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Proven technology
Cost effective

* Inhouse experience
1971-2011 (700 000h)

e More than 1000 installations
since the 1950s in the chemical
process industry

* Providing Bio-CHP plants with
CCS is unique

e Good match with CHPs.
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Bio-ccs research plant in Stockholm, commissioned Dec 2019

Methods and optimization of physical parameters

Composition of solvents (additives) with
corresponding kinetics in the chemical reactions

Long term test with identifying and measure side
reactions, degradation products and
accumulations/impurities in solvent

Reality check of absorption rate, mass balances,
pressure drops etc

Modelings and simulations in Aspen Plus
Stress tests of equipment

Give better possibility for technical/economic evaluation of the
cost for a BECCS plant with HPC

2 scientific publications planned
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BECCS research
facility

Test phase one met
expectations

Additional test and expanded
facility planned
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Great potential for heat recovery from a CCS
process

Energy loss <2% possible

Avaialability of steam and electric power
Port (largest vessel handled 40 000 tonnes)
Big point source of biogenic CO2

Crowded
Proximity of the city
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Design of full scale capture plant
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Ship size and design RCO2 15000

Refrigerated COz Carrier
TERMINAL - Conventional propulsion, Single screw

* Ship size has impact on both economics and
environmental performance

e Standardisation of CO2 pressure and temperature
would be benifical RCO25200

Refrigerated CO2 Carrier

TERMINAL - Conventional propulsion, Single screw

 7bar/-50°Cv.s. 15 bar /-25°C?
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Bio CCS LCA 20
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1 ——S1 Wood chips

—3S2 Hard coal

Eiomass and Bicenergy 135 (2020) 105606

Comtents lists available at ScienceDirect

Biomass and Bioenergy

- —S5 BECCS

SEVIER journal hittpwwww. sl sevier cor iombion
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Time-dependent climate impact of biomass use in a fourth generation
district heating system, including BECCS

Torun Hammar*", Fabian Levihn ™

* Digartrsry of Brwrgy and Techomligy, Swallsh University of Apriainurs] Sciewes (SLU), Upgpnals, 28750 07, Swelen
* Stckhokn Eraryl AB, Scklndes, S5.115 42, Swlen.
* Diprrtns of il Boomsraes ared Maruagemens, Regrol besitste of Tochnology (KTH), Socbluie, S5.114 5, Sunden
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In order 1o meet dimate trgets under the Paris Agreement [1],
2t the warld' 1 with fossil

by u .
with patential to contribule: o this conversion [2]. Sweden has # long
traditiom of forestry and Enceeasing the we of forest residuss for bio-
energy is one option to meet funure energy demands [3].

A fubure strategy to mitigate climate change is 1o caphure carbon
dioxide (C0) directly after Fuel combustion, after which the CO; is
compressed and transported o reservoirs under the seabed for storge.
By combining carban capture and storage (CCS) with biomass combes
tiom (bio-CCS or BECCS), negative emissions can be achieved while, at
the sime time, heat and pawes are produced [4]. To assess the climate
effiects of mich a system, greenhouse gas fluxes from the whls lif cyde
should be considered

Life cycde awsessment (LCA) isa standardised method for evaluting
environmental impacts from a system perspective [5,6], with glohal
warming patential (GWE) being the most commonly used method to
te impact [7]. However, in the GWE method all greeshouse
g5 emissivns are comveried info carbon dioxide equivaleats (COzeg)

* Correspanding sthor. Box 7082, SE-750 07, Uppsala, Sweden.

timing of greenhouse gas A is overlooked, Furthermore, biogenic
carban fiuxes in bioenergy sysems ars commonly counted as zero, ie.
considered carbon-nentral, since emissions during combustion are
assummed to be equal tn uptake during biomas: growih.

This carhon netzality asmption is a simplification, since biomaz
1= can lead to land use changes that alter carbon stocks in both soil and
standing biomass [5,5]. Funthermare, carban-newral is nat necessarily
the xame as climate-nentral, since the atmospheric concentration i
temporarily aliesed wher bicmans is used for energy purpeses. This is
particularly relevant far forest bicmass, which has longer timeframes.

Frevious sindies have shown that increasing the outtake of forest
residues for eneTgy parposss gives a warming impact, since bicgenic
€O, is released earlier in time than in the dower process af decampa-
sition which occurs if the binmass remains in the forest [10-17]. To
account for the biogenic carbon dynaraic, a time-depeadent LEA can be
perfirmed where yearly fluxes of greenhouse gases are considered [1
141
n Sweden, forest biomass is wsed in the sawmmill indusizy and in the
plp and paper industry, but also to 2 large extent for producing district
heating, which merts around 609 of the beat demand in Swedish
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