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Results for both energy arbitrage and load following are shown as energy arbitrage. In the one study that considered both, from Sandia National
Laboratory, both results are shown and labeled separately. Backup power was not valued in any of the reports.

https://rmi.org/wp-content/uploads/2017/03/RMI-TheEconomicsOfBatteryEnergyStorage-FullReport-FINAL. pdf
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Metal Case

* wwana3ng 19 luilaiiu (Developing technology)

* Lithium Base batteries
« Lithium-iron phosphate (LFP) : l#uwsvans lusasus lWiuazssuunniiu
waaulniin fiddfadrinazansdilgin Electrolyte luafin Organic
solvent 38 Flammable electrolyte d Tanaiiia Thermal runaway e

» Lithium - Nickel/Manganese/cobalt (NMC) : ldunnnusasus lWiuaz
%4 < 3 (4 n: o [ = 94 o n: Y o [ P=N
SLUUANUNAIULNAN AdrAyAnaIvinazana 1dvn Electrolyte iluadin

Organic solvent #3a Flammable electrolyte J§Tanain Thermal runaway

la

+ Lithium - Cobalt Oxide (LCO) : 1#u Tnsdnvisiadaiduaulvaj Winaani

AMHAULUUIDINANIUNIN H cycle life nnm

* Solid-State Lithium-ion battery (SSBs) : Buinswanivauiiun 19w 7 Pouch Cell type
uaulafine liasanudaanszannisiia Thermal runaway s
electrolyte iuaniuds finnean Lithium-ion battery indi electrolyte 1ilu
flammable electrolyte mainludn laiiu 3-5 1

* Lithium Sulphur battery

Cylindrical Cell type
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* yuaLAaINA 12 luile91iu (Mature technology) Vented (Flooded)

- Stationary Lead Acid batteries

- Vented (Flooded) type : \luniiafitininnau danudasanglaiiu Thermal runaway iasan
electrolyte 1l Water-base ( HxSO4) uagiaiia Oz waz Hz Tuziianisidszy Sedasinisszungannie

* Valve Regulated Lead Acid (VRLA) type : \lunfiafilsigasfininnay iiasann electrolyte 1ilu
Water-base (H2504) Lifin O waz Ha luanimnsvinaudnd uaaziia Oz & Ho luddnnaniasidie
wim over Charge Charge

« Advance VRLA Battery : \funuainadnsansianin1swmun Anode aasnisuan Graphite/
Activated carbon wldlu Anode active material inlduunned cycle lannn anwaan
partial charge waz lWN conductivity 2aauuatngs

* Pure Lead VRLA Battery : 1501153 lassa3719289 Cathode waz Anode @ Virgin Pure Lead

aNDRIINITHNIBUYDY Current corrector, Positive active material (PbO-), Negative active
material (Pb) was annszud float vin l¥nstiaauIun1s oxygen recombination anas dawa i
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* Flow Battery

* Vanadium Radix & Zinc Bromine : #anudasanagadiasan il fizenisiiaing luasuiunis
(anL3udn Non-Vanadium iuldlanaziia H2 aw)
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« wuanaaid Mo luilagtiy ( Recent Developing Technologies)

* Nickel-Base

- Nickel-Zinc battery : finswamnuaziiun 1Fnuninaulag dwmsu Stationary
standby application iiasan § C-rate ‘ﬁ:gjq wasfiannUasaneiingen
electrolyte flu Water-base alkaline (KOH + H20) uaz laitin O2 & H2 luzausii
WaudnG (wedeefiszuu BMS 1iiausnissnnis lunis charge waz discharge 533
A8l)

* Nickel-Cadmium : l#udwmsu Standby application uailagiiule Ladiamw 1o
\fiaean Cadmium fluTavsidinndssaduindonasineguuss

* Sodium-base

* NAS (Sodium Sulphur Battery Energy Storage) <
« Sodium-lon Battery (SIB)

Sodium Sulphur Battery Energy Storage
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Degradation diagnostics for lithium ion cells
Christoph R. Birkl a, Matthew R. Roberts b, Euan McTurk b, ¢, Peter G. Bruce b, David A. Howey a,
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e MagaLdasunm Lithium analuead (Loss of lithium inventory, LLI)

3811588186224 lithivum Decomposition » Short-circuit : Msan99sne lune luuuained
reactions awsaduane TiiAaansduLaznIsaa 209780
* ANIEANEYBILLALADS (Battery Decomposition) fa Fapnavin WAanisun v snFainiusuninasilaif
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« Overcharging w3a Over discharging : NN5215auay TiAnUAAsenflifislssaeduaznsaansaasian Ha1s
nshsrsanuaeasmensualngauivliviaansaiiv HinnnasandsInnszLIUNIHAANEaNS L
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deansiliReseaed 82010 luNNIUIUNIIHER uaz naanau Material
« Overheating (Arnsaudinly): nsvineu luanigd supply chin (wiu electrolyte, active material)
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Degradation diagnostics for lithium ion cells
Christoph R. Birkl a, Matthew R. Roberts b, Euan McTurk b, c, Peter G. Bruce b, David A. Howey a,
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e NMsgauLasdInIa Lithium A lugaa (Loss of lithium inventory, LLI)

« Maiaenaznaudfianuudian lnse (Electrode Lithium . qquﬁﬁﬁ‘h: ms‘l*z?'\‘nmwmLma‘%’isl,uam’azqmwgﬁﬁiwaw
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9$e asafigunsarini IiAansanasnauafisu (lithium * 8051 C-rate g A5l unuaaas luamsa C-rate 39

plating) lasuis: anari1 BiAnn1sanaznaudifiandindannnssuiunisznsa

* MsFaLAu (Overcharging): MszsauuaLaa3 lithium- wazavanadisy luaruaainduadinesiag sas C-rate
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Degradation diagnostics for lithium ion cells
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e Magadasunm Lithium analuead (Loss of lithium inventory, LLI)

e« nMsgadadsnna lithivm angasdldsenavasanaa taa parasitic reaction i
e N13NDAI2DY Solid Electrolyte Interface (SEI)
- SEl surface film fiagu lwaurunis formation
- SEl growth tn@an 'S’g]ﬁ‘i’ﬂ'iﬂ’ﬁﬂsqu,tazmﬂﬁszﬁmaqLLumLma’%i (Cycles) wians lFnuiiaaluannda
INNAYDILHA
* JARTEINTEA186284 Lithium Decomposition reactions

e NMSIAANNEAABIALSINUU Electrode lithium plating

k4
QU

AR : 1aNIIRINaILTNgUETIA lunsuanildsudaanaasdfisnsmingauinuazgiau lagsain daua Td
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Reference: Christoph R. Birkl a, Matthew R. Roberts b, Euan McTurk b, ¢, Peter G. Bruce b, David A. Howey q, ; "Degradation diagnostics for lithium ion cells”
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Reference : Generation and Evolution of the Solid Electrolytelnterphase of Lithium-lon E
Editor ; Satu Kristiina Heiskanen,1 Jongjung Kim,1 and Brett L. Lucht1,*
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Fig. 3. Cause and effect of degradation mechanisms and associated degradation modes.

Degradation diagnostics for lithium ion cells
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e Thermal runaway aaszls
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« Thermal runaway \iaanaLwa la laiing

e AuIUNSLAR thermal runaway 1u lithium-ion
battery iinanavaaigilsznis lagavanan)
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o YAz laitinlnin luunesiuans electrolyte
158191 Solid Electrolyte Interface (SEl): daad
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« Thermal runaway tinaInaHa laleiing

* nsB15aLiu (Over charge) : ANTZNSAULALABIALTIEN
loaauTaa ldnszualwiiuluwiagnsaiiunaianavin i
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* nuuzinangfianis 129 u2es Samsung SDI

Reference : Generation and Evolution of the Solid Electrolytelnterphase of Lithium-lon Batteries

Editor ; Satu Kristiina Heiskanen,1 Jongjung Kim,1 and Brett L. Lucht1,*
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e Thermal runaway inzuleagels

e a1uNT9AA thermal runaway u lithium-ion battery iiaanawanatglszns lagan
avans) lawn:
e UfAzan LW Tuunsainaas electrolyte Mi3adn Solid Electrolyte Interface (SEI):
v o . . . [ = o = & AR [ =]
daaa lithium-ion battery gnaunuwiagnnians lunsoi o< niniiun1sauszalgeanis
nsazfiaufinsanInwe anavin liiaansianggasdanszguns luizaa fanaillad

Ta2auULazNITZUIUNITESINANNITDUD EI9TIALS)

msiiia thermal runaway lu lithium-ion battery Duilawnfigeessisagnamn Wasannduenavin lidanns
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 mstiangandnsaad NN 1 Lithium-ion battery luame state of charge ngenu

nsuanm12a4 Electrolyte unaz State Of Charge (SOC)

. Lﬁmﬁuﬂswguumma‘%ﬁ voltage guiflunanuiug #99zvin W anusunuzasuungs
auluss

* FaunefifalsTnN dausilsey State Of Charge, SOC) a4 Lithium ion battery
157 Taarieng wia BSOC al3 naaazrefilidaans e

o FeufAsendanail nannviansduegi solvent uazansazanaii 19vin electrolyte 1w
Lithium Carbonate Li;CO3 %38 Lithium hexafluorophosphate (LiPFs)

e o N YR a S & o o a a o
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(organic electrolyte) #3a Flammable electrolyte Usznauas:

* Solvents (@vinazana): Wud Inajzaedian Inslasd, vreavinazaraiiuifisg lu
uustaasaisnloaaulaun:
v Ethylene carbonate (EC) gastad C3zH4Os3

¥ Dimethyl carbonate (DMC). gasiaii CaHsOs3
v Diethyl carbonate (DEC)
v Propylene carbonate (PC)

* Lithium Salts (1n@aatiiaw) : uaaf TWszgadisniaanudn lwin, vreaandui
fznlaun:
v Lithium hexafluorophosphate (LiPF¢)
e Lithium tetrafluoroborate (LiBF4)
e Lithium hexa fluoroarsenate (LiAsFs)
e Lithium triflate (LICF3SOs)
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Figure 11. Individual gas species concentrations for LiCoO; 18650 cells
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GASEOUS PRODUCS FROM ABUSED CELLS:

Cathode: Layered Oxide Cathode + Anode: Graphite or Li/Li*
Electrolyte: LiPFg in Organic Carbonates

GENERATION
SITE: m m \
H ~50 % CO,, CO
GASES: CH4, CQHG, C2H4, CH4 < 10 %
CO,, CO
GASEOUS ELECTROLYTE:
PRODUCT CO,, C,Hg from EC, C,H, from DEC

(Yo)1]:To  I-FH some CO, is reduced on anode to produce CO

DSC "2-cells
Full Cells (Oxide Cathode + Graphitic Anode) (Cathode + Li/Li*)
TEST 100 % overcharge 100 % Overcharge
CONDITIONS: Gas generation starts at 60 - 80 °C, depending Gas generation starts
on the exact cathode chemistry and cell design at> 180 °C
STAGE 1 STAGE 2

Fig. 5.8 Gaseous products of electrolyte decomposition [1, 2, 4]
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Combustible gases are ignited
Ejected particles by elevated-temperature particles

. > o Jet fire
AININADIUTAY ALY

NI992UNY2DINTYD

wusLaasasanlonau
FELVINNNITITUIYANN
SDU

Battery under venting

Battery under combustion

Fig. 1. Fire propagation caused by elevated temperature particles in battery
pack to reveal the necessity of thermal runaway model incorporating the par-
ticle ejection.

PECTEC

A multi-scale model toward
mulfiphase process
Gongquan Wanga, Depeng Konga,c,,
Ping Ping b,, Jennifer Wen c, Xiaogin
He a, Hengle Zhao a,Xu He a, Rongaqi
Penga, Yue Zhanga, Xinyi Dai a
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o wuanadazliiuAaaanunanuuatass lun1svineudnd* (normal operation conditions)
* lunsvinemndnd vunads nsussalniinfias ludeiiguanuusin
» fiaiinns over charge voltage i 7 V / cell ufimasgnilandaasaanuiiiaeann
= Oxidation reaction 284 Electrolyte v l#iin CO, CO2
- msamw‘i’mmTﬂsqaé?'mﬁy’u'i”aquﬂimm Decomposition of cathode active material

Battery Gas Component
Capacity Tested

Result "
Condition
(Ah) | (Wh) CO CO2 | CH4 | CoH2 [ C2He | Others | HF | Total

Grams 0.05 0.83 588 0.07 028 006 035 0.021

Liters Overcharg 59 066 299 0.1 022 0046 0.18 0.023 48
60 216 e

Volume (32A@7V)

y 12.3 13.7 622 21 46 1.0 3.7 0.5 100

Note: Hydrogen gas (H2) > 4 Vol %, Methane gas (CH4) > 5 Vol %
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¢ CO : Carbon monoxide

o Hlufefilifinaw 1id§ Waannisenluiansuaudilianysa lude
WWRIAN9Y) 12U Waada nguenany i T lnel Lasaesud asiad
vsaUAAsaedunsaiie luwuaieas Wudu

* BUMAIY

« Unfiudrameais 15 lunsme leseninednfingingszsnsusiu
§i CO Ystlupgifluung usiiasanfias lusunadidasaing 39
Tudmaidsnasenauazssuumadiumeala Tnaniigiadsunn
AsuauNauanlamsandn Part Per Million (ppm) fanuvans
Ao Usuauniiaanu Tugwan (1 lu 1,000,00) sndragnazy
CO lufiagandaasfivsunm 0.5-5 ppm w3a lukasash 5-15
ppm Fengeaaiisansuld luiufignavnssuiuasasii 200

ppmM nIaARAs 8 7N/ agn 35 ppm

*reference: https://www.gistda.or.th/news_view.php2n_id=5475&lang=EN

« CO2. :msunulasanlas (83ngu: carbon dioxide) #3a CO2
o (i lifid Fevinvine landadidnll lulsanamin « sxsanliaaiidan e
nsszAgLAaINaynuazaa asanaatiansazaiaaauiai ludian luaden:
na Iiliansaasuaiinasndau
« asuaulaeanladianunuiuiuy 1.98 kg/m3 Failudszuna 1.5 wingesane
TidalWuazlaivinlfasen
s s H v s s & I
 asuaulaaanladainisoazanginla 1 wasinudrasansazansiuaznaiaiiun
< A e o < < < o
saasuaiingeazilasusiiluluasuaiuauazasuaiun lunavad
* BUAIE
« Mmssnnelasuasuaulasanlasiin (SanAunzanneandian) Aol
Hiagaanananzanaeinie wis usnanduiaaisuaulaoanladazauas)
NnaanNn liiSganau
* anagmatiungla dvneaduazlins lauad dassurinnisneniala
wihajzwanaiasan laviegians laiashunie wazsu ldeandauasa

AIYANNIIALST NUUS VU EINULWNSE

https://th.wikipedia.org/wiki/asuaulasanlas
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CHa.  : Anadnmu (CH4) vinujdssnnuaangian (O2) azdasuilu
falalasiau (H2), Agasuauuauuanlasd (CO), AN N 5 »
. . . = _ , 1inraduis ANNFauggalaelsyanc
asuaulaaanlad (CO2), uazin (H20) faunndininnin 27,600
oK ANGIAY + AZLENAY 6,300 °F uzalsranu 3,482 °C
aunsiadgasnsn Indaziziau lusanfauanysalaa AANTLAL + LWL 5.300 °F vi@1svann 2,926 °C

CH4 + O2 - CO2 + HO

o o . L aandlaL + lElasial 5,400 °F 3alseanm 1,982 °C
CoHo : wnapzianau (Acetylene) wuansdsenay C2H2 wuwnan

fnlWilasinsnusandauas IHar Iniidianusaugs fie 3,482 °C BANTLAL + Hinu SO0 P ) 2E2 5O
aunstadgasnsn Indaziziau lusanflauanysalaa 2IMA + ATiThaU 4,532 °F vi3a 2,500 °C
2CoH2 + 507, —> 4C0O2 + 2H20 "
) j.d j B ‘ B : L L ANA + LWL 3,182 °F w7a 1,750 °C
CoHe : inafifigasiail CoHe 13ann "B wluialaln dadlu
laTasarsuauniiatsznn wazsdluarudsznauvannny ludne hito:/ www.bspe.ac.th/files/2106081010370621_2303270995337.pdf

1
A QW

5558276 temutudatau vungaxItulalasasusunidnus:
& & = o . ° Y P PP @
AsUBN-ANSUaULTuN U A Y 1ty la Tasa1susundua
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 N131194 Hydro fluoride (HF )
 Tnunadisnarsuaiun (K2C03) awsann lilalasiauvganalsa (HF)

unanale ipsannamanifnugueey Gilua1aduisdnse:

*HF (hydrogen fluoride)

* lalastaungaslsd Wuaisisznauiniinfigasiaifa HF

anwauuianiozaauna lifid lalasiaungaslseiilu
uraangaasuvan luneaeaivnssy dn 1 lugdansazans
lwihdansalalasvgensn lalasaungeslsdiduingsu
danlunisiesenansusznavunanagiing 19l
LNEAAMEINNTINLAZNDALNDS 17U WaRlnaszWgaa T51aha
U (PTFE) wazfludiudsznavniiezesnsaginda
(superacid) i 1Fluanamnssni Tasiad

« lalasaurigealsmiuufiadunsaasnads Wiadnianu
anwduasulsanniy nanlalasngasiniifiond
nansau lalaslaungoalsaszmaLAnsnanNaIwe Iz

A1N130NANTAUNTZANAND El"Ni'JG]L%’J

o HF fluansusznaviiiiunse Sansanuinawsalasslenay
laTasau (H+) Iaiiaazans Tuin |

 Tnuna@anaisuaiun (K2CO3) Lﬂumsﬂfszﬂauﬁugwﬁmmsa
Uansloaaulaasanlad (OH-) winazanaluiin

« fiaanuman HF fu K2CO3 luiih lansanlaslasauain K2CO3 awin
Uinsenula laswulasauan HF Tudjazennisvn ldidlunana:

= HF + OH- — H20 + F-

« UAsenidena liiAnnsnedizein (H20) uazWgeslsdlasau (F-)
mﬂﬁ”’uwQﬂﬂliﬂﬂaaauaziaun"’y‘[mmm%aulaaau (K+) 21n K2CO3
aasne Tnunadasngenlsaiiadas (KF):

= - + K+ — KF
T‘wLLwaLﬁﬂulaaauwmaammmsnmﬁgﬂsmﬂuTutaﬂa HF leéunngu
Waas 1 Inunadanlalasiaungaalsaniatios (2KHF):2HF + 2K+ —
2KHF

.ty K2COsz aevin 1w HF flunanslsagesivszansnmlnsnisuan
wanAmunfatias laun KF uas 2KHF luaaen 19 HF Milunsauazasns
i lunszuaunns Ugasensin Widlunasilazgsananuilunse
wazrin TAszuudiad gsnw

. Lithium-lonBatteries / Fire Protection Systems www . firepro.com
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|Thermo| Runaways compliance from NFPA 855 PECTEC

NFPA

895

Standard for
the Installation of Stationary
Energy Storage Systems

2020

Table 9.2 Electrochemical ESS Technology-Specific Requirements

Battery Technology Other
Sodium Electrochemical
Compliance Nickel ESS and Battery
Required Lead-Acid Nickel® Lithium-Ion Flow Chloride Technologiesb Reference
Exhaust ventilation Yes Yes® No Yes No Yes Section 4.9
Spill control Yes! Yes! No Yes No Yes Section 4.14
Neutralization Yes! Yes! No Yes No Yes Section 4.15
Safety caps Yes Yes No No No Yes Section 9.4
Thermal runaway Yes© Yes Yes' No Yes' Yes' Section 9.3
Explosion control Yes® Yes® Yes No Yes Yes Section 4.12
Size and separation Yes Yes Yes Yes Yes Yes Section 4.6

*Nickel battery technologies covered in this column include nickel cadmium (Ni-Cad), nickel metal hydride (Ni-MH), and nickel zinc (Ni-Zn).
PThe protection in this column is not required if documentation acceptable to the AHJ, including a hazard mitigation analysis complying with 4.1.4,
provides justification that the protection is not necessary based on the technology used.

“Exhaust ventilation is not required for nickel metal hydride batteries.

YApplicable only to vented- (i.e., flooded-) type nickel and lead-acid batteries.

“Thermal runaway protection is not required for vented (e.g., flooded) lead-acid batteries.

‘The thermal runaway protection is permitted to be part of a battery management system that has been evaluated with the battery as part of the
evaluation to UL 1973 or UL 9540.

SExplosion control is not required for the following:

(1) Lead-acid and nickel-cadmium battery systems less than 50 V ac, 60 V dc in telecommunications facilities for installations of communications
equipment under the exclusive control of communications utilities located in building spaces or walk-in units used exclusively for such installations
that are in compliance with NFPA 76

(2) Lead-acid and nickel-cadmium battery systems designed in accordance with IEEE C2 and used for dc power for control of substations and control
or safe shutdown of generating stations under the exclusive control of the electric utility located in building spaces or walk-in units used exclusively
for such installations

(3) Lead-acid battery systems in uninterruptable power supplies listed and labeled in accordance with UL 1778, utilized for standby power
applications, and housed in a single cabinet in a single fire area in buildings or walk-in units
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) NATIONAL
wJ "ec eLecTricALcope (U

®

e Thermal Runaway ain NFPA 855

* Increasing ESS compliance requirements

o uddmsssivsaanauuy i ldiuans WAwIng e UL 9540 : 2023
Ussansua lun133:du IlUssnn B wazdszian C lug * NEC Sect. 706
. 5 i v Lisid e NFPA 855
ESS uadnsssqunssud NN uuuuuudInastuy laWI e UL 9540A
2199z AN RYANITIZUIBAINIDUNNAIINAIN e Developing IEC standards

e |[EC 62932 - Flow
e |[EC 62933 - ESS
e UL 1974 : Repurposing of batteries

UL 9540 = UL 1741 standard for inverters + UL 1973 standard for stationary batteries

Reference : NFPA 855-page 30 ; INSTALLATION OF STATIONARY ENERGY STORAGE SYSTEMS

soula gelidinsdidne s1891uNTIINAREY HiDABNA

nasvauaudsilegiunmeunsla o Nuanaiuaziedy
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Thermal Runaway Fire Propagation in
Battery Energy Storage Systems
IFC 2018 and NFPA 855

Max. 50 KWh each Max. 250 KWh each for
listed systems

™

Other arrangements
as approved by AHJ based on large scale
fire and fault condition testing

Reference : NFPA 855-page 30 ; INSTALLATION OF STATIONARY ENERGY STORAGE SYSTEMS

855-17

Table 4.8 Maximum Stored Energy

Maximum Stored Energy”

ESS Type (kWh)
Lead-acid batteries, all types Unlimited
Nickel batteries” Unlimited
Lithium-ion batteries, all types 600
Sodium nickel chloride 600
batteries
Flow batteries® 600
Other battery technologies 200
Storage capacitors 20

“For ratings in amp-hrs, kWh should equal maximum rated voltage
multiplied by amp-hr rating divided by 1000.

PNickel battery technologies include nickel cadmium (Ni-Cad), nickel
metal hydride (Ni-MH), and nickel zinc (Ni-Zn).

‘Includes vanadium, zinc-bromine, polysulfide, bromide, and other
flowing electrolyte-type technologies.
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HIYNAULNAY LUNIZEIHSU LUGALADS

o TWiszian B tiluinds lndniiaanzastralfia lnziia

@19 (Flammable Liquids) 1w ssad, uisiude
INAY, ANANAN, BAH
e |A5RALINAITINzE SN USzAn B
e IAUWAITHARILANLAY (Dry Chemical) aain
12817
o faRUIWAIgATUN Low Pressure Water Mist
(ABFFC) aanniagn
o fanuInAITiinnzansuaulananlas (Co?2)
« ngnauwde T (Fire Fighting Concentrate
Foam)

o [y W
o Loam

O'

o Iuszan C luwasludninasnadnsalliiln %3e wadae 1 lWind

nszud W (Live Electrical Equipment) i IW#15a2995, aalnsa
21995
o L@ UwaIwNNzaESUlWYsELAN C

o

e NAUINWAITHARILARNLAS (Dry Chemical) aanniaign

v =

* 09 ULW&QQﬂSﬁ’l Low Pressure Water Mist (ABFFC) aanniaign

o

e ganUwdsTiangansuaulasanlad (Co2)
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ESS System Design in the Container

Fire Alarm and Extinguishing Panel
System Abort Switch
Disconnect Switch
Gas Release Sign
1st Stage Sounder (Bell)
2nd Stage Sounder/Beacon (Horn/Strobe)
Fire protection agent
Sequential Activator
Combination of different detection technologies
-Smoke
-Heat
-CO
-Gas
-Aspiration
-Linear Heat
-Flame
-Other

VONOOTAWN—




I Recommendation of flre ex’nngwshmg Ogen’r PECTEC

(%) Amount (Kg)
HFC-23 FE13 4th Expensive - Cheap Price

- Most economic with highest concentration
- Long protection range

- Less toxic

HFC-125 7.2 50 2nd Expensive - Not suitable for long distance protection
range

HFC-227ea 7.0 75(50) Most - Most expensive

FM 200 Expensive

HCFC-Bland 8.6 50 5th Expensive - Freon grouped material, subject for phase
reduction by 2020
- Agent material will result residue/liquid,
causing secondary damage to electronic
components

CcO2 50.0 180 3rd Expensive - Toxic material causing suffocation

Water Spay A sprinkler density in excess of 0.3 gpm/ft?

(12.2 mm/min) can be necessary to provide
an adequate level of protection (>30
minutes)

Note : Halon Fire Extinguishing was banned.
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