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Mapping 20 decarbonisation options for 10
energy sectors
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Tertiary & agriculture
Industry

Homes

Public transport
Goods transport
Energy Industries
Personal transport
Rail transport

Air transport

Marine transport

Non-energy uses
Source: DecarbEurope
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Decarbonization pathways for industry

Energy
management

Residual Energy
heat recovery efficiency

Demand
Response

Bioenergy &

Electrification hydrogen?

renewables
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Decarbonisation of heat in industry
(energy demand in Mtoe/yr)

f \ electric fossil renewable |
Electricity |
Heat
Electrif @
Induction, resistance, Bioenergy, solar thermal
infrared, heat pumps Final energy demand:

150-300 Mtoe/yr
Final energy demand:
~ 60 Mtoelyr Hydrogen, power-to-X
(720 TWh/yr) Energy demand:
300 Mtoelyr
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Technical Potential Results

Technical potential: Considers the full potential
regardless of payback

. AOD
6\(\9 Technical Potential (GWh)
K\“ 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000
&\' €10: Manufacture of food products

( 6 C11: Manufacture of beverages
0 €12: Manufacture of tobacco products
C13: Manufacture of textiles

C14: Manufacture of wearing apparel

C15: Manufacture of leather and related products

€16: Manufacture of wood and of products of wood and cork, except furniture; manufacture of..
C17: Manufacture of paper and paper products

C€18: Printing and reproduction of recorded media

C19: Manufacture of coke and refined petroleum products

C20: Manufacture of chemicals and chemical products

C21: Manufacture of basic pharmaceutical products and pharmaceutical preparations

C€22: Manufacture of rubber and plastic products

€23: Manufacture of other non-metallic mineral products

C24: Manufacture of basic metals

(=]

C25: Manufacture of fabricated metal products, except machinery and equipment
€26: Manufacture of computer, electronic and optical products

C27. Manufacture of electrical equipment

C28: Manufacture of machinery and equipment n.e.c.

C29: Manufacture of motor vehicles, trailers and semi-trailers

C30: Manufacture of other transport equipment

C31: Manufacture of fumniture

C32: Other manufacturing

C€33: Repair and installation of machinery and equipment

ninfrared Heating mResistance Heating = Ultraviolet Curing = Microwave Heating mRadio Frequency Heating  Induction Heating/Hardening mInduction Melting mElectric Arc Furnace

30 EPE' ELECTRIC POWER
© 2017 Electric Power Research Institute, Inc. All rights reserved RESEARCH INSTITUTE



Energy efficiency - conflict of aims AAurubis

» the energy consumption / demand and the efficient use of energy, is highly influenced by
» degree of complexity and energy content of recycling materials / concentrates
» environmental and resources protection obligations
» requirement of flexible energy use -> because of increasing volatile RE
» customer needs -> complex products with special requirements
» site expansions - new installations, operations, approaches, ...

in MWh/t erzeugten Kupfers
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Legally requirements such as binding energy efficiency targets cannot solve such

contradictions. The focus should not be on the energy consumption within the
industrial process chains, but rather on the life cycle of products.




Challenges of energy and resource efficiency Aaurubis
- one demonstrative example

» Continuous improvement of energy efficiency — contrary effects
» currently the energy efficiency is decreasing (+3 % energy increase)

» implemented energy efficiency measures are not visible in the total energy consumption in
comparison to the previous year

» Reason: energy efficiency is depending on the handling of different types of cables -
respectively the availability of the cables on the market

Energy consumption per metal output (OCablo
factor 5,8
factor 3,66
Kabelsorte “'v
Messerzustand [ Kugelmilhle
Neu/Mittelfal Einyivus
factor 1,65
“.,u' ‘.““‘ “‘-v
kWh/t kKWh/t kWh/t kWh/t
energy cable cable mix connector cable




30% of the electricity consumption is needed for
environmental measures

AAurubis

Electrolysis

Production / Processes

Other Environmental Protection

Large-Size Filter Systems

Office / Social Buildings, etc.

data plant Linen, Hamburg comparable

On average, about one-third of total capital expenditure in the Aurubis Group has

been used for environmental protection.




Modelling phase

The battle — demand response audit
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3 RENEWABLE ELECTRICITY SOURCING METHODS:

OWNERSHIP AND LOCATION

Ownership
A

| Self-
generation

Self-owned ’Y/I// i i /// E Eﬂ
| A e

of Origin _
| » Location/

Off-site, Off-site, Near-site On-site Proximity
neighbouring same country
country
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COMPARISON AND 2030 OUTLOOK
THEORETICAL VOLUMES OF CERTIFICATE MARKETS IN 2030

Cap-and-trade allowances Voluntary markets for GOs

40% \
GHG emissions 27% Renewable energy

Size Abatement* Size Abatement*

1,333M ~1,470M

tCO2 tCO2
In the year 2030, 1,333M emission In the year 2030, the potential volume of
allowances are expected to be in Guarantees of Origin for renewable
circulation within the cap-and-trade energy within the EU is 3,245M, if energy
system, equalling CO2 abatement of tracking systems were introduced in all
1,333M tCO2.* sectors. CO2 abatement depends on the

development of emission factors of

* CO2 abatement from different certificate schemes are not additive, i thi i i
as schemes overlap across sectors. For example, reduction or conventional energy. Within the e|eCt|'|C|ty
replacement of electricity consumption arguably does not reduce and gas sectors, GOs could bring CcO2
CO2 emissions at all, as the power sector underlies the EU-ETS and .
energy efficiency measures or renewable energy generation have no abatement of 1,440M = 1,500M tCO2in
direct impact on the pre-defined cap. Emission reductions in non- 2030

ETS sectors, however, can certainly be considered additional.
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Wrap-up

Industry has many decarbonization pathways

Carbon impact of other regulatory requirements (environment,
circular economy) needs to be taken into account

The copper industry has reduced its unit energy consumption by
60% since 1990

A stable investment climate is needed for industry to map out our
decarbonization strategies

Electrification provides a very promising decarbonization pathway,
particularly for metal industries

Industry could provide demand-side flexibility in the right market
framework



