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Introduction
How Is primary energy consumption characterized?

Amount of Definition of the term "energy*

energy
4 Energy can be defined as the ability of a system to

produce external effects. Useful energy is for example
demanded as mechanical power, heat and light.
Depending on the required form, energy conversions
are necessatry.

Useful

energy

Mechanical
power,
heat, light

\ 4

Own representation based on Kaltschmitt (2013)

The German primary energy consumption — status and trends | Larissa Breuning | 86th Annual Conference DPG | Dresden, 20 March 2023 4



MAX PLANCK INSTITUTE
FOR PLASMA PHYSICS

Introduction
How Is primary energy consumption characterized?

Amount of Definition of the term "energy*
energy
4 Energy can be defined as the ability of a system to

produce external effects. Useful energy is for example
demanded as mechanical power, heat and light.
Depending on the required form, energy conversions
are necessatry.

= eRARLLAEALLSLLLSALSSALLL LAY .
[

: Efficiency
Final

energy

Briquettes, petrol,
fuel oil, natural
gas, wood chips,

energy

AR Mechanical
electricity, district power
heating heat, light

\ 4

Own representation based on Kaltschmitt (2013)

The German primary energy consumption — status and trends | Larissa Breuning | 86th Annual Conference DPG | Dresden, 20 March 2023 5



Introduction

How Is primary energy consumption characterized?

Amount of
energy

A

Primary
energy

Qll,
Natural gas,
Hard coal,
Lignite

Wind power,
Hydropower,

Uranium

Fossil fuels:

Renewables:

Biomass, Solar, ...

.

Secondary
energy

Coke, briguettes,
petrol, biodiesel,
heating oll,
electricity, district
heating

4

Distribution
losses

Final
energy

Briquettes, petrol,
fuel oil, natural
gas, wood chips,
electricity, district
heating

energy

Mechanical

power,
heat, light

v

Own representation based on Kaltschmitt (2013)

MAX PLANCK INSTITUTE
FOR PLASMA PHYSICS

Definition of the term "energy*

Energy can be defined as the ability of a system to
produce external effects. Useful energy is for example
demanded as mechanical power, heat and light.
Depending on the required form, energy conversions
are necessatry.

Definition of the term “primary energy*

Primary energy is the energy contained in primary
energy sources that have not yet been processed.
Secondary energy can be obtained directly or through
one or more transformations from primary energy
carriers.
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We summarize the:
« composition of PEC in Germany,
* how cross-border trade of primary energy is
structured and
« which challenges in the field of energy supply
Germany is likely to face in the future.

* We are comparing current data with data from 2019
due to the serious and sometimes temporary shifts in
the international raw materials and energy markets:

e in 2020 as a result of the COVID-19 pandemic and
» 2022 due to the Russia-Ukraine war

Gas hereinafter everywhere: Gas incl. natural gas, petroleum gas; unless it is

stated separately;
Values from 2022 are not available where appropriate, data from 2021 is used.
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The primary energy consumption in Germany
Energy flow chart

Energy flow chart, 2021 (2019); Germany, 2021.:
In %

* The Primary energy supply was
/ " \ 16.492 PJ. (AGEB, 2022¢)

Consumption in the energy secto

* 77% (12.644 PJ) of primary
energy supply was covered by
imports, 22% (3.548 PJ) by
domestic primary energy
> production and 2% (300 PJ) by

(15.0) inventory withdrawal. (AGEB,
2022e)
Traffic: 14.3

(16.4)] + 25% (4.078 PJ) was exported and
bunkered. (AGEB, 2022¢)

(3.4)

Inventory withdrawal: 1.8
0.1)

Import: 76.7
(78.6)

Households: 14.6

Bomesfipredidion: 215 (143) « PEC was 12.413 PJ. This
corresponds to 75% of the
\ Commercial, trade, services (incl. m|l|tary):(g@ Supplied energy. (AGEB, 20226)

Own representation based on AGEB (2022¢)
Primary energy supply: 16,492 PJ (16,855 PJ); Deviations in the totals are due to rounding
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Germany, 2021.:

* The Primary energy supply was
16.492 PJ. (AGEB, 2022¢)

* 77% (12.644 PJ) of primary
energy supply was covered by
imports, 22% (3.548 PJ) by
domestic primary energy
production and 2% (300 PJ) by
inventory withdrawal. (AGEB,
2022¢)

+ 25% (4.078 PJ) was exported and
bunkered. (AGEB, 2022¢)

*+ PECwas 12.413 PJ. This

corresponds to 75% of the
supplied energy. (AGEB, 2022e)
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The primary energy consumption in Germany
Development of the consumption and composition

Development of the primary energy consumption;
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1 preliminary

2 Federal goverment's energy efficiency target
3 Mine gas, non-renewable waste and heat as well as electricity external trade balance
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The corona pandemic caused a special
effect on PEC in 2020. (Agora, 2020)

The federal government has set itself
the goal of reducing primary energy
consumption by 20% by 2020 and by
50% by 2050 compared to 2008 levels.
In 2020, the 20 percent target was
missed by 2.7 percent. (BMWK, 2019)

PEC falls to lowest level since 1990s
(14,905 PJ) in 2022 (11,829 PJ). Some
of the reasons are changes in
consumer behavior, energy efficiency
investments and production cuts in
individual economic sectors. (AGEB,
2022c)
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The federal government has set itself
the goal of reducing primary energy
consumption by 20% by 2020 and by
50% by 2050 compared to 2008 levels.
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missed by 2.7 percent. (BMWK, 2019)
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The primary energy consumption in Germany
Development of the consumption and composition

Primary energy consumption by energy source, 20221 (2019);

In %

Biomass 8.8% (7.7%)

Solar 2.1%(1.5%)

(

L Others?

Renewables 0-8%(0.8%)

17.2%(14.9%)
/

/
, Nuclear power
3.2%(6.4%) -

Gas _
23.8%(25.2%) Oil
35.29%(35.2%)

Hard coal
9.8%(8.5%)

Lignite
10.0%(9.1%)

Own representation based on AGEB (2022b) and AGEB (2022d), based on unit PJ
Primary energy consumption: 11,829.4 PJ (12,804.5 PJ); Deviations in the totals are due to rounding

1 Preliminary, own calculations
2 Incl. electricity external trade balance

» The shares of the various energy sources in the German

energy mix have shifted in 2022 compared to 2019. (AGEB,
2022a/b/d)

Halving the share of nuclear energy is offset by increases in
renewables, hard coal and lignite. Natural gas recorded a
decrease. (AGEB, 2022a/b/d)

In 2022, 17.2% of the PEC was provided by renewable
energies. This corresponds to 2,034 PJ and an increase of
7% compared to 2019. (AGEB, 2022a/b/d)
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The primary energy consumption in Germany
Structure of energy consumption by sector

Energy flow chart, 2021 (2019);
In %
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The primary energy consumption in Germany
Structure of energy consumption by sector

Final energy consumption by sectors?, 2021;

In %

-

Final energy consumption

\_

60%
50%
40%
30%
20%
10%

0%

52.6%?

11%

14%

8,667 PJ

Total final energy
consumption

15.3% 14.3% 14.6% 8.4%

2,518 PJ 2,352 PJ

Traffic

2,411 PJ 1,386 PJ

Commercial,
trade, services

Industry Households

m Hard coal mLignite mQOil = Gas ®Renewables ® District heating = Electricity lOtherSy

Own representation based on AGEB (2022a)

1 Agriculture, fisheries and the construction industry not included in the analysis with a share of less than 1% in the final energy
requirement.
2 Primary energy consumption: 12,413 PJ, Final energy consumption: 8,667 PJ; Deviations in the totals are due to rounding

Germany, 2021

Industry (IND):

* 5% of the primary energy supply is allocated by
industrial needs in form of gas, 5% in form of
electricity.

* Hard coal is only used in the IND sector.

Traffic (TRA):

* Mineral oils in TRA allocate 13 % of the primary
energy supply.

» Share of renewable energies is 1%.

Households (HH):

» 15% of the primary energy supply covers the HH
energy demand, 6 % in form of gas, 2% oil, 3%
electricity and 1% district heating consumption.

* The share of renewable energies is 2%.

Commercial, trade, services (CTS):

* 3% of energy supply covers the CTS needs in
form of electricity, 3% in form of gas, 2% oil and
1% renewables.

The German primary energy consumption — status and trends | Larissa Breuning | 86th Annual Conference DPG | Dresden, 20 March 2023 22



MAX PLANCK INSTITUTE
FOR PLASMA PHYSICS

The primary energy consumption in Germany

Structure of energy consumption by sector

Final energy consumption by sectors?, 2021;

In %
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Own representation based on AGEB (2022a)
1 Agriculture, fisheries and the construction industry not included in the analysis with a share of less than 1% in the final energy

requirement.

2 Primary energy consumption: 12,413 PJ, Final energy consumption: 8,667 PJ; Deviations in the totals are due to rounding

Germany, 2021

Industry (IND):

* 5% of the primary energy supply is allocated by
industrial needs in form of gas, 5% in form of
electricity.

* Hard coal is only used in the IND sector.

Traffic (TRA):

* Mineral oils in TRA allocate 13 % of the primary
energy supply.

» Share of renewable energies is 1%.

Households (HH):

» 15% of the primary energy supply covers the HH
energy demand, 6 % in form of gas, 2% oil, 3%
electricity and 1% district heating consumption.

* The share of renewable energies is 2%.

Commercial, trade, services (CTS):

* 3% of energy supply covers the CTS needs in
form of electricity, 3% in form of gas, 2% oil and
1% renewables.

The German primary energy consumption — status and trends | Larissa Breuning | 86th Annual Conference DPG | Dresden, 20 March 2023 23



MAX PLANCK INSTITUTE
FOR PLASMA PHYSICS

The primary energy consumption in Germany

Structure of energy consumption by sector

Final energy consumption by sectors?, 2021;
In %

4 60% '

1,386 PJ
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trade, services

] 52.6%2
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Own representation based on AGEB (2022a)

1 Agriculture, fisheries and the construction industry not included in the analysis with a share of less than 1% in the final energy

requirement.
2 Primary energy consumption: 12,413 PJ, Final energy consumption: 8,667 PJ; Deviations in the totals are due to rounding

Germany, 2021

Industry (IND):
5% of the primary energy supply is allocated by
industrial needs in form of gas, 5% in form of
electricity.
Hard coal is only used in the IND sector.

Traffic (TRA):

Mineral oils in TRA allocate 13 % of the primary

energy supply.
Share of renewable energies is 1%.

Households (HH):
15% of the primary energy supply covers the HH
energy demand, 6 % in form of gas, 2% oil, 3%

electricity and 1% district heating consumption.
The share of renewable energies is 2%.

+ Commercial, trade, services (CTS):

3% of energy supply covers the CTS needs in
form of electricity, 3% in form of gas, 2% oil and
1% renewables.
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The primary energy consumption in Germany

Structure of energy consumption by sector

Final energy consumption by sectors?, 2021;
In %
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Own representation based on AGEB (2022a)

1 Agriculture, fisheries and the construction industry not included in the analysis with a share of less than 1% in the final energy

requirement.
2 Primary energy consumption: 12,413 PJ, Final energy consumption: 8,667 PJ; Deviations in the totals are due to rounding

Germany, 2021

Industry (IND):

* 5% of the primary energy supply is allocated by
industrial needs in form of gas, 5% in form of
electricity.

* Hard coal is only used in the IND sector.

Traffic (TRA):

* Mineral oils in TRA allocate 13 % of the primary
energy supply.

» Share of renewable energies is 1%.

Households (HH):

» 15% of the primary energy supply covers the HH
energy demand, 6 % in form of gas, 2% oil, 3%
electricity and 1% district heating consumption.

* The share of renewable energies is 2%.

Commercial, trade, services (CTS):

* 3% of energy supply covers the CTS needs in
form of electricity, 3% in form of gas, 2% oil and
1% renewables.
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The primary energy consumption in Germany
Structure of energy consumption by sector

Final energy consumption by sectors?, 2021;

In %

-
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Total final energy
consumption

15.3% 14.3% 14.6% 8.4%

()

2,518 PJ 2,352 PJ

Traffic

2,411 PJ 1,386 PJ

Commercial,
trade, services

Industry Households

m Hard coal mLignite mQOil = Gas ®Renewables ® District heating = Electricity lOtherSy

Own representation based on AGEB (2022a)

1 Agriculture, fisheries and the construction industry not included in the analysis with a share of less than 1% in the final energy
requirement.
2 Primary energy consumption: 12,413 PJ, Final energy consumption: 8,667 PJ; Deviations in the totals are due to rounding

Germany, 2021

Industry (IND):

* 5% of the primary energy supply is allocated by
industrial needs in form of gas, 5% in form of
electricity.

* Hard coal is only used in the IND sector.

Traffic (TRA):

* Mineral oils in TRA allocate 13 % of the primary
energy supply.

» Share of renewable energies is 1%.

Households (HH):

» 15% of the primary energy supply covers the HH
energy demand, 6 % in form of gas, 2% oil, 3%
electricity and 1% district heating consumption.

* The share of renewable energies is 2%.

Commercial, trade, services (CTS):

* 3% of energy supply covers the CTS needs in
form of electricity, 3% in form of gas, 2% oil and
1% renewables.
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The primary energy consumption in Germany
Structure of energy consumption by sector

Energy flow chart, 2021 (2019);
In %

4 | )

Consumption in the energy sect

(3.4)

Inventory withdrawal: 1.8
0.1)

Import: 76.7

(78.6) (15.0)

Traffic: 14.3

Industry: 15.3 I
(16. 4)|

Domestic production: 21.5

Households: 14.6 |
(21.3)

14.3)

Commercial, trade, services (incl. military):(g.g I

\- >

Own representation based on AGEB (2022¢)
Primary energy supply: 16,492 PJ (16,855 PJ); Deviations in the totals are due to rounding
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The primary energy consumption in Germany
Structure of energy consumption by sector

Energy flow chart, 2021 (2019);
In %

isumption in the energy sectors:3:0°ll
(3.4)

Inventory withdrawal: 1.8 Statistical differences: 0.5~
(0.1) (-0.2)

®

Non-energetical consumption: 6.0 I
(4.6)

Transformation losses: 13.2
Import: 76.7 (14.5) Industry: 15.3
(78.6) (15.0)
Primary energy consumption: 75.3 Traffic: 14.3
(75.8) (16.4)
Final energy consumption: 52.6
(53.7)
Domestic production: 21.5 Households: 14.6
(21.3 (14.3)

Commercial, trade, services (incl. military):(8.4)|
8.0

\_ J

Own representation based on AGEB (2022¢)
Primary energy supply: 16,492 PJ (16,855 PJ); Deviations in the totals are due to rounding
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Primary energy production, cross-border trade

Overview
Domestic production and cross-border trade, 2021;
In %
A 90% N

- 76.7%

S | 70% C—

: <

< | 50% - 33%

2

S | 30%

e]

o

o 10%

S | -10% - 15%

n

v -30% -
Domestic Import Export
production
® Hard coal E Lignite = Ol
Gas Nuclear power = Renewables

\ m Others? Electricity

J

Own representation based on AGEB (2022a), based on unit PJ

Primary energy supply: 16,492 PJ; 1 Mio. T SKE 2 29,308 PJ; Deviations in the totals are due to rounding

1 Non-renewable waste, waste heat

Germany, 2021:
* Domestic production:

» Lignite and renewable energies are fully produced domestically
(AGEB, 2022a)

* Import:

+ 33% of the domestic energy supply was imported as natural gas.
(AGEB, 2022a)

* 31% of the domestic energy supply was imported in form of
mineral oil. (AGEB, 2022a)

* Hard coal and uranium consumed domestically were fully
imported. (AGEB, 2022a)
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Primary energy production, cross-border trade

Overview
Domestic production and cross-border trade, 2021; Germany, 2021.:
In %
/ \ * Domestic production:
@ » Lignite and renewable energies are fully produced domestically
4 90% - (AGEB, 2022a)
- 76.7%
S | 70% A ——— * Import:
=
= | 50% - 33% + 33% of the domestic energy supply was imported as natural gas.
= (AGEB, 2022a)
3 30%
o * 31% of the domestic energy supply was imported in form of
o 1 10% mineral oil. (AGEB, 2022a)
§ -10% 1 -15% » Hard coal and uranium consumed domestically were fully
Wy 300 - imported. (AGEB, 2022a)
Domestic Import Export
production
® Hard coal E Lignite = Ol
Gas Nuclear power = Renewables
\ m Others? Electricity /

Own representation based on AGEB (2022a), based on unit PJ
Primary energy supply: 16,492 PJ; 1 Mio. T SKE 2 29,308 PJ; Deviations in the totals are due to rounding
1 Non-renewable waste, waste heat
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Primary energy production, cross-border trade
Where does our primary energy come from?

DE-Natural gas imports by origin, 20221 (2019);

20%
10%
0%

In %
100%
£ 90%
K=
5 80%
3 70%
12)
5 60%
o
E 50%
2 40%
(@)]
T 30%
P
T
prd

\.

20%

0,

18%

1999

2009

® Russia
Netherlands
® Norway
® Belgium
Others?
10%
2019 20221

Own representation based on BAFA (2022), BNetzA (2023)

Deviations in the totals are due to rounding

1 Preliminary

2 incl. Denmark, France, Czech Republic and other countries

« Since 1999, 38%-51% of natural gas imported into Germany has

come from Russia. (BAFA, 2022; BNetzA, 2023)

* While more than a half (51%) of the imported natural gas came

from Russia in 2019, Russian natural gas deliveries decreased
significantly in 2022 and were completely stopped in September
2022 (due to the Nord Stream pipeline blast). (BAFA, 2022;
BNetzA, 2023)

+ The lack of gas deliveries from Russia was partly compensated by

additional imports from Norway as well as from other countries.
(BAFA, 2022; BNetzA, 2023)

- BMWAK, 2022: the aim is to achieve extensive independence from
Russian natural gas by mid-2024.
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Primary energy production, cross-border trade
Where does our primary energy come from?

DE-Oil imports by origin, 20221 (2019); * The 5 most important of a total of 29 supplier countries in 2019
In % were: (BAFA, 2020)
4 ) + the Russian Federation (27.1 million t)
100% 1 @ - Great Britain (10.2 million t),
90% 1 * Norway (9.7 million t),
g 80% 7 - Libya (8.3 million t) and
s 70% - m Russia « Kazakhstan (6.3 million t).
3 60% - 7% : i i i
2 500 - 10% mUSA « The 4 most important of a total of 30 supplier countries were in
é 40% _ Kazakhstan 2022: (BAFA, 2023)
% 30% A =UK  the Russian Federation (21.2 million t),
20% - —43% = Norway » United States (10.8 million tons),
10% - = Others? » Kazakhstan (8.2 million t) and
0% A = | » Great Britain (6.5 million t).
\_ 2019 20224 Y, - BMWAK, 2022: the import of Russian oil is to be stopped by the end

. of 2022 at the latest.
Own representation based on BAFA (2020) and BAFA (2023)

Deviations in the totals are due to rounding
1 preliminary
2 |In 2022 Norway was listed among the “Others”
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Primary energy production, cross-border trade
Where does our primary energy come from?

DE-Hard coal imports by origin, 20221 (2019); * The 5 most important supplier countries of hard coal for Germany in
In % 2019 were:
) * Russia (15.8 million t),
100% 1 « USA (6.9 million t),
_ 90% + * Australia (4.8 million t),
D 80% - * EU (2.3 million t) and
° 70% - m Russia * Colombia (2.1 million t).
o]
2 60% A mUSA * The 4 most important supplier countries of hard coal for Germany in
é. 50% - Australia 2022 were: (Destatis, 2023a)
= = Colombi . -
g A40% .Ezom a « Russia (11.5 million t),
0 .
5 S0% 7 14% 19% n South Africa « USA (7.4 million t),
T 20% _ « Australia (6.2 million t) and
10% A = Other countries - Colombia (5.8 million t).
0f -
0% 2019 20221 - BMWLK, 2022: the import of Russian hard coal was banned
\ J throughout the EU from August 2022.

Own representation based on Destatis (2023a) and VDKi (2022)

Deviations in the totals are due to rounding

1 Preliminary: Data unknown or kept secret (UK, Canada, Other third countries);
own calculations (South Africa)
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Primary energy production, cross-border trade
Where does our primary energy come from?

EU-Uranium imports by origin, 2021 (2019); * The 6 most important supplier countries of uranium for EU in 2019
In % were: (Euroatom, 2020a)
4 w A * Russia (2,543 tU),
100% A \ A J » Kazakhstan (2,518 tU),
920% * Niger (1,962 tU),
£ 309 A m Russia  Australia (1,851 tU)
5 20% | m Kazakhstan * Canada (1,485 tU) and
é’ 50% - = Niger « Namibia (1,234 tU).
§ 5006 - Australia * The 5 most important supplier countries of uranium for EU in 2021
E = Canada were: (Euroatom, 2021a)
c 40% A 14% ® Namibia
g 0% 16% = Uzbekistan : Eigerk(h2 ’?OS(tZU;’53 tU)
© on | » Kazakhstan (2, :
> igoj: J :Eguth Africa * Russia (2,358 tU),
o | = Other * Australia (1,860 tU) and
0% ' . Canada (1,714 tU).
2019 2021
\_ J » PreussenElektral: German nuclear power plants mainly operated
Own representation based on Euroatom (2020a) and Euroatom (2021a), with uranium from Russia and Kazakhstan. (U RANA Atlas, 2022)

No published reports for Germany

Deviations in the totals are due to roundin . . -
viat ! . . g 1PreussenElektra GmbH, based in Hanover, is a 100 percent subsidiary of E.ON SE and operates all of

E.ON SE's activities in the field of nuclear power
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Primary energy production, cross-border trade
Cross-border prices

Yearly cross-border price development by commodity classification » Price developments 2020-2022:
> - .
/qe; 500 \ » 2020: Slump in the global
g 4001 N economy
S g 3001 + 2020/2021: Recovery of the
£8 200 - global economy and
© B J’\ \ .
é 100 4 = — unexpectedly high energy
IS 0 . . . : : : : : : : : : requirements
$ © A& & © O N A4 > v o0 A W9 9 NN DA . : :
L & O & O N NN N N N N N N N9 QS QD .
ST T T T T TS S S S S F S %Qq, ?022. Uncertainty and rgductlon
Hard coal, lignite Oil = = Oil, OPEC countries Natural gas in energy supply (especially gas
market), forced filling of gas
W 400 - ) 120 - - 25,000 - g 100 - !
L X o [
350 + 2 | S S A
g% 3501 - 128 EE 20.000 - o 2 3 80 1 A\o Oy A storage facilities, recourse to
cW 250 4 T = 1 2 @ | s | . ,
T8 200 - 23 60- @ ¢ 19000 > 60 A A LNG at high prices
85 150 89 40 4 © @ 10,000 1 55 401
s 197 g% 20 - 28 5000 {0 0O o % 2%20-_i_léor(n)?4erm2
Ig OQIDI\OIOOI’CIDH“'” i_ OLOI\OOO'JOH‘—‘I(D 0 @I\OIOOO; a 0 corxolopovo‘ﬂ
o~ —

Own representation based on BAFA (2018), BAFA (2022), OECD (2021), VDKIi (2023), Destatis (2022), Euroatom (2020b) and Euroatom (2021b),
Euroatom (2022)

1 Preliminary

2 Multiannual contracts reflects the average long-term price paid by European utilities
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Primary energy production, cross-border trade
Cross-border prices

Yearly cross-border price development by commodity classification  Price developments 2020-2022:
/q;? 500 1 ) « 2020: Slump in the global
g 4007 AN economy
S g 3001 03/2020 COVID-19 + 2020/2021: Recovery of the
ge :
S & 200 A Pandemic lobal economy and
é 100 { ——= ~— unexpectedly high energy
IS 0 1 , . . . : : : : : : : : : requirements
$ O & @ © 0O N OO > 0 0 A 0 9O O N A : : :
L L O XN NN RN NN XN NN 9D .
M PPN PN N S SIS M S P P S EIPAS NP S S PN NP P I (19‘], -2022. Uncertainty and rgductlon
Hard coal, lignite Oil = = Qil, OPEC countries Natural gas in energy supply (especially gas
W 400 ; N g 120 ; - = 25000 1 n £ 100 - market), forced filling of gas
29 300 5 100 1 £ > 20,000 - ? 23 80 {4e o ’ S A storage facilities, recourse to
5 | 5 S 80 - ki) S x . .
5% 2501 g5 7 5 ¥ 15,000 - S59e0{ %W LNG at high prices
c o 200 =9 60 » .E 3 o A(
85 150 - 89 40 - | © @ 10,000 1 55 401
5 10 1oy g% 20 - @& 5000 0 0o ) 8 2 20 {9 Long-feim?
T © = o 4 ) Q == A== Spot
-8 OGI\OOOOHH;)_ OLOI\OOO'JOH“‘I O«Jr\oloc)oéi w ocol\oloovo‘—'q-\,
I d 494490 oy () N Y
\_ SERERRE SREE8R8Y SEREERRE SERERER

Own representation based on BAFA (2018), BAFA (2022), OECD (2021), VDKIi (2023), Destatis (2022), Euroatom (2020b) and Euroatom (2021b),
Euroatom (2022)

1 Preliminary

2 Multiannual contracts reflects the average long-term price paid by European utilities
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Primary energy production, cross-border trade
Cross-border prices

Yearly cross-border price development by commodity classification  Price developments 2020-2022:
P - .
/ S 500 2020/2021: European \ * 2020: Slump in the global
S 400 1 Energy Crisis \ economy
S g 3001 03/2020 COVID-19 + 2020/2021: Recovery of the
2.9 :
=& 200 Pandemic lobal economy and
@ 100 4 = — unexpectedly high energy
IS 0 1 , . . . : : : : : : : : : requirements
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Hard coal, lignite Oil = = Oil, OPEC countries Natural gas in energy supply (especially gas
u 400 1 - g 120 - s 25000 ; - £ 100 - market), forced filling of gas
(2] 9 = ] =} O gy
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cW 250 4 T = 1 2 @ | s | . ,
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S5 150 - 39 4. e S 10,000 A 55 401
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Own representation based on BAFA (2018), BAFA (2022), OECD (2021), VDKIi (2023), Destatis (2022), Euroatom (2020b) and Euroatom (2021b),
Euroatom (2022)

1 Preliminary

2 Multiannual contracts reflects the average long-term price paid by European utilities
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Primary energy production, cross-border trade
Cross-border prices

Yearly cross-border price development by commodity classification
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Own representation based on BAFA (2018), BAFA (2022), OECD (2021), VDKIi (2023), Destatis (2022), Euroatom (2020b) and Euroatom (2021b),
Euroatom (2022)

1 Preliminary

2 Multiannual contracts reflects the average long-term price paid by European utilities
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* Price developments 2020-2022:

» 2020: Slump in the global
economy

+ 2020/2021: Recovery of the
global economy and
unexpectedly high energy
requirements

» 2022: Uncertainty and reduction
in energy supply (especially gas
market), forced filling of gas
storage facilities, recourse to
LNG at high prices
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Challenges in the field of German energy supply

@ Reduction of energy import dependence in order to avoid rising energy prices and thus economic upheavals

7 \ 7 3
Cross-border trade Domestic
é' 6,000 1 = Netto-Import
S D : :
< 4,000 - omestic production
g 1,949
'6 2,000 A 1,127
o 0. 1000  100%
oy 2 o]] Gas Hard Coal Uranium Lignite Renewables
Total import dependency, 2021
29%
71%
Q ’, - /

Content based on (BMWK, 2022)
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@ Reduction of energy import dependence in order to avoid rising energy prices and thus economic upheavals

-
Cross-border trade

o

o

S

o
J

4,000 A 3,310

2,000 -

PEC in PJ (2021)
N
o
w
(o}
]

0 i

m Netto-Import

Domestic production

1,127
100%

1,949

100%

ion b: d H .
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~

Total import dependency, 2021

29% »
71%

Diversification of
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transport structures

‘4 _ \

- J

Content based on (BMWK, 2022)
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Challenges in the field of German energy supply

@ Reduction of energy import dependence in order to avoid rising energy prices and thus economic upheavals

7 \ 7 3
Expansion of renewable
6,000 1 energies

m Netto-Import

Domestic production

=

o 4,039

) ! 1

o 1,949 Energy savings on all
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29% » supplier countries and
71%
7/

- J

Content based on (BMWK, 2022)

The German primary energy consumption — status and trends | Larissa Breuning | 86th Annual Conference DPG | Dresden, 20 March 2023 43



MAX PLANCK INSTITUTE
FOR PLASMA PHYSICS

Challenges in the field of German energy supply

@ Reduction of energy import dependence in order to avoid rising energy prices and thus economic upheavals

7 \ 7 3
Cross-border trade Domestic
Expansion of renewable

T = Netto-Import energies

& 4000 A ' 3,310 @ v Domestic production

Ly ! 1

o 1,949 Energy savings on all

8 2,000 - 1,127 : levels

o .. 1009  100%

oot oy e Ol Gas Hard Coal  Uranium Lignite  Renewables @

Total import dependency, 2021 Diversification of New technologies’?

29% » supplier countries and
71%
transport structures

L Q 2 /) - Y,

Moderate price for energy
Content based on (BMWK, 2022)
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How the PEC in Germany develops?
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Summary

4 : ™
How the PEC in Germany develops?
- 20,000 14.905 « Corona pandemic caused a
% 15,000 | 12,805 11,829 ® Primary energy §pecia| effect in PEC development
O 10,000 7.190 consumption in 2020. _
H-J [ Energy efﬁciency  PEC falls to lowest level since
5,000 I target 1990s in 2022.
0 - Goal: Reducing PEC by 50% by
omepresenainiesed - S 80003 aN N a OSSN 3 2050 compared to 2008.
) (0] (o)) o sfeofelofeloNolololoNoloRolelollcNala o
L CommbanaBvkea) - o =+ N ANNANANAAANAAAANNQQ 0 )
(Where does our primary energy come from? A
S %7, = Netto-Import Total import + TL%ofthe ggir?gg;@rgy
’ i i dependency, 2021 _
S, 4.000 - 3,310 Domestic production p y imported.
o 1.949 29% « Until mid-2022 main primary
-LE) 2,000 A 1,127 ’ energy imports from Russia.
Ll 5 100% 71% ->Trend end-2022: Reduction of
o 0 | 100% | | import dependency (on Russia)
L onacesomay 0]] Gas Hard Coal  Uranium Lignite  Renewables )
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4 : ™
How the PEC in Germany develops?
~ 20,000 505 - Corona pandemic caused a
% 15,000 = 12,805 14 g9 m Primary energy special effect in PEC development
O 10,000 7190 consumption in 2020.
Ll ’ ' = Energy efficiency « PEC falls to lowest level since
o 5000 I target 1990s in 2022.
0 - Goal: Reducing PEC by 50% by
Own representation based 8 g 8 8 8 '5 8 8 8 “:: (‘:l' g SI ﬂ 8 : Cr0| 3 8 &' Ek\| 8 2050 Compared tO 2008
NACEBL0Z)ACEB L H & O O 000000000000 OOCOOOWN o
L CommbanaBvkea) - o =+ N ANNANANAAANAAAANNQQ 0 )
(Where does our primary energy come from? h
- - . . 0 i
2 i i dependency, 2021 _
EJ, 4,000 - 3,310 Domestic production p y imported.
DC- 1,949 29%  Until mid-2022 main primary
= 2000 - 1,127 energy imports from Russia.
0 . s 719  Trend end-2022: Reduction of
o 0 | 100% | | import dependency (on Russia)
L oraces oo Ol Gas Hard Coal Uranium Lignite Renewables y
VR : : )
Which challenges result in the field of German energy supply?
Reduction of energy import dependence in order to avoid rising energy prices, by:
» Diversification of supplier countries and transport structures + Energy savings on all levels
L Expansion of renewable energies * New technologies Content based on (MWK, 2022) )

The German primary energy consumption — status and trends | Larissa Breuning | 86th Annual Conference DPG | Dresden, 20 March 2023 48



Literature

AGEB (2022a): Evaluation tables for the energy balance from 1990 to 2021.

AGEB (2022b): Primary energy consumption year 2022.
AGEB (2022c): Energy consumption falls in 2022.
AGEB (2022d): Additional information in 2022.

AGEB (2022e): Enerqgy flow figures.

AGEB (2022f): Efficiency indicators.

AGEB (2009): Documentation for the revision of the energy balances for the Federal

Republic of Germany for the years 2003 to 2006

Agora (2020): The enerqgy turnaround in the Corona year: the state in 2020.
BAFA (2018): Third country coal price.

BAFA (2020): RohdlINFO Dezember 2019 (Rohoélimporte)

BAFA (2022): Natural Gas Statistics.

BAFA (2023): RohdlINFO November 2022

BMWK (2019): Energy Efficiency Strategy 2050.

BMWHK (2022): Get out of Addiction.

BMWK (2023): Photovoltaic strategy.

BNetzA (2023): Gasimporte und Gasexporte.

BP (2022): BP Statistical Review of World Energy 2022.

MAX PLANCK INSTITUTE
FOR PLASMA PHYSICS

Federal government (2023): More energy from renewable sources.

BWE (2022): Wind energy in Germany - facts and figures.

Destatis (2022): Hard coal imports, Prices.

Destatis (2023a): Hard coal imports for the years 2018 to 2022.

Destatis (2023b): Data on energy price development.

Destatis (2023c): Photovoltaics: Germany is the largest producer in the EU.

Euroatom (2020a): Annual Report 2019.

Euroatom (2020b): EU natural uranium price: ESA indices since 1980.

Euroatom (2021a): European Union market in 2021.

Euroatom (2021b): Market Observatory.

Euroatom (2022): Quarterly Uranium Market Report.

Eurostat (2023): EU energy mix and import dependency.

Kaltschmitt (2013): Renewable energies, introduction and development.

OECD (2021): Crude oil import prices.

URANAtlas (2022): Fact Sheet: Nuclear Power and Dependence on Russia.
VDKi (2022): Annual Report 2022.
VDKi (2023): Market information.

The German primary energy consumption — status and trends | Larissa Breuning | 86th Annual Conference DPG | Dresden, 20 March 2023 49


https://ag-energiebilanzen.de/daten-und-fakten/auswertungstabellen/
https://ag-energiebilanzen.de/daten-und-fakten/primaerenergieverbrauch/
https://ag-energiebilanzen.de/energieverbrauch-faellt-2022-auf-niedrigsten-stand-seit-der-wiedervereinigung/:~:text=Ver%C3%A4nderungen%20in%20Prozent%20%E2%80%93%20Gesamt%2011.829,6%20Millionen%20Tonnen%20Steinkohleneinheiten%20(Mio.
https://ag-energiebilanzen.de/daten-und-fakten/zusatzinformationen/
https://ag-energiebilanzen.de/daten-und-fakten/energieflussbilder/
https://ag-energiebilanzen.de/daten-und-fakten/effizienzindikatoren/
https://ag-energiebilanzen.de/wp-content/uploads/2021/01/revision_der_eb_2003_bis_2006.pdf
https://ag-energiebilanzen.de/wp-content/uploads/2021/01/revision_der_eb_2003_bis_2006.pdf
https://static.agora-energiewende.de/fileadmin/Projekte/2021/2020_01_Jahresauswertung_2020/200_A-EW_Jahresauswertung_2020_WEB.pdf
https://www.bafa.de/DE/Energie/Rohstoffe/Drittlandskohlepreis/drittlandskohlepreis_node.html
https://www.bafa.de/SharedDocs/Kurzmeldungen/DE/Energie/Rohoel/2019_12_rohloelinfo.html
https://www.bafa.de/DE/Energie/Rohstoffe/Erdgasstatistik/erdgas_node.html
https://www.bafa.de/SharedDocs/Kurzmeldungen/DE/Energie/Rohoel/2022_11_rohloelinfo.html
https://www.bmwk.de/Redaktion/DE/Publikationen/Energie/energieeffiezienzstrategie-2050.pdf?__blob=publicationFile&v=12
https://www.bmwk.de/Redaktion/DE/Schlaglichter-der-Wirtschaftspolitik/2022/05/06-auf-einen-blick.html#:~:text=Der%20Import%20russischer%20Steinkohle%20ist,wird%20eine%20weitgehende%20Unabh%C3%A4ngigkeit%20angestrebt
https://www.bmwk.de/Redaktion/DE/Publikationen/Energie/photovoltaik-stategie-2023.pdf?__blob=publicationFile&v=6#:~:text=Zum%20Jahresende%202022%20waren%20in,%2C%20d.%20h.%20rd.%2047%20Prozent.
https://www.bundesnetzagentur.de/DE/Gasversorgung/aktuelle_gasversorgung/_svg/Gasimporte/Gasimporte.html;jsessionid=5CC4BF3095415E3B4FBB67D56994F16B
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2022-full-report.pdf
https://www.bundesregierung.de/breg-de/themen/klimaschutz/energiewende-beschleunigen-2040310
https://www.wind-energie.de/themen/zahlen-und-fakten/deutschland/#:~:text=551%20neue%20Onshore%2DWindenergieanlagen%20mit,Onshore%2DWindenergie%20betr%C3%A4gt%2058.106%20MW.
https://www.destatis.de/DE/Themen/Branchen-Unternehmen/Energie/Verwendung/Tabellen/einfuhr-steinkohle-jaehrlich.html
https://www.destatis.de/DE/Themen/Branchen-Unternehmen/Energie/Verwendung/Tabellen/einfuhr-steinkohle-zeitreihe.html
https://www.destatis.de/DE/Themen/Wirtschaft/Preise/Publikationen/Energiepreise/energiepreisentwicklung-pdf-5619001.html
https://www.destatis.de/Europa/DE/Thema/Umwelt-Energie/Photovoltaik.html#:~:text=heute%20zu%20vervierfachen.-,Installierte%20Photovoltaikleistung,die%20Niederlande%20mit%2011%20Gigawatt.
https://euratom-supply.ec.europa.eu/system/files/2021-06/last.pdf
https://euratom-supply.ec.europa.eu/eu-natural-uranium-price-esa-indices-1980_en
https://euratom-supply.ec.europa.eu/activities/market-observatory_en
https://euratom-supply.ec.europa.eu/activities/market-observatory_en
https://euratom-supply.ec.europa.eu/system/files/2022-11/ESA%203rd%20Quarterly%20Uranium%20Market%20Report%202022.pdf
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Energy_imports_from_Russia_-_statistics&oldid=556977
https://link.springer.com/chapter/10.1007/978-3-642-03249-3_1
https://data.oecd.org/energy/crude-oil-import-prices.htm
https://www.rosalux.de/fileadmin/rls_uploads/pdfs/sonst_publikationen/20220503_Uranatlas_Faktenblatt_Russland.pdf
https://www.kohlenimporteure.de/publikationen/jahresbericht-2022.html
https://www.kohlenimporteure.de/marktinformationen.html

MAX PLANCK INSTITUTE
FOR PLASMA PHYSICS

Contact :

Larissa Breuning, M. Sc. _ f _‘
PIYY | Dhe

larissa.breuning@tum.de

+49 (89) 289 - 52731
Chair of Renewable and Sustainable Ener %‘ = s Sl

gy Systems at Fra=oT r | e
Technical University of Munich (TUM-ENS)

—-—‘_J\ (Y v S :_ § }:'F'_ﬂ



MAX PLANCK INSTITUTE
FOR PLASMA PHYSICS

Backup

The German primary energy consumption — status and trends | Larissa Breuning | 86th Annual Conference DPG | Dresden, 20 March 2023 51



The primary energy consumption in Germany

Use of primary energy for electricity generation

Use of primary energy for electricity generation;
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Own representation based on AGEB (2022a), based on unit PJ
Primary energy consumption (2022): 11,829.4 PJ

1 Preliminary, own calculations

2 Non-renewable waste, waste heat
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In 2022, 32% of the consumed primary energy was
used to generate electricity. In contrast to 2019, that
was 5% less. (AGEB, 2022a, Own calculations)

While in 2020 the proportion of the primary energy
sources hard coal (-20%) and lignite (-13%) fell
compared to 2019, the use of stone (17%) and lignite
(4%) for power generation increased in 2022. (AGEB,
2022a, Own calculations)

The use of nuclear energy to generate electricity fell
by 53% in 2022 compared to 2019 due to the
shutdown of the 3 nuclear power plants. (AGEB,
2022a, Own calculations)

The gas share in electricity generation increased by
6% in 2022 compared to 2019. This is a decrease of
3% increase compared to 2020. (AGEB, 2022a, Own
calculations)

Renewables increased by 9% in 2022 compared to
2019. (AGEB, 2022a, Own calculations)

Deviations in the totals are due to rounding
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Challenges in the field of German energy supply
Expansion targets for renewable energies

Installed capacity of renewables — status and trends;
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Germany in European comparison
Primary energy consumption

PEC in Europe, 2021;
In EJ
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Own representation based on BP (2022)
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Germany in European comparison
Import dependency

Import dependency? in the EU, 2020;
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LImport dependency = ( imports - exports) / gross available energy
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