
It is an object of at least one aspect of the present invention to provide a thermal storage system 

having integral means for predicting the charge state of batteries within an assembly. 

It is an object of at least one aspect of the present invention to provide a thermal storage system 

having integral means for determination of relative energy levels within batteries within an assembly. 

It is an abject of at least one aspect of the present invention to provide a thermal storage system 

having integral means for protection of batteries within an assembly against over pressurisation. The 

Applicant has developed a novel and inventive thermal storage system comprising heat batteries having 

internal heat exchangers and PCMs wherein said system includes integral means for providing a variety 

of control measures including: overall system energy efficiency measures; measures of battery charging 

efficiency; determination of relative energy levels within batteries; and wherein said system provides 

protection of said batteries against over pressurisation. 

Summary of the Invention 

The Applicant has developed novel and inventive thermal storage system comprising heat 

batteries having interna! heat exchangers and PCMs. 

Accordingly to the first aspect of the present invention provides a thermal energy storage system 

comprising a thermal energy store eentakHnq comprising a single or a plurality of battery casings having 

internal heat exchangers and phase change materials and means for controlling the operation of said 

thermal energy store, 

wherein each of said battery casing independently contains a battery comprising one or more 

heat exchangers anchored within said casing, a phase change material and means for protection against 

over pressurisation of said battery, and 

wherein said controlling means is provided by a one or a plurality of sensors for the measurement 

of teniperaturer-and/er- pressure, and/or power at one or multiple points within the system-thermal energy 

storage system and said controlling means is adapted to provide measurements of the charging and 

discharging circuit flow rate of the thermal energy storage system via one or more power sensors. 

The controlling means may be an integral system controller. 

The controlling means may be adapted to provide measurements of the charging and discharging 

circuit flow rates of said system via one or more power sensors. 

The controlling means may be adapted to provide means for efficient charging of the individual 

batteries within the assembly via one or more input temperature sensors and one or more diverter valves. 

The controlling means may be adapted to provide measurements of the energy stored within, and 

the power input of individual batteries within said system, and of the overall battery assembly via said one 

or more input temperature sensors. 

The controlling means may be adapted to provide measurements of the energy delivered by each 

battery within the assembly and the residual energy in each of said batteries during discharging via one or 

more output temperature sensors. 
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The phase change materials within the system may be protected from contact with external 
contaminants or degrading components via the provision of seaied battery casings. 



1. A thermal energy storage system comprising a thermal energy store comprising- containing a 
single or a plurality of battery casings having internal heat exchangers and phase change 
materials and means for controlling the operation of said thermal energy store, 

wherein each of said battery casing independently contains a battery comprising one 
or more heat exchangers anchored within said casing, a phase change material and means 
for protection against over pressurisation of said battery, and 

wherein said controlling means is provided by a one or a plurality of sensors for the 
measurement of temperanjrer and/or pressi'rer and/Gr power at one or multiple points within 
the [hernial energy storage system and said controlling means is adapted to provide 
measurements of the charging and discharging circuit flow rates of the thermal energy 
storage system via one or more power sensors, 

2. A thermal energy storage system according to claim 1 wherein said controlling means is an 
integral system controller. 

3.- -A-sysiem- aGG&rdtng- io Glaim-i-&r-2- -wherein sa/4- controlling means^s-adaptecMo provide 
measurements -of-the -charging and-di6GhaFgin§--GirGuii-flGw--Fates-Gf--sai4 system-via en©- ©F 
more-pewer-sensors; 

4.-3.A thermal energy storage system according to any of the preceding claims wherein said 
controlling means is adapted to provide means for efficient charging of the individual batteries 
within the assembly via one or more input temperature sensors and one or more diverter 
valves. 

S fLA thermal energy storage system according to any of the preceding claims wherein said 
controlling means is adapted to provide measurements of the energy stored within, nd the 
power input of individual batteries within said system, and of the overall battery assembly via 
said one or more input temperature sensors of Claim 34. 

^ 5,A thermal energy storage system according to any of the preceding claims wherein said 
controlling means is adapted to provide measurements of the energy delivered by each 
battery within the assembly and the residua! energy in each of said batteries during 
discharging via one or more output temperature sensors. 

7.6. A thermal energy storage system according to any of the preceding claims wherein the phase 
change materials within the system are protected from contact with external contaminants or 
degrading components via the provision of sealed battery casings. 

8:7.A thermal energy storage system according to any of the preceding claims wherein the 
battery casings are constructed eoniraste'4 from metals, alloys, plastics, composite 
sandwiches or composite materials. 

9:8,A thermal energy storage system according to any of the preceding claims wherein the 
battery casings can withstand an internal pressure of from O.Obar to 4.Ombar. 



| 4G-9r_. A thermal energy storage system according to any of the preceding claims wherein 
multiple battery casings can be stacked without intermediate supports. 

5 | 14:10. A thermal energy storage system according to any of the preceding claims wherein 
said one or more heat exchangers are integrated loading and unloading heat exchangers 
which are anchored within the batteries and wherein the contact area between each heat 
exchanger and each battery casing is minimal. 

10 | 12.1 L.._ A thermal energy storage system according to any of the preceding claims wherein 
the battery housing includes means for protection against over pressurisation via one or more 
pressure relief vaives, or one or more pressure rupture discs. 

| 13.-1.2.. A thermal energy storage system according to any of the preceding claims wherein 
15 the phase change materials utilised within the batteries have a solid to liquid phase change 

within a temperature range of from 0°C to 100°C and wherein the operative range of said 
phase change materials is between a 4 and 8 degree difference in temperature. 

| 44:J 3, A thermal energy storage system according to any of the preceding claims 
20 additionally comprising means "for phase change material expansion management wherein 

said means is in operative connection with a vapour barrier, and either a pressure reiief vaive, 
or a burst disc assembly. 

I 15r14... A thermal energy storage system according to any of the preceding claims 
25 additionally comprising means for phase change material expansion management provided 

by external or internal volume compensation features, or by pressurised case design features, 
in relation to each individual battery within said assembly and wherein said means is in 
operative connection with a vapour barrier, and either a pressure relief valve, or a burst disc 
assembly. 

30 
| 1-&15, A thermal energy storage system according to any of the preceding claims 

additionally comprising means for determining the energy inputs and outputs of, and the 
balance within, any individual battery (8) within the system via a series of sensors for the 
determination of QiN, Q0N and ClN wherein 

35 
| Q,N = [S( F, x pi x Cp,) x {TSIOFT-ICRIJ^)] / 3600; and 

| QON ~ [I ( F0 X po x Cp0) x (T10 I|JF[ - IDR,/..-^ )] / 3600; and 

40 Q|sj = QN-I QIN ~ Qowi and 

wherein 
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GIN = Energy input to the battery during the last charge cycle; 

QON - Energy output from the battery during the last discharge cycle 

QN = Current stored energy iri the battery; 

QN-1 = Energy stored in the battery before current audit; 

F, - Charging circuit flow rate; 

F0 = Discharging circuit flow rate; 

Pi = Density of charging circuit fluid; 

Po = Density of discharging circuit fluid; 

Op, = Specific heat of charging circuit fluid; 

Cp0 = Specific heat of discharging circuit fluid; 

Terr = Battery X charging circuit flow temperature; 

TCRT = Battery X charging circuit return temperature; 

TDFT = Battery X discharging circuit flow temperature; and 

TDRT ~ Battery X discharging circuit return temperature. 

1-7-T-A-tti8Fmal-8teFage-8ystem- substantially-as-provided--by--the--aFr-ai}gemenfc-a&-de36ril3ed--herein 
and- a-rnHy st-f-ated--in--F-kjy re- 2-.-

tSr A4herm-al- storage syst-em-substentialiy-^s-provided-by-the-aFFangemerri-^s-deseribed-herein 
and as-illustrated in- Figure-§r 

A thermal storage- system according 4G-any-0f4he-preceding-claims wherein- the-eontr-oJ system is 
adapted -to- provtele-means fGr-lhe- determinatien-ef-the-statuB ef-the baUeries within-the--system via 
the-f-9i!Qwing-&9H8-s-ef-alg0RthrflS4 
e^..i|LQ!W-.=4..aR4_§p_.<_.p.L1 QR-QIN ^4.aR443BG.^-pArth©R:-

Batter-y-eas-e -is-net-air-tight 
- AGtivale-apprapriate-alafm/waming 
• R H f-4h-i s - hatt-e ry-in-sta n4by -m ode-i^- -st© p- e barging 

p)—§P-a-Pl.2)-OR-QlN =-1-an€l-PBG"^Pwsrthen; 
~ Baftei-y-case-pressy-re-is-exGeediR^-the-maK-imum-eperaling limit 
- AGtivate-apprepri-ate-alarm/wa-ming 
~ P-y t-this-hat-t-ery-iri ̂ tandby-mede-i-e-.-step-eharglng 

q) ~-!f-(Q(N-= O-and-T-Bc-^-T!-?); then-:-
Put this- batteFy-iFv-GhaFqing-mGde-Q—1-h©r-6tart ebargfng 

- .„SOG- = 0 

r) If- (QtN = 1 and-§T -Ss-I^ GR-Q,N~4-an€i-TBG >- 7m then; 
Battery case- temperature is exceeding -the maximum operating limit 
Activate-appropriate alarm/warning 
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P-ut-thte-teaUefy-ifl-«ta«dby-fli©de-4eT-&lop-eNaf§iR@ 

-&) p8C--"PB"®^"4'E-^--TgG-^-4'p..O'R" -l^pi -ABS^T^-^-Tfspg^heR' 

the-battery-is-epeFatiiig-tr*-£ene-A!£--(See-F4gure"§(a))-GGr-respeRdiBg--te-zoRe-iiF--{See-Figure 

§{.!>)} 

-•SOG--""'1-0()-mPQM-'Gps--ST-s/ ET0T *-)••••! 
i 

? Pgei--^'ABS(§P) £=- Pgtjg OR P^-S- PfjQ s PQ-OR Tp ipg4--St--ABS-{© Y}-& -i-pQ^ ften 

he battery-is-operating in-zene-BG {See-Fi§ur@--§{a)} eerresponding te -zene-FG-{See-Figure 
% / t, V ^ 

^w/7 

thea-4he-batter-y-is-epefatmg--iR--zefle--GB--{See-FigwFe-€(a))--G9Fre5p0ndiRg-te-seRe-GH-(See 

F4§«re-6^b)) 

S©G-—•••1-QO,{ Es(...+-€[ |..-) ./"feTOT'TABLET-S' 

Symbol Defi-nitier-i Measurement 

Q}(4 Baltery-ehaFging slate 'h~-A-etivei--0-= 

Standby 

OR Rate of pressure-change Pa/s 

Pi.,, Minimum-rate-ef-pFessuFe-ehange limit Pa/s 

P'BC Battery ease-pr-e-ssure Pa 

P.A Base-reference pressure Pa 

Pt3 Maximum rate-ef-press-ure efaange-limit Ra/s 

Pu Maximum battery-Gase-werking-pre&sufe Pa 

f BG Battery-• ea se- iernpe rature K 

Ts Base • refe re nee • te m pei-a-t u re K 

SOG Statefe-GhaFge-of-the-battery 

§T Rate-ef-tempeFatupe-ehange K/s 

1:u Maximum-rate-&f temperature change-limit K/s 

Tu Maximum-battery-Gas©-working temperature K/s 
o„ r" AB1 Rate-ef pFessuFe-ehaRge-ta-ze-Re AB—L-ewer-limit Pa/s 

P r"AFJg Rate-of- pressure- change -in- -ZGRG-AB -—Upper- li-mi-t Pa/s 

PA Battery- pi-ess«f-e--at-©peraiing-pGiRt-A-i-n -F-igure-6{a) Pa 

P-B Battery pressure-at-operating point-B-imFigwre-$(a) P-a 

l-F Battery temperatuFe-at-eperating-peifit- F- in- Figure-€(b) K 

•h;,Fi Rate-ef-temperatdre-ehaRge-in-asFie-EF—--Le-wer-limit K/s 

"""Era Rate-Qf temperatureGhar>ge-!?i-^:9ne45F—Upper-limit K/s-

&TS Temperature-eliffefenGe-between-battery-lemperature-TBG-and K 
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m i rum u m i-efe reft G© • tern pe raiu FG • Tg 

PsGl Raie-ef- pressure change k^sorie-BG—-l-Qwer-llmit Pa/s 

P-&G?. Rate-ef-pres&«r&-€han^e-if»-20ne-BQ—-Upper-limit Pafe 
PQ Battery- pressure-at-operating point G -in-Pigure-§(a) 

•To Battery-temparature-at -operating pein^Gan-Figwe §(b) K 

•f"P Q-1 Rate-of »e!'(ipv?faU:ire-Ghange-in zene-FG— Lewer-limit K/s 

Trea Rate-aftemp&rature-Ghange- in -zone PG— Upper-limit K's 

FBQ Sea! i n g la eter f © F~- Zofie-B Q 

GBG GorFeet-ioi's fetster-(P-9wer--^- PGM) -

PCD1 Rate-ef-preBstire Ghange-ia ^©ne CD—Lower-limit Ra/s 

P'G02 Rata-Qf-pr&ssuFe-ehange-Hi-zene-GD-—-Upper-limit 

Pc Batteiy-pressure-at-eper3ting-peintG-in--lHgtire-©<a) Pa 

PD Battery-pressure-at aperatir->g--peint--Dan4-i§«re-6{a) pa 

T-G Battery tempfcratHF©at-epeFalin§-pGint-6-in--Figure-§(b) K-

TH Battery-temp^FatuFe-at-eper-ating p0iRt-H-4n-Rgure-§(-b) K 

-•f'-GI-H- fia-te-Q'MempeFatofB^haage^f^-^ne-GM—Lower-limit KM 

Rate Gf-tempsFature-ehaFige- in zone-GH—•• Upper limit K/s 

§T, T-empeFateF&4ifferefiGe-between battery-4em|>eFatur©JTBG-and--upper 

temperature .^f.^e-melting-z©Fie-TG 

K 
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