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Summary 

Purpose 

The purpose of this document is to acquaint stakeholders and interested parties involved in the 

development and/or deployment of energy storage systems (ESS)
1
 with the subject of safety-

related
2
 codes, standards and regulations (CSRs).

3
 It is hoped that users of this document gain a 

more in depth and uniform understanding of safety-related CSR development and deployment 

that can foster improved communications among all ESS stakeholders and the collaboration 

needed to realize more timely acceptance and approval of safe ESS technology through 

appropriate CSR. 

Scope 

This document addresses how CSR that provide minimum safety requirements applicable to ESS 

are developed and deployed
4
 in the United States. It is recognized that the development and 

deployment of CSR internationally at the national, regional or global level are also of relevance 

and interest to the ESS industry and stakeholders and interested parties.
5
 The immediate need for 

this document in supporting the upcoming Strategy for Energy Storage Safety (DOE 2014) 

suggests that the focus for the first version of this document be on the United States and 

extended and enhanced in the future to address efforts outside the United States. One exception 

is the inclusion in this document of  U.S. efforts associated with relevant standards development 

at the global level through the International Electrotechnical Commission (IEC). This document 

does not address the value of or economics associated with ESS, which will also affect the 

deployment of ESS. Those and other issues will certainly have an impact on a decision to apply 

(or not) ESS. On the other hand, CSR will impact if and the manner in which ESS can be 

deployed.

                                                      
1
 ESS technology is stationary energy storage technology and does not include vehicular based storage technology, 

although such vehicular applications could also be used at times to provide energy to address non-vehicular energy 

needs and as such could be considered under some CSR as a stationary application. 
2
 While focusing on safety, significant portions of this document provide general information needed to understand 

CSR and therefore applies to CSR covering other topics or non-ESS technology. 
3
 The scope of CSR includes laws, regulations, rules, model codes, standards, codes, specifications, protocols, 

acceptance criteria and any other type of document that provides safety related requirements that ESS technology 

must satisfy in order to be acceptable for installation and use on a continuing basis. 
4
 Development is focused on the processes by which model codes and standards are developed leading up to but not 

including their adoption, unless the CSR are being developed directly by an adopting authority in which case 

development and adoption are essentially the same activity. Deployment includes activities associated with the 

adoption of model codes and standards, unless being developed by an adopting authority, and the activities 

associated with documenting or verifying compliance with the CSR requirements.  
5
 As used herein, the term ñindustryò is intended to mean any entity involved in the production of any ESS or ESS 

components. Stakeholders include any entity directly engaged in the development or deployment of ESS other than 

the industry (e.g., code officials, first responders, utilities, third-party testing and certification agencies, etc.). 

Interested parties are those that are not directly engaged in development or deployment (e.g., building owners, 

elected officials, building designers, etc.). 
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Acronyms 

AHJ authority having jurisdiction 

AMCA Air Movement and Control Association 

ANSI American National Standards Institute 

APCO Association of Public Safety Communications Officials ï International 

ASME American Society of Mechanical Engineers 

ASQ American Society for Quality 

ASHRAE  American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.  

ASSE American Society of Safety Engineers 

ASTM American Society for Testing and Materials International 

AWEA American Wind Energy Association 

CAGI Compressed Air and Gas Institute 

CGA Compressed Gas Association 

CSR codes, standards and regulations 

DOE U.S. Department of Energy 

EASA Electrical Apparatus Service Association 

ESS energy storage systems 

FERC Federal Energy Regulatory Commission 

HVAC heating, ventilation and air-conditioning 

IAPMO International Association of Plumbing & Mechanical Officials 

IBC International Building Code 

ICC International Code Council 

IEC International Electrotechnical Commission 

IEEE Institute of Electrical and Electronics Engineers 

NBBPVI National Board of Boiler and Pressure Vessel Inspectors 

NEC National Electrical Code 

NECA National Electrical Contractors Association 

NEMA National Electrical Manufacturers Association 

NERC North American Electric Reliability Corporation 

NESC National Electric Safety Code 

NETA InterNational Electrical Testing Association 

NFPA National Fire Protection Association 

NRTL Nationally Recognized Testing Laboratory 

OE Office of Electricity Delivery and Energy Reliability 

OSHA Occupational Safety and Health Administration 

PEARL Professional Electrical Apparatus Recyclers League 

PGMA Portable Generator Manufacturers Association 

PUC Public Utility Commission 

PV photovoltaic 

RD&D research, development and demonstration  

RIMS Risk & Insurance Management Society 

SDO standards development organization 

UL Underwriters Laboratories, Inc. 
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1.1 

1.0 Overview 

1.1 Overview of ESS Technology and Market Opportunities 

There are a myriad of energy storage technologies in terms of design, capacity and function. They 

include but are not limited to batteries, pumped hydro, electrochemical capacitors, compressed air, 

flywheels and thermal storage. Anything that can store energy for future use can be considered 

energy storage. Within battery storage, there are different chemistries such as lithium-ion, lead-

acid, nickel metal hydride, alkaline and potassium-ion as well as various flow battery chemistries. 

Though not described in this document, fuel cells are similar to batteries in that they use a chemical 

reaction to provide electricity, but they do not store energy and instead create it through reactants 

containing hydrogen and oxygen that are stored externally. The U.S. Department of Energy (DOE) 

International Energy Storage Database provides information on the energy storage projects 

operating or planned in the United States, North America and globally 

(http://www.energystorageexchange.org). Further information on energy storage technologies is 

available in the ñDOE/EPRI Energy Storage Handbook in Collaboration with NRECA.ò  

Electrical storage today is not fundamentally different than it was in the late 1800s, only altered in 

the range and type of technologies used, system size, their location and ownership/operational 

situations (grid or customer side of the meter), interconnection with other systems and existence as 

pre-packaged systems or on-site systems constructed of mix-matched components. The intended 

applications for ESS (peak shaving, frequency regulation, islanded microgrids, etc.) are increasing 

in depth and breadth. Due to factors spurring market demand for energy storage technology as 

discussed in Section 1.2, North America is expected to see the most growth in energy storage over 

the next 5 years. Grid-scale storage will increase globally upwards of 10 gigawatts over that same 

period. This includes not just grid or commercial size systems but residentially focused systems in 

the 5 to 25 kilowatt range. The projected U.S. market for energy storage in 2015 is estimated at 

$10 billion annually. This acceleration in the application and use of ESS in the built environment
1
 

increases the need to emphasize ESS safety, among others such as reliability, an issue addressed by 

CSR. The degree to which CSR are updated to fully address ESS safety, which includes among 

others electrical shock, fire, explosion, egress and protecting an installation from natural or 

manmade disasters or access by unauthorized persons, and the success in deploying those CSR will 

have a significant impact on how fast  that growth potential can be realized. 

1.2 Drivers Accelerating the Demand for ESS 

Energy, environmental and economic challenges are spurring activity associated with new 

energy-related technology. We need electric power to meet those challenges and address 

growing demand. In addition, there is a need to improve power reliability and flexibility along 

                                                      
1
 The term ñbuilt environmentò is intended to include anything humanly built. For the purposes of this document, it 

includes the opportunities for application and use of ESS to address our electrical energy needs whether on the 

supply (utility) or the demand side (buildings, facilities, industrial manufacturing, etc.). 



 

1.2 

with reducing costs associated with electric power delivery and an increasing need to be smarter 

about what we do and how we do it. Electrical storage has a more important and critical role in 

addressing these challenges beyond its historical role as a backup power source. This information 

is driving the investment in ESS development and deployment to address many needs for 

electrical power throughout the built environment. For instance, storage can help address the 

increasing need for utilities to upgrade their investments in generation, transmission and 

distribution services to meet these challenges. There is an increased emphasis on power quality, 

reliability and the ability to time-shift and manage demand charges by those using electric 

power. In addition, the movement toward a Smart Grid that seeks to improve the grid through 

automation is heavily dependent on the availability of ESS. Efforts to deploy renewable 

technologies such as solar photovoltaic (PV) and wind are also driving demand for the ability to 

store the captured energy for use when PV and wind resources are not available. In addition there 

are market forces spurring increased ESS application and use. In some states and localities, there 

are incentive programs and policy directives for specific amounts of ESS use within specific 

deadlines that are directed at utilities for grid side and building owners/developers for customer 

side ESS deployment. Policies are also being developed at the Federal Energy Regulatory 

Commission to foster consideration of ESS. 

Energy storage technology today includes predecessor and established storage technologies but 

also involves the introduction of many new approaches and chemistries to store energy. Codes, 

standards, regulations and other criteria governing the safety of technology tend to lag 

technology development because these documents cannot anticipate technology and need 

relevant safety-related research and documentation upon which to evolve to address new 

technology. The processes for development and deployment of CSR may require time to realize 

the needed changes to specifically address the range of energy storage technology available 

today and ongoing efforts to address future ESS technology. The alternative to not being 

proactive about conducting the necessary safety-related research and providing continuous 

updates on CSR that track with ESS development may adversely affect ESS deployment. 

Inaction means that the needed updates to CSR do not occur, or others outside the industry 

update the CSR in response to incidents associated with the technology.  

1.3 Overview of How CSR are Developed and by Whom 

Codes, standards and regulations are the body of criteria or provisions that when adopted, as 

covered in Section 1.5, must be satisfied to design, construct, commission, rehabilitate, operate, 

maintain, repair and demolish components of the built environment such as buildings, facilities, 

products, systems and equipment therein. The provisions in CSR affect the acceptability of energy 

storage technology on the utility and customer side of the meter
2
 and the time and resources 

                                                      
2
 The differences in the processes associated with deployment of CSR on either side of the meter is discussed in 

more detail later in this document. While the utility may be the authority having jurisdiction (AHJ) with respect to 

utility systems and federal, state or local authorities and Indian Tribes the AHJ for installations on the customer side 

of the meter (e.g., non-utility systems), safety of ESS is to a large extent ñblindò as to which side of the meter the 
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necessary to bring such technology to market as well as the eventual cost of the technology 

installation. They create opportunities for the development and use of new technology to address 

new and emerging issues where proponents of the technology are proactive in conducting needed 

safety-related research and recommending enhancements to CSR.  

An historical review of CSR in the United States indicates that requirements memorialized in 

CSR have been developed and deployed to address natural or manmade disasters (building fires, 

hurricanes, seismic events), new and emerging issues (indoor air quality, radon, accessibility for 

the disabled) and to provide a basis for the application of new technology (plastic pipe, 

engineered lumber, non-CFC based refrigerants). One historical example is the need for 

electrical safety codes coincident with the introduction of electrical lighting in the late 1800s. 

Figure 1.1 provides a high-level general overview of the CSR development and deployment 

process in the United States. 

 

Figure 1.1. Overview of CSR Development and Deployment  

The basis for most all CSR requirements in the United States are standards and model codes 

developed and published by organizations in the private sector.
3
 These documents exist 

separately to address a specific purpose and scope provided in each standard or model code. 

Collectively, they are part of a comprehensive set of laws, rules and regulations covering all 

aspects of the built environment that are required to be satisfied because, as covered in Section 

1.5, they have been adopted. There are a myriad of standards each of which cover building-

related issues and properties and the construction and installation of products, materials, 

                                                                                                                                                                           

 
ESS is located. For that reason the development of CSR is generally applicable to all installations, while the 

adoption and conformity assessment processes associated with those CSR may differ on either side of the meter. 
3
 Note that while CSR may be considered voluntary when developed in the private sector, they become mandatory 

when someone adopts them and either requires conformance to them or makes conformance a prerequisite for some 

other consideration (e.g., ability to secure insurance or a reduced insurance rate premised on a decision to adopt CSR). 
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components, etc. Beyond standards there are separate building, mechanical, fire, electrical, 

plumbing, accessibility, energy efficiency and other model codes that reference those standards 

as appropriate on an individual basis and then collectively those model codes address the built 

environment (e.g., all buildings and facilities and their component parts). 

Considering ESS safety from a ground up perspective, standards will apply to the smallest parts of 

the system (e.g., wires, relays, switches, etc.) to address their design, construction and safety 

features to serve their intended purpose.
4
 Subsequently, standards for components of the ESS 

(cells/modules, inverters, management systems, etc.) that rely on those other standards would be 

relevant for the resultant assembly of those ñpartsò to ensure that the components individually as 

well as collectively also safely serve the intended purpose; safety determined based on how they 

perform against relevant safety-related metrics. Beyond the assembly of components to yield an 

ESS the focus evolves to how the ESS is integrated into the built environment, whether at a utility 

site, connected to a wind farm and the grid or in, on or adjacent to a building or facility on public 

or private property. In looking at that integration of the ESS with a site and associated buildings 

and facilities, the standards for the ESS itself and its components will be referenced, but necessary 

criteria will also be provided to ensure the safety of the ESS in relation to its environment (e.g., 

fire department access, fire alarms and suppression, clearances to combustibles, ventilation of and 

egress from spaces where the ESS is located, etc.). This situation (components, systems and then 

system installations) means that there are a number of different CSR that will apply and will have 

been developed under the auspices of a number of different entities. Fortunately, the processes for 

development of standards and model codes are generally the same. 

Voluntary sector standards development organizations (SDOs)
5
 exist in the United States as 

private sector entities with (among others) the mission of developing and publishing standards 

and model codes
6
 to address specific issues, technologies and design/construction solutions. The 

documents developed are generally focused on specific areas or issues and impact among others 

stakeholders who want to deploy technology.
7
 Two important issues to recognize about the 

process that each SDO employs is that development occurs on a particular schedule and each 

SDO organizes and manages the process. The provisions in the documents published by the SDO 

are not developed by the SDO but instead are developed by all interested and affected parties 

under a process provided and administered by the SDO. Whether acting alone or as the ESS 

                                                      
4
 Note the focus of this document is on safety. Criteria in CSR can address other issues such as performance from an 

energy efficiency or emissions standpoint and equally affect the acceptance of technology. 
5
 For the purposes of the discussion on development, standards and model codes are the focus when discussing 

development in the voluntary sector. Subsequent to their adoption, they are considered regulations as are any ñhome 

grownò criteria developed and adopted directly by a legislative body or regulatory agency. 
6
 The terms ñstandardò and ñmodel codeò are covered in Section 1.4. To simplify the presentation on development 

they can be considered the same. 
7
 Examples include those responsible for verifying the safety of an ESS application that would have to develop their 

own ñhome grownò criteria in the absence of what is developed in the voluntary sector. They also include 

proponents of ESS applications who in the absence of CSR developed at the national level for adoption would face 

increasing challenges to respond to a possible ñcrazy quiltò of differing requirements across the United States, 

affecting energy storage systems, their components and the installation of systems. 
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ñindustry,ò any revisions to existing CSR will have to account for SDO schedules and deadlines 

and be initiated by someone other than the staff of the SDO. Those revisions will have to be 

developed, supported with safety-related research and other documentation and fostered through 

the process by the proponent of the revision. Ideally that proponent will be the ESS industry 

taking a proactive role, as opposed to reacting to what others outside the ESS industry may feel 

is needed to address ESS safety as noted in Section 1.2. In the case of new CSR, the same is true, 

but the schedule is driven in part by the time it takes to develop a draft document and process it 

through the SDO process. For new standards or model codes it would be advantageous for the 

ESS industry to develop a pre-standard, protocol, or guideline that can address any immediate 

need for safety-related criteria and also serve as a first draft of a standard or model code.8 

The standards development process in general is depicted in Figure 1.2
9
 and model code 

development process for the International Code Council is depicted in Figure 1.3; however, each 

SDO has a unique process. Many of those processes are intended to satisfy the American 

National Standards Instituteôs (ANSI) essential requirements for standards development.10  

 

Figure 1.2. General Standards Development Process

                                                      
8
 The PNNL/SNL ñProtocol for Measuring and Expressing the Performance of Energy Storage Systemsò is an 

example of development of a pre-standard to serve a specific short term need concurrent with becoming the first 

draft of a more formal standard on the subject developed by SDOs in the United States and internationally. 
9
 ANSI Standards Overview 

http://www.ansi.org/news_publications/media_tips/standards_overview_cont.aspx?menuid=7 
10

 While many SDOs maintain and apply ANSI approved processes they may not apply them to all documents they 

develop. Guidelines, protocols, bench standards, pre-standards and other documents may be formatted and read as 

standards but may have been developed through alternative because the body of information necessary to process a 

more formal standard may not exist. The processes used by the SDOs in these cases should be available from the SDO 

and there should be an ability to participate but that process is not as formal as when the goal is to achieve consensus. 
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Figure 1.3. ICC Model Code Development Process 

When applying a process meeting the ANSI essential requirements, it is important to determine 

if an applicable standard or model code already exists and can be revised or if  a new document is 

needed because no applicable one was found to exist. In either case, a committee of balanced 

interests is generally formed to oversee the revision of an existing document or development of a 

new document. Any interested and affected party can be considered for participation on these 

development committees and can also submit proposed revisions to any of the existing 

documents. In the case of a new standard, a new committee will be established to develop a draft 

document for consideration; however, that process is streamlined if, as previously noted, those 

requesting the development of the standard have a draft (e.g., guideline, protocol, bench standard 

or pre-standard) upon which to base their initial standards development work.   

All proposed revisions are considered by the committee responsible for revision of the document, 

and those voted for approval by the committee are made available for public review. Any 

interested party can submit comments, and they must be considered by the committee. The 

commenter is advised of the disposition of his/her proposal and has an opportunity to work with 

the committee to find an acceptable compromise or if an acceptable outcome is not realized then 

remain unresolved. If this process results in significant changes to the original proposal or draft 

document that was sent out for public review, those changes or if extensive enough the entire 

document must be submitted for additional public review and comment. When all or a vast 

majority of commenters are satisfied the standard can be considered for approval. Any 

commenters that remain unresolved can appeal a decision to approve the standard. If an appeal is 

successful, the standard must return for additional revision and public review. In some instances, 

the proposed changes are heard in open public hearings, where the committee votes a 

recommended disposition on each change. Those changes are published for public review and 

comment, and additional comments can be submitted. After changes and additional comments 



 

1.7 

are considered at a second public hearing, the final vote occurs on each change by federal, state 

or local government representatives. Regardless of the details associated with each SDO process, 

all processes designed to apply the ANSI essential requirements that are employed by SDOs are 

intended to ensure balance, transparency and a consensus on the outcome associated with each 

document. As noted in Section 1.2, collaboration among proponents of energy storage and 

affected stakeholders going into and when engaging in this process is advantageous because it 

will ideally already represent a consensus. 

As mentioned in footnote 5 above, a regulatory body (federal, state or local government, Public 

Utility Commission, Indian Tribe, etc.) can also develop their own requirements instead of 

adopting the output from the SDOs. In this case development and adoption are concurrent as 

opposed to development in the voluntary sector and the adoption of the results by these same 

legislative bodies or regulatory agencies. These entities also include utilities that own or operate 

grid side ESS. Ideally, what is developed in the voluntary sector meets the needs of all adopters 

from a technical, administrative and time standpoint; eliminating the need for each adopter to 

develop their own unique criteria. That said, they do retain that authority to develop and adopt 

what they feel is appropriate for their needs. Federal agencies, however, are strongly encouraged 

through an Office of Management and Budget Circular A119 to participate in voluntary sector 

standards development and adopt the resultant standards as opposed to developing their own 

unique criteria.

1.4 Defining Terms  

The terms provided in Table 1.1 are used in this document and have specific meanings that are 

important to recognize. 

Table 1.1. Energy Storage Systems Terminology 

Term Definition 

Adoption 
The act of adopting a standard or model code or other set of criteria and 

causing the provisions therein to be satisfied. 

Code 

A document adopted by federal, state or local government via legal or 

regulatory means that provides criteria that must be satisfied. A code covering 

aspects of the built environment is generally based on or references a model 

code and may reference additional standards where not referenced in the 

adopted model code. 

Conformity assessment 
The process by which compliance with what is adopted is documented and 

verified. 

Deployment 

What occurs after the development and publication of a standard or model 

code or other set of criteria, which generally includes adoption and 

conformity assessment. 

Development 
The process by which standards and model codes are written, updated, 

maintained, published and made available for adoption. 
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Table 1.1. Energy Storage Systems Terminology (cont.) 

Term Definition  

Model code 

A model of a set of requirements that is developed and maintained by an SDO 

for adoption as a law or regulation which generally includes references to 

many standards. With additional criteria, the model code provides a complete 

regulatory package to govern the design, construction, commissioning and 

operation of buildings and systems.  

Regulation 

A legal vehicle through which a legally authorized agency or other entity 

adopts model codes and standards and conducts conformity assessment to 

validate compliance with what is adopted. Used herein the term regulation is 

also intended to include laws, codes, and rules (i.e., official legal terms 

indicating a legal requirement). 

Standard 

A document establishing a method of testing, criteria or other requirements 

intended to foster a specific level of quality, achievement, design and 

performance outcome that is considered acceptable or desirable. A standard 

can also define criteria for the design and construction of buildings and 

products, systems, materials, etc. A standard will generally have a limited 

scope (e.g., method of test for X, installation of Y, etc.). 

Voluntary sector 

Singularly and collectively those entities that are not affiliated with public 

sector agencies (e.g., federal, state or local government or Indian Tribes) or 

legislative bodies. 

1.5 Overview of How CSR are Deployed and Who is Involved  

Deployment includes what happens after model codes and standards are developed in the 

voluntary sector and are published, as discussed in Section 1.3. Deployment involves the 

processes associated with the adoption of model codes and standards as laws, rules or regulations 

and the entities involved in that process. It also covers how compliance with those documents is 

documented and verified through conformity assessment.  

Adoption can be by any entity including a person, corporation, insurance carrier or utility as well 

as by federal, state or local legislative bodies or governmental agencies. The act of adoption 

through a law, rule, regulation, statute, contract specification, tariff or any other vehicle is 

intended to ensure that what is contained in the model codes and standards developed in the 

voluntary sector, or as noted above directly developed by the adopting entity, are required to be 

satisfied and that there is a basis for enforcement to ensure compliance. While federal, state and 

local government and other adopting entities have the authority to develop CSR, most adopt 

those developed in the voluntary sector at the national level with amendments, additions and 

deletions to address any specific needs of theirs that are not addressed in those documents. For 

instance, while the U.S. Department of Defense adopts the ICC International Building Code 

(IBC) as a component of its Unified Facility Criteria, they add provisions on blast safety to 

augment the IBC criteria. Reliance on the output from voluntary sector SDOs was not always the 

case as many adopting entities developed their own unique provisions. Even into the late 20
th
 

century, some states and major cities did not adopt nationally developed model codes to govern 
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building design and construction but instead maintained their own unique criteria developed 

through state or local processes. 

The federal government does not generally have the authority to mandate the adoption of CSR 

by state or local governments, although federal agencies can influence what is adopted through 

other means such as the availability of federal funding. Aside from buildings owned or leased by 

federal agencies and a few instances where the federal government has preemptive authority,1 

and as a result Congress or federal agencies adopt specific CSR, state and local regulations will 

apply to the built environment, which would include an ESS installation. For ESS on the grid 

side of the meter, equipment and buildings owned or operated by the utility are covered by what 

is adopted by the utility. 

When adopted, the model codes and standards are law, and legal authority is granted by 

legislative bodies or regulatory agencies for their implementation and enforcement (e.g., 

conformity assessment). When adopted by utilities, insurance or corporate entities through 

tariffs, policies, specifications, contracts or other legal documents, what is adopted may apply 

over and above what governmental entities have adopted or will be applied where no laws or 

regulations have been adopted or the government lacks the authority to adopt. The power to 

implement and enforce what is adopted rests with the entity that adopts the CSR and requires 

them to be satisfied. Documenting compliance with what is adopted rests with various private 

sector entitiesðmanufacturers, builders, designers, product specifiers, contractors, building 

owners, utilities and othersðinvolved in the design, construction, operation, use and demolition 

or decommissioning of what is regulated. The responsibility for determining and adjudging 

compliance rests with those representing the adopting authorities and is performed based on an 

assessment of the documentation provided, including inspections, against what has been adopted. 

With respect to ESS, the manufacturer of the system components would be responsible for 

documenting component compliance, the system manufacturer for documenting system 

compliance and a builder, engineer or record or contractor responsible for documenting the 

system installation is compliant. After an ESS installation is approved,2 those engaged with its 

operation and maintenance would also be responsible for compliance with any applicable CSR, 

including those applicable to the repair, alteration, relocation or renovation of an existing ESS. 

Those verifying compliance (e.g., AHJs enforcing the adopted CSR) would include 

governmental agencies, utilities, insurance carriers and others who adopted the CSR and made 

them applicable to the ESS components, system, system installation and operation and 

maintenance of the system. 

As demonstrating compliance is generally the burden of the building or technology installation 

owner or developer, those who will document compliance on their behalf include the architect, 

engineer, builder, contractor and others involved in design and construction. These entities rely 

on the manufacturer of the products, materials, systems or equipment to be used to provide the 

                                                      
1
 Examples are product labeling (FTC), appliance efficiency (DOE) and manufactured housing construction (HUD). 

2
 Approval is considered verification of compliance by the relevant AHJs with what is adopted. 
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necessary documentation to verify that what they produce complies with the adopted CSR. All of 

these activities are included under the broader term conformity assessment. This includes testing, 

certification, quality assurance, calculations, simulation and other activities, all of which are 

intended to document the degree to which the applicable CSR are satisfied. In turn, the 

documentation is presented to the approving authority that will use it to validate compliance with 

the CSR in the design stage and then will engage in various inspections during the construction 

stage as well as through commissioning during operation and use and even decommissioning 

(e.g., retirement and recycling or disposal of the system or system components) 

1.6 Impacts of CSR on Realizing ESS Market Opportunities 

The DOE/EPRI 2013 Electricity Storage Handbook (2013) indicates that the biggest challenges 

hindering adoption of energy storage technology are cost, the ability to deploy ESS and lack of 

standards. Standards (and codes)ðor the lack thereofðhave a direct impact on the cost of an 

ESS and its installation, in terms of material and manpower costs. In addition, administrative 

burdens and time to approval issues affect the ability to deploy the technology and, in turn, cost. 

The absence of criteria upon which to evaluate technology performance, reliability and safety 

leaves those seeking to move ESS into the market and those responsible for public safety, with 

little upon which to base a decision that the system and its installation are ñsafe.ò Until existing 

CSR are updated and/or new CSR are developed that specifically address the range of ESS 

technologies and installations and those CSR are adopted, it is difficult to uniformly document 

what is safe and determine what can be approved in a uniform and timely manner. In some 

instances, the lack of specifics limits progress until appropriate CSR are available; for others, 

ñoutdatedò CSR can be conservatively applied to the technology affecting the cost of the 

installation or limiting its application. 

Figure 1.4 provides a view of how CSR can impact technology development and deployment. 

All scenarios involve investment up front to bring the technology to market (negative slope) and 

then in going to market the generation of income (positive slope). Where CSR are not addressed 

(or are addressed after technology development; the blue line), additional investment in 

technology development and/or generation of research to document technology safety can be 

required, which increases the time to market. In a worst-case situation, CSR simply prohibit the 

use of the technology primarily because the technology compromises a basic tenant in CSR that 

is not likely to be changed. Where CSR are addressed (red line), a small investment in addressing 

them in parallel to technology development is more than paid back because the necessary CSR 

are developed and deployed when the technology goes to market. The yellow line is presented 

for comparative purposes and represents a ñtypicalò research, development and deployment 

model where there is some awareness to CSR. There are no ñshow stoppers,ò but there is also 

little recognition of how to participate in CSR development and deployment effectively to realize 

additional and timelier consideration of the subject technology. Clearly applying what could be a 

significant financial and time burden associated with the blue line up front to move toward the 

red line provides a significant return on investment. 
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Figure 1.4. The Value in Addressing CSR 

Until CSR are specifically updated to address new ESS technology and ESS applications, CSR 

do provide a path to documenting and validating compliance on the basis that what is proposed is 

no more hazardous nor less safe and it performs at least as well as other technologies that are 

specifically covered by existing CSR. While affording approval, this path requires the 

development of criteria to document and determine ñequivalent safetyò by each entity that 

enforces the adopted CSR. This can result in proponents of an ESS installation, having to 

develop a ñcustomò documentation package for each jurisdiction (approval authority) where an 

ESS is desired on the customer side of the meter or each utility when on the grid side.
3
 In 

addition, those authorities having jurisdiction (AHJs) may not be inclined to allow this path to 

compliance because they would have to develop those criteria, spend time assessing the evidence 

that documents equivalent performance and then actually sign off that the installation is safe on 

that basis. Clearly having updated and specific CSR to document and validate ESS safety are 

preferable and as suggested above, is a time-sensitive process. 

As a bridge to ESS approval until CSR can be updated, the use of the performance path in 

documenting and validating compliance can be facilitated at the national level through the 

development of formal acceptance criteria (pre-standards, protocols or bench standards).When 

satisfied as documented by an accredited third-party agency or entity, the safety of an ESS can 

be validated on the basis of equivalent performance to current CSR. In that instance, AHJs can 

rely on those acceptance criteria and the assessment by an accredited third party in considering 

whether to approve an ESS installation, as opposed to each having to figure out what to do, as 

mentioned above. While a good short-term solution and even if facilitated through a nationally 

recognized AHJ process as an indication of CSR compliance, this scenario requires additional 

time and resources compared to securing approval based on compliance with CSR that 

specifically address the range of ESS available now and through continued updating of CSR 

those that will be developed in the future.  

                                                      
3
 Those responsible for ESS approval (whether federal, state or local government, utilities, insurance carriers or 

others) can be classified as AHJs. 
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1.7 Challenges and Benefits to Addressing CSR for Various ESS 
Stakeholders 

As suggested in Section 1.6, the benefits to ESS stakeholders for addressing CSR development 

and deployment are numerous. 

Ʒ Those seeking to employ ESS have confidence in the safety of what they are proposing 

and can readily and uniformly document the acceptability of the ESS components, the 

entire ESS or the planned installation of the ESS to potential users. 

Ʒ Those seeking to purchase or specify the technology have a recognized set of acceptable 

CSR to reference in their procurement documents. 

Ʒ Proponents of ESS that are supported by CSR are more likely to have the necessary 

approval credentials than those who do not, reinforcing confidence by those who procure 

ESS and, in turn, incentivizing others to secure those credentials if they want to succeed  

in the market. 

Ʒ Specific documentation results in fewer project delays because the necessary information 

is available and the CSR are clear about what is acceptable. 

Ʒ Given the possibility of a project delay in securing approval for a new technology, those 

who purchase the technology are less likely to avoid the technology to complete their 

project and generate revenue because it does not pose any CSR related deployment 

challenges. 

Ʒ Specific CSR that address the acceptability of the technology provide a common ground 

for all technology proponents in securing necessary approvals and offer uniform specifics 

for safe technology installation. 

Ʒ Uniform and acceptable CSR provide a focused foundation for safety-related education 

and training on and support services for the technology. 

Ʒ Technology installers and inspectors know what to expect as the criteria governing all 

installations are more uniform. 

Ʒ Those involved in addressing incidents at installations (e.g., first responders) have fewer 

problems; if they do have to respond, their ability to address an issue with an ESS is vastly 

improved. 

Ʒ Ongoing operation and maintenance as well as repair or refurbishment of the technology 

can be undertaken based on clear direction from adopted CSR in a more timely and less 

burdensome environment. 

One additional key point in addressing CSR development and deployment individual ESS 

proponents who singularly participate in the development of CSR only to benefit their business 

interests may do so possibly at the expense of others who are offering the same basic ESS 

technology. This situation can create confusion among CSR developers, most notably AHJs that are 

involved in the approval and adoption of CSR and can result in delays in creating the CSR needed 

to support acceptance of safe ESS to yield the above benefits. Collaboration by all ESS proponents 

on development and deployment of CSR is critical. While collaboration may not yield the benefit to 
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the one or two that ñgo it alone,ò it does raise the bar for the industry as a whole. Those in the 

regulatory arena (e.g., AHJs) that participate in CSR development and will be adopting the outcome 

of SDO development efforts will recognize and consider the existence of industry collaboration (or 

not) in their activities associated with CSR development and deployment. 

1.8 The Importance of Research, Analysis and Documentation to 
CSR Development and Deployment 

Simply stated, if a new CSR or revisions to an existing CSR are desired, the presentation of 

suggested criteria, requirements or test methods are likely to be considered and eventually 

approved by an SDO only after some basis for their validity. Without documentation, it is 

difficult to secure approval to circulate for public review and comment proposed criteria for a 

CSR or move through the remaining steps in standards and model code development. In most 

cases, the need for basis and documentation for the criteria will guide the development of the 

CSR language to be presented for consideration to an SDO, although it is not unusual to find 

these proposals with ñsoftò technical justification. Beyond development, if criteria are added that 

may appear to be controversial or supported with marginal documentation they are likely to be 

candidates for deletion or significant revision when the CSR is considered for adoption. 

Consider an ESS proposed for internal building use. The impact of any chemicals that comprise 

the system must be considered because building and fire codes limit the amount of chemical 

storage within buildings. Such limits could outright prohibit or significantly alter the intended 

installation as to location, separation of the system into smaller modules or change the use group 

of the associated spaces, thereby imposing additional new requirements for the building. Based 

on the application of those existing CSR criteria to an ESS installation inside a building, 

research, analysis and documentation may be required to address their inappropriate application 

to the system in the short term. In the long term, if changes to the CSR are to be proposed, it will 

be necessary to document what is and is not considered a safe installation. This would be based 

on research and experiences from existing ESS installations, and use that body of knowledge to 

facilitate more appropriate treatment of ESS by updating CSR based on that information. Beyond 

challenging or countering the applicability of current CSR because they are ñoutdated,ò 

suggested revisions must be substantiated and proven to yield a safe outcome when 

implemented. A prepared ESS industry is better able to advocate for designation of their 

technology being safe and achieve the successful updating of CSR and deployment of ESS with 

a robust and solid body of research and safety-related documentation. Without that forethought, 

AHJs, who are integrally involved in CSR development and deployment and whose sole mission 

is protecting public health and life safety, will be less likely to approve ESS installations because 

they will lack the needed guidance in the CSR that they will have adopted. 

Of particular relevance is the entity (and who that entity represents) that does the research, 

analysis and documentation. While an ESS manufacturer may conduct testing, analysis and other 

work to evaluate and document the safety of their system for internal use, an accredited third 

party should be considered to conduct testing, analysis and other work that is intended to be used 
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in documenting the safety of and securing approval for the ESS. Ideally, the development of the 

documentation and supporting materials needed to update CSR will be conducted by recognized 

third parties on behalf of the ESS industry focused on common goals, objectives and issues, as 

opposed to supporting one manufacturer or one particular ESS technology. That in turn yields a 

robust, defensible, uniform and reasonable set of CSR for everyone to work from in documenting 

and verifying ESS safety. In short, a team approach founded on a common and collective body of 

research and analysis is generally preferable to separate initiatives that propose different 

solutions to addressing ESS safety. 

1.9 How Success with Respect to CSR is Defined 

Success with respect to CSR can be defined simply as the ability readily and uniformly to secure 

approval for and acceptance of the application and use of an ESS under applicable CSR
4
 related 

to safety, a track record of safe ESS operations, the ability for first responders to address an ESS 

related incident and no loss of life and minimal (if any) property damage if an ESS related 

incident occurs. The information provided in this document is intended to foster the development 

of strategies and implementation of actions that will help foster the application and use of ESS. 

The recommendations provided in Section 2.0 are intended to help the industry in developing 

those strategies and actions. The information in Appendices A, B and C are intended to provide 

additional detail on development and adoption of CSR and activities associated with 

documenting and verifying compliance with what is adopted (e.g., conformity assessment).  

 

                                                      
4
 On the customer side of the meter, consider the CSR what is adopted at the federal, state and local level to ensure 

public safety in the built environment as enforced by governmental agencies or their assigns. On the utility side of 

the meter, consider CSR as the requirements, specifications and other guidelines adopted by the utility as the 

customer for the ESS technology and through the imposition of those requirements also the AHJ. Regardless of 

which side of the meter the ESS is located, the need for safety is the same, as is the means by and criteria under 

which it is realized other than their being a different AHJ. 
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2.0 Recommendations 

2.1 Establish a Common Understanding of the CSR ñTerrainò 

From development through adoption and on to conformity assessment, CSR are intended to 

ensure among others a safe ESS installation. As such, they impact energy storage system 

components and entire systems as well as their installation and integration with the built 

environment. From the initial inception of a technology idea to and including timeframes years 

after the installation of an ESS, CSR will have continuing and unique features that will affect the 

successful deployment of todayôs systems and the development of future systems. Understanding 

the CSR process affords stakeholders (as proponents of ESS) to more effectively assess the 

impacts of the process on the technology and participate in the process to update CSR to foster 

more timely and less complicated deployment of ESS. Having a common understanding affords 

those same individual stakeholders a basis to more effectively communicate and coordinate their 

activities to benefit the entire industry. As previously noted, if  the energy storage industry and 

stakeholders cannot collaborate to address ESS safety through CSR, it is more likely to result in 

individual stakeholders taking responsibility. Those individual stakeholders would logically 

focus their efforts on their objectives and in turn increase the chance of confusion within the 

development, adoption and conformity assessment communities. 

2.2 Be Familiar with the Benefits from Action and Consequences of 
Inaction 

Decision makers associated with the development of ESS need to understand what can happen if 

their individual corporate strategies do not include recognition and consideration of CSR. 

Consider this mid 1990s news clip. 

Thursday, May 16, 5:30 p.m. Eastern Time 
Reuters Company News 

"!,,!2$ 3!93 )4 ,%!2.%$ &2/- '%.%2!4/2ȭ3 $%,!93 

BURNABY, British Columbia, May 16 (Reuters)ðBallard Power Systems, Inc.ôs chief executive said  

on Thursday the fuel cell maker has learned lessons from the delay in one of the first consumer products 

that will use its technology. Ballard used its annual shareholdersô meeting to show off for the first time a 

fuel cell-powered portable generator built by Sunbeam Corporationôs Coleman Powermate unit, which the 

companies said they hope to get on the market ñvery soon.ò 

Commercial production of the 1,000-watt generators had been expected to begin last year, but the first-of-

its-kind product has been snagged by a number of delays, including U.S. regulatory approval of its fuel 

storage canister. 

Firoz Rasul said Ballard knows now that it should have spent more time at the start of the process educating 

regulators about the basic technology, in which electricity is produced from hydrogen through a chemical 

process. ñThey understand the internal combustion engine, but this is something new,ò Rasul told reporters. 
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Clearly, even if CSR are being addressed, one missed item or issue can halt technology 

deployment and in some cases cause funding designated for technology deployment to be 

redirected to product redesign and additional testing. In this instance, efforts to move the yellow 

line to the red in Figure 1.4 changed to yield a blue line outcome. 

Conversely, other technologies have been more successful in addressing CSR early on and 

during technology research, development and demonstration (RD&D). One example involves the 

application of fiber optic cable in above ceiling spaces in commercial buildings used as plenums. 

The nature of the use of the space necessitates limits on the combustibles that can be placed in 

the space (e.g., insulation, wiring, etc.) specifically by material or the performance of materials 

with respect to flame spread and smoke development. One manufacturer of fiber optic cable 

conducted the necessary research and documentation and pursued changes to the National 

Electrical Code (NEC) to address fiber optic cable in these spaces because the NEC was silent on 

this type of product. Those changes were approved for the next edition of the NEC. Most 

interestingly, the only NEC-compliant fiber optic cable was made by that manufacturer. Other 

manufacturers eventually caught up and luckily, there were no issues or incidents associated with 

the products provided by the ñfront runner.ò 

There are a number of other examples that cover the range of possibilities in addressing (or not) 

CSR in technology development and deployment. Insulated concrete forms, engineered lumber 

and the development and application of alternative refrigerants in heating, ventilation and air-

conditioning (HVAC) systems represent some of the more positive examples. Addressing CSR 

early on and throughout RD&D is important to fostering the timely and less complicated 

application of new technology. The issues affecting the technology can then be more effectively 

identified and addressed early and as an industry, whether focused on modifying the technology 

or conducting research to validate it is safe as presented. There is strength in working together 

and in sharing valuable resources, and the outcomes are likely to be more timely and favorable to 

everyone. After collectively addressing the safety issue, ESS proponents can then compete in a 

more open market on the basis of price, performance, user friendly attributes, color or any other 

non-safety issues that are important to potential ESS customers and users. 

2.3 Identify and Conduct Needed Research, Analysis and 
Documentation 

The status quo is represented by current CSR, the current energy storage technologies, the 

experiences to date associated with their application and operation and the outcomes of any 

relevant incidents. To change the status quo, the energy storage industry will have to convince 

utilities, fire officials, legislative or regulatory agencies, electrical inspectors, insurance carriers, 

labor unions and others what changes are needed to CSR, which will require testing, research, 

analysis, documentation and other information that supports why what is proposed is safe and 

how CSR can be updated to appropriately address ESS safety. 
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2.4 Apply the Results to Foster More Timely and Streamlined ESS 
Acceptance 

The conduct of testing, research and analysis and development of documentation addressing ESS 

safety and use of that information in updating and revising CSR is a dynamic process. The 

technology is constantly changing, model codes and standards are continually under 

development, updated CSR are regularly being adopted and conformity assessment activities are 

constantly underway. There will never be a period in time when all of these activities stand still. 

This strongly suggests that the industry actively engage third-party agencies, insurance carriers, 

utilities, first responders and building regulatory agencies in the activities recommended in 

Section 2.3 and then its application in updating CSR. Their involvement will ensure that what is 

produced will address their needs and can be readily used as it becomes available. In short, 

consider those involved in the approval chain as partners in the process and establish a 

collaborative effort that is transparent, dynamic in sharing and evolving information and engage 

them early and throughout the process. Until CSR are revised such acceptance may be, as 

discussed in Section 1.6, based on equivalent performance with current CSR. Note that while 

pursuing short-term approvals under the equivalent performance criteria in CSR the 

documentation used in those pursuits is available to address the needs of those approving system 

installations now while concurrently feeding into longer-term efforts to revise and update CSR. 

2.5 Track Success with Respect to CSR  

In conducting the activities suggested in Sections 2.3 and 2.4, it will be important to keep an eye 

on the goals, consistently monitor success against those goals and make adjustments to those 

activities. The ideal situation to facilitate the timely deployment of safe ESS in relation to CSR 

and securing more uniform and unburdened approvals for system installations is summarized 

below and graphically in Figure 2.1 and can be used as a metric in tracking success and making 

needed course corrections. 

 

Ʒ Standards are available as a basis for testing and listing ESS components or entire systems 

as to the acceptability of their design and construction with respect to safety. 

Ʒ Accredited and recognized third-party testing and listing are available to perform the 

relevant conformity assessment activities to document that components and entire systems 

comply with those standards. 

Ʒ Provisions that address the installation of an ESS appropriately and specifically whether in, 

on or adjacent to buildings or located remotely in an open environment are contained in 

CSR. 

Ʒ All entities involved in the application and use of ESS are familiar with the CSR and ESS 

approvals and have the information at hand to readily document compliance with CSR and 

implement complying ESS installations. 
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Ʒ All entities involved in the review and approval of ESS are familiar with the CSR and ESS 

approvals and have the information at hand to readily approve the plans for proposed ESS 

installations and inspect and approve them during and at the completion of construction. 

Ʒ All entities that will be involved in responding to any incidents associated with an ESS 

have the necessary access to the ESS and tools and training to address possible incidents. 

 

Figure 2.1. Securing ESS Safety Success 






































