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® Definition essential for “Circularity Potential” and
“Climate Neutral Potential”

® Climate Neutrality Potential and Circularity Potential
are two new impact categories not yet covered in LCA.

® Non-circular mass, renewable-circular mass and total
mass of an energy service are additional indicators to
assess circularity

m Climate Neutrality Potential gives additional information
about the timing of the GHG emissions in lifecycle and its
effects on temperature

® Comparison of heating systems
® Heat pump using ambient air and renewable electricity
= highest Climate Neutrality Potential (2.1 E-11 W/m?)
m lowest GHG emissions (12 g CO2-eq/kWh)
w lowest non-circular mass (7 g/kWh) and
m lowest primary energy demand (1.2 kWh/kWh).
® Biomass heating systems
w highest Circularity Potential due to the use of renewable

— wood chips = wood pellets = natural gas (=100%)

GHG emissions

1/Circularity Potential
(CPO)

heat pump

mass_non-circular

mass_non-renewable N~

wood chips

wood pellets

mass_tot

— heat pump

Climate Neutrality
Potential (CNP)

CED_tot

CED_fossil

biomass Impact Heating system S0 KW
. per KWh_useful heat wood chips wood pellets natural gas heat pump
w highest total amount of mass CHC cmissions [2kWi] v % T "
® Natural gas heating System is worst in all impa cts Climate Neutrality Potential (CNP) [W/m?] 6.5E-11 6.6E-11 5.3E-10 2.1E-11
primary energy (CED _tot) [KWh_primary energy/kWh] 1.5 1.6 1.3 1.2
fossil primary energy (CED_fos) [kWh fossil primary energy/kWh] 0.3 0.3 1.3 0.01
mass_tot [g/kWh] 309 261 85.4 12
mass_non-renewable [2/kWh] & 24 85.4 12
mass non-circular [g/kWh] 22 24 85.2 7
Circularity Potential (CPO) [%0] 93% 91% 0.2% 41%
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Global Warming

Global warming relative to 1350-1800 (°C)

/& Life Cycle Assessment (LCA)

Likely range of modeled responses to stylized pathways
[OGlebal COz emissions reach net zero in 2055 while net

Obszerved monthly global
mean surface temperature

Estimated anthropogenic
p] warming to date and
likely range

non-C0z radiative forcing is reduced after 2030 (grey in b, c & d) _

w7 |—> [JFaster CO= reductions {blue in b & ¢} result in a higher
probability of limiting warming to 1.5°C

[ Mo reduction of net non-C0: radiative forcing (purple in d)

v Environmental effects of products & services
results in a lower probability of limiting warming to 1.5°C _ must be analysed With Life CyCIe Assessment g
- N - - - - (LCA) covering production, use & end-of-life :

v’ “Climate Neutrality” and “Circularity” are
» yet not covered in LCA impact categories

» must be addressed by dynamic Life Cycle
Assessment (dLCA) considering timing of GHG
emissions, raw material extraction, reuse &
recycling

Circularity

Sources: www.ipcc.ch, www.europarl.europa.eu/news/en
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(1) Circularity (%) = circular mass / total mass

(2) Mass per product/service

CIRCULAR
ECONOMY

Remarks I
- Mass is the sum of all materials in the total lifecycle

- Primary energy is counted as material (e.g. conversion from |
energy units in mass units using heating value of energy carriers) I

- Total mass should be minimized I
- Circular mass should be increased |
- Non-circular mass should must be reduced I ——

Circular mass
Total mass



RESEARCH

Definition and Assessment of Circularity Potential  joauneum )))))j
and Climate Neutrality Potential in dLCA — e I/

An energy service is “100% circular and climate neutral “, if in

the whole life cycle - production, operation & end-of-life zjgf’:k
m the total mass only of reused components, recycled and Reduce . Re"“-‘:ig" "#d "I:t‘_"
renewable/bio-based materials and primary renewable energy emanufacture dition
® whereas no waste and no GHG emissions occur. i\
Indicators for assessment Energy Recycle Material Lange Renewable
m Circularity Potential (CPO) Services Recover Cycle Nutzung Energy
w based on mass balance in lifetime \
m Assessing circular/renewable and non-circular mass flows
Includi ) Refurbish Repair
w Including primary energy Repurpose (il Reuse
m Material specific and utilisation factors
w Circularity Potential: circular mass / total mass: 0% = linear and
100% = circular — .
. . . A i | Wast i
m Climate Neutrality Potential (CNP) ASSUNASRll | vor-ronewante vign mareria ™\ | Transportation system | o, N ourn
| Rel
m based on GHG emissions in lifetime Inflow R N e B Non-rocoverabi B
w total radiative forcing at top-of atmosphere of GHG emissions: : | G!id | |
W /m2=0 : ] I
f EoL ! 5
) year o 0” . . 3 . . ' . pe—— enemabe material I | Charger | | Recycled material Circular
m “Towards” climate neutrality”: Zero GHG emissions in operation res::rie ety T || components v Cireular
phase inflow ggzﬁlsgxﬁzigm I | Electric vehicle | | fyeccljercu/ation in biological outflow
L. .. 1

Concluding
w Climate Neutrality and Circularity are visionary and long term targets

w BUT: future products and services must be developed and assessed
towards Climate Neutrality and Circularity

Transportation
service

f 1
. Other systems '

Il o o= -



|[dentify Significant Differences of Environmental JonEu )))))j

Impacts Between Heating Systems Using dLCA —_—

® Methodology ® Impacts
w Dynamic life cycle assessment using generic global ® Greenhouse gas (GHG) emission [g CO,-eq covering CO,,
production data for materials CH, and N,0O emissions]
@ Heating systems m Climate Neutrality Potential (CNP) [W/m? radiative
@ Wood chips forcing on top of atmosphere]

w Cumulated Primary Energy demand (CED) [kWh
covering fossil, renewable primary energy]

w Circularity Potential (CPO) [%] and

®w Wood pellets
w Natural gas and
o

Heat pump using ambient air and renewable electricity ¢ el 4 "
(mix of 15% PV, 25% hydro & 60%wind) m Mass [g of (non-)circular and (non-)renewable mass]

® Key data: ® Functional unit: kWh of useful heat

w Lifetime: 20 a

® Heating power: 50 kW

® Annual full load hours: 1,600 h/a

® Annual heat demand: 80,000 kWh/a

®Vaillant

| .

https://klimafreak.at/products/daikin-altherma-3-integrated-r32-8-0-kw-set?variant=13631842025577#&gid=1&pid=1
https://www.obadis.com/de/vaillant-vc-20cs-1-5-ecotec-plus-gas-wandheizgerat-0010043898-mit-brennwerttechnik.html
https://www.kwb.net/de-at/heizungen/hackschnitzelheizungen
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Results (I)

GHG emissions

wood chips wood pellets natural gas

GHG emissions
Heating system 50 kW

Wood chips: 34 g CO,-eq/kWh
Wood pellets: 36 g CO,-eq/kWh
Natural gas: 267 g CO,-eq/kWh
Heat pump: 12 g CO,-eq/kWh

o —_ N —_
[o4) o N £y

[KWh/kWh_useful heat]

Cumulated Primary Energy (CED)
o
[e)]

o
»

o
(V]

o
o

heat pump
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Primary Energy

Total CED Renewable CED
wood wood natural gas heat pumpg wood wood natural gas heat pump
chips pellets i chips pellets
CED_total CED_renewable
Heating system 50 kW
Wood chips: 1.5 kWh_tot/kWh with 0.3 kWh_fossil/kWh
Wood pellets: 1.6 kWh_tot/kWh with 0.3 kWh_fossil/kWh
Natural gas: 1.3 kWh_tot/kWh with 1.3 kWh_fossil/kWh?
Heat pump: 1.2 kWh_tot/kWh with 0.01 kWh_fossil/kWh
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GHG emissions Climate Neutrality Potential

Use phase :
P T T T T T T T T T e e T P e e L e L e L e EEE L ’-
450,000 natural gas 6.E-10 natural gas
T ' — wood chi : — wood chi
5400,000 : wood chips wooda chips
- c — wood pellets = 5E.-10 — wood pellets
> (@) — natural gas g — natural gas
® 350,000 S L =
o 0 — heat pump = E — heat pump
c - ]
E=] e Y= ©
S 300,000 o @ 2 4E10
< x o S
=3 o c -
9 250,000 L &
o
3] £ 3E-10
200,000 ©
i -
— =
2 2
s 150,000 o 2.E-10
@ I
2 £
£ 100,000 ) wood pelléts =
wood chips : ) wood chips
O : 1.E-10
5 50000 - wood pellets
o :
heat pump — heat pump
0 E 0.E+00
D 0 A D DO AN A N> D0 A DD O N O KB O :
AU e M A L SRS oL S S A L S 2SR SO AL PR MR R S
O QR DDA DR QDD QDD X D 0 A D D a® N A 4D o 6D 20 A WD WD WO N W O O
N 2 i P O L ] i i Vi i i P P P M L ] P N ‘19@%@%@%@%@W@‘b@%@%@%119“:(]9%@%@%@%@%@v@u@m@u@m@u@m
Lifetime Lifetime

® Wood chips: 34 g CO,-eq/kWh

® Wood pellets: 36 g CO,-eq/kWh

® Natural gas: 267 g CO,-eq/kWh
° m Heat pump: 12 g CO,-eq/kWh

Wood chips: 6.5E-11 W/m?
Wood pellets: 6.6E-11 W/m?
Natural gas: 5.3E-10 W/m?
Heat pump: 2.1E-11 W/m?
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Mass Circularity Potential

600,000 100% ‘ wood chips
—— wood chips — wood pellets — natural gas —— heat pump 90%
500,000 80% ﬁod chips = wood pellets == natural gas = heat pump
£ £ 70%
",,; 400,000 = wood pellets
o . -
> wood chips S 60%
£ S
‘™ 300,000 o 50%
_g 2 heat pump
o wood pellets g 40%
@ 200,000 2
@ natural gas o 30%
=
100,000 20%
heat pump 10%
natural gas
- 0%
X D 0 A DD D N LD kD0 A LD LD O N K D6 X @ 0 A DD D N A ek D0 A DS O N S K D O
P I I I I I PRI IS S SIS > > F > > U i AT U Ui M I M R A Mo M ML M M AN SN LN SN
FFFTFT T FTEFFFTETFTTE ST TS S RN S S S S SR S S e
] Lifetime Lifetime
® Wood chips: 494 t ® Wood chips: 93%
®w Wood pellets: 417 t ®m Wood pellets: 91%
w Natural gas: 137 t ® Natural gas: 0.2%
" ® Heat pump: 19t ® Heat pump:41%



Weight [t]

Results (IV): Circular Mass
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12

494

wood chips

Total Mass

m biomass (combustion)

417 m natural gas (combustion)

m H2 (combustion)

m efuel (combustion)

m fuel supply operation

m electricity supply operation
maintenance &spare parts
fuel supply construction

m power plant construction

m heating system construction

137

19
I

wood pellets natural gas heat pump
Heating system 50 kW

300

250

200

Mass [9/kWh e neat]
()]
o

50
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Specific Mass

309

261 B non-circular
m circular non-renewable

circular renewable

12

I [ —

wood chips wood pellets natural gas heat pump
Heating system 50 kW




Results (V): Total Assessment

— wood chips — wood pellets — natural gas (=100%) —— heat pump

GHG emissions

1/Circularity Potential 100% natural gas Climate Neutrality
(CPO) Potential (CNP)

heat pump

mass_hnhon-circular CED tot

mass_non-renewable CED_fossil

wood chips wood pellets

13

mass_tot
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® Definition essential for “Circularity Potential” and
“Climate Neutral Potential”

® Climate Neutrality Potential and Circularity Potential
are two new impact categories not yet covered in LCA.

® Non-circular mass, renewable-circular mass and total
mass of an energy service are additional indicators to
assess circularity

m Climate Neutrality Potential gives additional information
about the timing of the GHG emissions in lifecycle and its
effects on temperature

® Comparison of heating systems
® Heat pump using ambient air and renewable electricity
= highest Climate Neutrality Potential (2.1 E-11 W/m?)
m lowest GHG emissions (12 g CO2-eq/kWh)
w lowest non-circular mass (7 g/kWh) and
m lowest primary energy demand (1.2 kWh/kWh).
® Biomass heating systems
w highest Circularity Potential due to the use of renewable

— wood chips = wood pellets = natural gas (=100%)

GHG emissions

1/Circularity Potential
(CPO)

heat pump

mass_non-circular

mass_non-renewable N~

wood chips

wood pellets

mass_tot

— heat pump

Climate Neutrality
Potential (CNP)

CED_tot

CED_fossil

biomass Impact Heating system S0 KW
. per KWh_useful heat wood chips wood pellets natural gas heat pump
w highest total amount of mass CHC cmissions [2kWi] v % T "
® Natural gas heating System is worst in all impa cts Climate Neutrality Potential (CNP) [W/m?] 6.5E-11 6.6E-11 5.3E-10 2.1E-11
primary energy (CED _tot) [KWh_primary energy/kWh] 1.5 1.6 1.3 1.2
fossil primary energy (CED_fos) [kWh fossil primary energy/kWh] 0.3 0.3 1.3 0.01
mass_tot [g/kWh] 309 261 85.4 12
mass_non-renewable [2/kWh] & 24 85.4 12
mass non-circular [g/kWh] 22 24 85.2 7
Circularity Potential (CPO) [%0] 93% 91% 0.2% 41%
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