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Discussion about carbon accounting and
carbon neutrality

Situation

o WtE manages waste

o WtE generates energy

o WtE emits CO, - both fossil and biogenic

Challenge

o Fossil CO, emissions conflicts with regional carbon emission
targets

o Several CO, reporting systems exist
o Even biogenic CO, emissions may be problematic — over time
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"Towards a carbon neutral capital”
An example of CO, targets for Copenhagen

€02 emissions in

City of Copenhagen 2005-2025
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The figure shows CO2 emissions since 2005, plus projections
with and without the initiatives outlined in the roadmap

The CPH Climate Plan Roadmap 2017-2020
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Targets for Energy
Production 2025

* District heating in Copenhagen is
carbon neutral

Electricity production is based
on wind and biomass and exceeds
total electricity consumption in
Copenhagen

Plastic waste from housecholds
and businesses is separated

Biogasification of organic waste
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Energy Consumption (7%)

Energy Production (80%)

Mobility (8%)
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City Administration Initiatives (5%)

DTU Environment

Department of Environmental Engineering

City of Copenhagen (2016)
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WLE in the energy system

POWER RIGHT NOW

. " CENTRAL POWER STATIONS 491 MW

V. 24 LOCAL CHP PLANTS 489 MW
3,082 MW

JUTLAND - SWEDEN WIND TURBINES

JUTLAND - NORWAY EXPORT 311 MW SOLAR CELLS 526 MW

IMPORT: 1,069 MW

NET EXCHANGE IMPORT -566 MW
ELECTRICITY CONSUMPTION 4,023 MW

€02 EMISSIONS 68 G/KWH

SYMBOL DESCRIPTION

CENTRAL POWER PLANT

ZEALAND - SWEDEN SEA WINDMILL PARK

EXPORT: 260 MW

AIR CABLE AC

CABLE AC

AIR CABLE DC
[} CABLE DC

BORNHOLM - SWEDEN

THE GREAT BELT
EXPORT: 10 MW

— b8 MW

ZEALAND - GERMANY
EXPORT: 1 MW

JUTLAND - GERMANY
EXPORT: 1,042 MW
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CHOOSE DATE
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District heating networks (examples)
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Fuel use depends
on local conditions

. Qil (reserve/peak load)

. Coal (SV)
I:' Straw (SV)

l__—l Surplus heat (industry)

Waste (MSWI)

“Margins”

Baseload

. Oil (reserve/peak load)

Natural gas (reserve/peak load)
. Oil (HV)

l:' Natural gas (HV)

Wood chips (HV)

|:| Biogas (small CHP)

. Natural gas (MSWI)

N
&\ Waste (MSWI)

“Margins”

Baseload

Fruergaard et al. (2010)



How-to be sustainable?

! Environmental Impacts
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Astrup et al. (2009)
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Upstream-Direct-Downstream (UDD)

Emissions related to
production and
provision e.g. of:

» Fuels
Electricity
Heat
Materials
Resources

DTU Environment

Emissions originating

directly from the
system/technology
in question, e.g.:

= Combustion of
fuels

= Combustion of
waste

= Internal transport

Emissions and

savings e.g. related
to:

= Substitution of
energy

= Substitution of
materials

= Management of
residues

Astrup et al. (2009)



CO,-accounting EXAMPLE: WtE

! Upstream ! Direct ! Downstream E

DTU Environment Astrup et al. (2009)
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Climate impacts from electricity generation

Electricity from fossil fuels
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1400 °
1 °
[
1200 + ° -
1 " .
1000 1+ e e .
a 4 [ ]
s T : i ‘
® ) L} e
. -
S 800 T . . s%°
8 1 e 2 °54 H o ® 4 o
N - - e
Q 600 1 ¢ o o °,"*
S 2 e
~ T ° ]
400 + 5 S
I | c
T [ ]
[ ]
200+ ° °
e ® &
TReets |
0 leieie oo L e ieletetetet L
T lalo]| oo alo| |o|o]| |alo olo| |alo]| |olo
s[5 |af|o S(o| |a|o] |S|o ol |S[o]| |a|o
S|o S| Sl S|
o= o= o= o=
2 e 2 8
Hard |5 |Naturall _ | Hard S [Naturall _ [ Hard | S [Natural| _ | Hard | § [Natural] _
Coal |J| Gas |Of Coal |5 | Gas |O| Coal |I| Gas |O| Coal [I| Gas |O
Power plant
Fuel provision operation Infrastucture Total

l Waste-to-Energy

DTU Environment

kgCO,-eq/MWh

Electricity from nuclear and renewables
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Example: climate impacts and surrounding
energy system
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Recommendations

o Use an UDD approach to explain the potential benefits of WtE

o The more efficient a plant is, the greater are the benefits

o Be aware of situations where WtE is not the environmentally
preferable solution

Upstream Direct Downstream

Emissions
A

Electricity |1
!

Fuels i | Electricity  |— > Electricity production

—>»  Incineration
Materials

Waste I
Residues |- > Residue management

2 Heat — > Heat Production
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