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Dispatch Down: Constraint and Curtailment

Dispatch Down: Reduced power generation

from variable renewable sources

Constraint: Localised network stability

Curtailment: System wide issues (Frequency,

stability, demand-supply mismatch)

Breakdown of Wind Constraints and Curtailments All Island
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Annual Renewable Energy Constraint and Curtailment Report 2018, Eirgrid, May 2019
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Variable biomass
feeding rate

Increase CHP capacity and
grid access (constant
annual energy output)
Increase gas storage
capacity

Control biogas production
(Alter feeding regime, store
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Must be flexible
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Szarka N, Scholwin F, Trommler M, Fabian Jacobi H, Eichhorn M, Ortwein A, et al. A novel role for bioenergy: A flexible, demand-
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Minimise storage volume required

Pulse feed a single substrate knowing kinetics

O’Shea R, Wall DM, Murphy JD. Modelling a demand driven
biogas system for production of electricity at peak demand and
for production of biomethane at other times. Bioresour Technol
2016;216:238-49.d0i:10.1016/j.biortech.2016.05.050.

Pulse feed several substrates substrate knowing
kinetics to enable increased gas production at
time of use

Mauky E, Jacobi HF, Liebetrau J, Nelles M. Flexible biogas production for

—— Biogas production (primary digester)
Biogas production (secondary digester)
Overall gas production (prim + sec)

O  Maize silage
o Sugar beet silage
& Cattle Slurry

demand-driven energy supply — Feeding strategies and types of substrates.
Bioresour Technol 2015;178:262-9. doi:10.1016/j.biortech.2014.08.123.
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Demand Orlented Biogas

Integrate external factors and internal limitations to obtain optimal flexible use
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Mauky E, Weinrich S, Nagele HJ, Jacobi HF, Liebetrau J, Nelles M. Model Predictive Control for
Demand-Driven Biogas Productionin Full Scale. Chem Eng Technol 2016;39:652—-64.
doi:10.1002/ceat.201500412.
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Power to Gas: Hydrogen

(B) AT T EET SE Conversion of renewable electricity to
. Catalytic gt e gaseous energy vector

Net k)
Methanation © Wo.r e Power

2H,0 - 2H, + 0,

Biogas
Reactor

Direct injection of H, into gas grid Heide Oil Refinery 30MW, for H,, use in
production of advanced aviation fuel and
for gas grid injection

1A Persoectinve on the potential role of biogas in smart energy grids. Persson T, Murphy J, Jannasch A, Ahern E, 2https://www.heiderefinery.com/en/press/press-detail/cross-sector-
LibertrauJ, Trommler M, Toyama J. IEA Bioenergy Task 37. 2014 partnership-green-hydrogen-and-decarbonization-on-an-industrial-scale/
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Power to Hydrogen: Operation
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McDonagh S, Deane P, Rajendran K, Murphy JD. Are electrofuelsa
sustainable transport fuel? Analysis of the effect of controls on carbon,
curtailment, and cost of hydrogen. Appl Energy 2019;247:716-30.
doi:10.1016/j.apenergy.2019.04.060.

500
—8— LCOE \ ..........
. —&— Run Hours

400

I
]
(]
|
I
—_ ]
§ 300 I
= |
;3- ]

.S ! | Y [N 7 <7 E S, ) S R ESIC SR e
o i
8 [7; (1 EVNERE VUSSR (S Sy i

=

|
I
1 R e I 1
I ]
I I
I I
0 1 1

1] 10 20 30 40 50 60 0 80

Bid Price (€/MWh)

Cannot use only “curtailed “ electricity (Lack of run
hours)
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1. Max price
2. Minimum VRE on Electricity Grid

Allows for use of curtailed electricity (low price) and
viable economics (higher run hours)

6800

5800

4800

3800

2800

1800

800

200

Run Hours



B

" ‘m
= N e
; - N~
g
. = | o
i — o e

Power to Gas: Methane
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Power to Gas: Catalytic Methanation

Audi E-gas at Wertle, Germany

Sabatier Equation: 4H, + CO, = CH, + 2H,0

- =

Food waste Production of hydrogen in 6 Production of methane via 1000 Audi NGVs
biomethane MW electrolysis Sabatier

Reaction is exothermic
Required conditions of low temperature and high pressure
Couple with SOEC
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Power to Gas: Biological Methanation

Reactor performance
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Guneratnam AJ, Ahern E, FitzGerald JA, Jackson SA, Xia A, Dobson ADW, et al. Study of the
performance of a thermophilic biological methanation system. Bioresour Technol
2017;225:308-15.d0i:10.1016/j.biortech.2016.11.066.



% ' by
. et ~ - = IS Gramn |

Power to Gas: Biological M

ethanation

a) Batch in-situ b) Batch ex-situ c) Continuous ex-situ o es. . . .
VFA Inhibition of AD with in-situ
Gas Gas Gas . . ..
injection ) injection ineciion methanation due to acetic and propionic
o (&]
* o3 Gas 'rD\‘ J () d I t
Gas = =9 & acCld accumuliation
flow Gas chromatograph LIJ | Gas Gas
- meter o flow I " ||] r::;:r chromatograph
| S W I & | o i i
: sorage| | fow storage | o I &= e Methane formation rate inversely
H H ) E H E . meter . . ..
; g Stirer : A ; ; proportional to conversion efficiency
1] (]
; ' ! : : H
Gas Gas : '
(:} pump — In-situ pump = Ex-situ (? Gu:f —
: — biological H biological H pump Exfsiiu
;, methanation 1 methanation H biological
' - reactor Y reactor Y me::s;itr'on
' Gas . Gas | ey ' Gas
i diffuser 3 i diffuser i diffuser
— Ir o 24% | M Hg13% |
iermediaie COy6% | Oy 3% |
gas storage | I cHerow | | cHesaw
————— - I' 929 of smy | | 96 % of smy |
- ‘ — L—— 41 e 1
_____ j\ = r> — |CHy 6434 o
Gas storage | w - T T
_____ .
Hybrid in-situ & ex-situ biological Fo————- | _. * |
. 9.3tVS VR: 2440 m* Gas ! Frvr |
methanation system grass silage I'oLR: 38kg VS m?d" | pump | [610 m® | o
| HRT: 47d [ | - pump
L - J !
@@ A In-situ A | Ex-situ
Voelklein MA, Rusmanis D, Murphy JD. Biological methanation : Strategies for in-si ¥ ¥ W X X X YF W R ¥ | "I’“*“’
and ex-situ upgrading in anaerobic digestion. Appl Energy 2019;235:1061-71. - Gas diffuser e :
i ; Hy:6.2m med| e e —_—
doi:10.1016/j.apenergy.2018.11.006. #9.e MMy =0

L



BioCat

1MW Capacity

42,193m3 Biogas - 16,000m3CO,
708,215kWh Electricity - 129,290m3H,
ca. 15,000m3CH,

~ Biogas 0 - 100 mbar = Electricity 400V, 1 000 -1 500 A
——= Carbon gas,0- 10 bar Injection Container
Nutrients i (
——= H2,10- 13 bar ‘5
== Feed mix, 10 bar —
== Treated , 4- 9 bar f
- Injection gas, 4 -9 bar Heat &é Treated gas Injection gas
T34
Recycled gas, 0 - 1 bar gt l
| — '
1+ R | seese=== 1 : PPU :
! ! : V! .
- - 1 E : :
L M5 i 1
Electricity 600 kW F»n'_".l.w-""l >._. Hyely‘oq.zn : L‘.r'mwai: : !
1% b i
i 2 '
S . T 0 ° I e i |
——— . ' i
400 k'w Electrolyzes : :
' i
MO
'
Dirain Water Dirain Water Drain Water Drain ' Water

https://energiforskning.dk/sites/energiteknologi.dk/fil

es/slutrapporter/12164 final report p2g biocat.pdf



https://energiforskning.dk/sites/energiteknologi.dk/files/slutrapporter/12164_final_report_p2g_biocat.pdf

aaa

".

x -~ - i
- '? f R \ !
—— o e

Flexible Biogas Systems

Methanation St

BIOMASS

we B

ANAEROEIC
DIGESTION

Digestate




Cascading circular bioenergy systems
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