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Battery Energy Storage Systems (BESS) are currently being deployed in virtually every
corner of the United States, and even in the middle of the economic downturn, analysts’
projections indicate this trend will continue. The primary drivers of this change are
technology improvements, BESS cost reductions, and the growing market for energy
storage services. The energy storage industry launched in the US several years back with
stand-alone assets serving markets such as frequency regulation and new use-cases are
now meeting the needs of the changing grid. The performance of lithium-ion batteries
has been proven to be economical for a growing number of energy storage services. We
have all watched the power industry shift towards renewable power generation and the
stage has been set to introduce a large number of energy storage systems(1) where
lithium-ion is expected to dominate while innovative products promise even lower costs
in future years. Batteries will continue to be deployed as stand-alone assets, however, that
growth is expected to flatten out as hybrid renewable plus battery storage systems
become part of the power generation growth engine.
Figure 1 US Storage Energy Capacity Reference Case
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cycle. The energy per cycle can also be viewed as the
depth of discharge where the battery is partially
discharged to provide the correct duration for the
use-case. The battery undergoes strain and irreversible
reactions when there is a depth of discharge which results
in incremental damage depending on how deeply the
battery is drained. Running the battery hotter will favor
those irreversible reactions so designing a battery
container with a robust climate control system is critical to
long term performance. On the other end of the spectrum,
extreme cold conditions may result in catastrophic
damage to the battery which can be a concern during
extended auxiliary power outages in northern climates.

Lithium-ion battery systems are being constructed with
long-term contracts where delivering certainty on project
proforma is key to sustained growth. Many operators are
gaining experience with managing the health of
large-scale lithium-ion batteries through the proper
design and management of battery health parameters.
Degradation of the energy capacity is probably the most
important operational and maintenance factor to
consider for the life of the asset. The degradation of the
batteries will occur if the battery is cycling, but also while
it is sitting idle, which is called calendar degradation.
Energy capacity degradation is a function of both cycling
and calendar components which can be separated out for
project proforma development and managed during
operation.

The battery’s state of charge, or amount of energy in the
battery at a given moment can also be an important
aspect to manage long term performance. Lithium ion
batteries tend to degrade less when operated at a lower
state of charge. A high state of charge may contribute to
side reactions even while the battery sits idle. The
electrodes are constantly being attacked by the
aggressive organic electrolyte contained in most lithium
ion cells, and a high state of charge accelerates that
process.

Degradation characteristics can be complex and
contractual energy capacity guaranties require that
operational conditions be meet such as controlling the air
temperature of the container, managing the state of
charge, and limiting the cycling. The primary factors of a
battery degrading are (1) depth of discharge (2) number of
cycles (3) temperature (4) state of charge and (5) the
current (illustrated in Figure 2). Most energy capacity
warranties will specify the annual cycles and energy per
Figure 2 Battery’s State of Charge
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that is richer in Manganese and Nickel. The cobalt has the
highest salvage value so end of life costs for these
installations have been trending upwards to dispose of
this Class 9 Hazardous waste. LFP has even less salvage
value related to the limited value of the iron and
phosphate compounds. Decommissioning costs were not
always considered in the early installations and this
continues to evolve along with the recycling industry.

Every lithium-ion product
has an ideal state of charge
window which is starting to
get reflected in many
Operations
Agreements.
Although a low state of
charge
can
reduce
degradation,
minimum
state of charge values needs
to be controlled and
stranded batteries are at
risk of suffering serious side
effects.
Electrolyte
improvements are resolving
some of these issues with
products currently making
their way into OEM
roadmaps such as solid-state
lithium-ion.

It is becoming common for the end of life responsibility to
lie with the Engineering Procurement and Construction
(EPC) contractor. The landowner does bear some liability
as the Environmental Protection Agency (EPA) deems the
landowner responsible for removed equipment. Strong
decommission planning and cost analysis are becoming
an important part of satisfying requirements of project
financing and used for depreciation filings. There are
currently no facilities in the US that fully recycle
lithium-ion batteries to return the commodity back into
the market. Market demand for recovered materials is
expected to strengthen as US battery manufacturing
expands and best practices are established. The
economics of recycling has some uncertainty but is likely
to remain a material cost to the project.

The large number of lithium-ion products tends to add
complexity to project equipment selection to create a
project with the best balance of performance and cost.
There are two flavors of lithium-ion that have emerged to
become the most deployed grid chemistries, Lithium
Ferrous Phosphate (LFP) and Nickel Manganese Cobalt
(NMC). Battery manufacturers have tuned these products
to deliver robust cycle life and reliable performance. The
exact battery recipe for NMC and LFP products is
dependent on the manufacturer which may deliver
slightly different performance characteristics. When it
comes to lifecycle management, the energy storage
batteries from Tier One suppliers have competitive
performance metrics with a few nuances. LFP batteries are
known for their robust cycle life in long duration
applications and low risk of thermal events but
installations will have a relatively larger footprint. NMC
batteries are a good fit for most short and long duration
use-cases making them a versatile and widely deployed
product.

Managing a BESS asset to meet long-term performance
expectations is a matter of understanding the degradation
impacts, executing equipment maintenance, and
budgeting for the costs throughout the system’s lifetime.
The different types of lithium-ion batteries will have
design and cost variables that can be understood during
the project’s development. The battery industry is poised
to become an important part of the US power supply and
while best practices continue to emerge, the industry has
made significant strides in cost analysis and equipment
lifecycle management.
For more information or to comment on
this article, please contact:
Matthew Smith, Senior Project Engineer
GDS Associates, Inc. - Marietta, GA
770-799-2478 or
matt.smith@gdsassociates.com

Many stand-alone projects are being developed for
markets where a 15+ year lifetime is a typical contract.
Other hybrid assets such as solar plus storage may have
30-year proforma based on the useful life of the
photovoltaic panels and other major equipment.
Invariably, the batteries will reach end of life and require
replacements
with
a
new
technology. The
decommissioning and recycling of the batteries is a critical
piece of BESS projects to assure environmental
stewardship. The costs of decommissioning a BESS
project and disposing/recycling battery equipment at
the end of a BESS project’s useful life is related to the
salvageable metals that vary depending on battery
chemistry.
NMC and LFP are composed of different metals,
as their names clearly denote, and the end of life
costs will vary depending on the content. The
chemistry blend of NMC is based on the mix of
metals (Nickel, Manganese, and cobalt) and
suppliers have stricken the right balance of
materials to reduce costs and deliver expected
performance. NMC has progressed to contain less
cobalt than its predecessors by moving to a blend
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compliance or

non-compliance
The allowance for funds used during construction
(“AFUDC”) rate calculation is the Federal Energy
Regulatory Commission’s (“FERC” or “Commission”)
long-standing regulation that permits a regulated electric
or gas utility to earn a return on the construction costs of
utility plant during the period of construction. AFUDC is
not an innocuous accounting provision to ignore as it can
represent a material percentage of capitalized
construction costs that will ultimately impact rate base
and depreciation in the cost of service rate for electric and
gas utility companies. As such, we briefly discuss certain
provisions of AFUDC, the importance of compliance, and
practical advice to ensure compliance as an electric or gas
utility company or a stakeholder to cost of service
rates.
The AFUDC rate is determined annually
and applied on a monthly basis to
eligible
construction
costs
to
determine the amount of AFUDC that
is a capitalized as a cost of
construction and recovered through
rates once the utility plant is placed
in service. While the Commission’s
AFUDC rules are numerous, they
are not complex and have been in
place for more than 40 years
without any significant modification.
Yet there has historically been repeated
noncompliance on the accounting for
AFUDC. Generally, noncompliance comes
from failure to properly capture all sources of

financing in computing the AFUDC rate, which includes all
amounts of short-term debt, long-term debt, and equity
financing. AFUDC noncompliance also frequently comes
from failure to appropriately utilize or compute the cost
rates associated with debt and equity financing and
failure to seek Commission waiver to depart from
Commission’s AFUDC rules. AFUDC compliance has been
an area of emphasis to the Commission for decades as the
Commission’s Office of Enforcement has publicly noted an
AFUDC compliance focus through its public audit reports
and Annual Report on Enforcement. An example of
AFUDC noncompliance and the material impact of it
became evident in the Commission’s November 8, 2017
delegated audit report in Docket No. FA15-16-000
and the related December 17, 2020 Order on
Paper Hearing affirming the contested
audit finding on AFUDC, which resulted
in
approximately
$50
million
overstatement of AFUDC. In terms of
impact, noncompliance with AFUDC
may result in corrections to prior
periods and could result in material
reductions to plant balances,
reductions to current period
earnings, and potential refunds.
Accordingly, it is paramount that
regulated electric and gas utility
companies and the stakeholders
subject to utility cost-of-service rates
thoroughly understand and evaluate
compliance with AFUDC to ensure
FERC-jurisdictional
continued on page 5
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rates are just and reasonable. Fundamental aspects
to the Commission’s AFUDC regulations include
the following:

gas utility company. However, AFUDC Equity is a
part of depreciation expense for utilities for
financial reporting purposes. FERC accounting
guidance in Docket No. AI93-5-000 specifies that the
difference between the federal income tax and
financial reporting treatment of AFUDC Equity is
recorded as a deferred income tax liability with an
offsetting regulatory asset. For ratemaking purposes, the
Equity AFUDC deferred tax liability is generally a specified
adjustment in the computation of the income tax
allowance.

The Commission’s AFUDC rules and regulations
include: (1) 18 C.F.R. Part 101, Electric Plant
Instruction No. 3(17) and 18 C.F.R. Part 201, Gas Plant
Instruction No. 3(17); Order No. 561 (57 FPC 608 (1977)
and Order No. 561-A (59 FPC 1340 (1977); Accounting
Release AR-5, Capitalization of Allowance for Funds
Used During Construction; and Accounting Guidance
in FERC Docket No. AI93-5-000, Accounting for Income
Taxes.

For regulated electric or gas utility companies, how sure
are you that your company is compliant? Are you
following a “historical” accounting practice for AFUDC but
not sure if it is fully compliant? As noted above, the
AFUDC rules are numerous and at times can be complex if
there are different AFUDC requirements for retail rate
regulation. Here are some tips to help navigate through
the Commission’s AFUDC regulatory requirements:

The AFUDC rate is established at the beginning of each
year and it sets the maximum AFUDC rate allowed to
be used to capitalized construction costs.
The AFUDC cannot exceed the overall rate of return
applied to rate base.
Short-term debt is considered the first source of funds
for construction.
The AFUDC rate is computed using all sources of
capital available to the utility. The intended use of
capital is not a factor in determining the AFUDC rate.
As such, specific short-term debt or long-term debt
proceeds not intended for construction activities
cannot be excluded from the AFUDC rate
computation.
The AFUDC rate formula utilizes monthly estimates for
short-term debt and construction cost, which must be
compared to actual amounts at year end to determine
if a material deviation results. A material deviation
occurs if the AFUDC rate computed with estimates
exceeds by up to 25-basis points the rate that would be
derived from actual experience. Where a material
deviation exists, capitalized AFUDC accruals should be
adjusted.
To utilize an alternative AFUDC rate methodology that
produces a higher AFUDC rate than the Commission’s
prescribed rate, an electric or gas utility must obtain a
waiver from the Commission.
AFUDC capitalization begins when capital
expenditures for the project have been incurred and
activities that are necessary to get the construction
project ready for its intended use are in progress.
Capitalization of AFUDC stops when the
facilities have been tested and are placed in, or
ready for, service.
Federal income tax regulations do not allow
the capitalized portion of AFUDC associated
with equity financing (AFUDC Equity) as an
income tax deduction in the tax return of an electric or

continued on page 6
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tariff protocols of wholesale electric formula
rates. Additionally, consider intervening in
accounting filings seeking Commission waiver of
select AFUDC requirements by electric and gas
utility companies to ensure your concerns are
heard and interests are protected

For stakeholders that are currently under cost of
service rates with electric and gas utility
companies, it is important not to overlook risks of
material overstatements of capitalized AFUDC.
Prior period errors in AFUDC could result in
refunds, decrease rate base, and decrease
depreciation expenses.

Utilize industry experts in the Commission’s
AFUDC
accounting
and
ratemaking
requirements to help you assess the risk of
material noncompliance, engage in discovery,
and communicate any AFUDC concerns identified with
the utility and Commission, as appropriate.

Additionally, ensuring AFUDC is properly
computed will ensure future rates are not
overstated. A full review of AFUDC compliance
typically requires more resources than practical for most
stakeholders. However, there are some helpful tips to
identify potential material errors without a strain on
resources.

When noncompliance is discovered, seek refunds and
take appropriate measures to ensure that the
noncompliance ceases.

Know the factors that have the greatest impact on
capitalized AFUDC. For example, the failure to use all
short-term debt in the AFUDC rate computation and
failure to identify material deviations in excess of 25 basis
points could result in significant AFUDC errors.

For more information or to comment on
this article, please contact:
Patrick Brin, Principal
GDS Associates, Inc. - Orlando, FL
407-563-4463 or
patrick.brin@gdsassociates.com

Engage in established tariff and ratemaking processes
to evaluate AFUDC compliance. For example, engage in
the annual information exchange process required in the
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