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1 The goal

. The main goal of this informaton is to prepare basis for

opprimization of high temperature H2 production in conne ction

with GFR, HTR and VHTR.
. It is also necessary to analyse the criteria for optimizat lon
. The special effect of sCO2 cycles is analysed

. The regirememt outcoming from  cycles optimization will going
to HTE modification
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2 High temperature electrolysis sﬁg

Pilot Plant for Energy Storage in UJV ReZ, S
Czech Republic o

B Main Parts

m Photovoltaic plant, electrolyzer (electricity = hydrogen), pressure tank 10 m3(N), fuel
cellhydrogen=> electricity)

Amaount H; [kgl

Power [kW]
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2 High temperature electrolysis
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TriHyBus - Triple Hybride Hydrogen Bus E‘ig‘i

m Operational parameters
a Weigh~ 141t

@ Maximal speed 65 km/hr
@ Consumption 7.5 — 8 kg H2/100 km
m Full tank range 250 — 300 km

@ Hannover Fair 2010
@ Hermes award nomination

m Brno International engineering Fair
& Gold medal




2 High temperature electrolysis g%g
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2 High temperature electrolysis ng

-The reduction of electricity consumption is done b y Gibs energy

.-The main equations
AH, (1) = AH,(H)(T) + %MSE (02)(T) — AH,(H,0)(T)
85,(1) =5 (H)T)+ 55 (0)T) =S (H0)(T)
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3 Gas Fast Reactors sﬁg

= The CEA’s 2007 GFR Reference Concept — 2400 MWth Reactor

Combined
indirect cycle

850°C 8200C |, /

He-N2

Guard vessel

Gas cycle
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3 Gas Fast Reactors sf;g

The CEA’s 2007 GFR Reference Concept
COMMENTS:

. Main supposed advantages:
- no activated coolant
- appropriate efficiency more than 40%

. - high temperature heat

Main supposed problems:
- very high temperatures
- material problems

. - fuel, fuel manipulation

. - safety
- He is very bad coolant (in comparison with water, li quids m etals)

. GFR concept has no connection to the hydrogen produ ction



3 Allegro

.The CEA’s GFR experimental reactor — 75 MWth Reactor

-DHR heat
exchangers

-DHR loops

.Reactor
pressure vessel

-Main heat
exchangers
He/water

.Main blowers

30000




4 Conversion cycles sf;g

. The main goal of this information is to prepare basis for optimization.

. In this first step of analysis was no possible to in clude all factors into

optimization.

. Some of them was fixed from different reasons:

.- Input temperature (400C) into He reactor —the rae  ason is avoid too large

temperatures differences

. - High pressure of He into coversion cycle (6,5 MPa)  — it must by lower than pressure

into primary circuit

. - Low pressure of sCO2 cycle — fixed at 7 Mpa due low  compression enthalpy
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4 Conversion cycles sf;g

The optimal plant configuration of high temperature H2
productionis no added energy and no cooling of conversion
cycle

. From this is derived main criterion:

Electrolysis energy ratio = {electrical power of c oversion }/
{ necessary power for HTE }

. The cooling energy from conversion cycle must be u sed
minimally for water evaporation

. The He and O2 regeneration is not included in calcu lations
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4 Conversion cycles - He

Schemall
| N:565°C,.2,2MPa H: 800°C.01MPR |
J
j.*' H:0 B00°C,0,1 MEPa
| Hea50°c,?mJ Iﬁwm / H:O 545°C,0,1 MPa '
/ W et P

X i F.

T
.

L O: BOO°C,0,1 MPa |

| N X
' || II
l_,-" f | || | i
o ' o | Hz0 207°C, 0.1 MEa
| Hea00°,7 e [ vazec.azves |

N:326°C.65MPa |

Indirect Brayton cycle, without H2 and O2 regeneration

-Realistic and acceptable solution
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4 Conversion cycles- He

SIJ.JV
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3D graf
compression

t high 1,2 1,6
600 0,03248 0,083838
700 0,039424 0,101316
800 0,048791 0,124852
900 0,062082 0,158201
1000 0,082331 0,208961
1100 0,116772 0,295246

1200 0,187979 0,473587

2 2,4 2,8 3,2 3,6

0,149635 0,189647

0,183847 0,232502 0,274184 0,310816
0,232257 0,293063 0,345 0,39056 0,431291
0,305878 0,385088 0,452525 0,511545-0,564228
0,430954 0,541352 0,635(_)22--‘0,/7--16795 0,789651

0,689387 0,864125 1-011874 1,140516 12549
1.4

1.2

-

He compressionratio

Electrolysis~ 'éﬁg rgy ratio, 900.C

m12-14
m1-1.2
m0.5-1
m0.6-0.8
0.4-0.6
m0.2-04
m(-0.2



4 Conversion cycles- He

. He cycle summary

. At the area 1200 T is ideal output from the cycle, o

oxygen, but 1150 T heated

. The cycle has 0 cooling
. The He and O2 regeneration is not included in calculat

temperatures down

. Realization of this reactor is now stopped, mainly sa
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problems

nly hydrogen and

lons, it can shift the
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4 Conversion cycles- He & steam sfg

Schemall

: !
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ED 535°C. 13 MPa \\\
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' || Nll?a"c.mm‘_‘ H:032°C. 15 MEa H:0 20°C, 0.1 MPa

.Combined cycle, He and steam, without regeneration
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4 Conversion cycles cycles- He & steam
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. Combined cycle summary

. The cooling heat of the cycles near 40 C, this hea tcan not be

used for water evaporation (according defined crite ria)

. SOLUTIONS:
. The increasing lower temperature of the cycle above 100 T

has no sense, the efficiency loss is important

. Using the steam from the cycle is connected with pr essurizing

up to 1 bar, to high compression enthalpy

. CONCLUSION
. The cycle is not suitable for HTE



4 Conversion cycles — He & sCO2

Schema Il

€02 500°C, 15MPa

N2530°C, 2.5 MPa
et Bl

He850°C, 7 MPa ‘ N282l} c 6,5 MPa / S—

Hz 800°C, 0,1 MPa

H20 800°C,0,1 MPa

He500°C, 7 MPa

C0232°C, 7 MPa

AP A AT

| l
N 426°C, 6,5 MPa ‘
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0, 800°C, 0,1 MPa |

H,020°C, 0,1 MPa




4 Conversion cycles — He & sCO2
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Electrolysis energy ratio, 200 °C
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.Combined cycle with sCO2, without regeneration
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4 Conversion cycles — He & sCO2
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Electrolysis energy ratio, 750 °C

0.3 -
0.25 -
0.2 m0,25-0,3
m0,2-0,25
0.15 - -B0.15-0.2
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2,4
He compressjon
0 - . : ratio

1o . 25 3 3.5
CO2 compressionratio

.Combined cycle with sCO2, without regeneration

—+ 1,2
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4 Conversion cycles - H2 and O2 regeneration sﬁg

[Kg/Min] | GUT ||| [MIKg/min] | U UL | [(MKgiminj_| U UL | (M Kkgrminj | UUTS |
[ e | om0 |
t[*C] 800
p [MPa] 0,1
m [kg/min] 0,0030
~ hyz [kdikg] 16296 40265
Wy 0,75
Riso [k/kg] 4160,201134
termostat Whzo 0,25
ez nroohiend h [kJikg] 12512.36227
=" el. zdroj latka ar+0,
t["C] 800
elektrolfyzér p [MPa] 0.1
m [kg/min] 0,0266
i, slivev haie [kd/kg] 1130,680301
Wi, 0,67819374
$00.C 0,1 Mbw hgz [kJ/kg] 1060,974458
viduch
-20°C; 0,1 MPa Wz 0,32180626
v vaduch + O, h [kJ/kg] 1108,248525
<20°C; 0,1 MPa
wdig, [ m ‘ * -
t[*C] 20
p [MPa] 0,1
h [kJfkg] 293,4146094
m [kgimin] 0,018063941
Vo zgueny [Vmin] 15
Puzgueny [kgim®] 1,204262713
w * T _,_{;% A iﬁ" : m ; @&z . Taika aEHOz_
“C] 1160 t[°C] 850 t[°C] 750 t[°€] 310
AN~ N4 . noA - FTRAMAT N4

H2 and O2 regeneration
At real HTE is not output pure:
- hydrogen has high content of water
- oxygen is mixed with air
mm The main criterion is cycle optimization, and for opti mization is not
WE necessary take into account all, but the same condi tion
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4 Conversion cycles —He & sCO2

.Simple Brayton (A) -Pre-compression (B)
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4 Conversion cycles —He & sCQO2 i%]

.CONCLUSIONS

.The He and sCO2 cycles calculations show  promissing
results at the power plant connected with HTE

.The hydrogen and oxygen regeneration can improve th e
electrolysis energy ratio

.Different cycles architecure can also imrove the rati o}
but first results are negative. The detailed analys isis
necessary.
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5 Next steps

.The final list of conversion cycles
.The SW connected with NIST
.Results evaluation

.Cycles optimization (for example
minimum of HX etc.)

.Define new regirements to HTE
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CO2 cycles future sf;g

.Now is not probable that any important investor sta rt
with sCO2 cycle realization only for several %
calculated growth of efficency

. The steam cycle is more than one hundert years
operated and tested, at COZ2 is this experience miss  ing

.The effect of lower dimensions of sCO2 cycle goest o0
lower costs, but this is also not so important

.This important difference between steam cycleand C  O2
cycle is cooling heat (see the pict.)
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Temperature (K)
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CO2 cycles future
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n 3: Temperature vs, Entropy plot water
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Thank you for attention



