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Supplementary Methodology: System Overview
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Supplementary Figure 1: Overview of the energy system modelling options by carrier in PyPSA-Eur (GreenDeal and Business-as-Usual scenario) for Europe in
2030 and 2050. The structure is based on the scenarios analysed in this research and builds on ref.!, with modifications by the author. AC = alternating current;
DC = direct current; OCGT = open cycle gas turbine; CCGT = combined cycle gas turbine; CHP = combined heat and power; CC = carbon capture; DH = district
heating.
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Supplementary Figure 2: Overview of the energy system modelling options by carrier in PyPSA-Earth (1.5 °C path) for African countries in 2030 and 2050. The
structure is based on the scenarios analysed in this research and builds on refs. 12 with modifications by the author. AC = alternating current; DC = direct current;
OCGT = open cycle gas turbine; CCGT = combined cycle gas turbine; CHP = combined heat and power; CC = carbon capture; DH = district heating.



Supplementary Results: European energy system and varying import costs — GreenDeal scenario, Supply structure,
7% WACC
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Supplementary Figure 3: Impact of import costs on domestic production of hydrogen, ammonia, and methanol in Europe. Domestic production by technology and
imports are shown for varying import costs in 2030 and 2050 under the GreenDeal scenario, assuming a weighted average cost of capital (WACC) of 7%. Import
costs range from 50-150 €/MWh, depending on the energy carrier, with a resolution of 10 €/ MWh. Maps show the current production locations in Europe in 2024 3.



Supplementary Results: European energy system and varying import costs — GreenDeal scenario, Demand structure,

7% WACC
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Supplementary Figure 4: Impact of import costs on domestic demand of hydrogen, ammonia, and methanol in Europe. Domestic demand by technology are shown
for varying import costs in 2030 and 2050 under the GreenDeal scenario, assuming a weighted average cost of capital (WACC) of 7%. Import costs range from
50-150 €/MWh, depending on the energy carrier, with a resolution of 10 €/ MWh. Maps show the current demand locations in Europe in 202434,



Supplementary Results: European energy system and varying import costs — Business-as-Usual scenario, Supply structure,

7% WACC
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Supplementary Figure 5: Impact of import costs on domestic production of hydrogen, ammonia, and methanol in Europe. Domestic production by technology and
imports are shown for varying import costs in 2030 and 2050 under the Business-as-Usual scenario, assuming a weighted average cost of capital (WACC) of 7%.
Import costs range from 30-100 €/MWh, depending on the energy carrier, with a resolution of 10 €/ MWh. Maps show the current production locations in Europe

in 20243.



Supplementary Results: European energy system and varying import costs — Business-as-Usual scenario, Demand structure,

7% WACC
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Supplementary Figure 6: Impact of import costs on domestic production of hydrogen, ammonia, and methanol in Europe. Domestic production by technology and
imports are shown for varying imports costs in 2030 and 2050 under the GreenDeal scenario, assuming a weighted average cost of capital (WACC) of 7%. Vertical
lines indicate total supply in the GreenDeal and Business-as-Usual (BAU) scenarios. Maps show the current production locations in Europe in 2024 3%,



Supplementary Results: African energy systems and varying export volumes — Export-related change in electricity supply,
8% WACC
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Supplementary Figure 7: Impact of hydrogen, ammonia, and methanol export volumes on domestic electricity supply in selected African countries. Changes in
electricity supply by technology are shown for different export volumes in 2030 and 2050, assuming a weighted average cost of capital (WACC) of 8%. Results are
reported relative to a non-export scenario. Maps indicate the African countries considered in the analysis.
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Supplementary Figure 8: Impact of hydrogen export volumes and shipping pathways on domestic electricity supply in selected African countries. Liquefied
hydrogen, ammonia and methanol pathways include hydrogen reconversion. Changes in electricity supply by technology are shown for different export volumes
in 2030 and 2050, assuming a weighted average cost of capital (WACC) of 8%. Results are reported relative to a non-export scenario. Maps indicate the African

countries considered in the analysis.



Supplementary Results: African energy systems and varying export volumes — Export-related change in electricity supply,
9% WACC
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Supplementary Figure 9: Impact of hydrogen, ammonia, and methanol export volumes on domestic electricity supply in selected African countries. Changes in
electricity supply by technology are shown for different export volumes in 2030 and 2050, assuming a weighted average cost of capital (WACC) of 9%. Results are
reported relative to a non-export scenario. Maps indicate the African countries considered in the analysis.
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Supplementary Figure 10: Impact of hydrogen export volumes and shipping pathways on domestic electricity supply in selected African countries. Liquefied
hydrogen, ammonia and methanol pathways include hydrogen reconversion. Changes in electricity supply by technology are shown for different export volumes
in 2030 and 2050, assuming a weighted average cost of capital (WACC) of 9%. Results are reported relative to a non-export scenario. Maps indicate the African

countries considered in the analysis.
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Supplementary Results: African energy systems and varying export volumes — Export-related change in electricity supply,
10% WACC
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Supplementary Figure 11: Impact of hydrogen, ammonia, and methanol export volumes on domestic electricity supply in selected African countries. Changes in
electricity supply by technology are shown for different export volumes in 2030 and 2050, assuming a weighted average cost of capital (WACC) of 10%. Results
are reported relative to a non-export scenario. Maps indicate the African countries considered in the analysis.
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Supplementary Figure 12: Impact of hydrogen export volumes and shipping pathways on domestic electricity supply in selected African countries. Liquefied
hydrogen, ammonia and methanol pathways include hydrogen reconversion. Changes in electricity supply by technology are shown for different export volumes
in 2030 and 2050, assuming a weighted average cost of capital (WACC) of 10%. Results are reported relative to a non-export scenario. Maps indicate the African

countries considered in the analysis.



Supplementary Results: African energy systems and varying export volumes — Export-related power change,
8% WACC

a) Hydrogen export via liquified hydrogen 2030 2050
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Supplementary Figure 13: Impact of hydrogen, ammonia, and methanol export volumes on domestic power capacity in selected African countries. Changes in
power capacity by technology are shown for different export volumes in 2030 and 2050, assuming a weighted average cost of capital (WACC) of 8%. Results are
reported relative to a non-export scenario. Maps indicate the African countries considered in the analysis.
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Supplementary Figure 14: Impact of hydrogen export volumes and shipping pathways on domestic power capacity in selected African countries. Liquefied hydrogen,
ammonia and methanol pathways include hydrogen reconversion. Changes in power capacity by technology are shown for different export volumes in 2030 and
2050, assuming a weighted average cost of capital (WACC) of 8%. Results are reported relative to a non-export scenario. Maps indicate the African countries
considered in the analysis.



Supplementary Results: African energy systems and varying export volumes — Export-related power change,
9% WACC
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Supplementary Figure 15: Impact of hydrogen, ammonia, and methanol export volumes on domestic power capacity in selected African countries. Changes in
power capacity by technology are shown for different export volumes in 2030 and 2050, assuming a weighted average cost of capital (WACC) of 9%. Results are
reported relative to a non-export scenario. Maps indicate the African countries considered in the analysis.

17



a) Hydrogen export via liquified hydrogen 2030 2050
Eqyot 4 o m 5 TWh Export | ' 25 TWh Export
‘ oyp [ . | 15 TWh Export N 75 TWh Export
‘ ‘ Kemva 1 -_ 1 - o
Maurtania |y 1T " me
' L T r— 17" e
Namibia 1 - 1 0" -
soutvatica | g ] 17" e
LT S—— 1 ™ am
0 10 20 30 40 50 0 50 100 150 200 250 300 350 400
Export-related power change (GW) Export-related power change (GW)
BB Countries considered Solar BN Hydrogen electrolysis WMl Sabatier [ Battery storage
I Onshore Wind 5 Hydrogen pipeline I Hydrogen reconversion I Thermal storage 9% WACC
W Electricity grid W@ Hydrogen liquefaction
b) Hydrogen export via ammonia 2030 2050
Egypt 4 - m 5 TWh Export | m 25 TWh Export
4 o1 m i1 15 TWh Export I | B 75 TWh Export
‘ ‘ Keva 1 - EEEEEE W 1 - BB R
Mauritania 1 - —— ] Y mme
' Moroceo. 1 O . 7 " mmee
Namibia 1 o C 1 Y mme
Soutafica | . - HE
Tunisia e = = 1 e ——
0 10 20 30 40 50 0 50 100 150 200 250 300 350 400
Export-related power change (GW) Export-related power change (GW)
B Countries considered Solar W80 Hydrogen pipeline 8 Air separation unit [ Thermal storage
M Onshore Wind W Fischer-Tropsch Il Hydrogen reconversion M gas for industry CC 9% WACC
0 Electricity grid Il Sabatier [0 Battery storage N urban central gas boiler
BN Hydrogen electrolysis W Haber-Bosch
c) Hydrogen export via methanol 2030 2050
Eaot | 5 TWh Export 11 m 25 TWh Export
4 oPt 1 o | ] 15 TWh Export I B | . 75 TWh Export
‘ ‘ Kenva 1 s mm 1 — I mEE
Maurtana i —— 1 = [ |
' Moroceo. 1 iy S — 1w - R
Namibia 1 - | 1 = mE
soutaica | g 1} 10 - [ | .
Tunisia 1 ks wm  mm 1 I ——————
0 10 20 30 40 50 0 50 100 150 200 250 300 350 400
Export-related power change (GW) Export-related power change (GW)
BB Countries considered Solar W80 Hydrogen pipeline HEl Methanolisation B Heat pump
B Onshore Wind W Fischer-Tropsch s DAC W Battery storage 9% WACC
0 Electricity grid B Sabatier Il Hydrogen reconversion 5 Thermal storage
BN Hydrogen electrolysis

Supplementary Figure 16: Impact of hydrogen export volumes and shipping pathways on domestic power capacity in selected African countries. Liquefied hydrogen,
ammonia and methanol pathways include hydrogen reconversion. Changes in power capacity by technology are shown for different export volumes in 2030 and
2050, assuming a weighted average cost of capital (WACC) of 9%. Results are reported relative to a non-export scenario. Maps indicate the African countries

considered in the analysis.
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Supplementary Results: African energy systems and varying export

volumes - Export-related power change,

10% WACC
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Supplementary Figure 17: Impact of hydrogen, ammonia, and methanol export volumes on domestic power capacity in selected African countries. Changes in
power capacity by technology are shown for different export volumes in 2030 and 2050, assuming a weighted average cost of capital (WACC) of 10%. Results are

reported relative to a non-export scenario. Maps indicate the African countries considered in the analysis.
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Supplementary Figure 18: Impact of hydrogen export volumes and shipping pathways on domestic power capacity in selected African countries. Liquefied hydrogen,
ammonia and methanol pathways include hydrogen reconversion. Changes in power capacity by technology are shown for different export volumes in 2030 and
2050, assuming a weighted average cost of capital (WACC) of 10%. Results are reported relative to a non-export scenario. Maps indicate the African countries

considered in the analysis.
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Supplementary Figure 19: Impact of hydrogen, ammonia, and methanol export volumes on additional costs in selected African countries. Changes in costs by
technology are shown for different export volumes in 2030 and 2050, assuming a weighted average cost of capital (WACC) of 8%. Results are reported relative to a
non-export scenario. Maps indicate the African countries considered in the analysis.
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Supplementary Figure 20: Impact of hydrogen export volumes and shipping pathways on additional costs in selected African countries. Liquefied hydrogen,
ammonia and methanol pathways include hydrogen reconversion. Changes in costs by technology are shown for different export volumes in 2030 and 2050,
assuming a weighted average cost of capital (WACC) of 8%. Results are reported relative to a non-export scenario. Maps indicate the African countries considered
in the analysis.
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Supplementary Figure 21: Impact of hydrogen, ammonia, and methanol export volumes on additional costs in selected African countries. Changes in costs by
technology are shown for different export volumes in 2030 and 2050, assuming a weighted average cost of capital (WACC) of 9%. Results are reported relative to a
non-export scenario. Maps indicate the African countries considered in the analysis.
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b) Hydrogen export via ammonia 2030 2050
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c) Hydrogen export via methanol 2030 2050
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Supplementary Figure 22: Impact of hydrogen export volumes and shipping pathways on additional costs in selected African countries. Liquefied hydrogen,
ammonia and methanol pathways include hydrogen reconversion. Changes in costs by technology are shown for different export volumes in 2030 and 2050,
assuming a weighted average cost of capital (WACC) of 9%. Results are reported relative to a non-export scenario. Maps indicate the African countries considered
in the analysis.
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Supplementary Results: African
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Supplementary Figure 23: Impact of hydrogen, ammonia, and methanol export volumes on additional costs in selected African countries. Changes in costs by
technology are shown for different export volumes in 2030 and 2050, assuming a weighted average cost of capital (WACC) of 10%. Results are reported relative to
a non-export scenario. Maps indicate the African countries considered in the analysis.
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b) Hydrogen export via ammonia 2030 2050
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c) Hydrogen export via methanol 2030 2050
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Supplementary Figure 24: Impact of hydrogen export volumes and shipping pathways on additional costs in selected African countries. Liquefied hydrogen,
ammonia and methanol pathways include hydrogen reconversion. Changes in costs by technology are shown for different export volumes in 2030 and 2050,
assuming a weighted average cost of capital (WACC) of 10%. Results are reported relative to a non-export scenario. Maps indicate the African countries considered
in the analysis.



Supplementary Results: European-African energy exchange and the H2Global mechanism — 8% WACC

a) Liquid hydrogen export — Hydrogen usage
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c) Methanol export — Methanol usage
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Supplementary Figure 25: European-African energy exchange of hydrogen, ammonia, and methanol. For Europe, the willingness to pay for green energy imports
under the GreenDeal and Business-as-Usual (BAU) scenario is shown, assuming a weighted average cost of capital (WACC) of 7%. For African countries, the
willingness to accept for green energy exports of 5, 10 and 15 TWh in 2030 and 25, 50 and 75 TWh in 2050 are shown, assuming a WACC of 8%. Comparing both
results indicates funding, savings and the role of the H2Global mechanism.
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b) Ammonia export — Hydrogen usage
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c) Methanol export — Hydrogen usage
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Supplementary Figure 26: European-African energy exchange of hydrogen under different shipping pathways. Liquefied hydrogen, ammonia and methanol path-
ways include hydrogen reconversion. For Europe, the willingness to pay for green energy imports under the GreenDeal and Business-as-Usual (BAU) scenario is
shown, assuming a weighted average cost of capital (WACC) of 7%. For African countries, the willingness to accept for green energy exports of 5, 10 and 15 TWh
in 2030 and 25, 50 and 75 TWh in 2050 are shown, assuming a WACC of 8%. Comparing both results indicates funding, savings and the role of the H2Global
mechanism.
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Supplementary Results: European-African energy exchange and the H2Global mechanism — 9% WACC
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Supplementary Figure 27: European-African energy exchange of hydrogen, ammonia, and methanol. For Europe, the willingness to pay for green energy imports
under the GreenDeal and Business-as-Usual scenario (BAU) is shown, assuming a weighted average cost of capital (WACC) of 7%. For African countries, the
willingness to accept for green energy exports of 5, 10 and 15 TWh in 2030 and 25, 50 and 75 TWh in 2050 are shown, assuming a WACC of 9%. Comparing both
results indicates funding, savings and the role of the H2Global mechanism.
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c) Methanol export — Hydrogen usage
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Supplementary Figure 28: European-African energy exchange of hydrogen under different shipping pathways. Liquefied hydrogen, ammonia and methanol path-
ways include hydrogen reconversion. For Europe, the willingness to pay for green energy imports under the GreenDeal and Business-as-Usual (BAU) scenario is
shown, assuming a weighted average cost of capital (WACC) of 7%. For African countries, the willingness to accept for green energy exports of 5, 10 and 15 TWh
in 2030 and 25, 50 and 75 TWh in 2050 are shown, assuming a WACC of 9%. Comparing both results indicates funding, savings and the role of the H2Global
mechanism.
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Supplementary Results: European-African energy exchange and the H2Global mechanism — 10% WACC
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Supplementary Figure 29: European-African energy exchange of hydrogen, ammonia, and methanol. For Europe, the willingness to pay for green energy imports
under the GreenDeal and Business-as-Usual (BAU) scenario is shown, assuming a weighted average cost of capital (WACC) of 7%. For African countries, the
willingness to accept for green energy exports of 5, 10 and 15 TWh in 2030 and 25, 50 and 75 TWh in 2050 are shown, assuming a WACC of 10%. Comparing
both results indicates funding, savings and the role of the H2Global mechanism.
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Supplementary Figure 30: European-African energy exchange of hydrogen under different shipping pathways. Liquefied hydrogen, ammonia and methanol path-
ways include hydrogen reconversion. For Europe, the willingness to pay for green energy imports under the GreenDeal and Business-as-Usual (BAU) scenario is
shown, assuming a weighted average cost of capital (WACC) of 7%. For African countries, the willingness to accept for green energy exports of 5, 10 and 15 TWh
in 2030 and 25, 50 and 75 TWh in 2050 are shown, assuming a WACC of 10%. Comparing both results indicates funding, savings and the role of the H2Global
mechanism.
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