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+1 416-548-7880 

365 Bay Street, Suite 300, 

Toronto, ON, M5H 2V1, Canada 

Attachment DA2.0-1: A-CAES – Historical Operational Data Summary 

This memo has been prepared in response to California Energy Commission Staff’s data adequacy 
recommendation in the technical area of Reliability, Appendix B(h)(3)(B)(v), and provides a 
summary of historical operational data for the Advanced Compressed Air Energy Storage (A-CAES) 
technology. As explained below, there is significant, demonstrable operational experience and 
history in all of the primary project elements, in addition to the included operational data from 
Hydrostor’s commercial A-CAES facility in Ontario, Canada. 

Hydrostor’s Goderich (Ontario, Canada) Operations Data: 

Hydrostor’s Goderich A-CAES Facility is the world’s first commercially contracted Advanced 
Compressed Air Energy Storage (A-CAES) facility. The plant is contracted by Ontario’s Independent 
Electricity System Operator (IESO) for peaking capacity, ancillary services, and full participation in 
the merchant energy market to support grid reliability. While Goderich is relatively small, this 
achievement is a utility-scale commercial application of A-CAES technology that conforms to all 
interconnection, uptime, performance, and dispatch standards as set out by the IESO. Coupled 
with the proven delivery and supply chain for all A-CAES systems, the Goderich A-CAES Facility 
demonstrates the operational performance of the adiabatic process and the ability of A-CAES 
technology to fully participate in and deliver a range of valuable grid services to electricity 
markets. 

In its operational history, the project has cycled hundreds of times and is meeting its technical 
performance objectives, including receiving the maximum allowable score on the primary 
technical performance test with IESO. One performance objective for the Facility is measured by 
the Capacity Check Test (CCT), which is determined following a pre-defined test protocol. The CCT 
requires the facility to discharge for no more than four hours (Initial Discharge), recharge for no 
more than 8 hours, and then discharge again for no more than four hours (Secondary Discharge). 
The result is then the minimum of four scores. The facility was tested on June 25, 2020 where it 
achieved results exceeding the maximum allowable score, and therefore the maximum 
allowable score was assigned as the facility capacity: 1.75 MW. Table 1 presents the achieved 
scores. which were verified by the IESO and an Independent Engineer. 

Table 1.  Verified results from CCT test on June 25, 2020 

Item Description Max under contract Achieved Score 

Initial Discharge Output The full energy output over the 
four hours, divided by four 
hours 

1.75 MW 1.773 MW; 
Passed 

Allowable Recharge The greatest energy 
consumption over any four 
hour consecutive period within 
the eight hour recharge 
window, divided by four hours. 

1.75 MW 2.213 MW; 
Passed 

Second Discharge Output The full energy output over the 
four hours, divided by four 
hours 

1.75 MW 1.765 MW; 
Passed 
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Worst Hour Output The output for the single worst 
hour of output in the second 
discharge window, divided by 
0.9. 

1.75 MW 1.958 MW; 
Passed 

 

 The Cycling Deficiency Reduction Factor (CDRF) is the key reliability metric for Goderich. The CDRF 
effectively functions as a monthly performance indicator that provides a measure of how 
frequently the facility cycles when power market conditions indicate a storage asset ought to be 
cycled. It can be calculated continuously, but is settled at the end of the month using the real 
market conditions for that month. For example, in January 2021, the power market cost analysis 
indicated that a storage asset should have cycled 20 times, and the facility completed 20.4 full 
cycles, resulting in a CDRF of 1.02. The current CDRF value is monitored continuously by the 
operations team and energy managers 
to maintain a CDRF at or above 1.0.  
The plot on the right shows typical 
performance on this key contract 
parameter for some representative 
months, and clearly demonstrates that 
the facility is cycling the expected 
number of times in each month.  
Normally, this is about 20-22 times per 
month. 

 

 

 

 

Operational Experience and History of Primary Project Elements 

A-CAES utilizes standard equipment that has been rigorously deployed in a variety of other 
applications and industries (e.g. pipeline compressors and let-down stations) and is supplied 
exclusively by Tier 1 original equipment manufacturers (e.g. Baker Hughes, a global leading 
supplier of core equipment and an invested corporate partner on delivery of Hydrostor’s systems). 
In addition, capital investments for A-CAES compares favorably per kWh when compared with 
other storage technologies. This is in part due to the combination of the well-established expertise 
and supply chains of the mining sector, and those of proven, bankable, industry-standard 
generating and process equipment which offer a compelling solution at scale. 

Hydrostor’s A-CAES technology has been specifically designed to rely only on a well-proven, 
reliable supply chain and the use of standard industrial equipment/construction approaches. A-
CAES is based conceptually on the same basic design and process as traditional CAES with its multi-
decade operating history. In addition, A-CAES technology incorporates two key improvements 
allowing it to be emissions-free and flexibly-sited: 1) the development of a proprietary thermal 
storage system that eliminates the need for a fuel source, and 2) the construction of 
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hydrostatically compensated, hard rock air storage caverns.  Each of these also has operational 
precedent. 

A-CAES air storage caverns – historical operations information:

The reliability of hydrostatically compensated air storage caverns in hard rock was independently 
assessed by experts who concluded that a mature design, construction, and operational 
environment were key components for below-ground hydrocarbon storage caverns in use today. 
Hydrostor’s A-CAES cavern sizes and operational parameters are consistent with the sizes and 
operating parameters of hydrocarbon storage caverns in use today, and contain those same key 
components. This provides an abundance of real-world experience upon which to base the A-
CAES cavern design, and to use in managing and mitigating subsurface issues as they are identified 
during development, site selection, and construction.  In addition, approximately 200 hard rock 
storage caverns exist globally, storing hydrocarbons – the design and construction of which is 
directly analogous to air storage caverns.  An enclosed document (Enc. A. - Storage Cavern List.pdf) 
provides reference data on 190 of these caverns. 

Primary Process Equipment (Compressors, Turbines) – historical operations information: 

All of the primary process equipment utilized in Hydrostor’s A-CAES technology uses standard 
frame-size compressors or turbines, for which there are many decades of performance history 
across thousands of applications. Hydrostor’s A-CAES design proposes mature and commercially 
available rotating and static equipment technologies. These mature equipment technologies have 
been employed successfully in a variety of industrial applications worldwide and have significant 
operating history.  In addition, the technologies support the implementation of parallel trains to 
enable a scalable plant size in increments of 100 MW with low levels of design and supply risk. 
Technical details regarding these established equipment are provided below: 

• Compressors:

o The compressors of this scale are commonly used in the air separation industry.

• Turbines:

o The turbines used in A-CAES are those commonly used in steam power

production applications. Each of the vendors consulted has confirmed the

suitability of the use of their steam-oriented equipment for the air application.

There are thousands of steam turbine examples installed around the world.

A-CAES thermal storage – historical operations information

Hydrostor’s thermal storage system uses conventional equipment with strong track records of 
safe and effective operations around the world. The core of the thermal storage system is the 
shell and tube style heat exchangers, millions of which are installed and in-use globally, operating 
in a predictable and safe manner. The thermal fluid (water in this case) is kept in storage tanks 
that also have significant precedent for reliable and safe operations. See, Enc. B - IO - 
Spherical Tank Review.pdf and McDermott brochure for the hortonsphere at the hyperlink 
provided here: 

https://www.mcdermott.com/getmedia/3e01d2b7-392b-40fa-88ef-4c82fde83149/
hortonsphere-2020-digital.pdf.aspx
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Working 
Qty Cavern Pmun Watlr Cavem Construction Construction Contracting GK 

Country A<N Ti«• Stora51• typ• Sto,-d products Dlltlfl Vo!ume 
Caverns D•pth [bar) Curb.In AtteH Cost{U/Gi) Dunitlon (yun) 

G4ntral Contractor Own.,O~tor 
Str.ate,g:y Involved Im~ 

AUSTRALIA Mined c:,-.,ern l lqucl'~ hydrOQrbons P,op;,ne 135 000 I 127 6.• y SHAl'T 5 WAL TEA CONTRVCTION GROUP y 

BELGIUM FLEl,USH ANTWl:l<PEN Mi~cavcrn l iQ;\icfatd hydro(brbons 8'.11:3~ Pl'Opanc 10700 2 N SHAFT OISTRIGAS 

CANADA Orf'TARIO DOW HCSO MinedcaYem liquefied hydrocarbons 
Sut:ane; Ethylene: Propane: 

667 800 10 y DOW OiEMJCAL CANADA L 1D 
Proavlene 

OilNA SIIANOO.SG HUANGOONG Mined cavcm Liquid hydrocarbons Cr1.1deoil 1 y DECLINE 

Q-ll~A Mint'del,...crn l i®eftt'd hydroc.,rbons But;,.ne-; Prop;,nc 520000 2 65; 125 1.2;7 y DECUNE S 22 500 000.00 5 CHIYODNNCC EPC y 

OIIHA Mi.ntda-vern Liquid hyd«x~rbons Ctudtoil ISOOOO 2 y DECUNE J AAU.\'IA't 8VREAU y 

0-il~A Mlnedca-..em Llquefiled hydrocarbons; 8utani:-; P,op;.,ine 250000 2 111; 142 y DECUNE J IWLl'IAY 8UREAU y 

OilNA Mlnedc.avem Liquefied hydrocarbons Butane;: Propane 229 000 2 55; 115 2; 7.5 y DECLINE $ 19 000 000.00 3 LGEN £PC y 

OilW\ GUA= NG ZHUIIAI Mined cavern Llqueffed hydrocarbons Butane, Propane 3?0000 1 N DECLINE P8 BP 

0 -MilA Mined ca._.em Llquefl~ hydrocarbons Propane; Butane,; MiXed LPG 570000 3 12B y DECLINE 3 CREC y 

OilW\ Mlnedca\'em Liquid hydrocarboru Crude OIi 3 000 000 • 12-98 y DECLINE RA!LWA't BUREAU y 

D-llNA Minedcavem Liquid hydrocarbons CrudeOil 3 000000 3 y DECLINE RAILWAY BUREAU y 

CZEot 
CENTIW. BOtlEM.1/1 HNE PRIBMM Mi.m:<d QJ\'cm turaJga:s N.at\r.Jle}a:s 600000 5 y SHAIC'f 2 CPP/TRANSGAS 

HEPV6UC 

FINl ANO EGENTUGA KERNI Mined cavem Liquid hydrocarbons Oles'<!l oil 3 N STATE 

FINLAND K'IMI KOTKA Mined cavem Liquid hydrocarboru Crude oil 2 N SHELL FINLAND 

FINLAND SOUTH WEST FlNLAND NAANTALI Minedcavem liquid hydrocarbons Crude oil 253 '100 2 N NE5TE OY 

FINLAND PIRKANMAA NOKIA Mined cavern l iquid hydrocarboru 2 N 

FINLAND NORTH OSTROBOTHNJA OULU Minedcavem Liquid hydrocarbons Gasoline 17000 2 N KEMIAAOY 

FINLAND UUSIMAA PORVOO Mi.nl!dc.i..,cm Liquid hydrocarbon~ Oi~oil 14 N NESTE OY 

FINLAND VUSIMAA PORVOO Min~c.-,-.,crn lic;:uefitd hydroctirbons & t<'lnt 11 6290 I y NESTEOV 

FINLAND VUSIMAA PORVOO Minl!<lc:a-.,cm Liqucl"lt!d hydrocarbons Pio~ 300000 J y NESTE GAS 

FINLAND UUSIMAA PORVOO Min~c..,-.,crn Ll(;uidhyd'rocarbon:s; Crude Oil 3 3SOOOO 13 N NESTEOV 

f." INLANO UUSIMAA PORVOO Mined Gil ..,Crn Liquidhyd,oca,botts Ligh1 F~ I Oil 1 360 000 s N NESTE OY 

FINLANO VUSIMAA PORVOO Mined ca-.,em liq uid hydfOQtbons Llghl (onde-ns.att 105 000 1 N NESTEOY 

r 1NLANO UUSIMAA PORVO(} Mlned c;avem Llquef~ hydrocarbons 8ut~ne 163 000 1 100 y OECUNE BOREALIS POL YMF.RS 

FINLAND UU51MAA PORVOO Mlnedcavem Liquid hydtocarbons. Heavy f uel 011 • 10000 2 N NESTEOY 

FINLANO SATAKUNTA RAUMA Mlnedc;a..,em Llcruld hydtoc~rbons Dlesel oU 200000 2 43 N DECLINE TF.8011. 

FINLANO HEl.SlNKI SAL.J.\l~RI Mlnedc.avem Liquid hydrocarbons. Olesel oU 6 N STATE 

FINLAND HELSINIQ SAL.MJSAARI Mined cavem Liquid hydrocarboru Fuelol 200000 3 N STATE 

FINlANO LAPI..AND TORNX> Mined cavern Llquefi.ed hydrocarbons Propane 83000 y NESTE OY 

FINLAND SAVONIA VARKAUS Minedca"'em liquid hydrocarbons Diesel oil 6 N STATE 

FRANCE Minedc.ivem liquefied hydrocarbons Propane 80000 1 112 6 y SHAIC'f 4 y 

FRANCE Minedc.avem liquefied hydrocarbons Propane 130000 1 132 7.3 N DECLINE 4 y 

FRANC Mil'lltd ,em LI uefied hydtoatrbons & tarlt; P,-opi:u,e JQ6(1(1() 3 100:65 6; 1.7 y DEC NE J 688 000.00 E 4 SAINRAPTISKANSKA 
RATES y 
CONTRA.CT 

FRANCE Mine-dC.'.M:!rn Liquel'itd hydroG:irbons P10PM1~ 98000 I 1•2 s.s y SHAIC'f 16 100 000.00 ~ 4 FOUGEROUES BAU.OT 
RATES y 
( ONTAACI 

FRANCE Mined cavem Llquetaed hydrocarbons Butane:- Propa.ne 64000 2 N SHAFT F&S y 

FRANCE Mlnedcavem LlquefN.d hydrocarbons Propane 8000 1 143 6.S N SHAIC'f 3 501 000.00 ~ 4 PASCAL y 

1,<DlA Minedc.a"'em liquefied hydrocarbons Propane 127 600 1 162 s y SHAFT 4 L&T EPC y 

l,<DlA Minedc:avem liquid hydrocarbons Crude Oil 2 000000 2 50· 11 0 y DECLINE S 180000000.00 SKECll(CT EPC y 

IN"DlA Minedca-.,em liquid hydrocarbons Crude Oil 2 500000 2 y DECUNE I I 2SO 000 000.00 I SKEC/HCC EPC y 

INDlA ANDRA PRADESH VISAKHAPATNAM Minedc:a-.,cm Liquid hydrocarbons Crude Oil 1 000000 1 y DECLINE S 172 00000000 HCC Ell forlSPRL EPC 

I 1rALY Minedc.ivem Liquefied hydrocarbons Propane 45730 3 N SHAIC'f y 
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Mined cavern Liquid hy(bocarbOf'li Crude Oil I 7 0000 V DECLINE l(,,\j[),<A 'f 

Mlne(! avem Liquef'aed hydroa,rbons PtOPIM\e 800000 160 V DECLINE SHIMl%.U/IWl'ANJGC 

XA OSHL\11A K\.ISHL<INO Mlned('.1Yem Liquid hydrO(arbons Crude oll 1 750000 V JOG•• C 

Mlnedcavem Liquefied hydrocarbons Propane; Butane 9000 lS0 V DECLINE OBAYASHl/ r.t\lSEI/CHIYOOA 

OSLO EKEB!:RG OUB.ACiER Mlnedc.a ... em liquid hydrocarbons Dlesel oil; Gasoline; Jet fuel 136000 17 N HYDROTEXACO, SHELL. ESSO, STA TOIL 

ORDI.ANO GI.OM,F JORDE Mlnedca\'em Other products. Ammonia N 

11lOM5 HARSTAD Mlnedca..,em Liquid hydrocarbons Crude oil N 

PORSGRUNN HEJtOVA Mined cavem Other products Ammonia "17100 N NORSK-HYDRO 

TRO D BM ll.%KA Mined cavern liquid hydrocarbons Crude oil N 

SERGEN KARSTO Mine-davem Propilille 27SOOO N ST ATOil 

'SORLANDET KRISTIAN-SAND Mine-dcavem Crude oil N 

SERGEN MONGSTAD Mined cavern Butane: LPG Mix; Propane lMOOO V ST ATOil 

NORWAY 8E.RGEN MONGSTAD Mlnedavem Liquid hydrocarbons 
Crude oil; Oi~I oil; 

925000 15 N STATOtL 
Gasoline· Other roducts 

NORWAY SERGEN MONGSTAD Mine-dCilvem liquid hydrocarbons Crude oil; Other products 1 480000 N STATO L 

NORWAY BERGEN MONGSTAD MinedGIVl:'m Liquefied hydrocarbons Refrigerated p.-opane 30000 V STATO L 

NORWAY SERGEN MONGSTAD Mine-dcavem Li etiied hydrocarbons Propa.ne 30000 V STATO L 

NORWAY TROtWaAG Mi.nedCilvcm Liq uid hycbocarboru Dil:'scl oil N 

NORWAY TONS8ERG Mln~a,vcrn Liq uid hydroarb0t1s Cri.Jdcoil 9-5000 N NORSK HYDRO A,S, 

NORWAY OSLO MinedCDNCr'n Li ucflltd hydroarbons i>tOP!l,f'IC 100000 V 

NORWAY ROGAi.AND Minedu"em Li uld hyd1ocarbons Crude 011 nooao N 

NOffWAY SOTRA ISLE, WEST COAST Mlnedcavem liquid hydrocarbons Crude o11 900000 N STATOtL 

NORWAY SOTRA ISlE. Wl:ST COAST Minedeil"em Llquefitd hydroairbons 8-utane; PrQparu;!! 163000 V 

NORWAY ROGAL.ANO STAVANGER Mlneduvem liquid hydrocarbons Crude oll N 

NORWAY WES-TCOAST STURE Mlned cavem Liquid hydrocarbons Crude oil 800000 N 

NORWAY VAIDA.KA STURE Mlnedc.avem Llquefi.ed hydrocarbons Propiltle tiS0OO N 

NORWAY 11tO DC.LAG TRON H':JM Mined cavem Liquid hydrocarbons G.asollne,: Kerosene N 

RATES 
PORTUGAL Mintd cavern Llq ucfltd hydr001irbon:s P,opr,ne 83000 137 V oec Ne 11 200000,00E 3 LeM tlNK.,\INt (ONlAACT+ 

TARGET PRIC.E 

SAUDI ARABIA AS R ABHA Mined cavern SAUDI ARAMCO 

SAUDI ARASIA Al·QASSIM BURAIDAH Mi.ne<l cavem SAUDI ARAMCO 

SAUDI ARABlA TIHAMAH DJE.DDAH Mi.nedCil\11:'m SAUDI ARAMCO 

SAUDI ARASIA Al-MA~ NIIH ME NA Min!!dc,wcm SAUDI ARMKO 

CI\Jc!e ol l: I.PG,: Naphth,;1,: 
SINGAPORE Mined cavern Liquid hydrocarbons Propylene; CODdensat€'; 1 sooooo 11 9 V SHAFT $ 27 S 000 000.00 , HDEC EPC/GBH 

Marine fuel oil 

SO\m<KOl\eA GYeONGSANG GOIE Mined al\!Cfn Liq uid hydroa1b<>n$ Cl'\fdc(lil 690000 K.N0C (KOR.fAN NA TIONAl 011. CORPORATION) 

I SOlJT1-,I KORIA G'r'EONGSANG GOJE Minedca-.,ern Liquid hydrocarbons Crude oil 320000 
KNOC (KOREAN NATIONAL Oil 
COMPAN\'l 

SO\JrnKOREA GYEONGSANG GOJE Mined cavern Liquid hydrocaJ'boos Crude oil 130000 
KN0C (KOREAN NATIONAL 011 
CO.MPANV) 

I SOlTn-i KOREA G'r' ONGGI GURI Mlne,dc;.avem Other produO.J Ot~r p1oducts 229000 
KNOC (KOREAN NA TlONAL Oil 
COMPANVl 

SOt.JTHKOREA Mi.ne-dcavem Liqueiied hydrocarbons Butane;- Propane 480000 11 0;1 30 1.7;6.3 V SHAFT I S JOO 000 000.00 I 3 l GEN EPC 'f 

I sourn KORIA Ml.nedc,wem Liquefied hydrocarbons Propane 270000 115 ,., V DECLINE SKEC EPC y 

I sourn KOREA Mined cavern Llq,ucli«I hydrocarbons Butane; Propane 309000 60; 11S V DECLINE 
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Workirna Qty Cav•m Pm.an Wat1r Cav•m Conttructlon Construction Contracting GK 
Country ArN Ti~• Stora;• type StorH products D1tail Votum• 

Ciliverns Dopth {bar) Curt,1,ln AcaH Cost(U/Gil D1.1r.1tlon (yHn] 
General Contractor Own,, OptRtor 

Str~e,gy Involved 
{m~ 

SOUTH KOR£A Mi.aeda..,crn Liquet~ hyd,oc:irl::xms Prop.me 4200(10 I 137 y DECUNE 3 y 

SOlll)<KOI\EA Mined ai..-em Liq1,Jid hyd«x'.\1bons Oics,;i l Oil; 81.1n.'kcr-C:: 25 1000 2 10 y DECLINE 3 H'VUNOAJ y 

SOIII)< KOREA Mi:\edca..,em liquefied hydrocarbons 81Jtane; Propane 550000 2 63; 119 l,7;S,S y DECUNE 4 SKEC y 

SCK11l<KOREA Mlnedc;avem Llqu~ hydrc<;arbons 6utane; Propane 296000 2 6D; 114 1.1; 6.2 y DECLINE 3 JUNGWOO y 

SO\ffl-i KOREA YEOXGNAM ULSAN Mlnedc.a-..em Liquid hydtocarbons Crude OIi y DECLINE SK£C EK 

SWEDEN LYSEl<ll BROFJORD!:N Mined cavern Liquid hydrocarboru Crude oil 1 S989S0 I N 

SWEDEN GASTRIKLANG GAVLE Mlned c.a-..em Liquid hydtocarbons Crudeolil 5 N 

SWEDEN GOl<BORG HISIN<iEN Mined cavern Liquid hydtocarbons Crude oil 2 800000 9 N 

SWEDEN 8l.EJ(INGE KARL.SHAM ',1 Minedc.a\lem liquefied hydrocarbons Prnpane ~8000 1 V EON SViERIGE (SYDKRAFT AB.) 

SWEDEN 81BaNGE KARLSH.MtM Minedca\lem Liquefied hydrocarbons Prop;ine 145000 1 N EON SVERIGE (SYDKRAFT AF) 

SWEDEN GOTEBORG KOPPARTRANS Minedc.a\lem liquid hydrocarbons Crude~I 180000 3 N SHELL-H/AA'THOLMEN 

SWEDEN GOTEBORG KOPt"ARTRAN5 Minedc:a\lem Liquid hydrocarbons Crude oil 300000 3 N SHill -HJARTHCl.MEN 

SWEDEN STOO<HOLM LOUDOEN Minedc.a\lem liquid hydrocarbons Diesel oil; He.avy oil 200000 2 N STOCKHOLM HARBOUR AUTHORITY 

SWEDEN GOTAI.AND LYSEKILL Mi.nedc:a\lcm Liquefied hydrocarbons l PGMix 12000 V SCANRAfF 

SWEDEN SCANU\ MALJ,,10 Mined ca..,cm Liquefied hydroG1rbons 200000 V SYDGAS 

SWEDEN OSTERGOTlAND NORRKOPPING Min l!dcavcm Lic.-uid hydrocarbons Crude oil; 1-k!avy oil 1 200000 5 N 

SWEDE STOCKHOLM NYNMHAMN Mlnedca\lem Liquid hyd:rocarbom 
Crude oU; Gaso lne; Heavy 

950000 5 N AB AS-PETROlEUM 
oll:LPG 

SWEDEN SODERMANlAND OKELOSUND Mi.nedcavcm Liquid hydrocarbon~ Crude oil 954000 7 N 

SWEDEN LYSEl<LL SCANRAFF Mintd cavern llqu~~ hyd,oarbons P,opylt-nc 20000 I N 

SWEDE 
S""kraft) 

HAL.MSTAD SKALLEN Mined c.avem an1tal gas N.atural gas 9 000000 
LRC DEMO AB (Joint venture befWeen GDF and 

SWEDEN SODERMANlAND SODERTAUE Min c-dc.11,1cm Liq-uid h)'dtocarbom Ht.ivy oil 1 N 

SWEDEN SODERMANLANO SOLNA Mial!'(:la,-..cm Li<;uid~r~root'ls Ht:~V)'Oil I N 

SWEDEN GOTALANO STENU,'IIGSUt.: O Mined cavern Llqt.Jef~ hydroarbons P,opit.l'le; But a:nc 190000 4 y BOI\EALIS 

SWEDEN GOTAI.AND ST(NUNGSUND Mi.l'llt(Jai..,em li<:;uef'"ltd hydroairbons LPG 500000 1 y 

SWF..OE GOTALANO STF.NU,'IICSUt.:0 Mlnedca-..ern Llquened hydrocarbons 1>,opy,ene 12000 I y ESSO CHEMICALS 

SWl:DE GOT ANO STENUN GSUNO Mlnedc.avem Llquf!fled hydrac.arbons 1.QOOOO 2 y BSOCHE"MICALS 

SWEOfN S11'.ANE STIDSVIG Mln«!ca-..em Llqueflt?d hydrocarbons LPG 200000 1 V 

SWEDEN MEDB.PAO SUNDSVALL Mlnedc.a-..em Liquid hyd1oc.arbom Diesel oll~ Gasoline; Hea\l)' all 5 N 

SWEDEN MEDEi.PAO SUNDSVAtl Mlnedc.a-..em Liquefied hydrocarbons Ptopa.ne 58000 1 V FORTUM SVENSKA 

SWEDEN GOTEBORG TORSHAMMEN Mlnedc.avem Liquid hyd:rocarboru Crude oil 530(100 6 N 

SWEDEN VAS"TUBOTT"--N U,\.1'::A Minedc.a-..em Liquid hydrocarbons Diesel oil: Gasoline 1 N 

SWEDEN VASTMANLAND VASl<RAS Minedca\lem liquid hydrocarbons Heavy oil 1 N 

TAIWAN WESTI:RN T AIWA.N MOIAU Mined c.a1,1em liquefied hydrocartxms LPG Mix 50000 1 ere 
UNITED Mined u..,ern Ll(t1.lef~ hydroarbons 8ut.:,ne; Proptt:ne 240000 2 165; 179 3 ; 9 N SHAFI' 4 y 
KiNGDOM 

USA ILLINOIS ALTON Minedc.a"'em liquefied hydrocarbons Propane 15900 1 N SHAFT 

USA DUPAGE AURORA Minedc:a\lem liquefied hydrocarbons Ptopane 7950 I 63 N SHAFT WARREN PETROLEUM CO,:U,. 

USA IWNOIS AUX SABLE Minedc.a"em Llquclled hydrocarbons lsobutane; Propane 7 1SS 8 N SHAFT AUX SABLE UQUIO PRODUCTS 

USA MARYL.AND BALTIMORE Minedc:a\lem liquefied hydrocarbons Ptopane 23848 1 107 N SHAFT F&S BMTIMORE GAS & ELECTRJC CO. 

USA NEW JERSEY BAYWAY Minedc:a-..em LiGuclied hydrocarbons Butane-; Propane TI34S 5 N SHAFT CONOCO PHILLIPS 

USA TEXAS BRECl(EJs'RIDGE Minedc.i-..cm Liquefied hydrocarbons LPG 7950 2 76 N SHAFT F&S WARREN PETROLEUM CORP, 

USA OHIO 8\ITlER Mi~l!'d ca...cm Liqul'!f9"d hydroairbons PtoPiJnt:' 26550 I 11 • N SMAFT F&S C\NCTNN/\Tl GAS & ELEC 

I USA KENTUCKY Cl~LVERT CrtY Min~a ... crn Llqu~ ~ hydroc:irbons P101)31'1e: Propylene 43750 2 117 N SHAFT F&S WESTU\XE CiROU? 
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Working 

Qty ca • .., PmHn Water Cavem Conltnlttian Con1truct1on Contracting GK 

I 

Country Aru Titl• Storage type Stor.d produds D•tafl Volume 
Caverns Dop11, {blir} Curboln A«eH Cost(UIG) Dur~tfon (yun) 

G«ienl Contrad.or Owner Operator 
Strat,e,gy lmolYed Im~ 

USA MtSSOURI CARTMAGE Mincd~vcm Liquefied hydroe.,rbon.S PtOpat'tl:' 302 10 I 100 N SHAFT F &S Wl:U IAMS ENERGY SERVICES 

USA ~ENTUCKY CONSTANCE M f.nedCLtw:rn Liq,.iclied hydroairbol'IS Propane 26553 1 122 N SHAFT F&S CINO NN~TI GAS & ELECTRlC CO. 

USA lLI.INOIS CROSSVILLE Mln,dcovem liqueflltd hydro<~rbons Propafte 7950 1 N SHAFT F&S WARREN PETROLEUM COf\1'. 

USA ALA.8AMA OEMOPOLIS Mlne,dc;avem UqueGed hyd1oc.atbons lklt;;ine 22737 1 10 1 N SHAFT F &S BP 

USA ALABAMA DEMOPOLIS Mlnedc.avem Liquefied hydrocarbons P'topa.ne 3•000 1 101 N SHAFT F &S BP 

USA Mi.lll'dcavcm liquefied hydrocarbons Butane; Propa.nc.; Ethane 47700 3 
175; 17S; 

N SHAFT F&S y 
422 

USA OKLAHOMA ORUMR:GHT Mined cavetn Llquef..ed hyd1oaitbor,s Propane 35775 1 123 N SHAFT 

USA UJ.INOIS EOLA Mlnedc.avem Uquef»ed hydrocarbons 7950 1 N SHAFT F &S WARREN PETROLEUM CORP. 

USA [U.INOIS FARMINGTON Mlnedc.avem LlqueGed hydrocarbons Propane 65 190 1 N SHAFT F&S Will.lAMS 

USA MISSOURI FLORISSANT Mlned cavem Liquefied hydrocarbons Propane 1241815 2 116 N SHAfT f &S LAG.ED: GAS COMPANY 

USA Mlnedc.avem Liquefied hydrocarbons Pmpane 378,110 2 N SHAFT y 

USA NEW JERSEY G' BBSTOWN Mlnedc.avem Other products Ammonia 28600 1 100 N SHAFT f &S Dupont fadlltyService.s 

USA PENNS'Vl..VANIA GREENSBURG Mlnedca\'em Liquefied hydrocarbons Butane; Propill'le 453 1:5 2 10< N SHAFT F&S TEPPCO 

USA NEBRASKA G!i1E£NIAfO00 Minedca\'em Liquefied hydrocarbons Propane S2470 1 99 N SHAFT f&S 'MU.IAMS EN ERG~ SERVICES 

USA [NOIANA GRIFFITH Mined ca\'em Liquefied hydrocarbons Propane 39750 1 183 N SHAFT F &S 00 'i1 'E PETROLEUM CORPJB? 

USA INDIANA GRIFFITH Minedca\lem Liquefied hydrocarbons Empty SS6SO 1 105 N SHAFT f&S 

USA OHIO HAMILTON Minedca-vem Liquefied hydrocarbons Propane 30370 1 N SHAFT Clr-:CTNrfA TI GAS & ELK 

USA Indiana HAMMOND Minedca\lem Liquefied hydrocarbons Ethane.; Propane 63600 ' 160 N SHAFT f&S BPAMOCO 

USA lU.INOIS HARTFOf!D Mincd awc,n l iquefied hydrOGc, rbons PtO~nt 12720 I N SHAFT CONOCO 

USA INOIANA HUNTINGTON Mined ca"·crn liquefied hydro12rbons Propane 12750 I 13, N SHAFT DOME PETROLEUM 

USA WEST VIA.GINlA HUNTINGTON Mi~cavem l iquefitd h!fdroairbons 8utant 1 N SHAFT 

USA tO\'IA 10".\l'ACrrY Mlnedcavem LlqueGed hydrocarbons LPG Mbr,- Propane 68370 , 22 1; 143 N SHAFT F&S 1-VlUIAMS EN!:RG'I' SERVICES 

USA lU.l>JOIS M.NMl<EE Ml.nedo.tvem llquef~ h!fdrDG1rbor,s Prop'1'te 23850 1 6l N SHAFT PHILIPPS PETFlOlEUM 

USA KENTUCKY l<ENTON Mlnedcavem Llquefiled hydrocarbons Pmpa~ 26553 2 N SHAFT CINO NN.ATI GAS & ElfC. & KENTON 

USA Mlned ca\'em liquefied hydrocarbons 
Sutane: Propal'le; 

38637 l ,.. N SHAFT y 
bobutiln~ 

USA IUINOIS LICK CREEK Mlnedc.avem UqueGed hydrocarbons 1 N SHAFT 

USA OHIO LIMA Mined cave Li efied hydrocarbons 
Butane; Propane; 

76797 3 151 N SHAFT f& S P EMCOR REFINING GROUP 
Pfonvlc-nc 

USA EV/JERSEY LINDEN Mi.r\tdGl'tvem llquef-ed hyd,c,airbor,s LPG.P.b.K 63595 3 93 N SHAFT F&S ESSO STAS'tJAl\0 OIL COMPANY 

USA PENNSYLVANIA MARCUS HOOK Mined ca\lem iquefied hydrocarbons 
But'ane: lsobutane: 

301900 s 110;110; 
N SHAFT F &S SUNOCO Pro.....t...ne 76 

USA 1W NNESOTA MENTOR Mined a,"•cm Liquefitd hjl'drOG'irbons Propa..ne 52 470 I 156 N SHAFT F&S AMERADA 1-11:SS 

USA OHIO MIODlETOWN Mi.nedc:.&vem liqui::r-ed h!fdroairbor1s LPGMtx:Pto~; 8utMe 37 1 000 9 11' N SHAFT F&S TEXAS EAS'TCRN TIIANSMISSION COOP. 

USA GEORGIA MILNER Mlnedc;avem Llquef.ed hydrocarbons Propane.; Bun.ne 8665 1 2 ;o4 N SHAFT F&S OIXIF. PIPFl.lNE CO. 

USA U INOIS. MONEE Mlnedc.avem UqueGed hydrocarbons Butane: lsobutane 5 1 675 2 1•• N SHAFT F&S TEPPCO 

USA Mlnedcavem Liquefied hydrocarbons Ethane 141310 1 sso N SHAFT F&S y 

USA [IIJnoi.s MORR.6 Mlnedc.avem llquel\Ed hydrocarbons Propar,e 1 320 N SHAFT F&S KINDER f•l,ORGAN ENERGY 

USA Mlnedcavem Liquefied hydrocarbons Propane 12720 2 89 N SHAFT F&S y 

USA WEST VIRGINIA NEIL Mlnedcavem liquefied hydrocarbons Propane.; Butane 238481 2 1S3 N SHAFT W5P MARA THON ASHLA.ND 

USA MARYLAND NOTCH CLIFF PLANT Minedcavem liquefied hydrocarbons Propane 23S00 1 N SHAFT BA!..TIMORE C--AS & ELECTRK 

USA EBRASKA OAK STORAGE Mi.nt,d vCr'n liqucfltd hydroarbons PtO~nt 21 700 l 
89;90; 

N SHAFT F&S METROPOU T.A.N UTILJTIES DISTRICT 
145 

USA INDIANA OAKLANDOTY Minedca-vem Liquefied hydrocarbons Propane 24600 1 N SHAFT TEPPCO 

USA OKLAHOMA PONCA CITY Minedca\'em Uquefted hydrocarbons Propane 47700 1 107 N SHAFT F&S CONOCO PHILIPPS 

I USA INDIANA PRINCETON Minedca-vem liquefied hydrocarbons Propane 24645 1 N SHAFT TEXAS EASTERN PRODUCTS 
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USA VIRGINIA RAVl;:NSWORTH Miriedai ..,em Uquef'"ltd hydroairlxms Pn)J)MI! 44000 3 m y SHAFT F&S WASHINGTON GAS l. lGHT 

USA \!/VOP1l.lN"G RAWLINS Mi.ned ea..,crn 1 llO N SHAFT 

USA llll OIS ~08 NSON Mi!\tda ... em Uqu~ hydroairbons 8utJne 212582 1 198 N SHAFT IVSI> MAR,,lli(JN PF[llOLfU M COAP. 

USA OKl.AHOMA SEMINOLE Mined cavern Llquened hydrocarbons Ptopa.ne 17 100 l "" N SHAFT f&S Sl,'lCLAIR 0..L ANO GAS CO. 

USA INDIANA SE'l'MOUll Mlnedc.a-.,em Liquefied hydrocarbons Butane: lSobutane 97 785 i 12? N SHAFT f&S TEPPCO 

USA INOIANA SEYMOUR TERMINAL Mined cavern Liquefied hydrocarbons Propane 79500 l N SHAFT F&S SILGAS INC. 

USA KENTUCKY SILOAM Mlnedca.,,em LlqueRed hydrocarbons Butane: Propane 56286 3 11 6 N SHAFT f &S MARKWEST HYDROCARBONS 

USA SOU1H CAROLINA TIRZAH Mlnedcavem Llquefled hydrocarbons P,opa.ne 222600 l 127 N SHAFT f&S SUBURBAN PROPANE. LP. 

USA SOIJTH CAROLINA TIRZAH Minedca-..em llqueHed hydrocarbons Propane S9625 l N SHAFT F&S CAROLINA PIPELINE CO. 

USA OHIO TODHUNTfR Min~ca-..crn Liqu~ied h-ydrOGllrbons P,op:-,.nt 27 200 I N SHAFT DAYTON POWER&LJGHT 

USA OHIO TODHUNTER Min«!dca..-cm Liqucl"~ hydtoCiltbons =1:~~~:: Other 2.1.7750 6 N SHAFT TEPPCO 

USA OHIO TOLEDO Mlnedca-..em Liquefied hydrocarbons P,opa.ne; Propylene 27030 i N SHAFf f &S BP 

USA MARYLAND TOWSON Mlnedca-..em Liquefied hydrocarbons Propane 23850 l N SHAFT BALTIMORE GAS & ELEC. 

USA OKl.AHOMA TULSA Mined ca-..em liquefied hydrocarbons Propane 36570 l N SHAFT f &S SUNOCO II<(. 

USA ILUNOIS TUSCOLA I Minedca-..em Liquefied hydrocarbons Propane 137375 i N SHAFT F&S DOM': PHROLEUM CORP. 

USA IWNOIS TUSCOLA 2 Minedca-..em liquefied hydrOG1rbons Propane 2384'1 I N SHAFT MC LEAN GROVE & CO DOME PETROLEUM CORP / Br' 

I USA NEW YORJ< WATKINS GU N Minedca\lcm Llq-uef¥ed hydrocarbons Ptopa.ne 181400 1 N SHAFT f&S TEPPCO 

I USA LOUISIANA \VEE~ ISLAND Minedca\lem liquid hydrocarbons 111 30 1 N SHAFT SPR 

USA INDIANA WHITING Mined ca..-crn Liqucl°aed hydrocarbons Butane 47700 1 163 N SHAFT f&S 8P 

USA ILLINOIS WCLLIAMS Miat'dca-..cm Li<;:1.-n:-f"ltd hydroairbons Proptm~ 65 190 I N SHAFT WCU IAMS 

I USA !LLINOIS WOOORIVER Mi.nedca..,crn LJqu~lled hydroairbons Butane; Proprmc 11 24 10 2 m N SHAFT F&S SHEL.LOIL CO. 

USA llUNOIS WOOORIVl:A Mi.ntc:ta ... ern Liqui=faed hydroairbons Pt-op.sM 12720 I 163 N SHAFT F&S CONOCOPHILUPS 

USA ILLINOIS WOOO RIV'ER Mined cavern Llquened hydrocarbons f>ropa.ne 34 980 2 l]2 N SHAFT f &S BP (Amoco Chernlc;al} 

USA WEST VIRGINIA CATLITTSBU~G Minedai...1~m Liquefied h~roa rbon,: 6'.it:ane 36000 l N SHAFT PS MAAATI-ION PETRClf UM CORP. 

irn:tu cl ingNG I 
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11. 1 Analogues and Precedents - Pressurised Hot Water Storage 

An investigation of referenced pressurised liquid storage applications in industrial settings has been carried out. The 
purpose of this is to provide context to the recommendations made in this report and ensure that the recommended 
storage conditions are not unique and the storage type is at a sufficient TRL. 

For specific safety aspects of operating pressurised hot water storage systems refer to the Safety Assessment Report 
[Ref. 9] for the outcomes of the HSE review and comparative MAR assessment. 

A review of referenced, installed storage options has been carried out and these are presented in the below bubble 
chart Figure 11.1 for comparison with the intended Hydrostor design (shown by the green bubble). 

The storage options are compared in terms of the three key parameters of interest: 

/ size / volume (m3) - indicated by the size of the bubbles; 

/ design pressure (bara) - on the y-axis; and 

/ design temperature (°C) - on the x-axis 
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BP Amoco (Sour Water Sphere) e 

e NCOC Kashagan Phl (Boi ler Daerator horiz. drum) 
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Conoco Phillips Wood River Refinery (Vacuum Column) 

Phill ips Petroleum (Treated Water Sphere) 

0.0 
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Design Temperature, •c 
Figure 11.1 Analogues Bubble Chart 

In terms of system analogues, it should be noted that the required storage conditions sit comfortably within the normal 
operating envelope of a conventional steam system i.e. typically LP steam at 5 bara and 160°C, HP steam at 42 bara 
and 265°C. 
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