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Research
Oxyfuel and membrane@ Retrofit solutions with @ Comparative @
technologies post-combustion technology in waste-to-
capture with solvents energy sector

@ Exploiting synergies @ Tackling challenge of trace @ Building a framework for
between Norway's metals and combustion a comparative technology
CapeWaste project, aerosols in flue gases assessment using results
?ﬁ{;rrrllaErgégl\TluggU%rmect ® Addressing data gap from WP3 and WP4
on oxyfuel te;:hnolo on solvent ageing and @ Assess the potential for

&Y management options negative emissions and

adaptation the size of the market for

CCUS in the European
waste-to-energy sector

® Testing proprietary
solvent at pilot scale and
at industrial facilities, and

® Assessing membrane
capture technologies

@® Pilot-scale testing at novel solvents at lab scale @ Sharing results with
industrial facilities to technology developers and
consider use with waste- local regulators
to-energy

newestccus.eu 5



THE WASTE RESOURCE IS EXPECTED TO GROW GLOBALLY

1200

=1
-
=

2,700 Waste to Energy plants 800

expected to be operational by 2027
530 million tonnes capacity
(Ecoprog, 2018)

600

400

Waste Generated (millions tons/year)

200

0

Urban Population (millions) 43 6/6 1,293 2,080 a3 &y e 912
Waste (kg/capita/year) 219 343 288 344 423 628 777 840
Country Income Group Lower Lower Middle Upper Middle High

Income Income Income Income

M 2010 M Projected 2025

Urban Waste Generation by Income Level and Year, Hoornweg et al., 2012



OVER HALF OF GLOBAL WASTE IS BIOGENIC CARBON

Global Waste composition
(Kaza et al. 2012)

" Food and green W Other B Rubber and leather
Glass B Paper and cardboard = Wood

B Metal M Plastic




Net Climate Benefit of WtE with CCS - zero direct CO, emissions

Zero direct Emissions: No residual CO, emissions other than CO, from combustion air. All fuel CO, is captured.

GHG Emission THE UNIVERSITY
I CO, in Combustion Air I I./@ (from MSW incineration) Of EDINBURGH
GHG Emissions to air I Other GHG emissions l(*)
* CO, in Combustion Air Di
irect GH
* Biogenic CO, I Fossil CO, captured Fossil CO, captured to geological storage _ec . GHG
* Fossil CO, emission
* Other GHG emissions I Biogenic CO, captured reduction
WE Operation GHG Emissions Electricity Grid Mix GHG
* Material & Energy di Emissi
consumption Ll e B selens GHG Emissions Heating system emission
* APC residues treatment :
i reduction
* Dry IBA treatment GHG Emissions Metal primary production Av0|ded. .
WHE Infrastructure: o GHG emissions
« Embodied GHG emissions GHG Emissions Natural Resources Net Climate
GHG Emissions MSW Landfill Benefit (**)
9000000000000 000000000000000000000000000000

CCS Operation:
* Indirect GHG emissions

CCS Infrastructure: GHG emission

* Embodied GHG emissions (from CCS chain)

FGHG Emissions to air: Carbon

* GHG emissions due to solvent loss/degradation removal

Negative CO,

Biogenic CO, captured to geological storage >0
emissions

- (*) CCS contributes to emission reduction of other pollutant such as SO,, NOx, HCI
WHIE Facility and HF

(**) Unit of metric: metric ton carbon dioxide equivalent (tCO,-eq) in a specific
period of time or per metric tonne of MSW treated

IBA: Incineration bottom ash | APC: air pollution control residues

Note: Schematic representation, flow diagram not to scale

Positive flow — negative contribution to net climate change
Negative flow — positive contribution to net climate change
@ Zero flow — No contribution to net climate change



Net Climate Benefit of WtE w CCS - zero direct CO, emissions — UK plant
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B WtE Material requirements
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M CCS Infrastructure
Biogenic CO2 captured
District Heating (Exported)
< Climate change impact (w/o energy avoided impact)

e CCS reduces the climate change
impact of a WtE plant from

339 kg CO,-eq/t MSW to
-535 kg CO,-eq/t MSW

(w/o included avoided GHG
emissions from energy export)

* The net climate benefit account for

650 kg CO,-eq/t MSW in a power-only
W?1E CCS plant

774 kg CO,-eq/t MSW in a CHP WtE
CCS plant,

THE UNIVERSITY
of EDINBURGH



Oxy-fuel combustion of Solid Refuse Fuel
at IFK’s 200 kW Circulating Fluidised Bed facility

University of Stuttgart

Germany

itk

Task description

Research scope/conditions

Main results

Lab scale bubbling fluidized
bed (BFB) combustion of SRF

* Cold dosign experiments (4 SRFs)

* Combustion experiments (2 SRFs)
o Air combustion (800/850/900 °C)
o Oxy-fuel (OXY 21/30/40 @ 850 °C)

* Cold dosing of shredded SRF (< 650 kg/m3)
difficult to achieve

* Pelletized SRF successfully combusted in air
and oxy-conditions

* Good correlation between experiments and
calculated data

Demonstration of oxy-CFBC at
the 200 kW pilot facility

* Air combustion tests

» Oxy-fuel combustion tests (OXY 28/35/40/45)
@ 850<T<920 °C

* Gaseous emissions

* Hydrodnymic performance

* Standalone oxy-CFBC of SRF for more than 8h
at OXY45 demonstrated
* Oxygen-to-fuel ratios of 1.4 required to
supress CO formation
* At oxy-fuel conditions:
o NO, emissions decrease (by ca. 33%)
o HCl is promoted (by ca. 500%)

Investigation of corrosive
depositions at the 200 kW pilot
facility

* Air combustion (10 h 30 min)

* Oxy-fuel combustion (ca. 1 h)

* Air-cooled deposition probe
O Tyrope ~ 480 °C

O Thyegas™ 750 °C

* Sample material: X20CrMoV11-1

* Corrosion phenomena clearly identified in air
oxy-firing modes
o Air combustion: corrosion attacks due to
alkali salt deposits
o OXY28: corrosion attack due to HCIl. Damage
occurs in a very short time




Process simulation of oxy-fuel CFBC of SRF S University of Stuttgart lfk
R Germany

Full-scale oxy-CFBC WtE model (133 kton CO2/year) by Aspen Plus®

CO, Transport . . ope .
iy St i 2 ; *
seavary +— [ Seem | o — @ F s Fuel combustion reaches chemical equilibria
W Ke- * C: . .
sermakewp — _ Side reactions with fuel-ash are neglected
i Water H Compression H
Cooling —* > i Energy feed — | & Liquefaction
Water  ¢—— Unit
Waste-fuel *
" CFB Ca-based sorbent! }'
Incinerator Ammonia ﬁ
MSW —> | Feedstock (= 50 MWy,) R vV
pre- — H Particl
Commercial & — treatr t H i Cool d
Industrial reatmen —> | Removal | —> gg,;gc; i?"; H Cgsdeenasner
L Waste E Unit .
i Oxy-CFB Facility
[ L» Metal recovery e l
{  Electricity feed —— Air Ash disposal Water e
Ar — | Unit (ASU) Oiyge .
. Nitrogen l : &

Air Separation Unit

Satisfactory validation of a full-scale oxy-CFB combustion model with pilot plant data (200 kW)

Almost all fuel-S converted to SO,. NO, concentrations depend on fuel-N as well as catalytic activity between
bed material and fuel ash

Linear behavior of yg, in With Viecyceq- Increase of excess oxygen poses dilutes flue gas composition
moderately

NO, and SO, can be reduced by 99% with 0.6 kmol/h of NH; and CaO, respectively



Oxy-fuel grate furnace technology

Fundamental oxy-fuel combustion of MSW

1100
oz/co2
1050
Q 1000
=
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T 950
a
E 900
850
800
23.2 25.2 27.7
Oxidizer Oxygen concentration (%)
BT+287 WT+672 mWMT+1152
Oxyfuel Combustion of a Model MSW—An
Experimental Study

by @ Michaél Becidan 1~ E, @Mariu Ditaranto ! EQ, @ Per Carlsson E, I‘,i:l'.J:arn Bakken ! E,
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Oxy-fuel grate furnace technology SINTEF

Full scale plant simulation by CFD

* Implementation of newly developed fuel bed model combustion
» Effects of oxidizer distribution on conversion and burn-out of the bed
 Comparison with the reference air case
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Post and hybrid separation by CO2 membrane applied to Waste-to-Energy

*Membrane assisted liquefaction process modelled

*Systematic process design approach was used where designs with multiple stages and different recycle

strategies were employed.
*Results indicate that simple cascade process is optimal.
*Capture rates higher than 90% increase capture penalty significantly

Cooler Cooler
Membrane Expander
WLE
flue gas 00— L - Retentate
gas
Blower
Cooler Phase
separator
Recycled Permeate Heat @_, P Cooler Cooler
off-gas gas recovery

pump
comp-1 comp-2 condenser

Vacuum _’D_'@_'D_'@/N_‘

R1 -—-
Expander  Expander Captured (C3Hg) D

- C02 - T
<_I 4-I R2 comp
Compressor intercooler Off-gas R2  Liquefier
(

heat recovery CZHG)

P 1 M) R e T
00—~ — - [
co2 Cooler co2 Cooler coz Cooler - Phase
comp-1 comp-2 comp-3 Water separator
removal unit Pre-cooler LCO2
Hx-2
<
Phase V-
separator Q_
CcOo2

pump

SINTEF



innovation ENEWEST-CCUS

ﬁ., for life
carbon clean

TECHNOLOGY TO ACHIEVE 'NET ZERO'

Demonstration at WLE facility

Operation with new solvent
Carbon Clean commercial solvent (2 months operation)
Liquifying CO,

Support Full Scale implementation - TNO
Online support (liquid and gas analysis)
Gas: FTIR (composition), ELPI (aerosols)
Liquid: Mini-ATR, analysis of samples
Derisking, modelling

Propose a solvent management strategy

—
= 4

w ! i
r | B | T
-

Twence (Hengelo, NL)

e —

Demonstration on-going! }‘

newestccus.eu 16
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Understand the effect of trace metals

and combustion aerosols on CO,

capture solvents

Integrating waste combustor to post-
combustion CO, capture at pilot-scale
Measure release profiles of trace
metals as entrained aerosols
Measure particle size distribution and
particle concentration from
combustion, specifically sub-micron
particles (PM1)

Quantify impacts of fuel on (i) a
generic amine solvent, and (ii) a
proprietary solvent

35%wt MEA

proprietary solvent: Carbon Clean
Two different Grade A waste wood
Tests planned for Jul-Aug 2022

European Union |#3 The University | Translational
. Of Sheffield. Ener;
European Regional gep.artme”Et for S5 Energy R ireli
D I t Fund USI1598, =iy Institute. Centre.
evelopment Fun & Industrial Strategy

carbon clean

TECHNOLOGY TO ACHIEVE ‘NET ZERO’

CO, (utilisation or storage)

Gas analyser Trace metal analysis

; : Bl Particulate analyser

Flue gas

C a t B




Process & Analytical measurements:

Solvent analysis:

Mettler Toledo auto titrator

*  Fast loop sampling

. MEA solvent concentration
CO, concentration and loading

© o
JuMo) AQUIS

] Jumo online oxygen analysis
Mee ool / (continuous online analysis)
* Lean (desorber outlet)
*  Semi-rich (absorber 2 outlet)

*  Rich (absorber 1 outlet)

Fe analysis:
/ HACH Colorimeter (manual
sampling and analysis)

Gas analysis

DEKATI ELPI+(Electrical Low Pressure
N

Impactor):

* Real-time measurement of
particle size distribution and
concentration at 10 Hz sampling
rate

* Measuring range 6nm to 10pm

Inductively Coupled Plasma — Optical
Emissions Spectrometer (ICP-OES): >
* Can identify the emissions
spectra of various non-volatile
metals and major, minor, trace
and ultra-trace volatile elements
* Elements that may cause
operational issues, toxic, easily
vaporised, high concentrations

Multipoint analysis by Gasmet FTIR:
*  Absorber 1 inlet and outlet

*  Absorber 2 outlet,

*  Water wash outlet;

*  Desorber outlet (CO, product)

European Union |#3 The University | Translational
. Of Sheffield. Ener
European Regional Department for s Energy e LA

Business, Energy

Centre.
& Industrial Strategy entre

Institute.

Development Fund




Maximum Potential carbon removal from the

European waste sector

e If all existing WtE plants in
Europe (492 facilities treating 99
Mtpa of MSW) are retrofitted
with CCS can achieve a carbon
removal of the order of 52 Mtpa
CO,-eq"”

* An additional removal of 49.43
Mtpa of CO,-eq ") is possible if all
waste currently landfilled is used
in WtE CCS facilities.

* This does not include the avoided
GHG emissions of diverting waste
from landfilling

(*) Considering a net climate change
benefit of -535 kg CO,-eq/t MSW and 60%
biogenic carbon ratio. Without avoided
emissions for energy recovery.

27€q

Carbon Emissions, ktpa CO

-2000

-4000

-6000

-8000

-10000

-12000

-14000

-16000

THE UNIVERSITY
of EDINBURGH

Annual emissions diverting landfilled MSW to new-build WtE plants for countries without waste energy recovery
Annual emissions diverting landfilled MSW to new-build WtE plants for countries with existing waste energy recovery

B Annual emissions in existing WtE installed capacity
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Assessing Negative emissions in the ofEDINBL[RGH

European waste sector

WHE plants in Europe

Ongoing activity, using the following — |
methodology u sl sl : J’ :
* Mapping existing WtE facilities R N

0

* Mapping CCS Clusters, CO, export A AR '
terminals, geological CO, storage site i ]

[ Grangemouth (UK)

* Review space requirements at plant level P ¢

vs CO, capacity ,_..,,.:3: . % . 28
e Build waste resource scenarios : energy ¥oir, “‘“"?‘”*"i % @0, "
recovery vs landfill, recycling & C1# % of o (; y iy fa:wm
waste composition vs income A e :,%m“b
* Build waste management policy MY 5”0 ff}“
scenarios BT Qe Nohva |



The case for Waste to Energy with CCUS

* The value to society of waste in a net-zero society may be its biogenic content
* Negative emission from biogenic waste could become a strategic resource.
* Unlike ‘conventional’ BECCS, without impacts on food security or land availability.

Moving WtE with CCS forward in the 2020s

e Derisk technologies for challenging fuels -> long term testing
Use CCS to achieve zero residual CO, emissions -> 100% capture
Value ‘embedded’ negative emissions at local and national level
-> |mprove reporting of biogenic emissions from waste
-> Business models for negative emissions
 Understand public acceptance: WtE # CCS # WtE&CCS # WtE&CCU
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ENEWEST-CCUS About the Project  Facts About Waste Partners Contact e

Newsletter _ Please register to the newsletter
On Twitter
oeas toarde a lower carbon futurer J— Invite your colleagues and contacts

@newestocus
Tesco Ireland to become first Irish retailer to purchase
renewable gas made from its surplus food waste. Will be

_ enough to power six stores.tescoireland.ig/news
[news/arti...#waste #wastemanagement #wastetoenergy

Email Address

#biomass #bioenergy #circulareconomy#zerowaste Fo | I ow th € proj ect:
SUBSCRIBE
o [= Jun 11, 2020
We use Mailchimp as our marketing platform. By dicking the button 1 .
above to subscribe, you acknowledge that your information will be Q‘;I newestccus TW I tte r ° @ n ewe Stc C u s
transferred to Mailchimp for processing. @rewestocus
Learn more about Mailchimp's privacy practices here Global investment in biomass & waste to energy projects
. ) grew by 9% to $9.7bn in 2019, 3rd highest among .
View NEWEST' Privacy Policy renewables after wind&solar according to FS-UNEP LInkEdIn:

report. Strong pockets of activity in UK & China.

https://www.linkedin.com/company/newest-ccus

hewestccus.eu
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Net Climate Benefit of WtE with zero direct CO, emissions

Zero direct Emissions: No residual CO, emissions other than CO, from combustion air. All fuel CO, is captured.

GHG Emission
I CO, in Combustion Air I I./@ (from MSW incineration)
| |

GHG Emissions to air I Other GHG emissions (%)
* CO, in Combustion Air

* Biogenic CO, I Fossil CO, captured Fossil CO, captured to geological storage 6 Dlr_eCt. GHG
* Fossil CO, emission
* Other GHG emissions I Biogenic CO, captured reduction
WLE Operation GHG Emissions Electricity Grid Mix GHG
* Material & Energy i L
consumption Il et GlR e Snfisions GHG Emissions Heating system emission
* APC residues treatment H
i reduction
* Dry IBA treatment GHG Emissions Metal primary production Avonded. i
WHE Infrastructure: o GHG emissions
* Embodied GHG emissions GHG Emissions Natural Resources Net Climate
GHG Emissions MSW Landfill Benefit (**)
OO0 0000000000000 000000000000 0° OO0 OO0 000000000 19 0 1
CCS Operation:
* Indirect GHG emissions L.
CCS Infrastructure: GHG em|55|9n
* Embodied GHG emissions (from CCS chain)
GHG Emissions to air: Carbon
* GHG emissions due to solvent loss/degradation removal
Biogenic CO, captured to geological storage 0 Neg'at.lve COZ
emissions
WIE Facility (*) CCS contributes to emission reduction of other pollutant such as SO,, NOx, HCl and HF
(**) Unit of metric: metric ton carbon dioxide equivalent (tCO,-eq) in a specific period of time
Positive flow — negative contribution to net climate change or per metric tonne of MSW treated
Negative flow — positive contribution to net climate change IBA: Incineration bottom ash | APC: air pollution control residues
O Zero flow - No contribution to net climate change Note: Schematic representation, flow diagram not to scale
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Maximum Potential carbon removal
from the European waste sector )

If all existing WtE plants in
Europe (492 facilities treating 99
Mtpa of MSW) are retrofitted
with CCS can achieve a carbon -2000
removal of 52.88 Mtpa CO,-eq"")

-4000
(=
An additional removal of 49.43 ;'1 6000
Mtpa of CO,-eq ") is possible if all “é
non-recyclable, no-reusable X -8000
waste that is currently landfilled 5§
is used in WtE CCS facilities. £
‘& -12000
8
8—14000
-16000

(*) Considering a net climate change
benefit of -535 kg CO,-eq/t MSW and 60%
biogenic carbon ratio. Without avoided
emissions for energy recovery.

Annual emissions diverting landfilled MSW to new-build WtE plants for countries without waste energy recovery

Annual emissions diverting landfilled MSW to new-build WtE plants for countries with existing waste energy recovery

B Annual emissions in existing WtE installed capacity

25



	Negative Emissions in the Waste-to-Energy Sector: Technologies for CCUS
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Oxy-fuel combustion of Solid Refuse Fuel�at IFK’s 200 kW Circulating Fluidised Bed facility
	Process simulation of oxy-fuel CFBC of SRF
	Oxy-fuel grate furnace technology
	Oxy-fuel grate furnace technology
	Post and hybrid separation by CO2 membrane applied to Waste-to-Energy
	Slide Number 16
	Slide Number 17
	Process & Analytical measurements:
	Maximum Potential carbon removal from the European waste sector
	Assessing Negative emissions in the European waste sector
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Maximum Potential carbon removal from the European waste sector

