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Codes, standards and regulations (CSR) provide a critical function in the safe and reliable
deployment of energy storage systems. They impact all aspects of energy storage
systems, from the fundamental components (wires, relays, etc.) through installation and
operation. However, for dynamic and growing technologies like energy storage, CSR
activities often lag well behind technical development. During the DOE Office of
Electricity Energy Storage Safety Workshop in February of 2014, many developers
expressed frustration navigating CSR’s, especially during their first introduction. The
following document was created in response and is intended to acquaint those working in
energy storage with a basic background in how CSR’s are defined, developed and
implemented. It is our hope that this will help demystify the CSR process and enable
accelerated adoption of energy storage systems. This document and the companion
compendium of Current Codes and Standards support the DOE-OE Energy Storage
Safety Strategic Plan to be published in the near future.
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Summar y

Purpose

The purpose of this document is to acquaint stakeholders and interested parties involved in the
development aridr deployment of energy storage systems (E8&) the subject of safety

related codes, standards and regulations (§ SR is hoped thatisers of this document gain

more in depth and uniform understanding of safetgtedCSRdevelopment and deployment

that can foster improved communicati@mong all ESS stakelders and the collaboration

needed toealizemore timelyacceptance and approwidlsafe ESS technolodiirough
appropriateCSR

Scope

This document addressksw CSR thafprovideminimum safety requirements applicable ®F

are developed and deployed the United Statest is recognized that the development and
deployment of CSR internationally at the national, regional or global level are also of relevance
andinterest to the ESS industry and stakeholders and interested patieimmediate need for

this document in supporting thpcoming Strategy for Energy Storage Safety (DOE 2014)
suggestshat the focus for the first version of this documenbbéhe Uhited States and

extended and enhanced in the future to address affag®le thdJnited StatesOne exception

is the inclusiorin this documenbdf U.S. efforts associated with relevant standards development
at the global level through the Internatio&#ctrotechnical 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) ESSOn theother hand CSRwill impact if andthe manner in whickSS can be

deployed.

'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 adevebgcntar enayy

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 topineESS 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 sasfy 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 developetidiby 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, antii¢se activ

associated with documenting or verifying compliance with the CSR requirements.

®As used herein, the term fi ndustryo is intended to mea
components. Stakeholders include any entity directlyaged in the development or deployment of ESS other than

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

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

elected officials, building designers, etc.).



Acr onyms

AHJ authority having jurisdiction

AMCA Air Movement and Control Association

ANSI American National Standards Institute

APCO Association of PubliGafety Communications @cials i International
ASME American Society of Mechanical Engineers

ASQ American Society for Quality

ASHRAE American Society of Heating, Refrigerating and-Eonditioning Engineers, Inc.
ASSE American Society of Safety Engineers

ASTM American Societyor 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 Servigsssociation

ESS energy storage systems

FERC Federal Energy Regulatory Commission

HVAC heating, ventilation and agonditioning

IAPMO International Association of Plumbing & Mechanical Officials
IBC International Building Code

ICC International Code Courci

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 Nationaly Recognized Tesg Laboratory

OE Office of Electricity Delivery and Energy Reliability
OSHA Occupational Safety and Healldministration

PEARL Professional Electrical Apparatus Recyclers League
PGMA Portable Generator Manufacturers Association

PUC Public Utility Commision

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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1.0 Oveaeerew

1.1 OverviewTodhmE®SISogWar&@udpor tuni ties

There are a myriad of energy storage technologies in terms of design, capacity and function. They
includebut are ot limited tobatteries, 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 storatieere are different chemistries such as lithiom lead

acid, nickel metal hydride, alkaline and potassiomas well as various flow battery chemistries
Though not described in this documenglfcells are similar to batteries in that they use encia
reaction to provide electricityput they do not store energpdinsteadcreate it through reactants
containing hydrogen and oxygen that are stored exterii@gU.S. Department of Energy (DOE)
International Energy Storage Database provides irgthom on the energy storage projects

operating or planned in thénited StatesNorth America and globally
(http://www.energystorageexchange.org). Further information on energy storage technologies is
available in the ADOE/ EPd®labor&ionevithdNRECE&t or age Hanc

Electrical storage today is not fundamentally different than it was in the lats, b8Q0alteredin

the range and type of technologies used, sysitatheir location and ownership/operational
situations (grid or customerds of the meter), interconnection with other systangexistence &
pre-packaged systems or-gite systemsonstructeaf mix-matched component$heintended
applicationdor ESS (peak shaving, frequency regulation, islanded microgridsaegadrjcreasing

in depth and breadth. Due to factors spurring market demand for energy storage technology as
discussedh Section 1.2North America is expected to see the most growth in energy storage over
the next 5 years. Grscale storage will increaggobally 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 2%kilowatt range. The projected U.S. market for energy storage in 2015 is estimated at
$10 billion annually. This acceleration in the application and use of ESS in the built envirbnment
increases the need to emphasize ESS safety, amongsuttierss reliabilityan issue addressed by
CSR.The degree to which CSR are updated to fully address&fa$, which includes among

others electrical shock, fire, explosion, egress and protecting an installation from natural or
manmade disasteos access by unauthorized pers@msl the success in deploying those @8R

have a significant impact drow fast that growth potentiatan be realized

1.2 Dr i vAcrcsel er atDemgntdhéor ESS

Energy, environmental and economic challenges are spurring activity asseciatadw
energyrelated technologyVe need kectric powerto meet those challenges and address
growing demandin addition there is aneed to improv@ower reliabilityandflexibility along

'The term Abuilt environmento is intended to include an
includes the opportunities for application and use of ES8deeas our electrical energy needs whether on the
supply (utility) or the demand side (buildings, facilities, industrial manufacturing, etc.).
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with reduéng costsassociated with electric power delivadanincreasing need to be smarter
about what we do arttbw we do it. Electrical storage has a monportani@and critical rolan
addressing these challenges beyond its historical role as a backup powerdasmtarmation
is driving the investment iBSSdevelopment and deploymentaddress many needs for
electrical power throughout the builiveronment For instance, storage can help address the
increasing need for utilities to upgrade theirestments in generation, transmission and
distributionservicedo meet these challeng@here isan increaseémphasis on power quality,
reliability and the abilityto time-shift and manage demand chargghose using electric

power. In addition,the movement toward a Smart Grid that seiksnprove the grid through
automatioris heavily dependermn the availability oESS Effortsto deploy renewdb
technologies such as sofarotovoltaic PV) and windare also driving demand ftine ability to
store the captured energy for use when PV and wind resources are not avaikdidionthere
are market forces spurring increased ESS application anchusame states and localitj¢sere
are incentive programs and policy directives for specific amounts $fus8 within specific
deadlines that are directed at utilities for grid sidet lamlding owners/developers for customer
side ESS deployment. Policies are also being developed at the Federal Energy Regulatory
Commission to foster consideration of ESS.

Energystorage technologyday includegpredecessaand establishestorage techrogiesbut
also involves the introduction of many new approaches and chemistries to store €ndegpy
standards, regulatiorad other criteria governing the safety of technology tend to lag
technology development becaubesedocumentgannot anticipi@ technology and need
relevantsafetyrelated research and documentatigon which to evolve to address new
technology. The processes for development and deployment of@gRequire time to realize
the neededhanges to specifically address the rangenergy storage technologyailable
today and ongoing efforts to address future ESS techndlbgyalternative to ndieing
proactiveaboutconducing the necessary safetglated research amoviding continuous
updates onCSRthat track with ESS del@mentmayadversely affect ESS deployment.
Inaction meanghatthe needed updates to CSR do not aamusthers outsidéhe industry
update the CSR in response to incidents associated with the technology

1.3 Over vi Blow oGS RDeavreel oped Waond by

Codes, standards and regulatians the body of criteria or provisions thdien adopted, as
covered in Section 1.5ust be satisfietb design, construct, commission, rehabilitate, opgrate
maintain repairand demolisltomponents athe built environmet such aduildings, facilities,
products, systems and equipment therEine provisions in CSRffect the acceptability afnhergy
storage technologyn the utility and customer side of the méterd the time and resources

% 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

ofthe meter(egnonut i l ity systems), safety of ESS is to a | arge

1.2



necessary to bring such techogy to markets 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 issuegere proponents of the technology are proactive in conducting needed
safdy-related research and recommending enhancements to CSR

An historical review of CSR in the Unitedd®es indicatethatrequirements memorialized in
CSRhave beemnleveloped and deployed to address natural or manmade disasters (building fires,
hurricanesseismic events), new and emerging issues (indoor air quality, radon, accessibility for
the disabled) antb providea basis for the applicatiaf newtechnology (plastic pipe,

engineered lumber, ne@FC basedefrigerants)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 higlevel generabverview of the CSR development astebloyment

process in th&nited States

Development to Compliance

NATIONAL PUBLISHERS

AND DEVELOPERS

 A—

ENFORCEMENT

DEVELOPMENT 32'

REGIONAL -
m

>

ADOPTION (%]

50+ AGENCIES -

STATE 2
=<

m

IMPLEMENTATION :JG

LOCAL 40,000+ AGENCIES @

Figure 1.1. Overview of CSR Development and Deployment

The basis for most alSRrequirements in thelnited Statesre standards and model codes
developed and publishéxy organizations in the privatecer.® Thesedocumentxist

separately to address a specific purpose and swopiled in each standard or model code
Collectively, they ar@art of a comprehensive setlafvs, rules and regulatiomsveringall

aspects of the built environmethiat are required to be satisfied because, as covered in Section
1.5, they have been adoptdthere are a myriad of standassch of whickcover building

related issueand properties and the construction and installatiggraducts materials,

ESS is located. For that reason the development of CSR is generally applicable to all installations, while the
adoption and conformity assessment proceasssciated with those CSR may differ on either side of the meter.

% 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 makesacoefa 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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componets, etc.Beyond standards there aeparatduilding, mechanical, fire, electrical,
plumbing, accessibilitygnergyefficiency and othemodelcodes that reference those standards
asappropriate on an individual basiad then collectivelthose model caesaddress the built
environmen{e.g, all buildings and facilitiesind their component pajyts

Considering ESS safety froaground upperspectivestandardsvill apply to the smallest parts of
the system (e.g., wires, relays, switches, etc.) to adiieisglesign, construiin andsafety

features teerve their intended purpo$8ubsequentlystandards for components of the ESS
(cells/modules, inverters, management systems, etc.) that rely on those other standards would be
relevantfor the resultantas e mb | y o f toensuwdabattheit@npanents mdividually as
well ascollectivelyalsosafelyserve the intended purposafetydetermined based on how they
perform against relevant safeglated metricsBeyond the assembly of components &d/ian
ESSthefocus evolves thhow 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 fawiliyblic

or private propertyln looking at that integtan of the ESS with a site and associated buildings
and facilitiesthe standards for the ESS itself and its components will be referéntedcessary
criteriawill alsobe providedo ensure the safety of the ESS in relation to its environment (e.qg.
fire department access, fire alarms and suppression, clearances to combustibles, vehtladion
egress from spaces where the ESS is located. Thissituation (components, systems and then
system installationspeanghatthereare anumber of diferent CSRhat will applyandwill have

been developed under the auspices of a number of different efiarasmatelythe processes for
development o$tandards and model coda® generally the same.

Voluntary sector standards development organimat{SDOs) exist in the United States as
private sector entities witfamong othersthe mission of developing and publishing standards
and model cod&4o address specific issues, technologieddesigrconstructiorsolutions. The
documentglevelomdaregenerallyfocused orspecific areasr issuesaandimpact among others
stakeholders who want to deploy technolddyo importanissueso recognize about the
processhateach SDO employs is that development occurs on a particular schedule and each
SDO organizes and manages the pracBs provisions in the documensblished by the SDO
arenot developed by the SDO but insteaddweelopedy all interested and affectqzhrties

under a process provided and administered by the. 80@ther acting alone or as the ESS

* Note the focus of this document is on safety. Criteria in CSR can address other issues such aspefiamm an
energy efficiency or emissions standpoint and equally affect the acceptance of technology.
® For the purposes of the discussion on development, standards and model codes are the focus when discussing

development in the voluntary sector. Suhsegnt t o t heir adoption, they are co
I

growno criteria developed and adopted directly by a
°®The terms fstandardo and fimodel c o d e 0 tioa onalevelapmentr e d i
they can be considered the same.

! Examples include those responsible for verifying the safety of an ESS application that would have to develop their
own fihome grownodo criteria in the absleepaseinadule what i s
proponents of ESS applications who in the absence of CSR developed at the national level for adoption would face

i ncreasing challenges to respond to a possible fAcrazy

affecting energy storage systems, their components and the installation of systems.
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Ai ndustry, 06 any revi si ons fotSDOsheduted anchdgadlBes R wi |
and be initiated by someone other than the staff of the. Sb&e revisions will have to be

developed, supported wittafetyrelated research and otltercumentation and fostered through

the process by the proponent of the revisidaally that proponent will be the ESS industry

taking aproactiverole,as opposedtreacting to what others outside the ESS industry may feel

is needed to address ESS satyoted in Section 1.l the case of new CSkhe same is trye

butthe schedulés driven in part by the time it takes to develop a draft docuwethiprocesd i

through the SDO procedsor new standards or model codesduld beadvantageous for the

ESS industry to develop a pstandard, protocobgr guideline that caaddress any immediate

need for safetyelated criteria andlsoserve as a first draft ofstandard or model code.

Thestandards developmepitocess in general is depicted in Figlir2’ and model code
development process for the International Code Council is depicted in Figuhewever, each
SDO has a unique proceddany of those processes ameended to satisfthe American
Nati onal St a nAiNSlyesssntial ragsiternents forestansardé developtient

Proposal or
Revision
Submitted

to Standing
Standards

Project Public Review Comment _ Committee _  Approval
and Comment gg Accepted Approval Appealed

l | ;

Substantial Board of
Changes Directors Approval

|

New Standards
or Addenda
Published

Figure 1.2. General Standard3evelopment Process

8 The PNNL/SNL fiProtocol for Measur.i ng and Expressing th
example of development of a pseandard to serve a specific short term needwwoant with becoming the first

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

° ANSI Standards Overview

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

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

develop. Guidelines, protocols, bench standardsstarelards and other documents may be formatted and read as

standards but may have been develdpssligh 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 &s formal as when the goal is to achieve consensus.

15



Code Changes
Submitted

Code Changes New
Printed & Distributed Edition Published

I-CODE DEVELOPMENT Final Action
CYCLE Hearing

Open Public
Hearing

Public Hearing Resulis Public Comments
Printed & Distributed Printed & Distributed

Public Comments
Sought on Public
Hearing Results

Figure 1.3. ICC Model Code Development Process

When applying a process meeting the ANSI essential requireritaéstisnportant to determine

if an applicablestandard or model code already exats can be reviseat if a new documerns
needed because no applicable one was found to kxesther case, eommittee of balanced
interests is generally formed to oversee the revision of an existing docuntievetpment 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 standartew committee wlibe established to develop a draft
document for consideratiphowever that process is streamlinedas previously notedhose
requesting the development of the standard have a(drgftguideline, protocol, bench standard
or prestandardupon whch tobase their initial standards development work.

All proposed revisions are considered by the committee responsible for revision of the dpcument
and those voted for approval by the committee are made available for public remmew.
interested partgan submit commentandtheymust beconsidered by the committeEhe
commengr is advised of the disposition bis/herproposal and has an opportunity to work with
the committee to find an acceptable compromiséan acceptable outcome is not reatizhen
remain unresolvedf this process results in significant changes tootiginal proposal or draft
document that was sent out for public revidwse changes drextensive enougthe entire
document mudbe submittedor additionalpublic reviev and commentWWhenall or a vast
majority of commerers are satisfied the standard denconsidered fapproval Any

commengrs thatremainunresolved can appeal a decision to approve the staidtlardappeal is
successfylthe standard museéturnfor additional revision and public review. In some instances
the proposed changes are heard in open public heanihgsgthe committee votes a
recommended disposition on each chadg@sechangesre published for public review and
commentand additionecomments can be submitte&fter changesind additional comments
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are consideredta second public hearintihe final voteoccurson each changey federal, state

or local governmentepresentativefRegardless of theetails associated with each Sp@cess

all processedesigned to apply the ANSI essential requirements thanapéboyed by SDOs are
intended to ensure balance, transparency and a consensus on the outcome associated with each
documentAs noted in Section 1.2, collaboration among prapis 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 bdegeral, state or locabgernment, Public
Utility Commission, Indian Tribe, etc.) can also develop their own requirenmestéad of
adopting the output from the SDQ~ this case development and adoption are concurrent as
opposed to development in the voluntary sector anddbjeti@n of the results by these same
legislativebodiesor regulatory agencie$heseentitiesalso includeutilities that own or operate
grid sideESS Ideally, what is developed in the voluntary sector meets the needisanfopters
from a technical, adinistrative and time standpoint; eliminating the ndeach adopteo
develop their own unique criteria. That sdftey do retain that authority to develop and adopt
what they feel imppropriate for their needSederal agencies, however, are stipregcouraged
through an Office of Management and Budget Circular A119 to participate in voluntary sector
standards development and adopt the resultant standards as oppuEsedicieingtheir own
unique criteria.

1.4 Def i nNe mms

The termgrovided in Tale 1.1are used in this document and have specific meanings that are
important to recognize.

Table 1.1. Energy Storage Systems Terminology

Term Definition

The act ofadoptinga standard or model code or other set of critarid
causinghe provisions therein toe satisfied.

A document adopted thederal, state or local government via legal or
regulatory means that provides criteria that must be satisfied. A code co

Code aspects of the built environment is generally based on or references a m
codeand may reference additional standards where not referenced in the
adoptedmodel code.

The process by which compliance withat is adoptets documented and
verified.

What occurs after the development and publication of a standard or moc
Deployment code or other set of criterizvhich generally includes adoption and
conformity assessment.

The process by whicstandards anchodel codegare written, updated,
maintained, published and made available for adoption

Adoption

Conformity assessment

Development

1.7



Table 1.1 Energy Storage Systems Terminologgrt.)

Term Definition

A model of a set of requiremeritgat is developed and maintained by an S
for adoption as &w or regulatiorwhich generally includes references to

Model code many standarddnith additional criteriathe model code provides a comple
regulatory package to govettme design, construction, comgsioning and
operation of buildings and systems

A legal vehicle through which a legally authorized agenaoytioerentity
adopts model codes and standards and conducts conformity assessmer
Regulation validate compliance with what is adoptétbed heein the term regulation is
also intended to include laws, codes, and rules (i.e., official legal terms
indicating a legal requirement).
A document establishing a method of testing, criteria or other requiremel
intended to foster a specifievel of quality, achievement, design and
performance outcome that is considered acceptable or deskadténdard
can also dfine criteria for the design and construction of buildings and
products, systems, materials,.eAcstandard will generally hawelimited
scope (e.g., method of test for X, installation of Y, etc.).
Singularly and collectively those entities that are not affiliated puitblic

Voluntary sector sector agencig®.g., federal, state or local governmentndian Tribe¥or
legislatve bodies

Standard

1.5 Over vi Bow o@SRDeaprleoye &hanldgol ved

Deploymentincludeswhat happens after model codes and standards are developed in the
voluntary sectoand are publisheds discusseith Section 1.3Deploymeninvolvesthe
processeassociated with the adoption of model codes and standards as laws, rules or regulations
and the entities involved in that proceléslso covers how compliance with those documents is
documented and verifigtirough conformity assessment.

Adoption can bdy any entity including a person, corporation, insurance carrier or utility as well
as by federal, state or lodelislative bodies ogovernmerdl agenées The act of adoption
through a law, rule, regulation, statute, contract specification, tadifiypother vehicle is

intended to ensure that what is contained in the model codes and standards developed in the
voluntary sectqror as noted above directly developed by the adopting esutéyequired to be
satisfiedand that there is a basis for emfment to ensure compliand®hile federal, state and
local governmenandother adopting entitiesave the authority to develop CSRost adopt

those developed in the voluntary sector at the national level with amendadaiteons and
deletionsto addrass anyspecificneedsof theirs that ar@ot addressed in those documeiftst
instance, while the U.S. Department of Defense adopts the ICC International Building Code
(IBC) as a component of its Unified Facility Criteriaey add provisions on blast eaf to

augment the IBC criteria. Reliance on the output from voluntary sector #B©sot always the
case asnanyadopting entitieslevelod their owruniqueprovisions Even into the late 20

century some states and major cities did not adw@tionally developedhodel codes to govern
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building design and construction but instead maintained their own unique criteria developed
through state or local processes.

Thefederalgovernment does ngenerally have the authority teandate the adoption GfSR

by state or local governmentdthough federal agencies can influence what is adopted through
other means such as the availability of federal fundiside from building owned or leased by
federal agencieand a few instances where flegleral govenment has preemptive authority
andas a resulCongress or federal agencies adopt specific G&® and locakegulationswill
applyto the built environment, which would include an ESS installaBonESSon the grid

side of the meterequipment ath 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 emend(e.g,
conformity assessmeniVhen adopted by utilities, insurance or corporate entities through
tariffs, policiesspecificationscontracts or other legal documentshat is adoptedhay apply
over and above what governmental entities have adopted dreaitipied whereno laws or
regulations have been adopted or the government lacks the authority toTdopower to
implement and enforoghat is adoptedests withthe entity thatadopts the CSR and requires
them to be satisfied. Documenting compliance wittat is adoptedests with various private
sector entitie8 manufacturers, builders, designers, product specifiers, contractors, building
owners, utilities and othadsinvolved inthe design, construction, operatiaiseand demolition
or decommissioningf what is regulatedl heresponsibility for determining and adjudging
compliance rests with those representing the adopting autharitieisperformedoased on an
assessment dfie documentation provided, including inspections, against what has been adopted
With respect t&SS the manufacturer of the system components would be responsible for
documentingcomponent compliangéhe system manufacturer fdocumentingsystem
complianceanda builder, engineer or record or contracgesponsible fodocumentinghe
system installatiois compliant After an ESS installation is approvéthose engaged with its
operation and maintenance would also be responsible for compliancenwdpplicable CSR,
includingthoseapplicable to the repair, alteration, relocation or renovati@nekisting ESS.
Those verifying compliances(g, AHJsenforcing theadoptedCSR) would include
governmental agencies, utilities, insurance carriero#mets who adopted the CSR and made
them applicald to the ESS components, system, system installation and operation and
maintenance of the system

As demonstratingompliances generallythe burden othe building or technology installation
owner or devieper, those whowill document compliance on their behadtludethe architect,
engineer, builder, contractor and others involved in design and constrddteseentitiesrely
on the manufacturer of the products, materials, systems or equipment exllie psovide the

! 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 assesBnieiricludedesting,
certification, quality assurance, calculaisp simulation and other activities, all of which are
intended to document the degree to which the applicable CSR are sdtisfied, the

documentation is presented to the approving authtrdtiywill use it tovalidate compliance with

the CSR in thelesign stagand then will engage in various inspections during the construction
stageas well as through commissionidgring operation and usad even decommissioning

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

16 | mpactof CBealoinzi Mgr ES ortuni ti es

The DOE/EPRI 2013 Electricity Storage Handbook (20d@&icates that the biggest challenges
hindering adoption of energy storage technology are cost, the ability to deploy ESS and lack of
standards. Standar@snd codes) or the lack theredf have a direct impact ahe cost of an

ESS and its installatigmn terms of material and manpower costs. In addiadministrative

burdens and time to approval issues affieetability to deploy the technologyd 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 publwiiafety

little upon which to base a decision thatthe systeand i t s i nsot alinltatli cernx iasrte
CSR are updated and/or new CSR are developed that specifically address the range of ESS
technologies and installations and those CSRwdoptedit is difficult to uniformly document

what is safe and detaine whatcan be approvenh a uniform and timely mannein some

instancesthe lack of specificBmits progress until appropriate CSR are availafdeothers
Aoutdatedod CSR can be c¢ons dafiectimmthe cosdfthe appl i ed
installation or limiting its application

Figurel.4 provides a view of how CSBan impactechnology development and deployment.

All scenarios involve investment up front to bring the technology to market (negative slope) and
then in going to market the gea@on of income (positive slope). Where CSR are not addressed
(or are addresslafter technology developmerthe blue ling, additional investment in

technology developmeiind/or generation of research to document technology satetye

required, whitincreassthe time to market. In a worstse situationCSR simply prohibit the

use of the technology primarily because the technology compromises a basic tenant in CSR that
is not likely to be changed. WheGSRareaddressered ling, asmallinvestment in addressing
them in parallel to technology developmemnore than paid badkecause the necessary CSR

are developed and deployed when the technology goes to nidrketellow line is presented

for comparative purposes and represearitypicalo research, development and deployment

model where there is some awarenessto.JBRer e are noofibdbhowtbeoppeéess
little recognition of how to participate in CSR development and deployefisativelyto realize
additional andimelier consideration of the subject technolo@yearly 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 technolodgySSapplicationsCSR

do providea path to documenting and validating complianc¢herbasis thawhat is proposet

no morehazardous nor less safe and it performs at bsagtell as other technologies that are
specifically coveredby existingCSR While affording approval, this path requires the

devel opment of criteria to documenttthaend det er
enforesthe adopted CSR. This can result in proponents of an ESS instaltestiomg to

devel op a ficustomod documentation package for
ESS is desired on the customer side of the meter or eachwtikty on the grid sid&In

addition,those authoritiebaving jurisdiction AHJS) may not be inclined to allow this path to
compliance because they would have to develop those ¢rigpead time assessing teedence

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

that basisClearly having updated and specific CSR to document and validate ESS safety are
preferable and as suggested ahava timesensitive process.

As a bridge to ESS approval until C8&n be updatedhe use of th@erformance path in
documenting and validating compliancan be facilitated at the national level through the
development of formal acceptance criteria {pti@ndardsprotocolsor bench standard¥yhen
satisfied as documeesd by an accredited thiphrty agency or entityhe safetyof an ESS can
be validatedn the basis of equivalent performance to current CSR. In that instance, AHJs can
rely on those acceptance criteria and the assessmentargi@editedhird party inconsidering
whether to approve an ESS installatias opposed to each having to figure out what f@slo
mentioned abovaNhile a good shoitermsolution anceven if facilitated through a natiohal
recognized AHprocess as an indication of CSR complianicis scenariaequires additional
time and resources compared to securing applmasdd on compliance witbSRthat
specifically addresthe range of ESS available now and through continued updating of CSR
those that will be developed in the future

% Those responsible for ESS approval (whether federal, state or local government, utilities, insurance carriers or
others) can be classified as AHJs.

1.11



17 Chal |l engBesnednddsdrtesssi ng VECrSIROUDrES S
St akehol der s

As suggested ifection 1.6 the benefits to ESS stakeholders for addressing CSR development
and deploymerdire numerous

Those seeking to empldESS have confidence in the safety of what they are proposin
and can readily and uniformly document the acceptability of the ESS components, t
entire ESS or the planned installation of the ESS to potential users.

Those seeking to purchase or spediky technology have a recognized set of acceptab
CSR to reference in their procurement documents.

Proponents of ESS that are supported by CSR are more likely to have the necessar
approval credentials than those who do not, reinforcing confidence keylinmsprocure
ESS and, in turn, incentivizing others to secure those credentials if they want to suct
in the market.

Specific documentation results in fewer project delays because the necessary infor
is available and the CSR are clear about whatceptable.

Given the possibility of a project delay in securing approval for a new technology, th
who purchase the technology are less likely to avoid the technology to complete the
project and generate revenue because it does not pose angl@8& deployment
challenges.

Specific CSR that address the acceptability of the technology provide a common grq
for all technology proponents in securing necessary approvals and offer uniform spe
for safe technology installation.

Uniform and a&ceptable CSR provide a focused foundation for safdited education
and training on and support services for the technology.

Technology installers and inspectors know what to expect as the criteria governing 4§
installations are more uniform.

Thoseinvolved in addressing incidents at installations (e.g., first responders) have fe
problems; if they do have to respond, their ability to address an issue with an ESS i
improved.

Ongoing operation and maintenance as well as repair or refurbishment of the technd
can be undertaken based on clear direction from adopted CSR in a more timely and
burdensome environment.

One additional key point iaddressing CSR development algploymenindividual ESS
proponentsvho singularly participate in the development of C&#y tobenefit their business
interestamay do s@ossibly at the expense of others who are offering the sanceHSSi
technologyThis situationcan create confie among CSRlevelopersmost notably AHJs that are
involved in the approval and adoption@bRand can result in delays aneatingthe CSR needed

to supportacceptance of safe ESS to yitid above benefits. Collaboration by all ESS proponents
on devéopment and deployment of CSR is critidAlhile collaboratiormay not yield the benefit to

1.12



the one or two thdigo it aloned it does raise the bar for the industry as a whole. Those in the
regulatory arenge.g, AHJs)that participate in CSR developmamid will be adopting the outcome
of SDO development effortsill recognize and consider the existence of industry collaboration (or
not) in their activities associated with CSR developraadtdeployment

1.8 The | mpooft aRexrenabkbhwsiBocaummdent ati on t
CSRebDel opmebDéployment

Simply stated, if a new CSR or revisions to an existing CSR are ddbiegaresentation of
suggested criteria, requirementdest methods are likely to be considered and evdntual
approved by an SDOnly aftersome basis for their validityVithout documentation, it is

difficult to secure approvab circulatefor public review and commeptroposedriteriafor a

CSRor move through the remaining steps in standards and modefleedl®@pmentin most
casesthe need for basis and documentation for the criteria will guide the development of the
CSR language to be presentedconsideratiorto an SDO, although it is not unusual to find
theseproposals withiisofto technical justifiation. 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.

Consideran ESSoroposed foiinternalbuilding use Theimpact of any chemicals that comprise
the system must be considetstauséduilding and fire codes limit the amount of chemical
storage within buildings. Such limits coudtrightprohibit or significantly alter thentended
installation as tdocation, separation of the system into smaller modulesange the use group
of the associatespacesthereby imposing additional new requirements for the builddaged

on the application of those existing CSR criterianideSS installation inside a building
research, analysis and documentatitay berequiredto addressheirinappropriate application
to the system in the short terin the long termif changes to the CS&e to be proposed will
benecessary tdocument what is and is not considered a safe installafibrs would bébased
on research and experiences from existing ESS installatindase that body of knowledge to
facilitate more appropriate treatment of H88updating CSR based on that informatiBeyond
challenging occountering the applicability of current CRRRcause they af®utdatecb
suggestedevisions must be substantiated @ndven toyield a safe outcome when
implementedA prepared ESS industry letterableto advocate for desigriah of their
technology being safend achievéhe successful updating of CSR and deployment of &85

a robust and solid body of research and safggted documentation. Without tHatethought,
AHJs, who are integrally involved @SRdevelopment athdeploymenand whose sole mission
is protecting public health and life safetyill be less likely to approve ESS installations because
they will lack the needed guidance in the G8&they will have adopted

Of particular relevance is the ent{ghdwho that entity represents)at does the research,

analysis and documentatioWhile an ESS manufacturer may conduct testing, analysis and other
work to evaluate and document the safety of their system for internahusegreditedhird

partyshould be considered to conduct testing, analysis and other work that is intended to be used

1.13



in documenting the safety of asdcuring approvdbr the ESSldeally, the development of the
documentation and suppimig materials needed to update C&R be conductedy recognized
third parties on behalf of the ESS industry focused on common goals, objectives an@dsssues
opposed to supporting one manufacturer or one particular ESS techniddagin turn yields a
robust, defensible, uniform and reasoead®t of CSR for everyone to work from in documenting
and verifying ESS safetyn short, a team approaébunded on a common and collective body of
research and analyssgenerally preferable eparate initiatives that propose different
solutions to ddressing ESS safety

19 HowuccessRevspgeict t e CiSRed s

Success with respect to CSR can be defsiegly as the ability readily and uniformtg secure
approval for and acceptance of the application and use of an ESS under applicdbiel@@&R

to safety, a track record of safe ESS operatithresability for first responders to address an ESS
related incidenand noloss of life and minima(if any) property damag# an ESS related

incident occursThe information provided in this documeningended to foster the development

of strategies and implementation of actions that will help foster the application and use of ESS.
The recommendations provided in Sectidh&te 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 CSRaatidities associated with

documenting and verifying ogpliance with what is adopted (e.gonformity assessment).

* On the cumer 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 thquigements, 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 safetysaitie, as is the means by and criteria under

which it is realized other than their being a different AHJ.
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20 Recommendati ons

21 Est ablGosmmo&nder standingi@&frdaha

From development through adoption and on to conformity assessg&Rgre intended to

ensure among others a s&f®Sinstallation. As sucfthey impact energy storage system
componentandentire systemas well agheir installation and integration with the built

CSR

environment. From the initial inception of a technology ieandincluding timeframes years
after the installation ofraESS CSR will have continuing and unig@eatureghat will affect the
successful depl oyment of todayds ¥8nderdtaading and

the CSR process affords stddoldergasproponents oESS)to more effectivelyassesshe

impactsof the process on the technologiyd participate in the process to update @sSRster

more timely and less complicated deployment of BE&ing a common understanding affords
those ame individual stakeholdessbasigo more effectively communicate aedordinate their

activities to benefit the entire industry. As previously npitiethe energy storage industnd

stakeholdersannotcollaborateo address ESSafetythrough CSRit is more likely to result in

individual stakeholders takimgsponsibility Those individuaktakeholders woulbbgically
focustheir efforts on their objectiveandin turn increaséhe chance ofonfusionwithin the
development, adoption and conforynétssessmemommunities

22 BeFami wi ahRenef i tActfirom@oannsde g u emfc e s

Inacti on

Decision makers associated with the development of ESS need to undetséhicdn happen if

their individual corporate strategies do not include recognitaihcansideration of CSR.
Considetrthis mid 1990sews clip.

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

"y, 12% 3193 )4 %! 2. % &2/ - ' %. %2! 4]

BURNABY, British Columbia, May 16 (Reut&r& al | ar d Power Syst ems,

on Thursday the fuel cell maker has learned lessons from the delay in one of the first consumer pra
that wil |l use its technology. Bal |l ar d usstimda i
fuelcelpower ed portable generator built by Sunb¢
companies said they hope to get on the marke

Commercial production of the 1,0Q@att generators had been expected to begin las} pat the firsof-
its-kind product has been snagged by a number of delays, including U.S. regulatory approval of its 1
storage canister.

Firoz Rasul said Ballard knows now that it should have spent more time at the start of the process €
reguators about the basic technology, in which electricity is produced from hydtiogemh a chemical
process. AThey understand the internal c ombu
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Clearly, even if CSR areeing addressedne missed item or issue daalttechnology
deployment and in some cases cause funding designated for technology deployreent
redirected to product redesign and additional testimthis instanceefforts to movehe yellow
line to the redn Figurel.4 changed to yield blue lineoutcome

Converselyother technologies have been more successful in addressing CSR early on and
during technologyesearch, development and demonstratRID&D). One example involves the
applicationof fiber opic cablein above ceiling spaces in commercial buildings wsgdenums.

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 perfoerofntaterials

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 theseespacausehe NEC wasitent on

this type of productThose changes were approved for the next edition of the NEC. Most
interestingly the only NEGcompliant fiber optic cable was made by that manufacturer. Other
manufacturers eventually caught up andilyc there were no issu@s incidentsassociated with
the products provided by the Afront runner. o

There are a number of other examples that cover the range of possibilities in addressing (or not)
CSR in technology development and deploymkrsulated oncrete forms, engineered lumber

and the development and application of alternative refrigerahtsaiting, ventilation and air
conditioning HVAC) systems represent some of the more positive exanfadielsessing CSR

early on and througlut RD&D is imporiant to fostering the timelgnd less complicated

application of new technology. The iss@dfecting the technology can then be meffectively
identified andaddresed early ands an industrywhether focused on modifying the technology

or conducting reearch to validate it is safe as presentéxdre is strength in working together

and in sharing valuable resourcasd the outcomes are likely to be more timely and favotable
everyone After collectively addressing the safety isSHES proponents cahencompete in a

more open market on the basis of price, performance, user friendly attributes, color or any other
nonsafety issuethat are important to potential ESS customers and.users

23 I dentify and C&®edeatr cNeededl|l ysi s and
Documentati on

The status quo is represented by current CSR, the current energy storage technologies, the
experience$o dateassociated with their application and operation and the outcomes of any
relevantincidents. To change the status gilh@ energy storage indugtwill have to convince
utilities, fire officials, legislative or regulatory agencies, electrical inspectors, insurance carriers,
laborunions and othemwhat changes are needed to C&Richwill require testing, research,
analysis, documentation and atleformation thasupports whyvhat isproposeds safe and

how CSR can be updatedappropriatelyaddres€SSsafety.
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24 Apply t het doesstddlotr med 1y &t r e a mIEiSrSe d
Acceptance

The conduct of testing, research and analysis and developnaotwhentation addressilHS
safety and use of thatformationin updating and revising CSR is a dynamic process. The
technology is constantly changing, model coaled standardare continually under
development, updated CSR are regularly being ad@pteéadtonformity assessment activities are
constantly underwayl here will never be period intime when all of these activities stand still.
This strongly suggests that the industry actively engage plairty agencies, insurance carriers,
utilities, firstresponders and building regulatory agenoidse activities recommended in
Section 2.3 and then its application in updating CB#ir involvement will ensure that what is
produced will address their needs and can be readily used as it becomes auatiole,
consider those involved in the approval chain as partners in the processtabigh a
collaborativeeffort that istransparent, dynamic in sharing and evolving informationesgige
them early andhroughout the procesintil CSR argevised such acceptance may be, as
discussedn Section 1.6based omrquivalent performance with current C3¥ote that while
pursuing shorterm approvals undéhe equivalent performanaeaiteria in CSRhe
documentatiomsed in those pursuitsavaileble to address the needs of those approvingsys
installationsnow while concurrently feeding intlmngerterm efforts to revise and update CSR.

25 TraBuccess with Respect to CSR

In conducting the activities suggested in Sections 2.3 and @ 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 facilitatde timelydeployment of saf&SSin relation to CSR

and securingnoreuniform and unburdesd approvals for system installatiadessummarized
belowand graphically in Figure 24nd can be used as a metric in tracking successiakithg
needed course corrections

Standards are available as a basis for testing and listing ESS componentg systa&ims
as to the acceptability of their design and construction with respect to safety.

Accredited and recognized thighrty testing and listing are available to perform the
relevant conformity assessment activities to document that componer@staiagystems
comply with those standards.

Provisions that address the installation of an ESS appropriately and specifically whe
on or adjacent to buildings or located remotely in an open environment are containe
CSR.

All entities involved n the application and use of ESS are familiar with the CSR and
approvals and have the information at hand to readily document compliance with C§
implement complying ESS installations.
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All entities involved in the review and approval of ESSfamiliar with the CSR and ES
approvals and have the information at hand to readily approve the plans for proposg
installations and inspect and approve them during and at the completion of construc

All entities that will be involved in respondjrto any incidents associated with an ESS
have the necessary access to the ESS and tools and training to address possible in

for the ESS

necessary

access, tools
and

Sinformation

Those verifying

Figure 2.1. Securing ESS Safety Success
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