts
steady growth across the next three decades,
largely driven by the adoption of electric vehicles.
$OWKRXJKDFKDOOHQJHWKHÀH[LEOHQDWXUHRI%(66
will eventually help the electric grid in providing
energy during peak demand times when other supply
options can’t be ramped up. For this to happen,
EHWWHUDOJRULWKPVDQGRSWLPL]DWLRQPRGHOVQHHGWR
be developed to keep the technical characteristics
of the battery and the grid in mind to adjust for
uncertain situations.
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ʨʡʧ ˈˡ˖˘˥˧˔˜ˡ˘˟˘˖˧˥˜˖˜˧ˬˠ˔˥˞˘˧
design and regulatory
˙˥˔ˠ˘˪ˢ˥˞
One of the major barriers present in the US markets
LV WKH FODVVL¿FDWLRQ RI HOHFWULFDO HQHUJ\ VWRUDJH
systems as a “generation asset” by federal authorities.
Energy storage resources are technically capable
of providing services in each of the functional
FODVVL¿FDWLRQV RI JHQHUDWLRQ WUDQVPLVVLRQ DQG
distribution (T&D) of electricity. Although recent
FERC rulings (FERC Order. 841) have allowed ISO/
RTOs to formulate regulations on allowing energy
storage to participate in the energy and ancillary
PDUNHWV H൵HFWLYHO\ WKHUH VWLOO UHPDLQV FRQFHUQV
on the T&D side due to lack of federal guidance
on how to deploy storage as transmission asset
(FERC Order 1000). Regulatory restrictions, along
with accounting practices and requirements and the
lack of clarity and transparency in these practices
DQG UHTXLUHPHQWV H൵HFWLYHO\ SUHYHQW D XWLOLW\ RU
developer from obtaining revenue with a resource
SURYLGLQJ VHUYLFH XQGHU PXOWLSOH FODVVL¿FDWLRQV
These issues are particularly prevalent in ISO/
RTO regions in the US since, in non-ISO/RTO, a
vertically integrated utility can recover the costs and
SUR¿WE\GHOYLQJLQWRDOOWKHYDOXHVWUHDPVSRVVLEOH
LQHDFKIXQFWLRQDOFODVVL¿FDWLRQ

ʨʡʨ ˀ˔˧˘˥˜˔˟˔ˡ˗˂ˣ˘˥˔˧˜ˢˡ˔˟ˆ˔˙˘˧ˬ
Although the adoption of storage has been
increasing, safety codes and standards for storage
are still under development, and questions have
been raised about safety risks and how to mitigate
those risks, according to a recent government study
5XVFR (൵RUWVDUHXQGHUZD\WRHQVXUHWKDW
safety codes and standards address energy storage
systems, but these types of standards tend to lag
behind the development of storage technologies.
In addition, concerns about the operational safety of
ODUJHVWRUDJHV\VWHPVDVD¿UHKD]DUGFDQEHDEDUULHU
to their deployment in urban areas or proximity to
other grid resources such as substations, and local
HQWLWLHVVXFKDVFLW\(+6DQG¿UHGHSDUWPHQWVPD\
not allow the deployment of storage on certain sites.
This happens when an electrical short develops
inside the cell, causing a thermal runaway rendering
WKH H[WHUQDO SURWHFWLRQ LQH൵HFWLYH LQ QXOOLI\LQJ

this threat. For the lithium-ion battery runaway, it
is caused by the exothermic reactions between the
electrolyte, anode and cathode, with the temperature
and pressure increasing in the battery, the battery
ruptures (Wang et al.,2012). Since 2012, there have
EHHQ WKUHH LQVWDQFHV RI ¿UH H[SORVLRQV LQYROYLQJ
BESS, most recently in APS’ 2 MW facility outside
Phoenix, AZ.

costs from rate recovery, it is prudent to consider
WKDWXWLOL]LQJVWRUDJHZRXOGLPSURYHWKHLU¿QDQFLDO
VLWXDWLRQ2QWKHRWKHUKDQGODUJHUEDWWHU\VL]HVDUH
VLJQL¿FDQWO\ PRUH SUR¿WDEOH ZKHQ VWRUDJH DFWV DV
both a transmission and market asset due to market
revenues, but the charging/discharging cycles need
WREHRSWLPL]HGFDUHIXOO\VRDVQRWWRKLQGHUZLWKWKH
primary value-stream of application, in this case,
i.e., transmission asset to reduce overload periods.
A major issue brought to the fore from these
The recent regulatory implications discussed
experiences is that local jurisdictions and emergency
EHORZ R൵HU D VROXWLRQ IRU VWRUDJH WR DFW DV ERWK D
responders, along with storage system installers,
transmission and market asset, which would propel
insurers, and others may not have a complete
utilities/transmission operators to implement larger
XQGHUVWDQGLQJRIWKHKD]DUGVDVVRFLDWHGZLWKVWRUDJH
EDWWHU\VL]HV
DQG EHVW DSSURDFKHV WR DGGUHVVLQJ WKHVH KD]DUGV
VXFK DV WKH DSSURSULDWH ¿UH SURWHFWLRQ PHDVXUHV Energy storage is often presented as a solution to
Besides, local entities’ review of energy storage the challenges utilities face in trying to promote
systems, for example, can add additional time to the FOHDQ HQHUJ\ UHVRXUFHV ZKLFK UHGXFH WKH H൵HFWV
permitting process, given that these entities may not of global warming and climate change. The U.S.
be familiar with storage systems and potential safety Energy Storage Monitor Q4 2018 estimates that
concerns. Although stricter standards are required installations totalled 338 megawatts in 2018, and
for battery packs to lower the risk associated with will grow to 3.9 gigawatts by 2023, much of it
electric short-circuiting, another important aspect is front-of-the-meter utility-scale projects. Despite
UHVHDUFKRQH൵HFWLYHZD\VWRHGXFDWH¿UH¿JKWHUVWR this growth, most utility-scale battery installations
GRXVHEDWWHU\¿UHVH൶FLHQWO\
are occurring in vertically integrated utility service
DUHDV RXWVLGH RI WKH RUJDQL]HG SRZHU PDUNHWV
serving two-thirds of all U.S. electricity consumers.
ʩʡʣ ʶ˂ˁʶʿˈˆʼ˂ˁʙ˃˂ʿʼʶˌ
Storage can indeed encourage the penetration
of intermittent and variable renewable energy
ʼˀ˃ʿʼʶʴˇʼ˂ˁˆ
resources through its time-shifting characteristics. A
corollary to the assumption that storage is necessary
7KH VWURQJHVW LPSDFWV RQ GHIHUUDO EHQH¿WV DUH WKH
for the integration of clean energy resources is that
capital costs of the storage battery and the feeder
storage would also lead to a reduction of greenhouse
upgrade, followed by other factors like the rate of
gas emissions because it can store the excess energy
load growth/increase and loan durations for BESS
generated at times of low market demand and inject
DQGIHHGHU/DUJHU%(66VL]HVOHDGWRPRUHGHIHUUHG
it to the grid at a later time, reducing the need for
years, but since capital costs of BESS are high,
generation from fossil-fuel-powered bulk system
WKLV OHDGV WR ORZHU EHQH¿WFRVW UDWLRV DQG ORQJHU
generators (Condon et al., 2018).
payback periods when storage is operated only as a
transmission asset. It is also important to understand Other than FERC activities described in the
WKDWIDFWRUVVXFKDVXWLOLW\REMHFWLYHVVSHFL¿HGLQWKH previous sections, to date, federal policies involving
IRPs or transmission plans dominate the decision- energy storage have been limited, and most policy
making process to decide whether to invest in actions involving energy storage have been at the
upgrades or not. So, if a utility is more inclined to state level. State-level policy actions include setting
GHIHUIRUDODUJHUSHULRGWKHQVWRUDJHFRQ¿JXUDWLRQ procurement mandates, establishing incentives, and
FDQ EH RSWLPL]HG DFFRUGLQJO\ ,Q WHUPV RI WHFKQR requiring incorporation of storage into long-term
economic viability and long-term needs, it is better planning mechanisms such as integrated resource
WR XWLOL]H D VPDOOHU VL]HG %(66 HVSHFLDOO\ XQGHU plans (IRPs) that demonstrate each utility’s ability
low growth scenarios, as shown by the analysis to meet long-term demand projections using a
results. Although utilities are allowed to recover combination of generation, transmission, and
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HQHUJ\ H൶FLHQF\ LQYHVWPHQWV ZKLOH PLQLPL]LQJ
ʪʡʣ ˅ʸʹʸ˅ʸˁʶʸˆ
costs (US EIA, 2018). Recent policy discourse
on integrating energy storage resources to the
electric grid has revolved around regulatory hurdles 1. Akinyele, Daniel, Juri Belikov, and Yoash
Levron. 2017. “Battery Storage Technologies
LQKLELWLQJ LWV GHSOR\PHQW LQ PXOWLSOH RUJDQL]HG
for Electrical Applications: Impact in Standmarkets across the US. Even in vertically integrated
Alone Photovoltaic Systems.” Energies 10 (11):
PDUNHWVVWRUDJHKDVEHHQVWLÀHGGXHWRWKHLQDELOLW\
1760. https://doi.org/10.3390/en10111760.
RI WKH XWLOLWLHV WR GH¿QH VWRUDJH YDOXH SDUWLFXODUO\
questions like “how to ask for storage in RFPs?”. 2. “APS to Deploy 8 MWh of Battery Storage to
$V VKRZQ WKURXJK WKLV VWXG\ SRVLWLYH EHQH¿WFRVW
Defer Transmission Investment.” n.d. Utility
ratios and investment deferral has the potential for
Dive. Accessed July 29, 2019. https://www.
utilities to save money and increase expenditure in
utilitydive.com/news/aps-to-deploy-8-mwhthe proliferation of renewable energy systems.
of-battery-storage-to-defer-transmission7KH UHDO FKDOOHQJH OLHV LQ IRUPXODWLQJ DQ H൵HFWLYH
structural framework to integrate multiple services
for BESS and streamline the cost allocation process,
7KLVPD\LQYROYHDOORZLQJ%(66WREHFODVVL¿HGDV
a generator, load as well as a transmission asset. The
QHHGRIWKHKRXULVDVHSDUDWHFODVVL¿FDWLRQVFKHPH
for energy storage assets to value all these services
fairly and reasonably. SATA with market operation
can provide a huge boost to utility revenues and save
billions of dollars in the avoided cost of upgrade
investment if and only if RTO/ISOs come up with
structural changes to their market operations.
CAISO has taken progressive steps in this regard
by initiating a scheme for SATA to recover costs
and operate in the real-time and day-ahead market
through policy proceedings for developing rules
and regulations for SATA operation. MISO also
opened proceedings for considering storage as a
transmission asset in 2018, although it has made
little headway in formulating actionable steps due
to push back from state legislators. Federal and
VWDWH SROLF\PDNHUV PXVW XQGHUVWDQG WKH EHQH¿WV
to the utilities as well as ratepayers that can be
DFFUXHG IURP XWLOL]LQJ HQHUJ\ VWRUDJH RSWLRQV DQG
take concerted action towards formulating policies
supporting their deployment rather than looking at
obsolete options for transmission and distribution
investments.
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