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Expected Performance Lifetime

Large-scale BESS using current lithium-ion battery (LiB) 
technology have an expected performance lifetime of 15–20 
years, depending on duty cycle, operating conditions, and 
performance thresholds (NREL 2024; Botswana Power 2024; 
Wisconsin Power and Light 2023).

- Expected performance lifetimes are increasing with 
technology innovation. For example, in 2020 lithium iron 
phosphate (LFP) and lithium nickel manganese cobalt 
(NMC) BESS were commonly expected to operate for 
approximately 10 years; by 2022, expected lifetimes had 
increased to 16 years (Viswanathan et al., 2022).

- Project lifetimes beyond 20 years are achievable through 
planned augmentation, replacement, or repowering, which 
are increasingly anticipated in procurement and regulatory 
frameworks. 

(Photo by Werner Slocum / NLR)
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Performance Contracts and Term 
Lengths

BESS performance contract term lengths are typically based on 
the performance lifetime (approximately 15-20 years) and the 
manufacturer warranty for the main asset––the battery.  

- Manufacturing warranties typically range from 10-15 years, 
or 5,000 to 10,000 full cycles, depending on chemistry and 
operating profile.

Typical performance contract lengths for large-scale BESS are 
approximately 20 years, with provisions for mid-term 
performance management. 

BESS performance-related contracts include Energy 
Performance Contracts (EPCs), Power Purchase Agreements 
(PPAs), Energy Storage Tolling Agreements, Build-Transfer 
Agreements (BTAs), contractor performance guarantees.

(Photo by Dennis Schroeder / NLR)​



Extending energy performance contracts, 
repowering or augmentation, and 
decommissioning

Mid-Term and End-of-
Performance Considerations
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Mid-Term Considerations: Augmentation 
and Repowering

Mid-term evaluations, typically around year 10, may include augmentation and repowering 
considerations. 

- Limited operational experience to date, as most large-scale BESS have been installed within 
the past 5-7 years. 

Augmentation is a process to extend the operational life of a project by adding battery capacity 
to an existing system, typically to address performance degradation or changing operational 
requirements. 

Repowering is a process to extend the operational life of a project by updating or replacing 
equipment, which may include redesigning elements of the system to improve power 
performance, safety, security, and/or overall system capabilities.
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End-of-Term Considerations: Extending 
Performance Contract and Decommissioning

Near- and end-of-term evaluations, around year 15, may include 
repowering, extending a performance contract, or 
decommissioning options.

Extending a Performance Contract, if pursued, is often considered 
in combination with augmentation or repowering. This typically 
requires renewing or amending the performance contract and 
may also involve modifying land access or land-use leases and 
amending operating permits, depending on jurisdiction or scope.

Decommissioning is a process to remove the equipment and 
infrastructure associated with the project, and restore the land, 
consistent with applicable permit conditions and land-use 
requirements. 

(Photo by Dennis Schroeder / NLR)
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Mid-Term Performance: Procurement 
and Regulatory Considerations

When a BESS is anticipated to be augmented, an applicant for a site approval is typically required to 
submit an augmentation plan as part of the approval or permitting process.

- Example language: 

An "Augmentation Plan must include a detailed description of the proposed 
augmentation, an annotated site plan, and anticipated augmentation phases, 
including which structures or components are expected to be installed and associated 
timeframes " (University of Michigan 2024)

If augmenting or repowering would change the approved project footprint or involve a significant 
change in battery chemistry, regulators may treat the activity as:

• A new or revised application for land use, siting, and/or zoning approval; and/or 
• A modification to an existing operating permit, requiring an amendment. 
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Mid-Term and End-of-Performance: 
Procurement and Regulatory Considerations

– Internal Technical and Regulatory Guidance: national, regional, subnational, provincial or 
local government guidance addressing BESS expected performance lifetimes; mid-term and 
end-of-performance considerations; performance contracts; and regulatory considerations 
including model frameworks and language.

– External Regulatory Guidance: public-facing, non-binding best practice guidance addressing 
mid-term and end-of-performance activities for BESS, including permitting and application 
considerations (e.g., when amendments and modifications to siting or operational permits 
may be required).

– Regulation or Request for Proposals (RFPs): adoption of binding requirements or 
restrictions through RFPs or existing or new regulations governing mid-term and end-of-
performance BESS activities (e.g., requiring submission of an augmentation plan during 
initial siting or permitting).



Decommissioning plans, cost estimates, financial 
assurance, and performance requirements 

System Decommissioning
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Decommissioning Regulatory 
Considerations

Applicability of Regulatory Requirements typically extends to BESS that are permitted, installed, modified, or 
retired, but may vary based on technology type and capacity thresholds (e.g., requirements applying to lead-
acid BESS above 70 kWh; lithium-ion BESS above 30 kWh) (see Hardwick Massachusetts 2026).

Decommissioning Plan is often required as a pre-requisite or condition to a permit required for initial 
development. It typically must detail how the project equipment will be removed and how the site will be 
restored.

Decommissioning Cost Estimate is often required as a pre-requisite or condition to a permit required for initial 
development and may require periodic updates and resubmission. It is often included as part of the 
decommissioning plan, but may be a separate requirement, and it typically informs the amount of financial 
assurance required. Some regulations specify allowable or prohibited cost components and may require the 
estimate to be prepared by a qualified third party. 

Financial Assurance may be required as a capital cost and/or an operating cost to the project. Periodic 
resubmission and re-evaluation–often every 5 year—is a common regulatory requirement.

Specific Performance Requirements typically define when a project is considered decommissioned (e.g., after 
a specified period of non-operation – 6 months), and outline equipment removal and site restoration 
standards.
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Decommissioning Plans 

Source Regulatory or Model Language

NYSERDA 

Model 

Language

“The applicant shall submit a decommissioning plan, developed in accordance with the Uniform Code, to be implemented 

upon abandonment and/or in conjunction with removal from the facility. The decommissioning plan shall include:  

• Narrative description of the activities to be accomplished, including who will perform that activity and at what point in 

time, for complete removal of all BESS components, structures, equipment, security barriers, and transmission lines 

from site;

• Disposal of all solid and hazardous waste in accordance with local, state, and federal waste disposal regulations;

• The anticipated life of the BESS;

• The estimated decommissioning costs and how said estimate was determined;

• The method of ensuring that funds will be available for decommissioning and restoration;

• The method by which the decommissioning cost will be kept current;

• The manner in which the site will be restored … ; and

• A listing of any contingencies for removing an intact operational BESS from service, and for removing a BESS from 

service that has been damaged by a fire or other event” (NYSERDA 2025). 

Washington 

State

State law requires that decommissioning plans must: 

•Identify, evaluate, and resolve all major environmental, public health, and public safety issues relevant to the site

• Describe the facility owner’s methodology in choosing measures to be used to restore or preserve the site

• Compare economic factors of costs and benefits for different restoration options against any risks to the public (Wash. 

Admin.Code § 463-72-20).

Illustrative examples drawn from existing regulations and model regulatory language.
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Decommissioning Cost Estimate

Source Regulatory Language

New York “The cost estimate must include a gross and net decommissioning and site restoration estimate, with the net cost estimate 

including project salvage value (including reference to the salvage value data source) with line items (and associated dollar amounts) 

for decommissioning of all facility components. 

The gross cost estimates shall include a 15% contingency cost based on the overall decommissioning and site restoration estimate. 

The net amount shall be allocated between cities, towns, or villages where the facility is located, based on the estimated cost 

associated with the removal and restoration of the facility located in each. 

The cost estimate must include a net decommissioning and site restoration estimate including project salvage value (including 

reference to the salvage value data source) with line items (and associated dollar amounts) for decommissioning of all facility 

components.

The cost estimate must be submitted as part of the decommissioning plan, prior to construction (N.Y. Comp. Codes R. & Regs. tit. 19 

§ 900-2.24)

Texas The cost estimate must be prepared by an independent third-party professional licensed engineer and provide the estimated cost 

of removing the facilities and restoring the property to as near as reasonably possible to its pre-construction condition. 

The cost estimate must include the estimated salvage value of facilities and be submitted by the landowner prior to construction. 

The cost estimate must be updated on or before the 10th year of facility operations and at least once every 5 years thereafter for 

the remainder of the agreement (Tex. Util. Code Ann. §§ 302.0005, 301.0004(b)).

Illustrative examples drawn from existing regulations.
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Decommissioning Financial 
Assurance

Source Regulatory or Model Language

Montana Owner must submit financial assurance (surety bond or collateral bond) to the Montana Department of Environmental 

Quality (DEQ) prior to the 15th year of operation. Amount is determined by DEQ based on:

• The decommissioning cost estimate submitted by the owner 

• Character and nature of the site

• Costs of managing, maintaining, and/or decommissioning the facility in the event of abandonment

• Current salvage value of the facility infrastructure (e.g., modules, supports, inverters, and other ancillary equipment)

Financial assurance must be resubmitted every 5 years (Mont. Admin. R. 17.86.102, 106, 115).

New York Owner must submit financial assurance to the New York Office of Renewable Energy Siting after 1 year of facility 

operation, in the form of a letter of credit or another approved instrument.  

Financial assurance must be updated and resubmitted every 5 year, including inflation or cost adjustments (N.Y. Comp. 

Codes R. & Regs. tit. 19 §900-10.2).

NYSERDA 

Model 

Language

“The owner and/or operator shall maintain a fund or bond payable to the [Village/Town/City], in a form approved by the 

[Village/Town/City], for removal of the battery energy storage system, in an amount determined by the [Village/Town/City], 

for the life of the facility” (NYSERDA 2025). 

Illustrative examples drawn from existing regulations and model regulatory language.
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Decommissioning Performance 
Requirements

Source Regulatory Language and Guidance 

Texas The facility owner must return property to as near or as reasonably possible to the same condition as before the 

grantee dug holes or cavities, including reseeding with native grasses, and clear, clean, and remove:

• Each BESS, including ancillary equipment, 

• BESS foundations to a depth of at least 3 feet below surface grade, with all holes or cavities filled with soil; 

• Underground cables to a depth of at least 3 feet below surface grade, with all holes or cavities filled with soil 

• Roads constructed on the property, unless otherwise agreed (Tex. Util. Code Ann. §§ 302.0004, § 301.0003).

Oregon A facility owner must retire and decommission the facility if construction or operation of the facility permanently 

ceases. 

The owner must retire the facility according to a final decommissioning plan approved by the Council, as described 

in OAR 345-027-0410. 

The owner must pay the actual cost to restore the site to a useful, non-hazardous condition at the time of retirement, 

regardless of any previously approved estimated restoration amount (Or. Rev. Stat. § 345-025-0006(9)). 

The owner must decommission a retired or abandoned facility and restore the site to a useful, non-hazardous 

condition (Energy Facility Siting Guidance).

Illustrative examples drawn from existing regulations and regulatory agency guidance.
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Decommissioning: Considerations for 
Regulators

– External Regulatory Guidance: public-facing, non-binding best practices addressing planning, financing, and performance activities for 
BESS decommissioning.

– Regulation or RFP: adoption of binding requirements or restrictions through RFPs or existing or new regulations, including:

• Decommissioning triggers: when a BESS must be decommissioned (e.g., after 12 months of ceased operations) 

• Decommissioning plans: requirement for a detailed plan specifying scope, timing, responsibilities, and required information

• Decommissioning cost estimates: requirements addressing 

▪ who prepares the estimate, 

▪ how the estimate is calculated, 

▪ update frequency, and 

▪ submission and resubmission timing (e.g., every 7 years)

• Financial assurance: requirement specifying

▪ the instrument (e.g., bond, letter of credit), 

▪ timing of posting (e.g., 50% prior to project construction, remaining 50% at year 10 of operation), and

▪ cost components included or excluded (e.g., treatment of salvage value) 

• Performance standards: specific removal and restoration requirements (e.g., removal of all equipment and 
underground/aboveground wiring, restoration to greenfield or other defined condition).

(Sources: Hardwick Massachussett 2026; NYSERDA 2025; Wash. Admin. Code §463-72-20; N.Y. Comp. Codes R. & Regs. Tit. 19; Tex. Util. Code Ann. §§ 

302.0003-0004; Mont. Admin. R. 17.86.102, 106, 115; Or. Rev. Stat. § 345-025-0006(9); Or. Rev. Stat. § 345-025-0006; OR Energy Facility Siting Guidance; Port 

of Oakland 2024; The Waste Batteries and Accumulators Regulations 2009)
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Decommissioning: Malawi Specific 
Considerations

• Malawi Electricity Act 2004

◦ “the obligation of the licensee, upon cessation of the activities carried on under the license 
concerned, with regard to the destruction, dismantling or removal of any buildings, walls, 
installations, equipment, structures, waste dumps or other facilities erected or used for purposes 
of, or in connection with, those activities, whether on the premises of the licensee or elsewhere, 
and the restoration of any land disturbed by such activities” (Malawi Electricity Act 2004). 

◦ Consideration: This general decommissioning obligation in the Malawi Electricity Act could be 
supplemented through guidance, license conditions, or formal rulemaking to clarify BESS-specific 
requirements (see previous slide). 

(Sources: Hardwick Massachussett 2026; NYSERDA 2025; Wash. Admin. Code §463-72-20; N.Y. Comp. Codes R. & Regs. Tit. 19; Tex. Util. Code Ann. 

§§ 302.0003-0004; Mont. Admin. R. 17.86.102, 106, 115; Or. Rev. Stat. § 345-025-0006(9); Or. Rev. Stat. § 345-025-0006; OR Energy Facility Siting 

Guidance; Port of Oakland 2024; The Waste Batteries and Accumulators Regulations 2009)



Management pathways and regulatory 
considerations for BESS components 

Equipment Decommissioning
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Equipment Decommissioning and 
Management Options

Source Regulatory or RFP Language

Port of 

Oakland 

RFP

“The Seller shall make provision for decommissioning, removal, disposal, and recycling of the 

battery and other BESS components at end-of-life. At a minimum, the contract requires that 

any BESS waste products, including packaging from new parts, be recycled when feasible” 

(Port of Oakland 2024)

United 

Kingdom

“A producer of industrial or automotive batteries must ensure that all identifiable 

waste batteries taken back or collected by that producer under this Part are delivered to 

and accepted by— (a)an approved battery treatment operator for treatment and recycling; 

or (b)an approved battery exporter for export for treatment and recycling outside the 

United Kingdom” (The Waste Batteries and Accumulators Regulations 2009).

Consideration: End-of-life equipment management (e.g., recycling or disposal) is often incorporated into contracts 
and financial models to ensure total lifecycle costs are considered for BESS.

Illustrative examples drawn from existing regulations and RFP language.
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Handling, Transport, and Storage 
Prior to Reuse, Recycling, or Disposal

Regulatory and Contractual Considerations
In Malawi, the Environment Management Act 2017 and the Environment Management (Waste Management and 
Sanitation) Regulations, 2008 may provide a starting point for assessing how existing waste management requirements 
apply to BESS prior to reuse, recycling, or disposal. Part VI addresses hazardous waste management, including 
provisions relevant to handling, disposal, and transfer. Engagement with the Malawi Environmental Protection 
Authority may help clarify applicability and identify whether relevant requirements are most appropriately reflected in 
permits, requests for proposals (RFPs), or performance contracts.

Regulations and contractual frameworks commonly shape how BESS are managed prior to reuse, recycling and disposal.  

Management Activity Regulations and Contracts Commonly Require

Handling, Storage Compliance with applicable requirements governing handling, storage, labeling, and reporting prior to reuse, 

recycling, or disposal.

Transport and Export Compliance with applicable requirements governing transport, shipping, and export prior to reuse, recycling, 

or disposal.

Sources: Curtis et al. 2021; Malawi Environment Management Act 2017; Malawi Environment Management Regulations 2008; Malawi Environmental Protection Authority 2025
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This presentation was created for electricity sector institutions in Malawi as part of the efforts to establish 
the Southern Africa Battery Energy Storage Center of Excellence (SABESS CoE), which is supported by 
the Global Energy Alliance for People and the Planet (The Alliance). For more information about the SABESS 
CoE, please contact: sabesscoe@mzuni.ac.mw.
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This work was authored by the National Laboratory of the Rockies for the U.S. Department of Energy 
(DOE), operated under Contract No. DE-AC36-08GO28308. Funding provided by Global Energy Alliance 
for People and the Planet (The Alliance). The views expressed in the article do not necessarily 
represent the views of the DOE or the U.S. Government. The U.S. Government retains and the 
publisher, by accepting the article for publication, acknowledges that the U.S. Government retains a 
nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published form of 
this work, or allow others to do so, for U.S. Government purposes.
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