it is an abject 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 abject 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 thermatl 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 internal heat exchangers and PCMs.

Accordingly to the first aspect of the present invention provides a thermal gnergy storage system
comprising a thermal energy store sentaining-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 termpersture-andlor pressure-andfor-power at one or multiple points within the systemihermal enerqy

storage system_and_said _controlling means is adapted o provide measurements of the charging and

The controlling means may be an integral system controlier.

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 batferies within said system, and of the overall baitery 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

mare oulput temperature sensors.



The phase change materials within the system may be protected from contact with external
contaminants or degrading components via the provision of sealed battery casings.
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Claims

1. A thermal eneray slorage system comprising a thermal energy store_comprising centaining 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 pluratity of sensors for the
measurement of temperature-and/or-prassure-—and/or-power at one or multiple points within
the thermal energy storage system _and said conirolling means is adapled o provide
measurements _of the charging and discharging circuit flow raies of the thermal ensrgy
storage system via one oy more power sensors.

2. Athermal snergy storage system according to claim 1 wherein said controlling means is an
integral system controller.

&, ~A-sysiem- assording- 1o claim-1- or-2 wherein-said- controlling-means-is- adapled -to provide
mansurements -of-the charging and-discharging-sireuit fow-rates of -said syslem-via ene- or
Mere-powWer Sensors:

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.

controlling means is adapled to provide measurements of the energy stored within, nd the
power input of individual batteries within said sysiern, and of the overall battery assembly via
said one or more input temperature sensors of Claim 34.

confrolling means is 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.

change materials within the system are protected from contact with external contaminants or
degrading components via the provision of sealed battery casings.

hattery casings can withstand an internal pressure of from 0.0bar to 4.0mbar.
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404, A thermal enerqy storage system according to any of the preceding claims wherein

mutltiple battery casings can be stacked without intermediate supports.

1440, 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

)E b}; §

exchanger and each battery casing is minimal.

A 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 valves, or one or more pressure rupture discs.

342, Athermal energy storage system according to any of the preceding claims wherein

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.

(13, A thermal _energy storage system according to any of the preceding claims

acfd;tlonaiiy comprising means for phase change material expansion management wherein
said means is in operative connection with a vapour barrier, and either a pressure relief valve,
or a burst disc assembly.

&4, A thermal enerqgy storage system according to any of the preceding claims

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.

5, A thermal eneroy storage system according to any of the preceding claims
additionally comprising means for determining the energy inpuls and outputs of, and the
balance within, any individual battery (8) within the system via a series of sensors for the
determination of Qu, Qon and Qu wherein

Quy = [E(F x o x Cpy) x (Ts Topr— TorrFa)] 73600; and
Qon = [Z(Fo X po XxCpo) x (FyoTprr — Topyte)}/ 3600; and
QO = Quag + Qn — Qo and

wherein
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Qi = 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 in the battery;

Qe = Energy stored in the battery before current audit;

F = Charging circuit flow rate;

Fo = Discharging circuit flow rate;

o) = Density of charging circuit fluid;
Po = Densily of discharging circuit fluid;

Cp = Specific heat of charging circuit fluid;

Cpo = Specific heat of discharging circuit fluid;

Terr = Battery X charging circuit flow temperature;

Terr = Baltery X charging circuit return ternperature;

Torr = Baltery X discharging circuit flow temperature; and

Torr = Battery X discharging circuit return temperature.

1E-A-thermal-slorage-system substantialy as-provided- by-the-arrangement-as desecribad- harain
and as-Hlusteated-in Flgure 2

18- Athermal storage system-substantiaibas-provided by the arrangement-as- described- herein
and-as- Husirslad in Figure-5-

A thermal storage system according fo-any-of the preceding olaims whersin the-controf system is
adapted fo provide-means lor-the-determination-of the-status of the batleres.-within- the system via
the-fellowing setiss-cf-algorithms:
@3 Ly e=-tand SRR OR-Qy, = 4and - Peo =By then:

e Batiery-sase is-notair-tight

- Sty ate-approgriate alarmfwarning

--------- Put-ihis battery in-standby-medetbe- stop-charging

{-})- it '{-@m ztand Rz p-]_,g}@i%v@m —”—-—‘P»-@F!E%-'QB{;%& 5’21:;2:‘t§'§@{73?
- Battery- case prossure-is-exneading-the-maximum- apsrating Hmit
- Pstivate-apprepriate-alarmfwarning
- Bt hiS- battery-in standby-mode Le-stop-charging
gy -Gy O and-Tpe 5-Fe); then:
~n B3t This battery-irecharging mede-f=1-ha-start sharging
- - BRC=)

£ (G = 1 and 8T 2T,) OR-Qpe=-1and-Tee = Ty then:

~-- - Baitery case lemperaiure s exeeeding the maxdmum operating lmit
- Activate apprepriale alarméwaming
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b this baltery-in-standby-mede-Le—step-charging

R AR —AE}%{ 5?)%5— R AR 39 == A"'-‘g . PR o g—pg@ fRd 5 T BC - TFO R 33-;5;: 1 S ABS ((3 mf‘} 5 ~I;§pg; than

the-baltery- is operating-in-zone-AB-(See-Figure -8(a)}) correspending to zone-EF {(See-Figure

6(5))
~BR6-=AG0 Mpoy Gl &1,/ E’;'f@jr

ol Pogy s ABBEP) £ Pyep GRPy £ Ppe s Po OR Ty 8 Tpe £ T OR - Tegy - ABS(B TS Tegys then

the battery-is.operating in-zene-BG {(See-Figure-6(a)) serresponding te zone-FG -(See Figure

5(b))

SOC-=1400- {-E5, +Fpye g, e \} A Eyor

Yo tf-Fopy 5 ABS(BF)-£-Popp-OR Po-2-Pao-€-Py OR-To-5-Tao-£-Ty OR-T g =ABSET). - T g0

then the-batisry-is-operating-in-zene-CR-{See-Figure 8la))-soresponding-to-zone-SH-(Sae

Figura-6(b)}

Symbol

Brefinitinn

Measdrement

| Ghyy

Battery-sherging slate

1= Active, 0 =

Standby

&

Rate of pressure-change

Pafs

Minimum-rate-of-pressure shange limit

Rals

Ballory case-pressdre

Pa

Pa

A Base referance pressure
By Mandmum rate-of pressure change limit Fals

Mapdmum batlery-case-working-prossure

Fa

Ballery-cass-tomperature

K

Bese referance temperature

e

Siate-fo charge-oftthe-hattery

Fate-of lemperalure-shange

Wis

Tiz Meapdmum rate-of temperature-change-limit Kis
K Maxdmum -batlery case working temperalure Kis
Pang Rate-of pressure-change-if-zone AB—Lowerlimit Pals

SN Fate-of prassure change in zone AB ~Upper limit Pals
__ﬁ Baltery pressure at operaling point-Aein Figure-6(a) Pa
= Battery-pressure-at-operating peint B-in-Figure-6(a) =
Tr Battery temperaiure-at-eperating peint F-in Figure 8(b) K

Frpy Rate-offemperaiure shangs in-zene-EF.— Lower fimil Kis

Rate-ob-tfemperature-change-inzone- B~ Upperlimit

Kl

Temperature-differencs-between battery lemperature Tge and
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mipimurm referance temperature Tg

Facq Rate-ef pressure change in-zone BC— Lowerlimi Fafs
N Rate-ef-pressure-change-inzone-BC.—Upper-limit Fals 1
Fe Batlery pressure at-operating peint G inFigure-6(a} -
Tg Battery-temperature-at operating peint-G-in-Figws 6(b} K
Tras Rate-el-temperature-change-in-zone FG-— bowerlirit K/s
Tege Rale of temperature changs In zone FG— HpperHmit Kis
Fee Sealing facter for—Zone BG
Gae Correction factor{Power-& PCM} -
Ropy Rate-of-pressure-change in-zone CB-—Lowerlirmit Pals
Pooe Rate-sf-pressure change-in-zene-GR-—Upper-limit Pals o
Fe Battery pressure-at eperating-peint C-in-Figure 6(a} Pa
Fp Battery-pressure-at eperating pointD-n-Figure-6(a) Pa )
Te Battery temperature st operaling-point G-in Figure 6(b} K
Tu Balterytemperature-at-operating peint-Hin Figure-6{h) 8
Lo Rate-oftemperature-change-in-zone-GH —Lowerlimit P
Foue Rate of tamperature shange in-zens-GH-— Wpper limit Kils
at, Fempersture difference-babween battery lemperature-Tpg and-upper K
temperature of the-melting zone Tg




