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Understand the challenge of a fossil free world

- the biomass demand of the energy system
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Understand the challenge of a fossil free world

- the biomass demand of the energy system .
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Understand the challenge of a fossil free world
- the biomass demand of the energy systela2
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- the biomass demand of the energy syste

Study title (original title)
IDAs energiplan 2030 IDA (2006)
IDAs Kiimaplan 2030 YN ' GJ/ prs/y
IDAs Energi Vision 2050 IDA (2015)

Grgn energi — vejen mod et dansk energisystem uden fossile The Climate Commission B
breendsler (2010)

Coherent Energy and Environmental System Analysis (CEESA) AAU et al. (2011) g ‘ ,
40 —

Energiscenarier mod 2020, 2035 og 2050 Danish Energy Agency
(2014)

Carbon Footprint of bioenergy pathways for the future Danish energy SDU and COWI (2014) 1

system 20

Energi 2050 — et udviklingsspor for energisystemet Energinet (2010) -
Energikoncept 2030 Energinet (2015) 3
Systemperspektiv 2035 Energinet (2018) [ |
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Understand the challenge of a fossil free world

- the biomass demand of the energy systela2 = blggenergy scenakio
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- the biomass demand of the energy systela2 = EDIggenergy scenakio
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Understand the challenge of a fossil free world

- the biomass demand of the energy systela2 120 GJ/prsly - bio-energy scenario
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Understand the challenge of a fossil free world

120 GJ/prsly — bio-energy scenario

- the biomass demand of the energy systela2
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Understand the challenge of a fossil free world

- the biomass demand of the energy systela2 = EDIggenergy scenakio

‘. .

IONn scenatio

Pure electrofuels

7\

')j 60 55 GJ/prsly — bio-electro fuels

i : =50 =
100... Electric... 20 GJ ‘, Ly !
¢ 40 + 5
Electro- [ Heatand | Plastic 2016: , 30 GJ/prs/y| — bio-electro fuels X
Q  electricity | 0,335 GtOfy‘y + point source-CO)},
, 45 GJ Plastic 2050: 1,2 9 -
Heat

Gtonsly 10 GJ/prsly|— biogas|electro fuels +vDAC
Fuels S oo - p—Gﬁp#sW — electro fuels + DAC
15GJ . . >
Food Fossil energy Fossil energy
* Ellen MacArthur Foundation. The New Plastics Economy - Rethinking the Future of Plastics & Catalysing Action; 2017 intake today 2050 (BAU)




Understand the challenge of a fossil free world

- the biomass demand of the energy systela2 120 GJ/prsly — bio-energy scenario
# FN
80 GJl/p — eleCtrificatipn scenatio
Lh w"-ﬂ GJ/prs/y
Pure electrofuels sl L7
A 7| 55 GJ/prsly — bio-electfo fuels |,
ﬁ;k . . NJU - '.E\.
100... Electric... 20 GJ " 5 i
. 3 » ' \4-0 1 ‘
Electro- [ Heatand | Plastic 2016: : 30 GJ/prs/y| — bio-electro fuels
Q lysis ‘electricity | 0,335 Gtoryly + poinf spurce-CO},
‘ 45 GJ Plastic2050: 1,2 2q
Heat Gtons/y* 15 AC
Fuels < i - | 0 GIprsly | electro fuéls + DAC

L Food Fossil energy Fossil energy
Global biomass potential, International Energy Agency (2017) intake today 2050 (BAU)



Understand the role of bioenergy

- in the future fossil free energy system

Power supply security

Heat/coolin
- windpower balancing / 5

Hydrogen
I Energy for industry
Biomasse from R Biomass
agriculture and forestry conversion
/ \ \ Transport fuels
Organic _ _ Food/feed Materials &
waste Soil quality _ chemicals
- protein

Biomass and bioenergy is the keystone of the construction S
— stabilizing the energy system SDU+=



General sustainability criteria for any bioenergy
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Money: cost, image value, front runner value
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Technique: Area efficiency, biomass efficiency or carbon efficiency of hydrocarbon supply .
Robustness, flexibility, readiness, supply security, sufficiency, ...
Environment: carbon footprint, biodiversity, soil quality



Biogas and CO, as the feedstock for

future hydrocarbons gt
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Biogas and CO, as the feedstock for
future hydrocarbons

Flight ticket Copenhagen-New York and ret
< 270 Euro extra or only 20 % extra
Manure
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Ja Methanation = .
production production
1 StarWars LEGO package at 100 Euro:
CO; 700 g plastic at 2 Euro/kg

=> plastic feedstock cost = 1 %
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Cost increase of a 100 % renewable energy system
= 0,5 % of GDP
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= 20 Eurofperson/month

= a netflix cfiption .
= a cup of cafiee at Starbucksjper week ) .}

- Including fuels and plastic from CO2 and hydrogen
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Overview of existing Gas-to-Liquid plants

Kapacitet investering pr. bid

Lake Charles
Bintulu
Escravos
Oryx

OLTIN YO’L
Mossel Bay
Pearl

Louisiana, USA
Malaysia
Nigeria

Qatar
Uzbekistan
Sydafrika

Qatar

1.100 b/d
14.000 b/d
33.000 b/d
34.000 b/d
37.000 b/d
45.000 b/d
260.000 b/d

135 mio. USD
1 mia. USD
10 mia. USD
1.2 mia. USD
3.2 mia. USD
??77?

18-19 mia. USD

123.000 USD pr. b/d
68.000 USD pr. b/d
303.000 USD pr. b/d
35.000 USD pr. b/d
86.000 USD pr. b/d
2?7

71.000 USD pr. b/d
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What is the cost of bio/electro-methane based liquid

Unsubsidized biogas
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What is the cost of bio/electro-methane based liquid

Subsidized biogas
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Discussion

In Denmark

O Four governments in a row have had the policy for our country to be fossil free in 2050

O We understand that we need hydrocarbons — and that the transport sector is the key challenge and key
bottleneck in designing a renewable energy system

0 We know that biogas by far is the cheapest supply of non-fossil hydrocarbons

O We know that we need to store our windpower and have back-up power supply when the wind is not blowing,
and we know that bio-methane from biogas is by far the cheapest way to secure this back-up

O We know that we need to integrate hydrogen into the system in order to reduce our dependency on biomass
to a sustainable level, and we know that the methanation of CO2 in biogas is by far the most feasible way,
and that this methanation of CO2 with hydrogen is by far the cheapest way to store windpower

O We know that overall, biogas as a keystone in the energy system is by far the best way to create synergy and
integrate the needs of agriculture, the transport sector, the heat sector and the electricity sector

O And we know that the transition to renewable energy really costs almost nothing in a private economic
perspective

But even so...

O Our Ministry of Finance still seem to compare subsidies for biogas to subsidies for wind- and solar power per
kWh of electricity produced — and cut down subsidies for biogas SDU/SI‘




Thanks for your attention
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power - for optimal system efficiency and integration of hydrocarbon supply
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SDU-&

LIFE CYCLE ENGINEERING

www.sdu.dk/lifecycle
henrik.wenzel@kbm.sdu.dk

-.-.-- ) --------------------I--------- LB B B N B B B B B B §B B B §B B B B B N B _§B B B B B B B N B B |
Electricity grid i Flexible power , Balancing power
— I demand 1 supply 5-10 PJ (7000 Mw) c_(g
! I

' Q

£ /| Crops i idOg l Chemicals + -
c bS] Cropping ResiANS | pre-treatment | 1 CHP < —— ! Plasticetc. | | &
scheme I - r — materials <
! 1 : A o
2\ Avoided Co-optimized cro | : : Hydrocarbons )
Z | Jaission - clover, grass#fc. : | | | %
) : ' | — Jetfuel | 2
5 -~ BNslurry | : _ _ : Liquid fuel Gasoline/diegel | +=
=) B-IO othpr products g -~- |~ Electrolysis |- 5 ._»  production Other > 8
) refinery > S B e " S » <
) : Y : =

75 PJ |
- Fibre ™ &in . — —. ... cO +H 9
= fraction fracton 0 ey — —_ . — f . , : 2 2
% A\ 4 v : I v . I %
S Animal Manure [ = Biogas / Hydrogenation |\ ____L___|:_, Syngas <+ CO, =
0 production | 40 PJ, 8 production — co\’|_or separation H;0H/CO, 1 production s s D Y
5 | ' 85 PJ | | | 3 o
....................... ' _ o
: Avoided emission (2700 MWjqs= 1180 Mwy | . . : CNG?| o
: NP K. C | | | Compression/ N B
U S [t | " ——>p H
Digestate ' Raw | Process . |130PJ| . Process cooling » =
Gas grid & storage : biogas ? . heat I 'CH4 | heat CH, 8
g - . . * I t 4 \ F
istrict heating grid & storage . L l \



http://www.sdu.dk/lifecycle
mailto:henrik.wenzel@kbm.sdu.dk

