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“Power-to-Gas — A conceptual design study of differrent reactor concepts”

INTRODUCTION
DEFINITION

Power-to-Gas (from German)

“The term Power-to-Gas represents a concept where surplus power is
used to produce hydrogen (H,) and if necessary in a second step, by
using carbon dioxide (CO,) to convert to synthetic methane [or synthetic
natural gas = SNG]. The storage for this and to a certain volume fraction
of H, could be done by feed-in to the existing natural gas infrastructure

LI

Source: Federal Network Agency, see http://www.bundesnetzagentur.de
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INTRODUCTION
PTG PROCESS

Storage -

Re-usage — 8

Source:
http://www.powertogas.info
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INTRODUCTION INTRODUCTION
SNG AS A CHEMICAL STORAGE SNG AS A CHEMICAL ENERGY STORAGE

typical discharge time
1 sec 1 min 1h = CO, hydrogenation to CH,: Sabatier reaction (1902)

CO, +4H, <> CH, +2H,0 ; AH® =-165 kJ / mol

= High energy density and storage capacities

= = 14 KWh/kgcpa

= .

= = Storage capacity (Germany, 2008): 217 TWh (23 % SNG/a)

@

2

= High R&D interest in SNG
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INTRODUCTION INTRODUCTION
CONTENTS PROCESS BOUNDARIES
= Conceptual design of the Power-to-Gas process = Combination of a PtG process with a Coal Fired Power Plant (CFP)

1/10 CFP block capacity (80 MW, is led to the PtG process
- Reduction of the minimum operational capacity and peak load-shaving

= Process integration into a Coal fired power plant (CFP)

= Educts (H, and CO,) are supplied on-site through water electrolysis and
= Techno-economical analysis CO, capture from CFP flue gas

= Synthesis of synthetic natural gas (SNG), gas quality H
(according to ISO standards), deliverable @ 60 bar to natural gas grid

= PtG integrated with CFP
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INTRODUCTION
WHY PTG AND CFP?

Min. capacity — 10 %

ELECTRICITY GRID

_ Min. capacity

PtG process

Conceptual design
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CONCEPTUAL DESIGN
RESULTS
Reactor 1 Reactor 2
H, % H;0 separation H20 separation
SNG
e =8 -
J
Reactor 1 w) _ Reactor2 Power-to-Gas process
16 155
2 15 p= 30 bar ”g 15 H,/CO, =4.05 H,/CO,=4
Su 145 . .
=~ == Isothermal concept with two cooled Process integration to a CFP
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POWER-TO-GAS PROCESS AND
PROCESS INTEGRATION TO A CFP

OVERVIEW
Electricity < e Lignite
CFP Air
Flue gas
T 1 T l «— 0,
Flue gas T H
Flue gas | o waste vater Economical analysis
Steam
water water
Cco, I
PtG > SNG to NG grid
10% block power
H,0 Electrolysis
+ additive 60-100MW | ——
2
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ECONOMICAL ANALYSIS ECONOMICAL ANALYSIS
RESULTS RESULTS

= Complete economical analysis: Factor method and data from literature

= CAPEX: M$ 126 // 3500 $/kWy, sng
- Alkaline electrolysis highest asset (~80 %)

= OPEX: M$ 31-33 per year
= Assumption: O&M costs of CFP rise by 50% due to peak-load shaving
= Different scenarios assumed (800 h and 1200 h operation)

= Viability depending on different aspects:
= CAPEX (especially electrolysis)
= Number of operational hours
= Remuneration for peak-load shaving:
- Reduction of maintenance costs
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= PtG process is not economically viable in itself
= PtG process can compete economically if there is a remuneration for peak
load shaving avoidance
50% O&M (CFP)

/ 45 k$/h
Case |: Without Crep
Scenario A Scenario B
(800 h/a) (1200 h/a)
CAPEX [M$] 126 126
Crep [M$/a] -
OPEX [M$/a] 30.8 325
Profit/Saving [M$/a] -29.75 -30.95
ROI [%] (after tax) - -
PBP [a] - -
Cost price SNG ($/kg) 15 10
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Wrap up & Conclusions
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WRAP UP & CONCLUSIONS

» Technical concept possible!

= PtG €-> CFP: Small process enhancements, little influence

» Techno-economical analysis
= Process efficiency: 53.5%
= CAPEX: M$ 126

= SNG cost price: 20-100 x natural gas market price

= Viability: Remuneration for flexibility of the CFP needed
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WRAP UP & CONCLUSIONS

= With decreasing alkaline electrolysis costs in future PtG is a potential energy

storage concept

= With increasing renewable energy share PtG is a potential solution to increase

high capacity operational hours of conventional power plants

= With this PtG could play a key role for the usage of CO, from conventional
resources
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GAS UIT ELEKTRICITEIT

plex aan de laat in Roren-
burg krijgt sinds het begin van dere masnd gay geprodu-
ceerd uit stroom. Welbeheerder Stedin test hiermee de
togeheten power fo gos-omietting in de prakiijk.

W voeven het gan toe bj de centrale verwarmingiketed van het
apparternentencomples’, regt projectieider & Albert van der
Malen van Stedin. De horveelheid, niet meer dan 2000 m* in
eon jaar, bepaalt niet de meerwaarde van de proel, mast

ombetting raar methasn komt f fog ust een gafley Wil
wiakt loopt &1 een grote (0, -heiding door &t gebeed vl maet
themische bedrijvigheid. masr we wilden de proef et sode
oot compliceren. et i de bedoring dat in een hweede Lne
Port (D, word! terugprwonnen st de Rolgaisen van &
tv-ketel Loolioldoxde wordt dan een intern gan dat gaat
cieraleren.’

Power-12-Ga4 Ratenburg i om gresmenbd sutatic! van
Steden, DNV GL, d¢ gemesnte Rollerdam, het mannderse van

het doorapen van de hele i Len ¥
maching Jet sroom om in wateritol en vervolgen maskt cen
dood DMV Gl (voorheen KEMA) ontwilheld procedé das methaan
van. Het gas wordl dasima op de kwalited! van het Nederlandue
gasnet gebracht door dikstol en geuniol 1oe be voegen. ‘We
willen 10 gord mogelfk asmiten by de beitasnde prevgic
infrastnud tu.”

POWET 10 Git-FOUTE 11 660 Manser voor het RUTTG sanwenden
van de door ronnepanelen of windturbines te veel geprode-
ceerde elediniciein. in dere eenste fase i het energetisch rende-
ment nog ondergeschikt et grootste verbes, 50 %, 1it in de
oude elekirolyser uil een eerder project. Met de omaeting naar
aaidgat gast hooguit 10 % verloten.” Voo! het weer terugwin
nen van eleltnciteit wil bet gas n bewuit niet gelosen. ‘Ga in
een ov-ketel levert het bevle energherendement '

Tadern de vijl jaar durende proef wil Stedn nagaan of de instal
latie op po'n kleine schaal goed werk, hoe stabiel de walisen
van het gas i, en mogelig ook alternatieven voor watersiol-
productie toepassen. T denk onder meer aan omsetting met
platma’

Dok wil Stedin nagaan hoe snel de installatie kan op- en ot
sthakelen. Hij it gekoppeld aan ronnepaneien en we gaan
hem virtuee! koppelen asn een windpark. Dan kuanen we in de
praknijk ervaren hoe eflecte! onde power 10 gas-ivlallatie de
productephrien, was via het elebinditetunel gren viasg nas
s, ki omaetten.’

De inatallatie it ondergebracht in twee containers op het wport-
park begenover het appartementencomples. Het (0, voor de

L he Laken en Brnort Wonen, de mgeaaar van de
appanementen (18]
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