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Preface

Green hydrogen production is a low-carbon alternative to traditional hydrogen production pathways, but
how low is low-carbon? Understanding the implications and effects of the energy system of the future
is paramount, as the system of the future will be built in the coming years. This drive for understanding
lies at the foundation of this master thesis: òThe Cost-Carbon Trade-Off of Green Hydrogen production:
The influence of weather patterns and prioritizing on the design of green hydrogen production chainsò.
This research has been performed to obtain a masters degree in Sustainable Energy Technology at
the Delft University of Technology. The research took place from February to October 2023.

To me the most interesting part of studying Sustainable Energy Technology, was peaking into the
future energy system, and its challenge of decarbonisation. This interest pushed me towards this
topic. What is the carbon footprint of our decarbonisation method? During this research I expanded
my knowledge of sustainable energy technology, economy and ecology and I have strengthened my
programming skills. While it wasnôt always smooth sailing, it was during those times that I learned the
most. I am proud of the result.

I would like to express my gratitude to my supervisor, Prof. Dr. Ir. Earl Goetheer, for his valuable
contributions to this research. His enthusiasm, flexibility, and our discussions provided me with the
support I needed for this Thesis. I would also like to extend my thanks to Royal HaskoningDHV for
granting me the opportunity to intern and gain practical experience. Writing this thesis wouldnôt have
been as much fun without being surrounded by great colleagues. I am particularly grateful to my daily
supervisor, MSc. Piyush Katakwar, for his industry insights, guidance, and mentorship. He not only
pushed and challenged me when necessary but also reminded me to pause and celebrate milestones.

Finally I want to thank all people near me for all patience, support and above all: gezelligheid.

Klaas Raang (Rolf) Iwema
Amsterdam, October 2023



Summary

Green hydrogen plays a pivotal role in the energy transition as it helps to reduce the carbon footprints
of the hard-to-abate sectors. As global hydrogen demand is expected to rise to 100 Mton by 2030,
addressing the carbon footprint of hydrogen production is elemental. The conventional hydrogen pro-
duction method, grey hydrogen, emits 11.24 kg CO2/kg H2 and implementing carbon capture and
storage, resulting in blue hydrogen, seems to have a limited effect. To accommodate the future hydro-
gen demand, low-carbon production pathways need to be set-up, that can compete against the low
prices of the conventional production method.

The aim of this report is to shed light on the influence of design choices and local weather patterns on
the Carbon Footprint (CF) and the Levelised Cost of Hydrogen (LCOH) of green hydrogen production
chains.

An optimisation model is developed to map out the effect of weather patterns and the production
chain design choices. This optimisation model simulates the hydrogen production chain and optimises
its design for a low CF and LCOH, based on location-specific wind and solar data. The research
assesses the hydrogen production on a cradle-to-gate basis, taking into account all processes from
energy generation up to the compression for delivery. The model is tested for three locations: Duqm,
Groningen, and Dakhla. There are three design choices assessed. The first choice is the sizing of the
electrolyser, wind and solar plant. The second choice is the selection of PEM or Alkaline electrolysis.
The third choice is the selected PV technology, CdTe, CI(G)S or Mono c-Si.

The results show that the different weather patterns of the tested locations have a profound influence
on the systems performance. Production in Dakhla is cheapest, due to the presence of consistent high
solar and wind energy yields. The production in Groningen has a low CF, due to the abundant available
wind, but has a high LCOH due to the lack of consistent sun throughout the year. The situation in Duqm
is opposite to Groningen, with a low LCOH, due to the available sun, but a high CF, due to the lack of
consistent wind. Consistent and strong winds lead to a lower Carbon Footprint, while consistent and
high solar irradiance leads to a lower Levelised Cost of Hydrogen.

Regarding the influence of design choices, it can be concluded that the ratio of solar versus wind
energy has the biggest influence of both the LCOH and the CF, with wind in general being more expen-
sive but entailing lower carbon emissions, The selected PV technology also has a clear influence on the
LCOH and CF. The CdTe PV technology results in hydrogen with a low CF, but a higher LCOH. CI(G)S
is all-round the best performing PV technology in terms of CF and LCOH. The choice of electrolyser
shows a clear preference towards alkaline electrolysis, as PEM results in a higher LCOH with barely
any influence on the CF.

The research shows that the Carbon Footprint can be influenced significantly through production
design choices. The different researched production pathways for green hydrogen result in a range of
Carbon Footprints between 0.67-3.64 kg CO2/kg H2. The LCOH range found in this report is between
1.67-2.75 $/kg H2, excluding storage and transportation. This is in range with blue hydrogen, while
providing the benefit of reducing the Carbon Footprint by more than half. The results show that in most
scenarios, a tangible CF reduction can be realised at limited costs.

For future research, storage, transportation and an off-taker must be included in the optimisation
model to provide a complete price to benchmark against grey and blue hydrogen. It would also be
beneficial to expand the researched impact categories, such as social impact or the impact of critical
raw material depletion.
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k Ratio of specific heat under constant pres-
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[-]
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R Universal gas constant [J/molK]

r Nominal interest rate [-]
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1
Introduction

There is a worldwide call for large-scale green hydrogen production. Hydrogen is widely regarded as
a promising alternative to fossil fuels for meeting energy demands in a low-carbon economy. How-
ever, the large-scale deployment of green hydrogen and its derivatives as energy carriers, fuel or in-
dustrial feedstock requires the development of cost-effective and low-carbon hydrogen production. In
Figure 1.1 the projected future demand of hydrogen is displayed. Producing these amounts by con-
ventional methods would have a catastrophic impact on the planet, as 11.24 kg of carbon dioxide is
produced for every kg of hydrogen [50]. Following the route of ôblueô hydrogen, by trying to capture and
store these emissions, will reduce the overall Carbon Footprint (CF) by just 9 to 12% [22], offering no
real solution to the problem. The build-up of green hydrogen production facilities has commenced, with
a total of 170-365 GW electrolyser capacity in the pipeline for 2030 [24]. To reach the globally agreed
net zero goals however, a total of 550 GW is required. To put this number in perspective, currently
there is a total installed capacity of 2.9 GW . With a production facility lifetime of 20 years [31], it is
essential to not forget the goal of the net zero targets and to ensure that the build up of the hydrogen
economy happens as clean as possible. Research into cost-effective, low-carbon large-scale green
hydrogen production is a necessity.

Figure 1.1: Projected hydrogen demand[49].
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This thesis aims to address two major challenges of green hydrogen: the cost-competitiveness and car-
bon footprint of green hydrogen. Interest in green hydrogen is gaining traction, resulting in an increasing
amount of research, policy making and large investments. Nonetheless, the economic competitiveness
of green hydrogen production remains a critical barrier to its large-scale adoption, as grey hydrogen
costs are in the range of 0.9-2.7 $/kg [48] [38] and the costs of blue hydrogen are in the range of 1.9
- 4.7 $/kg [38]. Additionally, the carbon footprint of the produced hydrogen should be kept as low as
possible, to maximise the carbon mitigation effect, that is the reason of its production.

With this optimisation framework, the key factors that have the biggest impact on the overall cost and
carbon footprint of green hydrogen can be identified by analyzing and comparing different electrolyser
technologies, renewable energy resources, and locations. This information can be of great help to
policymakers, investors, and industry stakeholders who are seeking to accelerate the deployment of
green hydrogen and drive the transition to a low-carbon economy.

An additional goal of this thesis is to develop the optimisation tool such that new production locations
can be easily added. This could speed up the process of initial sizing of new projects and thereby
increase the potential reach of the project.

Based on the literature study, summarised in chapter 2, a series of research gaps is identified. Sev-
eral renewable energy resources and hydrogen production methods were explored, together with the
methods to test the costs and carbon footprint of the different production pathways. The identified gaps
are presented below, and substantiated in chapter 2, where the necessary background for this thesis
is described.

Identified research gaps

I Awind-solar mix as energy source for hydrogen production : Despite its utilisation in an-
nounced projects, there is little focus in literature on the trade-off between the cost and carbon
footprint of hydrogen produced through solar and wind energy. Combining both technologies
could limit the effects of intermittency and increase the utilisation factor of the electrolyser.

I Carbon Footprint optimisation : Although many studies have been done on the carbon
footprint of hydrogen production, no optimisation with the aim to reduce the carbon footprint
of hydrogen production has been found in literature. It could be interesting to explore how
the design of the production chain is influenced when carbon footprint is prioritised over cost-
effectiveness.

I Regional dependency of costs and carbon footprint: The yield of solar and wind installa-
tions are largely dependant on location, influencing the overall costs and carbon footprint of
the produced hydrogen. This dependency is left out in most general papers.
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Below the research question is formulated, based on the identified research gaps and the goal of this
thesis. Three color-coded subquestions are formulated with the aim to substantiate the reasoning
behind the answer on the research question.

ñWhat is the influence of local weather patterns on the design of large-scale
green hydrogen production chains, when optimised for a low óLevelised Cost
of Hydrogenô and óCarbon Footprintô on a cradle-to-gate basis?ò

Subquestions
I What components of the green hydrogen production chain influence the Levelised Cost of Hydro-

gen and Carbon Footprint the most?
I What are themost important system design choices that influence the trade-off between Levelised

Cost of Hydrogen and Carbon Footprint?
I What influence do weather patterns have on Levelised Cost of Hydrogen and Carbon Footprint?

To answer the above-mentioned questions, a model is built that simulates the hydrogen production
chain and optimises its design for carbon footprint and cost minimisation, based on available wind and
solar data. The optimisation is done for three test locations: Duqm, Groningen and Dakhla. In Duqm
there is an abundance of solar potential, but a very seasonally dependant wind potential. In Groningen
the opposite holds true with a steady year-round wind potential but a lack of solar potential. The final
case is Dakhla, where there is both a consistent and high solar and wind potential.

Given the complexity and breadth of the entire green hydrogen production chain, it is important to
define the boundaries of the research in order to ensure ameaningful analysis. To this end, the research
assesses the hydrogen production on a cradle-to-gate basis for a project executed from 2030, which
encompasses all the activities and inputs that are required to produce green hydrogen up to the point
of transport. This includes energy generation, hydrogen production, and compressing the hydrogen
to delivery pressure. By limiting our scope in this way, the production phase is accurately described,
without getting entangled in the complexity of the distribution and use phases.

This thesis is written in collaboration with Royal HaskoningDHV. Royal HaskoningDHV (RHDHV) is an
independent consultancy which integrates 140 years of engineering expertise with digital technologies
and software solutions. Backed by the expertise of over 6,000 colleagues working from offices in more
than 20 countries across the world, RHDHV aims to help organisations turn local and global issues
related to the built environment into opportunities and make the transition to smart and sustainable
operations. Through their mission Enhancing Society Together, they take responsibility for having a
positive impact on the world.

The Enhancing Society Together framework
As part of RHDHVôs strategy, they aim to deliver measurable impact in their projects and their own
operations. They focus on five themes where they can have the most influence. The themes form the
foundation of their Enhancing Society Together framework and are:

� Climate change (SDG7 and SDG13)
� Biodiversity & natural systems (SDG14 and SDG15)
� Resources & circularity (SDG 6 and SDG12)
� Social value & equality (SDG 4, SDG5, SDG8, SDG9 and SDG11)
� Safety & well-being (SDG3)
This framework guids RHDHV and relates to specific UN Sustainable Development Goals (SDGs) to

protect the planet, end poverty, and ensure that by 2030 people everywhere enjoy peace and prosper-
ity. These five themes are relevant to everything RHDHV does. The collaboration with Royal Haskon-
ingDHV offers an opportunity to bring academic research and engineering expertise together, and to
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explore the practical implications of the research in real-world contexts. More information regarding
Royal HaskoningDHV can be found at their website: �r�r�r�X�`�Q�v���H�?���b�F�Q�M�B�M�;�/�?�p�X�+�Q�K.

The structure of the report is displayed in Figure 1.2. In chapter 2 the research gaps from section 1.3
are substantiated and the necessary background information is provided that forms the foundation for
the selection of the method and the understanding of the results, conclusions and recommendations.
The background describes the reviewed technologies, how the performance of different scenarios are
indicated, and the reasoning behind the selection of the three test cases. In chapter 3 the method for
collecting and processing data is described, followed by an explanation of the constructed optimisation
model and finally the description of the sensitivity analysis. The results of the research are discussed
in chapter 4. The different scenarios flowing from the choice of region, electrolyser and PV module are
presented. This chapter is concluded with a sensitivity analysis. Finally in chapter 5 the conclusions of
the research are presented, followed by recommendations for future research.

Figure 1.2: Report structure.

www.royalhaskoningdhv.com


2
Background

The goal of this report is to better understand the influence of weather patterns on the costs and carbon
footprint of green hydrogen production pathways. The structure of the chapter is displayed in Figure 2.1.
First, all components along the hydrogen production chain are explored, starting with the renewable
energy resources. This report focuses on solar and wind energy and the inherent intermittency in sec-
tion 2.1. In section 2.2 the electrolysis process and technology is discussed. The Balance of Plants of a
hydrogen production facility are discussed in section 2.3. Section 2.4 describes the necessary project
economics to assess the different production scenarios. Economics are required for the feasibility of
a project, but the true goal of green hydrogen production is to mitigate the effects of climate change.
The environmental impact of different production pathways must be investigated using the Life Cycle
Assessment method. The methodology, and a selection of performed Life Cycle Assessments are dis-
cussed in section 2.5. The chapter is concluded in section 2.6 with the introduction of the three test
cases that will be reviewed in this research.

Figure 2.1: Background structure overview.
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�D�V �W�K�H�V�H �W�H�F�K�Q�R�O�R�J�L�H�V �D�U�H �Q�R�W �U�H�D�G�\ �I�R�U �X�W�L�O�L�W�\���V�F�D�O�H �G�H�S�O�R�\�P�H�Q�W�� �W�K�H�\ �D�U�H �H�[�F�O�X�G�H�G �I�U�R�P �W�K�L�V �U�H�V�H�D�U�F�K��
�'�X�H �W�R �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �G�D�W�D �D�Y�D�L�O�D�E�L�O�L�W�\�� �I�R�U �W�K�L�V �U�H�V�H�D�U�F�K �R�Q�O�\ �0�R�Q�R �F���6�L�� �&�G�7�H �D�Q�G �&�,���*���6 �D�U�H �W�D�N�H�Q
�L�Q�W�R �D�F�F�R�X�Q�W�� �7�K�H �S�U�L�F�H�V �D�Q�G �H�I�I�L�F�L�H�Q�F�L�H�V �I�R�U �W�K�H�V�H �P�R�G�X�O�H�V �F�D�Q �E�H �I�R�X�Q�G �L�Q�7�D�E�O�H ��������



�������� �6�I�R�I�[�E�F�P�I �I�R�I�V�K�] �V�I�W�S�Y�V�G�I�W ��

�7�D�E�O�H ���������3�9 �P�R�G�X�O�H �V�S�H�F�L�I�L�F �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V��

�&�G�7�H �&�,���*���6 �0�R�Q�R �F���6�L �X�Q�L�W

�0�R�G�X�O�H �F�R�V�W�V �>���� �@ ������ ������ ������ �����N�:
�(�I�I�L�F�L�H�Q�F�\ �>���� �@ �������� �������� �������� ��
�&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W�� ���B�W�\�S�H �>���@ ������������ ������������ ������������ ��
�&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W�� ���B�<�B�W�\�S�H �>���@ ���������������� �������������� �������������� ��

�5�H�Q�H�Z�D�E�O�H �H�Q�H�U�J�\ �V�R�X�U�F�H�V �D�U�H �R�I�W�H�Q �F�D�O�O�H�G �¶�F�O�H�D�Q�¶ �H�Q�H�U�J�\�� �D �F�R�P�P�R�Q �P�L�V�F�R�Q�F�H�S�W�L�R�Q �L�V �W�K�D�W �W�K�H�U�H
�D�U�H �Q�R �*�U�H�H�Q �+�R�X�V�H �*�D�V ���*�+�*�� �H�P�L�V�V�L�R�Q�V �S�D�L�U�H�G �Z�L�W�K �W�K�L�V �W�H�F�K�Q�R�O�R�J�\�� �+�R�Z�H�Y�H�U �W�K�H�U�H �D�U�H �H�P�L�V�V�L�R�Q�V
�W�K�U�R�X�J�K�R�X�W �W�K�H �O�L�I�H�W�L�P�H �R�I �D �S�D�Q�H�O �R�U �W�X�U�E�L�Q�H�� �I�U�R�P �P�D�W�H�U�L�D�O �P�L�Q�L�Q�J�� �W�R �P�D�Q�X�I�D�F�W�X�U�L�Q�J�� �L�Q�V�W�D�O�O�D�W�L�R�Q�� �U�H�S�D�U�D��
�W�L�R�Q �D�Q�G �I�L�Q�D�O�O�\ �G�L�V�S�R�V�D�O�� �7�K�H�U�H�I�R�U�H �W�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �R�I �U�H�Q�H�Z�D�E�O�H �H�Q�H�U�J�\ �V�R�X�U�F�H�V �P�X�V�W �E�H �H�[�S�O�R�U�H�G
�I�X�U�W�K�H�U�� �7�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �R�I �H�Q�H�U�J�\ �L�V �W�\�S�L�F�D�O�O�\ �H�[�S�U�H�V�V�H�G �L�Q �>g CO2/ kWh�@�� �/�R�J�L�F�D�O�O�\�� �W�K�L�V �Q�X�P��
�E�H�U �L�V �K�L�J�K�O�\ �L�Q�I�O�X�H�Q�F�H�G �E�\ �W�K�H �H�Q�H�U�J�\ �S�U�R�G�X�F�W�L�R�Q �O�R�F�D�W�L�R�Q�� �7�K�L�V �E�H�F�R�P�H�V �F�O�H�D�U �Z�K�H�Q �W�K�L�Q�N�L�Q�J �R�I �W�Z�R
�L�G�H�Q�W�L�F�D�O �3�9 �S�D�Q�H�O�V�� �7�K�H �I�L�U�V�W �R�Q�H �L�V �S�O�D�F�H�G �V�R�P�H�Z�K�H�U�H �Z�L�W�K �F�R�Q�V�W�D�Q�W �F�O�R�X�G �F�R�Y�H�U�� �Z�K�L�O�H �W�K�H �V�H�F�R�Q�G
�R�Q�H �L�V �S�O�D�F�H�G �L�Q �D�Q �D�U�H�D �Z�L�W�K �F�R�Q�V�W�D�Q�W �R�S�H�Q �V�N�L�H�V�� �7�K�H �V�H�F�R�Q�G �S�D�Q�H�O �Z�L�O�O �S�U�R�G�X�F�H �P�R�U�H �H�Q�H�U�J�\ �R�Y�H�U �L�W�V
�O�L�I�H�W�L�P�H�� �D�Q�G �F�D�Q �W�K�H�U�H�I�R�U�H �G�L�V�W�U�L�E�X�W�H �D�O�O �D�F�F�X�P�X�O�D�W�H�G �O�L�I�H�W�L�P�H �H�P�L�V�V�L�R�Q�V �R�Y�H�U �D �O�D�U�J�H�U �T�X�D�Q�W�L�W�\ �R�I �H�Q�H�U�J�\��
�7�K�L�V �H�I�I�H�F�W �L�V �V�W�X�G�L�H�G �I�R�U �X�W�L�O�L�W�\���V�F�D�O�H �3�9 �S�O�D�Q�W�V �L�Q �%�R�V�P�D�Q�V�� �'�D�P�P�H�L�H�U�� �D�Q�G �+�X�L�M�E�U�H�J�W�V �>���@ �D�Q�G �I�R�U �X�W�L�O�L�W�\��
�V�F�D�O�H �Z�L�Q�G �I�D�U�P�V �L�Q �'�D�P�P�H�L�H�U�� �%�R�V�P�D�Q�V�� �D�Q�G �+�X�L�M�E�U�H�J�W�V �>���� �@�� �,�Q �E�R�W�K �S�D�S�H�U�V �D �U�H�J�U�H�V�V�L�R�Q �D�Q�D�O�\�V�L�V
�L�V �S�H�U�I�R�U�P�H�G �D�V �W�R �L�G�H�Q�W�L�I�\ �W�K�H �P�R�V�W �L�Q�I�O�X�H�Q�W�L�D�O �I�D�F�W�R�U�V�� �8�V�L�Q�J �W�K�L�V �L�Q�I�R�U�P�D�W�L�R�Q �D �I�X�Q�F�W�L�R�Q �L�V �F�R�Q�V�W�U�X�F�W�H�G
�W�K�D�W �F�D�Q �S�U�H�G�L�F�W �W�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �R�I �H�Q�H�U�J�\ �� �E�D�V�H�G �X�S�R�Q �W�K�H�V�H �L�G�H�Q�W�L�I�L�H�G �I�D�F�W�R�U�V��
�)�R�U �3�9 �S�R�Z�H�U�� �%�R�V�P�D�Q�V�� �'�D�P�P�H�L�H�U�� �D�Q�G �+�X�L�M�E�U�H�J�W�V �>���@ �K�D�Y�H �I�R�X�Q�G �P�X�O�W�L�S�O�H �S�U�H�G�L�F�W�R�U�V�� �:�L�W�K �W�K�H�V�H
�S�U�H�G�L�F�W�R�U�V�� �W�Z�R �U�H�J�U�H�V�V�L�R�Q �P�R�G�H�O�V �D�U�H �E�X�L�O�W �W�K�D�W �F�D�Q �F�D�O�F�X�O�D�W�H �W�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �R�I �V�R�O�D�U �3�9��CFP V

�L�Q �>g CO2e/ kWh�@�� �7�K�H �U�H�J�U�H�V�V�L�R�Q �P�R�G�H�O �X�V�H�G �L�Q �W�K�L�V �U�H�S�R�U�W �L�V �W�K�H �V�L�P�S�O�H �Y�D�U�L�D�Q�W�� �E�H�L�Q�J �G�H�S�H�Q�G�D�Q�W �R�Q
�W�K�U�H�H �P�D�L�Q �I�D�F�W�R�U�V�� �7�K�H �I�L�U�V�W �S�U�H�G�L�F�W�R�U �L�V �W�K�H �F�R�Q�V�W�U�X�F�W�L�R�Q �\�H�D�U �R�I �W�K�H �3�9 �S�D�Q�H�O�V�� �%�H�F�D�X�V�H �R�I �H�O�H�F�W�U�L�I�L�F�D��
�W�L�R�Q �D�Q�G �L�P�S�U�R�Y�H�P�H�Q�W �R�I �W�K�H �S�U�R�G�X�F�W�L�R�Q �S�U�R�F�H�V�V�� �D �K�L�J�K�H�U �F�R�Q�V�W�U�X�F�W�L�R�Q �\�H�D�U �U�H�V�X�O�W�V �L�Q �D �O�R�Z�H�U �&�D�U�E�R�Q
�)�R�R�W�S�U�L�Q�W�� �7�K�H �L�Q�S�X�W �Y�D�O�X�H �I�R�UY ear �L�V �W�K�H �D�E�V�R�O�X�W�H �\�H�D�U ���H���J�� ������������ �7�K�H �V�H�F�R�Q�G �I�D�F�W�R�U �L�V �W�K�H �P�H�D�Q
�V�R�O�D�U �L�U�U�D�G�L�D�Q�F�H �R�I �W�K�H �O�R�F�D�W�L�R�Q �R�I �W�K�H �V�R�O�D�U �S�D�U�N��I mean �L�Q �>kWh/ m2�@�� �7�K�H �I�L�Q�D�O�� �D�Q�G �P�R�V�W �L�Q�I�O�X�H�Q�W�L�D�O��
�I�D�F�W�R�U �L�V �W�K�H �P�R�G�X�O�H �W�\�S�H�� �7�K�H �G�L�I�I�H�U�H�Q�W �P�R�G�X�O�H�V �D�U�H �S�U�R�G�X�F�H�G �Z�L�W�K �G�L�I�I�H�U�H�Q�W �P�D�W�H�U�L�D�O�V �D�Q�G �G�L�I�I�H�U�H�Q�W �S�U�R��
�F�H�V�V�H�V�� �U�H�V�X�O�W�L�Q�J �L�Q �G�L�I�I�H�U�H�Q�W �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W�V�� �7�K�H �P�R�G�X�O�H �W�\�S�H �L�V �U�H�S�U�H�V�H�Q�W�H�G �E�\ �W�Z�R �Y�D�U�L�D�E�O�H�V�� �R�Q�H
�I�L�[�H�G��� type �� �D�Q�G �R�Q�H �W�K�D�W �L�V �P�X�O�W�L�S�O�L�H�G �E�\ �W�K�H �\�H�D�U��� Y � type �� �%�R�W�K �E�H�W�D���I�D�F�W�R�U�V �D�U�H �G�L�P�H�Q�V�L�R�Q�O�H�V�V �D�Q�G
�W�K�H �Y�D�O�X�H�V �D�U�H �S�U�H�V�H�Q�W�H�G �L�Q�7�D�E�O�H �������� �$�Q �D�G�D�S�W�D�W�L�R�Q �R�I �W�K�L�V �U�H�J�U�H�V�V�L�R�Q �P�R�G�H�O �L�V �V�K�R�Z�Q �L�Q�(�T�X�D�W�L�R�Q ��������

log (CFP V ) = 64 :3 � 0:03088� Y ear + � type � 0:000232� I mean + � Y � type � Y ear ����������

�8�V�L�Q�J �W�K�L�V �U�H�J�U�H�V�V�L�R�Q �P�R�G�H�O�� �W�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �I�R�U �G�L�I�I�H�U�H�Q�W �U�H�J�L�R�Q�V �F�D�Q �E�H �F�D�O�F�X�O�D�W�H�G�� �7�K�H
�U�H�J�L�R�Q�D�O �Y�D�U�L�D�E�L�O�L�W�\ �R�I �W�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �L�V �E�H�V�W �H�[�S�O�D�L�Q�H�G �E�\ �D�Q �H�[�D�P�S�O�H�� �0�R�Q�R �F���6�L �S�Y �F�H�O�O�V �K�D�Y�H
�D �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �R�I ���������� �J���N�:�K �L�Q �'�D�N�K�O�D�� �Z�K�L�O�H �L�Q �*�U�R�Q�L�Q�J�H�Q �W�K�H �H�P�L�V�V�L�R�Q�V �U�L�V�H �W�R ���������� �J���N�:�K��
�2�Y�H�U�D�O�O �&�G�7�H �L�V �W�K�H �F�O�H�D�Q�H�V�W �F�H�O�O �W�H�F�K�Q�R�O�R�J�\�� �Z�L�W�K �D �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �U�D�Q�J�L�Q�J �I�U�R�P ���������� �W�R ���������� �J���N�:�K��
�$�O�O �Z�R�U�N�H�G �R�X�W �Y�D�O�X�H�V �F�D�Q �E�H �I�R�X�Q�G �L�Q�7�D�E�O�H �������L�Q�F�K�D�S�W�H�U ����

�������������;�M�R�H �I�R�I�V�K�]
�:�L�Q�G �H�Q�H�U�J�\ �K�D�V �E�H�H�Q �X�V�H�G �E�\ �K�X�P�D�Q�L�W�\ �I�R�U �F�H�Q�W�X�U�L�H�V�� �+�R�Z�H�Y�H�U�� �V�L�Q�F�H �W�K�H �O�D�W�H �����W�K �F�H�Q�W�X�U�\ �S�H�R�S�O�H
�E�H�J�D�Q �J�H�Q�H�U�D�W�L�Q�J �H�O�H�F�W�U�L�F�L�W�\ �I�U�R�P �Z�L�Q�G�� �$�V �R�I �W�R�G�D�\�� �Z�L�Q�G �H�Q�H�U�J�\ �L�V �D�Q �L�P�S�R�U�W�D�Q�W �S�D�U�W �R�I �W�K�H �J�O�R�E�D�O
�H�Q�H�U�J�\ �P�L�[�� �D�W ������������ �7�K�L�V �S�H�U�F�H�Q�W�D�J�H �L�V �S�U�R�M�H�F�W�H�G �W�R �J�U�R�Z �W�R ���������� �E�\ �������� �>���� �@ �Z�L�W�K �D �W�R�W�D�O �L�Q�V�W�D�O�O�H�G
�F�D�S�D�F�L�W�\ �R�I ������ �7�: �E�\ �������� �>���� �@��

�7�K�H �F�O�D�V�V�L�F �R�Q�V�K�R�U�H �D�Q�G �R�I�I�V�K�R�U�H �Z�L�Q�G �W�H�F�K�Q�R�O�R�J�L�H�V �K�D�Y�H �V�H�U�L�R�X�V �S�R�W�H�Q�W�L�D�O �W�R �J�U�R�Z�� �D�Q�G �H�Y�H�Q �P�R�U�H
�Q�H�Z �W�H�F�K�Q�R�O�R�J�L�H�V �D�U�H �H�Q�W�H�U�L�Q�J �W�K�H �P�D�U�N�H�W�� �V�X�F�K �D�V �I�O�R�D�W�L�Q�J �Z�L�Q�G �>���� �@�� �L�Q�F�U�H�D�V�L�Q�J �W�K�L�V �S�R�W�H�Q�W�L�D�O �I�X�U�W�K�H�U
�D�Q�G �P�D�N�L�Q�J �Z�L�Q�G �H�Q�H�U�J�\ �R�Q�H �R�I �W�K�H �G�U�L�Y�L�Q�J �I�D�F�W�R�U�V �R�I �W�K�H �H�Q�H�U�J�\ �W�U�D�Q�V�L�W�L�R�Q�� �,�Q �U�H�F�H�Q�W �\�H�D�U�V�� �W�K�H �F�R�V�W
�R�I �Z�L�Q�G �H�Q�H�U�J�\ �K�D�V �G�H�F�U�H�D�V�H�G �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �G�U�L�Y�H�Q �E�\ �L�P�S�U�R�Y�H�P�H�Q�W�V �L�Q �W�H�F�K�Q�R�O�R�J�\ �D�Q�G �H�F�R�Q�R�P�L�H�V �R�I
�V�F�D�O�H�� �7�K�H �F�R�V�W �R�I �Z�L�Q�G �H�Q�H�U�J�\ �K�D�V �I�D�O�O�H�Q �E�\ ������ �I�R�U �R�I�I�V�K�R�U�H �Z�L�Q�G �D�Q�G �E�\ ������ �I�R�U �R�Q�V�K�R�U�H �Z�L�Q�G
�E�H�W�Z�H�H�Q �������� �D�Q�G �������� �>���� �@�� �P�D�N�L�Q�J �L�W �R�Q�H �R�I �W�K�H �P�R�V�W �F�R�V�W���H�I�I�H�F�W�L�Y�H �V�R�X�U�F�H�V �R�I �H�O�H�F�W�U�L�F�L�W�\ �L�Q �P�D�Q�\
�U�H�J�L�R�Q�V�� �$�V �D �U�H�V�X�O�W�� �P�D�Q�\ �Z�L�Q�G �S�U�R�M�H�F�W�V �D�U�H �F�R�P�P�L�V�V�L�R�Q�H�G �D�U�R�X�Q�G �W�K�H �Z�R�U�O�G�� �7�K�L�V �L�V �G�L�V�S�O�D�\�H�G �L�Q
�)�L�J�X�U�H �������� �7�K�H �S�U�L�F�H �G�U�R�S �F�D�Q �E�H �H�[�S�O�D�L�Q�H�G �E�\ �W�K�H �U�D�S�L�G �J�U�R�Z�W�K �L�Q �F�D�S�D�F�L�W�\�� �D�Q�G �W�K�H �V�F�D�O�H �D�W �Z�K�L�F�K
�Z�L�Q�G �S�D�U�N�V �D�U�H �G�H�S�O�R�\�H�G �W�R�G�D�\�� �$�V �R�I �W�R�G�D�\ �R�I�I�V�K�R�U�H �Z�L�Q�G �W�X�U�E�L�Q�H�V �Z�L�W�K �F�D�S�D�F�L�W�L�H�V �X�S �W�R ����MW �D�U�H
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�E�H�L�Q�J �S�U�R�G�X�F�H�G �>���� �@�� �I�X�O�I�L�O�O�L�Q�J �W�K�H �S�U�H�G�L�F�W�L�R�Q�V �E�\ �7�K�H �,�Q�W�H�U�Q�D�W�L�R�Q�D�O �5�H�Q�H�Z�D�E�O�H �(�Q�H�U�J�\ �$�J�H�Q�F�\ ���,�5�(�1�$
�>���� �@�� �D�V �F�D�Q �E�H �V�H�H�Q �L�Q�)�L�J�X�U�H �������� �7�K�L�V �I�L�J�X�U�H �L�V �D�G�D�S�W�H�G �I�U�R�P �D�Q �H�[�W�H�Q�V�L�Y�H �V�W�X�G�\ �R�I �,�5�(�1�$ �F�D�O�O�H�G �¶�7�K�H
�)�X�W�X�U�H �R�I �:�L�Q�G�¶�� �,�Q �W�K�L�V �U�H�S�R�U�W �L�W �L�V �V�W�D�W�H�G �W�K�D�W �W�K�H �F�R�V�W�V �I�R�U �R�Q�V�K�R�U�H �Z�L�Q�G �D�U�H �S�U�R�M�H�F�W�H�G �W�R �E�H �E�H�W�Z�H�H�Q
���������������� $/ kw�� �D�Q�G �I�R�U �R�I�I�V�K�R�U�H �W�K�H�V�H �F�R�V�W�V �D�U�H �S�U�R�M�H�F�W�H�G �W�R �E�H �E�H�W�Z�H�H�Q ������������������$/ kW ��

�7�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �R�I �Z�L�Q�G �H�Q�H�U�J�\ �L�V �W�\�S�L�F�D�O�O�\ �O�R�Z�H�U �W�K�D�Q �W�K�D�W �R�I �3�9 �P�R�G�X�O�H�V�� �7�K�L�V �L�V �T�X�D�Q�W�L�I�L�H�G
�L�Q �W�K�H �V�W�X�G�\ �R�I �'�D�P�P�H�L�H�U�� �%�R�V�P�D�Q�V�� �D�Q�G �+�X�L�M�E�U�H�J�W�V �>���� �@�� �,�Q �W�K�L�V �S�D�S�H�U �P�D�Q�\ �Z�L�Q�G �I�D�U�P�V �D�U�H �D�Q�D�O�\�V�H�G
�D�Q�G �D �U�H�J�U�H�V�V�L�R�Q �P�R�G�H�O �L�V �F�R�Q�V�W�U�X�F�W�H�G�� �V�L�P�L�O�D�U �W�R �W�K�H �R�Q�H �I�R�U �3�9�� �,�Q �W�K�L�V �P�R�G�H�O �W�K�H�U�H �D�U�H �I�L�Y�H �L�P�S�R�U�W�D�Q�W
�S�U�H�G�L�F�W�R�U�V �I�R�U �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�WCFwind �L�Q �>g CO2e/ kWh�@�� �7�K�H �P�R�V�W �L�P�S�R�U�W�D�Q�W �S�U�H�G�L�F�W�R�U �R�I �W�K�H �&�D�U�E�R�Q
�)�R�R�W�S�U�L�Q�W �R�I �D �Z�L�Q�G �I�D�U�P�� �L�V �W�K�H �P�H�D�Q �Z�L�Q�G �V�S�H�H�G �R�I �W�K�H �Z�L�Q�G �I�D�U�P �O�R�F�D�W�L�R�Q �D�W ������ �P �K�L�J�K�� �7�K�H �P�H�D�Q
�Z�L�Q�G �V�S�H�H�G��umean �L�Q �>m/ s�@�� �G�L�F�W�D�W�H�V �W�K�H �H�Q�H�U�J�\ �\�L�H�O�G �R�I �W�K�H �Z�L�Q�G �I�D�U�P �D�Q�G �W�K�H�U�H�I�R�U�H �L�Q�G�L�F�D�W�H�V �R�Y�H�U �K�R�Z
�P�D�Q�\ �N�:�K �W�K�H �S�U�R�G�X�F�W�L�R�Q �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �L�V �V�S�U�H�D�G �R�X�W�� �7�K�H �7�X�U�E�L�Q�H �U�D�W�L�Q�J��Prated �L�Q �>MW �@�� �L�V �W�K�H
�V�H�F�R�Q�G �S�U�H�G�L�F�W�R�U�� �)�R�O�O�R�Z�L�Q�J �W�K�H �V�D�P�H �O�R�J�L�F �D�V �W�K�H �Z�L�Q�G �V�S�H�H�G�� �W�K�H �W�X�U�E�L�Q�H �U�D�W�L�Q�J �G�L�F�W�D�W�H�V �W�K�H �D�P�R�X�Q�W
�R�I �H�Q�H�U�J�\ �S�U�R�G�X�F�H�G �R�Y�H�U �W�K�H �O�L�I�H�W�L�P�H �R�I �W�K�H �Z�L�Q�G �I�D�U�P�� �7�K�H �W�K�L�U�G �S�U�H�G�L�F�W�R�U �R�I �W�K�H �&�) �L�V �W�K�H �K�X�E �K�H�L�J�K�W
H �H�[�S�U�H�V�V�H�G �L�Q�>m�@�� �7�K�H �D�F�W�X�D�O �Z�L�Q�G �Y�H�O�R�F�L�W�\ �U�H�F�H�L�Y�H�G �E�\ �W�K�H �W�X�U�E�L�Q�H �L�V �G�H�S�H�Q�G�D�Q�W �R�Q �W�K�H �K�H�L�J�K�W �R�I �W�K�H
�K�X�E�� �7�K�H �I�R�X�U�W�K �S�U�H�G�L�F�W�R�U �L�V �W�K�H �Q�X�P�E�H�U �R�I �W�X�U�E�L�Q�H�V �L�Q �D �Z�L�Q�G �I�D�U�PN turbine �� �7�K�L�V �L�V �W�K�H �O�H�D�V�W �L�Q�I�O�X�H�Q�W�L�D�O
�S�U�H�G�L�F�W�R�U �R�I �W�K�H �V�H�W�� �$�Q �L�Q�F�U�H�D�V�H �L�Q �W�X�U�E�L�Q�H�V �S�H�U �Z�L�Q�G �I�D�U�P�� �P�H�D�Q�V �D�Q �L�Q�F�U�H�D�V�H �L�Q �Z�D�N�H �H�I�I�H�F�W�V �L�Q �W�K�H
�Z�L�Q�G �I�D�U�P�� �7�K�H �Z�D�N�H �H�I�I�H�F�W �F�D�X�V�H�V �R�Q �D�Y�H�U�D�J�H �D �G�H�F�U�H�D�V�H �L�Q �Z�L�Q�G �I�D�U�P �S�H�U�I�R�U�P�D�Q�F�H�� �7�K�H �I�L�Q�D�O �I�D�F�W�R�U
�L�V �Z�K�H�W�K�H�U �W�K�H �Z�L�Q�G �I�D�U�P �L�V �R�Q�V�K�R�U�H �R�U �R�I�I�V�K�R�U�H�� �7�K�L�V �I�D�F�W�R�UO �L�V �D �F�D�W�H�J�R�U�L�F�D�O �Y�D�U�L�D�E�O�H�� �� �I�R�U �R�Q�V�K�R�U�H
�D�Q�G �� �I�R�U �R�I�I�V�K�R�U�H�� �:�L�Q�G �I�D�U�P�V �W�K�D�W �D�U�H �R�I�I�V�K�R�U�H �D�U�H �P�R�U�H �G�L�I�I�L�F�X�O�W �D�Q�G �P�R�U�H �S�R�O�O�X�W�L�Q�J �W�R �L�Q�V�W�D�O�O �D�Q�G
�P�D�L�Q�W�D�L�Q�� �L�Q�F�U�H�D�V�L�Q�J �W�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W�� �7�K�H �U�H�J�U�H�V�V�L�R�Q �P�R�G�H�O �F�D�Q �E�H �V�H�H�Q �L�Q�(�T�X�D�W�L�R�Q ��������

log (CFwind ) = 2 :41� 0:20� umean � 5:9� 10� 4 � Prated � 8:3� 10� 5 � H +5 :3� 10� 3N turbine +0 :33� O ����������

�)�R�U �'�X�T�P �D�Q�G �'�D�N�K�O�D �R�Q�V�K�R�U�H ��MW �Z�L�Q�G �W�X�U�E�L�Q�H�V �D�U�H �V�H�O�H�F�W�H�G�� �U�H�V�X�O�W�L�Q�J �L�Q �D �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �R�I
�������� g CO2e/ kW h �D�Q�G ��������g CO2e/ kWh �U�H�V�S�H�F�W�L�Y�H�O�\�� �)�R�U �*�U�R�Q�L�Q�J�H�Q �R�I�I�V�K�R�U�H ����MW �Z�L�Q�G �W�X�U�E�L�Q�H�V
�D�U�H �V�H�O�H�F�W�H�G�� �U�H�V�X�O�W�L�Q�J �L�Q �D �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �R�I �������� �J���N�:�K�� �)�X�U�W�K�H�U �V�X�E�V�W�D�Q�W�L�D�W�L�R�Q �R�I �W�K�H�V�H �Y�D�O�X�H�V �F�D�Q
�E�H �I�R�X�Q�G �L�Q�F�K�D�S�W�H�U ����

�)�L�J�X�U�H ���������:�L�Q�G �W�X�U�E�L�Q�H �F�D�S�D�F�L�W�\ �S�U�H�G�L�F�W�L�R�Q �>���� �@��
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�������������-�R�X�I�V�Q�M�X�X�I�R�G�]
�,�Q�W�H�U�P�L�W�W�H�Q�F�\ �L�V �R�Q�H �R�I �W�K�H �E�L�J �F�K�D�O�O�H�Q�J�H�V �L�Q �W�K�H �W�U�D�Q�V�L�W�L�R�Q �W�R�Z�D�U�G�V �U�H�Q�H�Z�D�E�O�H �H�Q�H�U�J�\�� �D�V �W�K�H �V�X�Q �G�R�H�V
�Q�R�W �D�O�Z�D�\�V �V�K�L�Q�H �D�Q�G �W�K�H �Z�L�Q�G �G�R�H�V �Q�R�W �D�O�Z�D�\�V �E�O�R�Z�� �7�K�L�V �S�K�H�Q�R�P�H�Q�R�Q �L�V �H�[�S�O�R�U�H�G �L�Q �W�K�L�V �V�H�F�W�L�R�Q��

�,�Q�V�R�O�D�W�L�R�Q ���V�R�O�D�U �U�D�G�L�D�W�L�R�Q �S�R�Z�H�U �S�H�U �V�T�X�D�U�H �P�H�W�H�U �D�W �W�K�H �H�D�U�W�K�¶�V �V�X�U�I�D�F�H�� �F�K�D�Q�J�H�V �G�D�L�O�\ �I�U�R�P �� �W�R
�L�W�¶�V �O�R�F�D�O �P�D�[�L�P�X�P�� �7�K�L�V �P�D�[�L�P�X�P �G�H�S�H�Q�G�V �R�Q �W�K�H �O�D�W�L�W�X�G�H �D�Q�G �R�Q �W�K�H �V�H�D�V�R�Q�� �2�Q �W�K�H ����� �1�R�U�W�K �O�L�Q�H��
�Z�K�H�U�H �7�K�H �1�H�W�K�H�U�O�D�Q�G�V �L�V�� �W�K�L�V �P�D�[�L�P�X�P �F�K�D�Q�J�H�V �D �I�D�F�W�R�U �� �E�H�W�Z�H�H�Q �P�L�G �V�X�P�P�H�U �D�Q�G �P�L�G �Z�L�Q�W�H�U �>���� �@��
�7�K�L�V �G�L�I�I�H�U�H�Q�F�H �F�D�Q �E�H �H�[�S�O�D�L�Q�H�G �E�\ �D �U�H�G�X�F�W�L�R�Q �L�Q �L�Q�V�W�D�Q�W�D�Q�H�R�X�V �O�L�J�K�W �L�Q�W�H�Q�V�L�W�\ �D�Q�G �W�K�H �G�D�\�O�L�J�K�W �W�L�P�H��
�,�Q �W�K�H �Z�H�V�W�H�U�Q �6�D�K�D�U�D�� �W�K�H ��������� �1�R�U�W�K �O�L�Q�H�� �W�K�L�V �Y�D�U�L�D�Q�F�H �E�H�W�Z�H�H�Q �Z�L�Q�W�H�U �D�Q�G �V�X�P�P�H�U �L�V �D �I�D�F�W�R�U ������
�>���� �@�� �:�L�Q�G �U�H�V�R�X�U�F�H�V �W�R�R �H�[�S�U�H�V�V �D �V�H�D�V�R�Q�D�O �D�Q�G �G�L�X�U�Q�D�O �Y�D�U�L�D�Q�F�H�� �2�Q �1�R�U�W�K�H�U�Q �O�D�W�L�W�X�G�H�V�� �D�Y�H�U�D�J�H
�Z�L�Q�G �S�R�Z�H�U �F�D�Q �E�H �W�Z�R �W�L�P�H�V �V�W�U�R�Q�J�H�U �L�Q �Z�L�Q�W�H�U �W�K�D�Q �L�Q �V�X�P�P�H�U�� �2�Q �D �G�L�X�U�Q�D�O �V�F�D�O�H �W�K�H �Z�L�Q�G �S�R�Z�H�U
�L�V �V�W�U�R�Q�J�H�V�W �L�Q �W�K�H �D�I�W�H�U�Q�R�R�Q�� �D�Q�G �K�D�V �D �O�R�Z �S�R�L�Q�W �L�Q �W�K�H �H�D�U�O�\ �P�R�U�Q�L�Q�J�� �Z�L�W�K ���� �K�R�X�U�V �L�Q �E�H�W�Z�H�H�Q �>���� �@��
�:�L�Q�G �S�R�Z�H�U �L�V �K�H�D�Y�L�O�\ �L�Q�I�O�X�H�Q�F�H�G �E�\ �V�X�U�I�D�F�H �W�H�P�S�H�U�D�W�X�U�H�V�� �F�D�X�V�L�Q�J �Z�L�Q�G �S�R�Z�H�U �W�R �E�H �V�W�U�R�Q�J�H�V�W �Z�K�H�Q
�W�K�H �V�X�U�I�D�F�H �K�D�V �Z�D�U�P�H�G �X�S �D�I�W�H�U �D �G�D�\ �R�I �V�X�Q�� �:�L�Q�G �S�R�Z�H�U �L�V �W�K�X�V �G�H�S�H�Q�G�D�Q�W �R�Q �W�K�H �G�L�X�U�Q�D�O �Y�D�U�L�D�Q�F�H
�R�I �L�Q�V�R�O�D�W�L�R�Q�� �:�L�Q�G �Y�H�O�R�F�L�W�L�H�V �F�D�Q �G�L�I�I�H�U �E�H�W�Z�H�H�Q �� �P���V �L�Q �W�K�H �P�R�U�Q�L�Q�J �W�R �� �P���V �L�Q �W�K�H �D�I�W�H�U�Q�R�R�Q�� �.�L�Q�H�W�L�F
�H�Q�H�U�J�\ �F�R�Q�W�D�L�Q�H�G �L�Q �Z�L�Q�G �V�F�D�O�H�V �Z�L�W�K �Y�H�O�R�F�L�W�\ �W�R �W�K�H �W�K�L�U�G �S�R�Z�H�U�� �F�D�X�V�L�Q�J �D �Y�D�U�L�D�W�L�R�Q �R�I �I�D�F�W�R�U �� �L�Q �Z�L�Q�G
�V�S�H�H�G �W�R �U�H�V�X�O�W �L�Q �D �I�D�F�W�R�U �� �G�L�I�I�H�U�H�Q�F�H �L�Q �H�Q�H�U�J�\ �R�X�W�S�X�W�� �$�O�W�K�R�X�J�K �W�K�L�V �G�L�X�U�Q�D�O �Y�D�U�L�D�Q�F�H �L�V �G�X�H �W�R �W�K�H
�K�H�D�W�L�Q�J �D�Q�G �F�R�R�O�L�Q�J �R�I �W�K�H �O�D�Q�G�� �R�I�I�V�K�R�U�H �Z�L�Q�G �S�D�U�N�V �X�S �W�R �V�H�Y�H�U�D�O ������ �N�L�O�R�P�H�W�H�U�V �R�I �W�K�H �F�R�D�V�W �H�[�S�H�U�L�H�Q�F�H
�W�K�L�V �H�I�I�H�F�W �>���� �@�� �7�K�L�V �V�H�D �E�U�H�H�]�H �H�I�I�H�F�W �O�D�U�J�H�O�\ �G�L�V�D�S�S�H�D�U�V �L�Q �Z�L�Q�W�H�U��
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�G�H�Y�H�O�R�S�P�H�Q�W�� �L�W �L�V �D�V�V�X�P�H�G �W�R �E�H �7�5�/ �� �E�\ ���������� �D�V �W�K�H �'�D�Q�L�V�K �F�R�P�S�D�Q�\ �+�D�O�G�R�U �7�R�S�V�R�H �L�Q�W�H�Q�G�V �W�R
�R�S�H�Q �D�Q �D�Q�Q�X�D�O ������MW �6�2�( �S�U�R�G�X�F�W�L�R�Q �I�D�F�L�O�L�W�\ �E�\ �������� �>���� �@�� �7�K�H �6�2�( �F�H�O�O �X�V�H�V �D �V�R�O�L�G �H�O�H�F�W�U�R�O�\�W�H
�W�R �W�U�D�Q�V�S�R�U�W �R�[�L�G�H �D�Q�L�R�Q�V �I�R�U�P �W�K�H �F�D�W�K�R�G�H �W�R �W�K�H �D�Q�R�G�H�� �W�K�L�V �L�V �L�O�O�X�V�W�U�D�W�H�G �L�Q�)�L�J�X�U�H �������� �6�S�H�F�L�D�O �D�E�R�X�W
�6�2�(�� �L�V �W�K�D�W �W�K�H �F�H�O�O �F�D�Q �E�H �G�H�V�L�J�Q�H�G �W�R �E�H �U�H�Y�H�U�V�L�E�O�H�� �H�Q�D�E�O�L�Q�J �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �W�R �S�O�D�\ �D �E�D�O�D�Q�F�L�Q�J �U�R�O�H
�L�Q �W�K�H �J�U�L�G �E�\ �V�X�S�S�O�\�L�Q�J �H�O�H�F�W�U�L�F�L�W�\ �Z�K�H�Q �W�K�H�U�H �L�V �D �V�K�R�U�W�D�J�H�� �$ �P�D�M�R�U �G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Q �6�2�( �D�Q�G �3�(�0
�D�Q�G �$�:�( �H�O�H�F�W�U�R�O�\�V�L�V�� �L�V �W�K�D�W �W�K�H �6�2�( �S�U�R�F�H�V�V �K�D�S�S�H�Q�V �D�W �Y�H�U�\ �K�L�J�K �W�H�P�S�H�U�D�W�X�U�H�V �R�I ����������������� �&��
�7�K�L�V �K�D�V �W�K�H �E�H�Q�H�I�L�W�V �W�K�D�W �O�H�V�V �H�O�H�F�W�U�L�F�D�O �H�Q�H�U�J�\ �L�V �U�H�T�X�L�U�H�G �I�R�U �W�K�H �S�U�R�F�H�V�V�� �K�L�J�K �F�X�U�U�H�Q�W �G�H�Q�V�L�W�L�H�V �F�D�Q
�E�H �D�F�K�L�H�Y�H�G �D�Q�G �H�I�I�L�F�L�H�Q�F�L�H�V �D�U�H �Q�H�D�U�L�Q�J ���������� �7�K�H�U�H �D�U�H �V�H�Y�H�U�D�O �G�U�D�Z�E�D�F�N�V �D�V �Z�H�O�O�� �V�X�F�K �D�V �V�D�I�H�W�\
�L�V�V�X�H�V�� �L�Q�V�W�D�E�L�O�L�W�\�� �H�O�H�F�W�U�R�G�H �G�H�J�U�D�G�D�W�L�R�Q �D�Q�G �W�K�H �U�H�T�X�L�U�H�P�H�Q�W �R�I �K�L�J�K �W�H�P�S�H�U�D�W�X�U�H �V�W�H�D�P�� �(�V�S�H�F�L�D�O�O�\
�W�K�H �U�H�T�X�L�U�H�P�H�Q�W �R�I �K�L�J�K �W�H�P�S�H�U�D�W�X�U�H �V�W�H�D�P �D�Q�G �W�K�H �L�Q�V�W�D�E�L�O�L�W�\ �X�Q�G�H�U �G�\�Q�D�P�L�F �F�R�Q�G�L�W�L�R�Q�V �P�D�N�H�V �W�K�L�V
�W�H�F�K�Q�R�O�R�J�\ �O�H�V�V �D�S�S�O�L�F�D�E�O�H �I�R�U �W�K�H �L�Q�W�H�Q�G�H�G �S�X�U�S�R�V�H �R�I �W�K�L�V �U�H�V�H�D�U�F�K�� �D�V �L�W �L�V �O�H�V�V �X�Q�L�Y�H�U�V�D�O�O�\ �G�H�S�O�R�\�D�E�O�H��

�7�D�E�O�H ���������$�G�Y�D�Q�W�D�J�H�V �D�Q�G �G�L�V�D�G�Y�D�Q�W�D�J�H�V �R�I �D �6�2�( �>���� �@��

�$�G�Y�D�Q�W�D�J�H�V �'�L�V�D�G�Y�D�Q�W�D�J�H�V

�1�R �S�U�H�F�L�R�X�V �F�D�W�D�O�\�V�W�V�(�O�H�F�W�U�R�G�H �L�Q�V�W�D�E�L�O�L�W�\
�+�L�J�K �F�X�U�U�H�Q�W �G�H�Q�V�L�W�\�6�D�I�H�W�\ �L�V�V�X�H�V
�/�R�Z �H�O�H�F�W�U�L�F�L�W�\ �Q�H�H�G�V�,�P�S�U�R�S�H�U �V�H�D�O�L�Q�J

�+�L�J�K �H�I�I�L�F�L�H�Q�F�\�(�O�H�F�W�U�R�G�H �G�H�J�U�D�G�D�W�L�R�Q
�%�D�G �G�\�Q�D�P�L�F �E�H�K�D�Y�L�R�X�U

�7�K�H �I�L�Q�D�O �H�O�H�F�W�U�R�O�\�V�H�U �W�\�S�H �L�V �W�K�H �$�Q�L�R�Q �(�[�F�K�D�Q�J�H �0�H�P�E�U�D�Q�H �(�O�H�F�W�U�R�O�\�V�H�U ���$�(�0�� �� �$�(�0 �F�D�Q �E�H �V�H�H�Q
�D�V �D �F�R�P�E�L�Q�D�W�L�R�Q �R�I �W�K�H �D�O�N�D�O�L�Q�H �H�Q�Y�L�U�R�Q�P�H�Q�W �D�Q�G �W�K�H �V�L�P�S�O�L�F�L�W�\ �D�Q�G �H�I�I�L�F�L�H�Q�F�\ �R�I �D �3�(�0 �H�O�H�F�W�U�R�O�\�V�H�U
�>���� �@�� �7�K�H �F�H�O�O �U�H�D�F�W�L�R�Q�V �D�Q�G �G�H�V�L�J�Q �F�D�Q �E�H �V�H�H�Q �L�Q�)�L�J�X�U�H �������� �7�L�W�D�Q�L�X�P���I�U�H�H �D�Q�G �Q�R�Q���Q�R�E�O�H �F�D�W�D�O�\�V�W�V
�D�U�H �X�V�H�G �L�Q �W�K�H �G�H�V�L�J�Q�� �7�K�H �P�H�P�E�U�D�Q�H �D�O�V�R �H�Q�D�E�O�H�V �D �S�U�H�V�V�X�U�H �G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Q �W�K�H �F�D�W�K�R�G�H �D�Q�G
�D�Q�R�G�H �V�L�G�H�� �Z�K�L�F�K �G�H�F�U�H�D�V�H�V �R�[�\�J�H�Q �F�U�R�V�V���R�Y�H�U�� �7�K�L�V �U�H�V�X�O�W�V �L�Q �K�L�J�K �S�X�U�L�W�\ �K�\�G�U�R�J�H�Q �D�Q�G �L�Q�F�U�H�D�V�H�G
�V�D�I�H�W�\�� �$�(�0 �L�V �D �Q�H�Z �W�H�F�K�Q�R�O�R�J�\�� �F�X�U�U�H�Q�W�O�\ �D�W �7�5�/ ���� �W�K�H �G�H�P�R�Q�V�W�U�D�W�L�R�Q �S�K�D�V�H�� �7�K�H �$�(�0 �P�H�P�E�U�D�Q�H
�K�D�V �V�H�U�L�R�X�V �P�H�F�K�D�Q�L�F�D�O �D�Q�G �F�K�H�P�L�F�D�O �V�W�D�E�L�O�L�W�\ �L�V�V�X�H�V�� �U�H�G�X�F�L�Q�J �W�K�H �O�L�I�H�W�L�P�H�� �7�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I �W�K�H
�W�H�F�K�Q�R�O�R�J�\ �L�V �F�X�U�U�H�Q�W�O�\ �V�X�E�S�D�U �G�X�H �W�R �S�R�R�U �H�O�H�F�W�U�R�G�H �D�U�F�K�L�W�H�F�W�X�U�H �D�Q�G �V�O�R�Z �F�D�W�D�O�\�V�W �N�L�Q�H�W�L�F�V �>���� �@�� �:�K�L�O�H
�W�K�L�V �W�H�F�K�Q�R�O�R�J�\ �F�R�X�O�G �E�H �L�Q�W�H�U�H�V�W�L�Q�J �L�Q �W�K�H �I�X�W�X�U�H�� �L�W �L�V �Q�R�W �H�[�S�H�F�W�H�G �W�R �U�H�D�F�K �7�5�/ �� �E�\ �������� �D�Q�G �W�K�X�V �L�V
�H�[�F�O�X�G�H�G �I�U�R�P �I�X�U�W�K�H�U �U�H�Y�L�H�Z �I�R�U �W�K�L�V �U�H�V�H�D�U�F�K��

�$�O�N�D�O�L�Q�H ���$�:�(�� �D�Q�G �3�(�0 �D�U�H �V�H�O�H�F�W�H�G �D�V �W�H�F�K�Q�R�O�R�J�L�H�V �R�I �L�Q�W�H�U�H�V�W �I�R�U �W�K�L�V �V�W�X�G�\�� �D�Q�G �D�V �W�K�H �J�R�D�O �R�I �W�K�L�V
�U�H�V�H�D�U�F�K �L�V �W�R �V�K�H�G �O�L�J�K�W �R�Q �W�K�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �R�I �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q�� �W�K�H �H�P�L�V�V�L�R�Q�V �U�H�O�D�W�H�G �W�R �W�K�H�V�H
�H�O�H�F�W�U�R�O�\�V�H�U�V �P�X�V�W �E�H �I�X�U�W�K�H�U �L�Q�Y�H�V�W�L�J�D�W�H�G�� �7�K�L�V �L�V �G�R�Q�H �E�\ �/�R�W�U�L�þ �H�W �D�O�� �>���� �@�� �7�K�H �F�R�P�S�O�H�W�H �K�\�G�U�R�J�H�Q
�S�U�R�G�X�F�W�L�R�Q �I�D�F�L�O�L�W�\ �L�V �L�Q�F�O�X�G�H�G �L�Q �W�K�L�V �V�W�X�G�\�� �I�U�R�P �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �V�W�D�F�N�V�� �W�R �W�K�H �%�D�O�D�Q�F�H �R�I �3�O�D�Q�W�� �,�Q
�W�K�L�V �V�W�X�G�\ �D�O�O �P�D�W�H�U�L�D�O�V �U�H�T�X�L�U�H�G �I�R�U �W�K�H �$�:�( �D�Q�G �3�(�0 �S�U�R�F�H�V�V�H�V �D�U�H �V�X�P�P�H�G �X�S �D�Q�G �W�U�D�Q�V�O�D�W�H�G �W�R
�V�H�Y�H�U�D�O �L�P�S�D�F�W �F�D�W�H�J�R�U�L�H�V�� �)�R�U �W�K�L�V �U�H�V�H�D�U�F�K �W�K�H �I�R�F�X�V �L�V �R�Q �*�+�* �H�P�L�V�V�L�R�Q�V�� �7�K�H �V�W�X�G�\ �L�Q�Y�H�V�W�L�J�D�W�H�V �D
�F�R�Q�W�D�L�Q�H�U �V�L�]�H�G �H�O�H�F�W�U�R�O�\�V�H�U �R�I ���� �N�:�� �Z�K�L�F�K �L�V �D�V�V�X�P�H�G �W�R �E�H �V�F�D�O�D�E�O�H�� �7�K�H �U�H�V�X�O�W�L�Q�J �F�D�U�E�R�Q �H�T�X�L�Y�D�O�H�Q�W
�H�P�L�V�V�L�R�Q�V �F�D�Q �E�H �I�R�X�Q�G�� �W�R�J�H�W�K�H�U �Z�L�W�K �W�K�H �H�F�R�Q�R�P�L�F �D�Q�G �S�U�R�F�H�V�V �U�H�O�D�W�H�G �N�H�\ �S�H�U�I�R�U�P�D�Q�F�H �L�Q�G�L�F�D�W�R�U�V
�R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U�V �L�Q�7�D�E�O�H �������� �7�K�H �Y�D�O�X�H�V �R�I �W�K�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �Q�H�H�G �I�X�U�W�K�H�U �F�O�D�U�L�I�L�F�D�W�L�R�Q�� �7�K�H



�������� �)�P�I�G�X�V�S�P�]�W�I�V�W ����

�F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �U�H�S�U�H�V�H�Q�W�V �W�K�H �H�Q�W�L�U�H �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q �I�D�F�L�O�L�W�\�� �L�Q�F�O�X�G�L�Q�J �W�K�H �E�D�O�D�Q�F�H �R�I �S�O�D�Q�W �D�Q�G
�W�K�H �K�R�X�V�L�Q�J �R�I �W�K�H �I�D�F�L�O�L�W�\�� �$�V �V�L�P�S�O�L�I�L�F�D�W�L�R�Q�� �W�K�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �L�V �V�S�O�L�W �D�F�F�R�U�G�L�Q�J �W�R �W�K�H �P�D�V�V �I�U�D�F�W�L�R�Q�V
�R�I �W�K�H�V�H �V�H�S�D�U�D�W�H �F�R�P�S�R�Q�H�Q�W�V�� �7�K�H �X�V�H�G �Q�X�P�E�H�U�V �U�H�I�O�H�F�W �W�K�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �W�K�D�W �L�V �S�U�H�G�L�F�W�H�G �E�\ �/�R�W�U�L�þ
�H�W �D�O�� �>���� �@ �Z�K�H�Q �W�D�N�L�Q�J �H�Q�G���R�I���O�L�I�H �S�U�R�F�H�V�V�L�Q�J �L�Q�W�R �D�F�F�R�X�Q�W��

�7�D�E�O�H ���������(�O�H�F�W�U�R�O�\�V�H�U �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V��

�(�F�R�Q�R�P�L�F�V �$�O�N�D�O�L�Q�H �3�(�0 �X�Q�L�W

�,�Q�Y�H�V�W�P�H�Q�W �F�R�V�W�V �>���� �@ ������ �������� $/ kW
�2�	�0 �>���� �@ �� �� �� of investment
�6�W�D�F�N �L�Q�Y�H�V�W�P�H�Q�W �F�R�V�W �>���� �@ ���� ���� �� of investment
�/�L�I�H�W�L�P�H �V�\�V�W�H�P �>���� �@ ���� ���� years
�6�W�D�F�N �O�L�I�H�W�L�P�H �>���� �@ ���������� ���������� hours/ stack
�2�S�H�U�D�W�L�R�Q

�0�D�[�� �S�U�H�V�V�X�U�H �>���� �@ ���� ���� bar
�2�S�H�U�D�W�L�Q�J �W�H�P�S�H�U�D�W�X�U�H �>���� �@ ���� ���� �ƒC
�8�S�S�H�U �O�R�D�G �O�L�P�L�W �>���� �@ ������ ������ �� of rated capacity
�/�R�Z�H�U �O�R�D�G �O�L�P�L�W �>���� �@ ���� �� �� of rated capacity
�3�R�Z�H�U �F�R�Q�V�X�P�S�W�L�R�Q ���V�\�V�W�H�P�� �>���� �@ ���� ���� MWh / ton
�.�2�+ �X�V�H �>���� �@ ������������ �� kg/ kg H2

�(�Q�Y�L�U�R�Q�P�H�Q�W�D�O

�&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �>���� �@ ������ ������ ton CO2/ MW

�������������(�]�R�E�Q�M�G �F�I�L�E�Z�M�S�Y�V
�)�O�H�[�L�E�L�O�L�W�\ �R�I �R�S�H�U�D�W�L�R�Q�� �R�U �R�S�H�U�D�W�L�R�Q�D�O �G�\�Q�D�P�L�F�V�� �L�V �D�Q �L�P�S�R�U�W�D�Q�W �I�D�F�W�R�U �I�R�U �H�O�H�F�W�U�R�O�\�V�H�U�V �W�K�D�W �D�U�H �F�R�X�S�O�H�G
�W�R �L�Q�W�H�U�P�L�W�W�H�Q�W �S�R�Z�H�U �V�R�X�U�F�H�V�� �7�K�H �H�O�H�F�W�U�R�O�\�V�H�U �P�X�V�W �E�H �D�E�O�H �W�R �K�D�Q�G�O�H �W�K�H �Y�D�U�L�D�W�L�R�Q�V �W�K�D�W �D�U�H �L�Q�K�H�U�H�Q�W
�W�R �W�K�H�V�H �U�H�Q�H�Z�D�E�O�H �V�R�X�U�F�H�V�� �$�O�N�D�O�L�Q�H �H�O�H�F�W�U�R�O�\�V�H�U�V �D�U�H �D�E�O�H �W�R �U�D�P�S �X�S �D�Q�G �G�R�Z�Q �L�Q �D �P�D�W�W�H�U �R�I �V�H�F�R�Q�G�V
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�H�W �D�O�� �>���@ �J�L�Y�H�V �D �F�D�U�H�I�X�O �G�H�V�F�U�L�S�W�L�R�Q �R�I �W�K�H �3�(�0 �S�U�R�F�H�V�V�� �7�K�H �I�R�O�O�R�Z�L�Q�J �L�V �D�Q �D�G�D�S�W�D�W�L�R�Q �I�U�R�P �W�K�D�W �S�D�S�H�U��
�'�H�L�R�Q�L�V�H�G �Z�D�W�H�U�� �Z�L�W�K �D �F�R�Q�G�X�F�W�L�Y�L�W�\ �V�P�D�O�O�H�U �W�K�D�Q ������ ���6���F�P�� �L�V �S�X�P�S�H�G �W�R �W�K�H �F�H�O�O �V�W�D�F�N�� �%�H�I�R�U�H �W�K�H �F�H�O�O
�V�W�D�F�N�� �W�K�H �Z�D�W�H�U �W�U�D�Y�H�O�V �W�K�U�R�X�J�K �D�Q �L�R�Q �H�[�F�K�D�Q�J�H �U�H�V�L�Q �F�D�U�W�U�L�G�J�H �W�R �P�D�L�Q�W�D�L�Q �W�K�H �O�R�Z �Z�D�W�H�U �F�R�Q�G�X�F�W�L�Y�L�W�\��
�7�K�H �Z�D�W�H�U �O�H�D�Y�H�V �W�K�H �F�H�O�O �D�W �W�K�H �D�Q�R�G�H �V�L�G�H �P�L�[�H�G �Z�L�W�K �R�[�\�J�H�Q�� �+�H�U�H �W�K�H �R�[�\�J�H�Q �L�V �V�H�S�D�U�D�W�H�G �D�Q�G �W�K�H
�Z�D�W�H�U �L�V �E�U�R�X�J�K�W �E�D�F�N �L�Q �W�K�H �F�\�F�O�H �D�I�W�H�U �S�D�V�V�L�Q�J �D �K�H�D�W �H�[�F�K�D�Q�J�H�U�� �W�R �P�D�L�Q�W�D�L�Q �W�K�H �Z�R�U�N�L�Q�J �W�H�P�S�H�U�D�W�X�U�H
�L�Q �D �U�D�Q�J�H �R�I ���������� �ƒ�&�� �$�W �W�K�H �F�D�W�K�R�G�H �V�L�G�H �D �P�L�[�W�X�U�H �R�I �Z�D�W�H�U �D�Q�G �K�\�G�U�R�J�H�Q �L�V �F�R�R�O�H�G �W�R �D�P�E�L�H�Q�W
�W�H�P�S�H�U�D�W�X�U�H �D�Q�G �L�V �V�H�S�D�U�D�W�H�G�� �7�K�H �Z�D�W�H�U �L�V �G�U�D�L�Q�H�G �W�R �W�K�H �D�Q�R�G�L�F �F�\�F�O�H���7�K�H �Z�D�W�H�U���V�D�W�X�U�D�W�H�G �K�\�G�U�R�J�H�Q
�L�V �I�H�G �W�R �D �F�D�W�D�O�\�W�L�F �G�H�R�[�R �S�X�U�L�I�L�F�D�W�L�R�Q�� �O�R�Z�H�U�L�Q�J �W�K�H �R�[�\�J�H�Q �F�R�Q�W�H�Q�W �W�R �O�H�V�V �W�K�D�Q �� �S�S�P�� �7�K�H �G�H�R�[�R
�X�Q�L�W �L�V �W�\�S�L�F�D�O�O�\ �Q�R�W �L�Q�F�O�X�G�H�G �I�R�U �G�L�I�I�H�U�H�Q�W�L�D�O �S�U�H�V�V�X�U�H �V�\�V�W�H�P�V�� �7�K�H �Z�D�W�H�U �F�R�Q�F�H�Q�W�U�D�W�L�R�Q �L�V �W�K�H�Q �U�H�G�X�F�H�G
�W�R �O�H�V�V �W�K�D�Q �� �S�S�P �W�K�U�R�X�J�K �D�Q �D�G�V�R�U�S�W�L�Y�H �G�U�\�H�U�� �7�K�H �K�\�G�U�R�J�H�Q �O�H�D�Y�H�V �W�K�H �S�U�R�F�H�V�V �W�\�S�L�F�D�O�O�\ �D�W ���� �E�D�U��
�Z�K�L�O�H �W�K�H �R�[�\�J�H�Q �L�V �N�H�S�W �D�W �D�P�E�L�H�Q�W �S�U�H�V�V�X�U�H �W�R �S�U�H�Y�H�Q�W �F�U�R�V�V �S�H�U�P�H�D�W�L�R�Q �D�Q�G �W�R �V�L�P�S�O�L�I�\ �W�K�H �D�Q�R�G�L�F
�F�\�F�O�H�� �E�\ �U�H�P�R�Y�L�Q�J �W�K�H �Q�H�H�G �I�R�U �S�U�H�V�V�X�U�H �S�U�R�R�I �Y�H�V�V�H�O�V �D�Q�G �S�L�S�L�Q�J��
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�7�K�H �%�2�3 �O�L�I�H�W�L�P�H �L�V �D�V�V�X�P�H�G �W�R �E�H ���� �\�H�D�U�V�� �6�W�D�F�N �O�L�I�H�W�L�P�H �L�V �����������K�� �R�U �U�R�X�J�K�O�\ ���� �\�H�D�U�V �R�I �F�R�Q��
�W�L�Q�X�R�X�V �V�\�V�W�H�P �R�S�H�U�D�W�L�R�Q�� �7�K�H �F�R�P�S�R�Q�H�Q�W�V �W�K�D�W �D�U�H �S�U�R�Q�H �W�R �G�H�J�U�D�G�D�W�L�R�Q �D�U�H �W�K�H �0�H�P�E�U�D�Q�H �(�O�H�F�W�U�R�G�H
�$�V�V�H�P�E�O�\ �D�Q�G �W�K�H �3�R�U�R�X�V �7�U�D�Q�V�S�R�U�W �/�D�\�H�U�� �E�R�W�K �F�D�Q �E�H �V�X�E�V�W�L�W�X�W�H�G �L�Q �D�Q �R�Y�H�U�K�D�X�O �S�U�R�F�H�V�V��

�)�L�J�X�U�H �����������%�D�O�D�Q�F�H �R�I �3�O�D�Q�W �3�(�0 �>���� �@��

�������������'�S�Q�T�V�I�W�W�M�S�R
�+�\�G�U�R�J�H�Q �F�R�P�S�U�H�V�V�R�U�V �D�U�H �D �Y�L�W�D�O �S�D�U�W �R�I �K�\�G�U�R�J�H�Q �L�Q�I�U�D�V�W�U�X�F�W�X�U�H�� �+�\�G�U�R�J�H�Q �K�D�V �D �U�R�X�J�K�O�\ �� �W�L�P�H�V
�V�P�D�O�O�H�U �Y�R�O�X�P�H�W�U�L�F �H�Q�H�U�J�\ �G�H�Q�V�L�W�\ �Z�K�H�Q �F�R�P�S�D�U�H�G �W�R �Q�D�W�X�U�D�O �J�D�V �>���� �@�� �$�W ����� �& �D�Q�G �� �E�D�U�� �R�Q�H �F�X�E�L�F
�P�H�W�H�U �R�I �K�\�G�U�R�J�H�Q �F�R�Q�W�D�L�Q�V �������� �0�-�� �Z�K�H�U�H�D�V �P�H�W�K�D�Q�H �F�R�Q�W�D�L�Q�V �������� �0�- �>���@�� �,�Q �R�U�G�H�U �W�R �W�U�D�Q�V�S�R�U�W �R�U
�V�W�R�U�H �D �V�L�J�Q�L�I�L�F�D�Q�W �D�P�R�X�Q�W �R�I �K�\�G�U�R�J�H�Q�� �F�R�P�S�U�H�V�V�R�U�V �D�U�H �X�V�H�G �W�R �L�Q�F�U�H�D�V�H �W�K�H �S�U�H�V�V�X�U�H �D�Q�G �W�K�H�U�H�I�R�U�H
�W�K�H �Y�R�O�X�P�H�W�U�L�F �H�Q�H�U�J�\ �G�H�Q�V�L�W�\�� �7�K�H �W�\�S�L�F�D�O �K�\�G�U�R�J�H�Q �S�L�S�H�O�L�Q�H �S�U�H�V�V�X�U�H �R�I ���� �E�D�U�� �7�K�L�V �U�H�G�X�F�H�V �W�K�H
�Y�R�O�X�P�H �E�\ �D �I�D�F�W�R�U ���� ���G�X�H �W�R �K�\�G�U�R�J�H�Q �E�H�L�Q�J �D �Q�R�Q���L�G�H�D�O �J�D�V�� �D�Q�G �W�K�X�V �L�Q�F�U�H�D�V�L�Q�J �L�W�V �Y�R�O�X�P�H�W�U�L�F
�H�Q�H�U�J�\ �G�H�Q�V�L�W�\ �>���� �@��

�7�K�H�U�H �D�U�H �W�Z�R �P�D�L�Q �R�S�W�L�R�Q�V �R�I �G�H�O�L�Y�H�U�L�Q�J �K�\�G�U�R�J�H�Q �D�W �S�U�H�V�V�X�U�H�� �3�U�H�V�V�X�U�L�V�L�Q�J �W�K�H �S�U�R�G�X�F�H�G �I�O�R�Z��
�R�U �S�U�H�V�V�X�U�L�V�L�Q�J �W�K�H �S�U�R�G�X�F�W�L�R�Q �S�U�R�F�H�V�V�� �H�O�L�P�L�Q�D�W�L�Q�J �W�K�H �Q�H�H�G �R�U �O�R�Z�H�U�L�Q�J �W�K�H �G�H�P�D�Q�G �I�R�U �I�X�U�W�K�H�U �F�R�P��
�S�U�H�V�V�L�R�Q�� �7�R �S�U�H�V�V�X�U�L�V�H �W�K�H �I�O�R�Z�� �W�K�H�U�H �D�U�H �W�Z�R �P�H�F�K�D�Q�L�F�D�O �F�R�P�S�U�H�V�V�R�U �W�\�S�H�V �W�K�D�W �D�U�H �D�E�O�H �W�R �K�D�Q�G�O�H
�K�\�G�U�R�J�H�Q �I�O�R�Z�V �D�V�V�R�F�L�D�W�H�G �Z�L�W�K �O�D�U�J�H���V�F�D�O�H �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q�� �W�K�H �U�H�F�L�S�U�R�F�D�W�L�Q�J �D�Q�G �F�H�Q�W�U�L�I�X�J�D�O �F�R�P��
�S�U�H�V�V�R�U�V �>���� �@�>���� �@�� �0�H�F�K�D�Q�L�F�D�O�O�\ �F�R�P�S�U�H�V�V�L�Q�J �K�\�G�U�R�J�H�Q �I�U�R�P �� �W�R ���� �E�D�U �K�D�V �W�K�H �V�W�H�H�S�H�V�W �H�Q�H�U�J�\ �O�R�V�V�H�V��
�D�V �V�K�R�Z�Q �L�Q�)�L�J�X�U�H ���������� �7�K�H �S�R�Z�H�U �U�H�T�X�L�U�H�G �W�R �F�R�P�S�U�H�V�V �K�\�G�U�R�J�H�QPcomp �L�V �V�K�R�Z�Q �L�Q�(�T�X�D�W�L�R�Q ������
�>���� �@��
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Pdisc
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�,�Q �W�K�L�V �H�T�X�D�W�L�R�Q��k �L�V �W�K�H �V�S�H�F�L�I�L�F �K�H�D�W�V �U�D�W�L�R�� �I�R�U �K�\�G�U�R�J�H�Q �H�T�X�D�O �W�R ��������Z �L�V �W�K�H �F�R�P�S�U�H�V�V�L�E�L�O�L�W�\ �I�D�F�W�R�U��
�D�Y�H�U�D�J�H�G �E�H�W�Z�H�H�Q �W�K�H �V�X�F�W�L�R�Q �S�U�H�V�V�X�U�H �D�W �W�K�H �L�Q�O�H�WPsuc �D�Q�G �W�K�H �G�L�V�F�K�D�U�J�H �S�U�H�V�V�X�U�H �D�W �W�K�H �R�X�W�O�H�WPdisc ��
R �L�V �W�K�H �J�D�V �F�R�Q�V�W�D�Q�W��� i sen �L�V �W�K�H �L�V�H�Q�W�U�R�S�L�F �H�I�I�L�F�L�H�Q�F�\��Tsuc �L�V �W�K�H �L�Q�O�H�W �S�U�H�V�V�X�U�H��qm �L�V �W�K�H �P�R�O�D�U �I�O�R�Z
�D�Q�G �1 �L�V �W�K�H �Q�X�P�E�H�U �R�I �F�R�P�S�U�H�V�V�L�R�Q �V�W�D�J�H�V�� �$�V �E�H�F�R�P�H�V �F�O�H�D�U �I�U�R�P �W�K�L�V �H�T�X�D�W�L�R�Q �D�Q�G�)�L�J�X�U�H ����������
�D �O�R�W �R�I �H�Q�H�U�J�\ �F�D�Q �E�H �O�R�V�W �Z�K�H�Q �F�R�P�S�U�H�V�V�L�Q�J �I�U�R�P �W�K�H �D�W�P�R�V�S�K�H�U�L�F �S�U�H�V�V�X�U�H �X�S �W�R �K�L�J�K�H�U �G�H�O�L�Y�H�U�\
�S�U�H�V�V�X�U�H�V�� �W�K�H�U�H�I�R�U�H �L�W �F�D�Q �E�H �P�R�U�H �H�I�I�L�F�L�H�Q�W �W�R �S�U�H�V�V�X�U�L�V�H �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �W�R �V�N�L�S �W�K�L�V �V�W�H�S��
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�)�L�J�X�U�H �����������0�H�F�K�D�Q�L�F�D�O �F�R�P�S�U�H�V�V�L�R�Q �O�R�V�V�H�V �>���� �@��

�,�Q �3�(�0 �H�O�H�F�W�U�R�O�\�V�H�U�V�� �W�K�H�U�H �D�U�H �W�Z�R �V�W�D�Q�G�D�U�G �S�U�R�F�H�V�V �S�U�H�V�V�X�U�L�V�L�Q�J �P�H�W�K�R�G�V�� �E�D�O�D�Q�F�H�G �D�Q�G �G�L�I�I�H�U��
�H�Q�W�L�D�O�� �8�Q�G�H�U �E�D�O�D�Q�F�H�G �S�U�H�V�V�X�U�H�� �E�R�W�K �W�K�H �D�Q�R�G�H �D�Q�G �F�D�W�K�R�G�H �V�L�G�H �R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �D�U�H �S�U�H�V�V�X�U�L�V�H�G��
�7�K�L�V �H�Q�D�E�O�H�V �W�K�H �X�V�H �R�I �W�K�L�Q �P�H�P�E�U�D�Q�H�V�� �V�S�D�F�H�U�V �D�Q�G �S�R�U�R�X�V �O�D�\�H�U�V�� �Z�K�L�F�K �L�Q�F�U�H�D�V�H�V �H�I�I�L�F�L�H�Q�F�\ �D�V
�W�K�H �L�Q�W�H�U�Q�D�O �U�H�V�L�V�W�D�Q�F�H �L�V �O�R�Z�� �7�K�H �G�U�D�Z�E�D�F�N�V �R�I �W�K�L�V �P�H�W�K�R�G�V �D�U�H �D�Q �L�Q�F�U�H�D�V�H�G �V�D�I�H�W�\ �U�L�V�N �E�H�F�D�X�V�H
�Q�R�W �R�Q�O�\ �S�U�H�V�V�X�U�L�V�H�G �K�\�G�U�R�J�H�Q �L�V �S�U�R�G�X�F�H�G�� �E�X�W �D�O�V�R �S�U�H�V�V�X�U�L�V�H�G �R�[�\�J�H�Q�� �$�Q�R�W�K�H�U �G�U�D�Z�E�D�F�N �L�V �W�K�D�W
�W�K�H �H�T�X�L�S�P�H�Q�W �L�V �P�R�U�H �H�[�S�H�Q�V�L�Y�H�� �D�V �E�R�W�K �W�K�H �D�Q�R�G�H �D�Q�G �F�D�W�K�R�G�H �V�L�G�H �Q�H�H�G �W�R �E�H �S�U�H�V�V�X�U�H �V�D�I�H�� �,�Q
�G�L�I�I�H�U�H�Q�W�L�D�O �S�U�H�V�V�X�U�L�V�D�W�L�R�Q�� �R�Q�O�\ �W�K�H �F�D�W�K�R�G�H �V�L�G�H �L�V �S�U�H�V�V�X�U�L�V�H�G�� �7�K�H �P�H�P�E�U�D�Q�H�V�� �V�S�D�F�H�U�V �D�Q�G �S�R�U�R�X�V
�O�D�\�H�U�V �P�X�V�W �E�H �P�D�G�H �W�K�L�F�N�H�U �Z�K�H�Q �F�R�P�S�D�U�H�G �W�R �E�D�O�D�Q�F�H�G �S�U�H�V�V�X�U�L�V�D�W�L�R�Q �L�Q �R�U�G�H�U �W�R �Z�L�W�K�V�W�D�Q�G �W�K�H �S�U�H�V��
�V�X�U�H �G�L�I�I�H�U�H�Q�F�H�� �Z�K�L�F�K �L�Q�F�U�H�D�V�H�V �L�Q�W�H�U�Q�D�O �U�H�V�L�V�W�D�Q�F�H �D�Q�G �W�K�X�V �G�H�F�U�H�D�V�H�V �H�I�I�L�F�L�H�Q�F�\�� �7�K�H �F�R�V�W�V �R�I �W�K�L�V
�W�\�S�H �R�I �V�\�V�W�H�P �L�V �O�R�Z�H�U �K�R�Z�H�Y�H�U��

�)�R�U �W�K�L�V �U�H�S�R�U�W �D �G�H�O�L�Y�H�U�\ �S�U�H�V�V�X�U�H �R�I ���� �E�D�U �L�V �V�H�O�H�F�W�H�G�� �Z�L�W�K �D�Q �R�S�H�U�D�W�L�R�Q�D�O �S�U�H�V�V�X�U�H �R�I �� �E�D�U �I�R�U
�D�O�N�D�O�L�Q�H �H�O�H�F�W�U�R�O�\�V�L�V �D�Q�G ���� �E�D�U �I�R�U �3�(�0 �H�O�H�F�W�U�R�O�\�V�L�V�� �E�D�V�H�G �R�Q �W�K�H �� �*�: �H�O�H�F�W�U�R�O�\�V�H�U �S�O�D�Q�W �G�H�V�L�J�Q �I�U�R�P
�W�K�H �+�\�G�U�R�K�X�E �,�Q�Q�R�Y�D�W�L�R�Q �3�U�R�J�U�D�P �>���� �@�� �D�Q�G �W�K�H �I�X�Q�F�W�L�R�Q�D�O �X�Q�L�W �R�I �W�K�H �K�\�G�U�R�J�H�Q �F�H�U�W�L�I�L�F�D�W�L�R�Q �V�F�K�H�P�H
�&�H�U�W�L�I�+�\ �Œ�� �P�R�U�H �R�Q �W�K�L�V �L�Q�V�H�F�W�L�R�Q �������� �7�K�H �V�H�O�H�F�W�L�R�Q �R�I �D ���� �E�D�U �G�H�O�L�Y�H�U�\ �S�U�H�V�V�X�U�H �H�O�L�P�L�Q�D�W�H�V �W�K�H
�Q�H�H�G �I�R�U �I�X�U�W�K�H�U �F�R�P�S�U�H�V�V�L�R�Q �Z�K�H�Q �3�(�0 �L�V �X�V�H�G�� �:�K�H�Q �D�O�N�D�O�L�Q�H �H�O�H�F�W�U�R�O�\�V�L�V �L�V �V�H�O�H�F�W�H�G�� �D �F�H�Q�W�U�L�I�X�J�D�O
�F�R�P�S�U�H�V�V�R�U �L�V �X�V�H�G�� �W�K�L�V �L�V �V�X�E�V�W�D�Q�W�L�D�W�H�G �L�Q�V�H�F�W�L�R�Q �$������

�.�H�\ �W�D�N�H�D�Z�D�\�V �%�D�O�D�Q�F�H �R�I �3�O�D�Q�W

I �7�K�H �%�D�O�D�Q�F�H �R�I �3�O�D�Q�W �R�I �3�(�0 �H�O�H�F�W�U�R�O�\�V�H�U�V �D�U�H �P�R�U�H �F�R�P�S�D�F�W��
I �)�R�U �W�K�L�V �U�H�V�H�D�U�F�K�� �R�Q�O�\ �I�R�U �W�K�H �$�:�( �H�O�H�F�W�U�R�O�\�V�H�U �W�K�H �K�\�G�U�R�J�H�Q �L�V �I�X�U�W�K�H�U �F�R�P�S�U�H�V�V�H�G �X�V�L�Q�J �D

�F�H�Q�W�U�L�I�X�I�J�D�O �F�R�P�S�U�H�V�V�R�U��



�������� �4�V�S�N�I�G�X �I�G�S�R�S�Q�M�G�W ����

���������4�V�S�N�I�G�X �I�G�S�R�S�Q�M�G�W
�7�K�H �S�U�H�Y�L�R�X�V �V�H�F�W�L�R�Q�V �G�H�V�F�U�L�E�H�G �W�K�H �W�H�F�K�Q�L�F�D�O �D�V�S�H�F�W�V �R�I �W�K�H �J�U�H�H�Q �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q �F�K�D�L�Q�� �,�Q
�W�K�L�V �F�K�D�S�W�H�U �W�K�H �H�F�R�Q�R�P�L�F�D�O �D�V�S�H�F�W �Z�L�O�O �E�H �G�L�V�F�X�V�V�H�G�� �3�U�R�M�H�F�W �H�F�R�Q�R�P�L�F�V �S�O�D�\ �D �F�U�X�F�L�D�O �U�R�O�H �L�Q �W�K�H
�V�X�F�F�H�V�V�I�X�O �U�R�O�O���R�X�W �R�I �D�Q�\ �P�D�M�R�U �S�U�R�M�H�F�W�� �L�Q�F�O�X�G�L�Q�J �W�K�H �H�V�W�D�E�O�L�V�K�P�H�Q�W �R�I �D �K�\�G�U�R�J�H�Q �H�F�R�Q�R�P�\�� �3�U�R�M�H�F�W
�H�F�R�Q�R�P�L�F�V �D�V�V�H�V�V �W�K�H �I�L�Q�D�Q�F�L�D�O �I�H�D�V�L�E�L�O�L�W�\ �D�Q�G �Y�L�D�E�L�O�L�W�\ �R�I �D �S�U�R�M�H�F�W�� �L�G�H�Q�W�L�I�\�L�Q�J �F�R�V�W�V�� �U�H�Y�H�Q�X�H�V�� �U�L�V�N�V��
�D�Q�G �U�H�W�X�U�Q�V�� �:�L�W�K�R�X�W �D �V�W�U�R�Q�J �E�X�V�L�Q�H�V�V �F�D�V�H�� �L�W �L�V �X�Q�O�L�N�H�O�\ �W�K�D�W �W�H�F�K�Q�R�O�R�J�L�F�D�O �I�H�D�V�L�E�O�H �S�U�R�M�H�F�W�V�� �V�X�F�K �D�V
�W�K�H �G�H�Y�H�O�R�S�P�H�Q�W �R�I �D �K�\�G�U�R�J�H�Q �H�F�R�Q�R�P�\�� �Z�L�O�O �E�H �H�[�H�F�X�W�H�G�� �7�K�L�V �L�V �E�H�F�D�X�V�H �L�Q�Y�H�V�W�R�U�V �D�Q�G �V�W�D�N�H�K�R�O�G�H�U�V
�U�H�T�X�L�U�H �D �F�O�H�D�U �D�Q�G �F�R�P�S�H�O�O�L�Q�J �M�X�V�W�L�I�L�F�D�W�L�R�Q �I�R�U �W�K�H �U�L�V�N �W�K�D�W �W�K�H�\ �D�U�H �W�D�N�L�Q�J��

�,�Q �D�G�G�L�W�L�R�Q �W�R �S�U�R�Y�L�G�L�Q�J �D �I�L�Q�D�Q�F�L�D�O �I�U�D�P�H�Z�R�U�N �I�R�U �G�H�F�L�V�L�R�Q���P�D�N�L�Q�J�� �S�U�R�M�H�F�W �H�F�R�Q�R�P�L�F�V �F�D�Q �D�O�V�R �K�H�O�S
�W�R �L�G�H�Q�W�L�I�\ �D�Q�G �P�L�W�L�J�D�W�H �S�R�W�H�Q�W�L�D�O �U�L�V�N�V �D�Q�G �F�K�D�O�O�H�Q�J�H�V�� �)�R�U �H�[�D�P�S�O�H�� �D �W�K�R�U�R�X�J�K �H�F�R�Q�R�P�L�F �V�W�X�G�\ �R�I �W�K�H
�H�Q�W�L�U�H �S�U�R�G�X�F�W�L�R�Q �F�K�D�L�Q �F�D�Q �K�L�J�K�O�L�J�K�W �W�K�H �S�R�W�H�Q�W�L�D�O �V�D�Y�L�Q�J�V�� �2�Y�H�U�D�O�O�� �D �U�R�E�X�V�W �S�U�R�M�H�F�W �H�F�R�Q�R�P�L�F�V �D�Q�D�O�\�V�L�V
�L�V �H�V�V�H�Q�W�L�D�O �I�R�U �W�K�H �V�X�F�F�H�V�V�I�X�O �U�R�O�O���R�X�W �R�I �D �K�\�G�U�R�J�H�Q �H�F�R�Q�R�P�\�� �D�V �L�W �S�U�R�Y�L�G�H�V �W�K�H �I�R�X�Q�G�D�W�L�R�Q �I�R�U �V�W�U�D�W�H�J�L�F
�G�H�F�L�V�L�R�Q���P�D�N�L�Q�J�� �U�L�V�N �P�D�Q�D�J�H�P�H�Q�W�� �D�Q�G �V�W�D�N�H�K�R�O�G�H�U �H�Q�J�D�J�H�P�H�Q�W��

�7�K�H �H�F�R�Q�R�P�L�F �D�V�V�H�V�V�P�H�Q�W �P�H�W�K�R�G �X�V�H�G �I�R�U �W�K�L�V �U�H�V�H�D�U�F�K�� �L�V �D�Q �D�G�D�S�W�D�W�L�R�Q �R�I �W�K�H �H�F�R�Q�R�P�L�F �D�V�V�H�V�V��
�P�H�Q�W�V �S�H�U�I�R�U�P�H�G �E�\ �6�D�G�H�J�K�L�� �*�K�D�Q�G�H�K�D�U�L�X�Q�� �D�Q�G �5�R�V�H�Q �>���� �@ �D�Q�G �*�D�V�S�D�U�V���:�L�H�O�R�F�K �>���� �@�� �$�Q �L�P�S�R�U�W�D�Q�W
�I�L�Q�D�Q�F�L�D�O �L�Q�G�L�F�D�W�R�U �L�Q �W�K�H �K�\�G�U�R�J�H�Q �H�F�R�Q�R�P�\�� �L�V �W�K�H �/�H�Y�H�O�L�V�H�G �&�R�V�W �R�I �+�\�G�U�R�J�H�Q ���/�&�2�+�� �� �7�K�L�V �L�Q�G�L�F�D�W�R�U
�H�[�S�U�H�V�V�H�V �W�K�H �F�R�V�W �R�I �S�U�R�G�X�F�L�Q�J �D �N�J �R�I �K�\�G�U�R�J�H�Q�� �7�K�H �H�T�X�D�W�L�R�Q �I�R�U �W�K�H �/�&�2�+ �L�V �V�K�R�Z�Q �L�Q�(�T�X�D�W�L�R�Q ��������

LCOH =
NPC
M total

����������

�1�3�& �V�W�D�Q�G�V �I�R�U �W�K�H �1�H�W �3�U�H�V�H�Q�W �&�R�V�W�V �R�I �W�K�H �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q �R�Y�H�U �W�K�H �O�L�I�H�W�L�P�H �R�I �W�K�H �S�U�R�M�H�F�W
�D�Q�GM total �L�V �W�K�H �W�R�W�D�O �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q �F�D�S�D�F�L�W�\ �R�Y�H�U �W�K�H �O�L�I�H�W�L�P�H �R�I �W�K�H �S�U�R�M�H�F�W�� �Z�K�L�F�K �L�V �F�D�O�F�X�O�D�W�H�G
�L�Q�(�T�X�D�W�L�R�Q ��������

M total =
nX

j

M j ����������

�7�K�H �W�R�W�D�O �F�R�V�W�V �R�Y�H�U �W�K�H �O�L�I�H�W�L�P�H �R�I �W�K�H �S�U�R�M�H�F�W�� �D�U�H �F�D�O�F�X�O�D�W�H�G �X�V�L�Q�J �W�K�H �1�H�W �3�U�H�V�H�Q�W �&�R�V�W�V �P�H�W�K�R�G��
�,�Q �W�K�L�V �P�H�W�K�R�G�� �W�K�H �F�D�V�K �I�O�R�Z�V �R�Y�H�U �W�K�H �O�L�I�H�W�L�P�H �R�I �W�K�H �S�U�R�M�H�F�W �D�U�H �D�O�O �V�F�D�O�H�G �W�R �W�K�H �Q�H�W �S�U�H�V�H�Q�W �Y�D�O�X�H�� �7�K�H
�Q�H�W �S�U�H�V�H�Q�W �Y�D�O�X�H �R�I �D �I�X�W�X�U�H �F�R�V�W�� �L�V �H�T�X�D�O �W�R �W�K�H �D�P�R�X�Q�W �R�I �P�R�Q�H�\ �\�R�X �K�D�Y�H �W�R �U�H�V�H�U�Y�H �D�W �W�K�H �V�W�D�U�W �R�I �W�K�H
�S�U�R�M�H�F�W �Z�K�H�Q �V�X�E�M�H�F�W�H�G �W�R �W�K�H �Q�R�P�L�Q�D�O �L�Q�W�H�U�H�V�W �U�D�W�H�� �7�K�L�V �Q�R�P�L�Q�D�O �L�Q�W�H�U�H�V�W �U�D�W�H �L�V �W�K�H �H�[�S�H�F�W�H�G �L�Q�W�H�U�H�V�W
�W�K�D�W �F�D�Q �E�H �H�D�U�Q�H�G �R�Q �P�R�Q�H�\ �Z�K�H�Q �Q�R�W �X�V�H�G �I�R�U �W�K�H �S�U�R�M�H�F�W�� �7�K�L�V �S�H�U�F�H�Q�W�D�J�H �G�L�I�I�H�U�V �S�H�U �U�H�J�L�R�Q �D�Q�G
�L�V �D�O�Z�D�\�V �D�Q �D�V�V�X�P�S�W�L�R�Q�� �W�K�H�U�H�I�R�U�H �L�W �L�V �L�P�S�R�U�W�D�Q�W �W�R �W�H�V�W �W�K�L�V �D�V�V�X�P�S�W�L�R�Q �W�K�U�R�X�J�K �D �V�H�Q�V�L�W�L�Y�L�W�\ �D�Q�D�O�\�V�L�V��
�7�K�H �1�H�W �3�U�H�V�H�Q�W �&�R�V�W �I�R�U�P�X�O�D �L�V �V�K�R�Z�Q �L�Q�(�T�X�D�W�L�R�Q ��������

NPC =
nX

j =1

Cj

((1 + r ) j ����������

�,�Q �W�K�L�V �H�T�X�D�W�L�R�Qn �L�V �W�K�H �O�L�I�H�W�L�P�H �R�I �W�K�H �S�U�R�M�H�F�W��Cj �D�U�H �W�K�H �W�R�W�D�O �F�R�V�W�V �L�Q �\�H�D�U �M�� �D�Q�Gr �L�V �W�K�H �Q�R�P�L�Q�D�O �L�Q�W�H�U�H�V�W
�U�D�W�H�� �7�K�H�U�H �D�U�H �W�K�U�H�H �P�D�L�Q �F�D�V�K �I�O�R�Z�V �L�Q �W�K�L�V �U�H�V�H�D�U�F�K�� �&�D�S�L�W�D�O �(�[�S�H�Q�G�L�W�X�U�H�V ���&�$�3�(�;�� �� �2�S�H�U�D�W�L�R�Q�D�O
�(�[�S�H�Q�G�L�W�X�U�H�V ���2�3�(�;�� �D�Q�G �W�K�H �6�D�O�Y�D�J�H �Y�D�O�X�H�� �&�$�3�(�; �D�U�H �L�Q�Y�H�V�W�P�H�Q�W�V �W�K�D�W �D�U�H �G�R�Q�H �R�Q�F�H �L�Q �W�K�H �O�L�I�H�W�L�P�H
�R�I �D �S�U�R�M�H�F�W�� �2�3�(�; �D�U�H �S�H�U�L�R�G�L�F �F�R�V�W�V �R�Y�H�U �W�K�H �O�L�I�H�W�L�P�H �R�I �D �S�U�R�M�H�F�W�� �D�Q�G �D�U�H �R�I�W�H�Q �F�D�O�O�H�G �2�S�H�U�D�W�L�R�Q �D�Q�G
�0�D�L�Q�W�H�Q�D�Q�F�H �F�R�V�W�V ���2�	�0�� �U�H�I�H�U�U�L�Q�J �W�R �W�K�H �E�L�J�J�H�V�W �F�R�Q�W�U�L�E�X�W�L�Q�J �I�D�F�W�R�U�V�� �2�3�(�; �L�V �W�\�S�L�F�D�O�O�\ �H�[�S�U�H�V�V�H�G �D�V
�D�Q �D�Q�Q�X�D�O �F�R�V�W�V �H�T�X�D�O �W�R �D �V�H�W �S�H�U�F�H�Q�W�D�J�H �R�I �&�$�3�(�;�� �6�D�O�Y�D�J�H �Y�D�O�X�H �L�V �W�K�H �U�H�P�D�L�Q�L�Q�J �H�F�R�Q�R�P�L�F �Y�D�O�X�H
�R�I �D �F�R�P�S�R�Q�H�Q�W �D�W �W�K�H �H�Q�G �R�I �L�W�V �H�F�R�Q�R�P�L�F �O�L�I�H�W�L�P�H�� �7�K�L�V �L�V �D�V�V�X�P�H�G �W�R �E�H ������ �D�Q�G �L�V �V�X�E�W�U�D�F�W�H�G �L�Q �W�K�H
�I�L�Q�D�O �\�H�D�U �R�I �W�K�H �F�R�P�S�R�Q�H�Q�W�V �O�L�I�H�W�L�P�H�� �7�K�H �F�R�V�W�V �L�Q �\�H�D�Uj �D�U�H �D�F�T�X�L�U�H�G �E�\ �V�X�P�P�L�Q�J �W�K�H �&�$�3�(�;�� �2�3�(�;
�D�Q�G �6�D�O�Y�D�J�H �9�D�O�X�H �I�R�U �\�H�D�Uj �R�I �D�O�O �F�R�P�S�R�Q�H�Q�W�Vc

Cj =
cX

CAPEX j;c + OPEX j;c � SV j; c ����������

�$�Q �H�F�R�Q�R�P�L�F�D�O �D�V�V�H�V�V�P�H�Q�W �L�V �L�P�S�R�U�W�D�Q�W �W�R �W�H�V�W �W�K�H �I�H�D�V�L�E�L�O�L�W�\ �R�I �D �S�U�R�M�H�F�W�� �+�R�Z�H�Y�H�U �W�K�H �L�P�S�D�F�W �R�I
�D �S�U�R�M�H�F�W �R�Q �W�K�H �Z�R�U�O�G �V�K�R�X�O�G �Q�R�W �E�H �I�R�U�J�R�W�W�H�Q�� �$ �/�L�I�H �&�\�F�O�H �$�V�V�H�V�V�P�H�Q�W ���/�&�$�� �F�D�Q �E�H �S�H�U�I�R�U�P�H�G�� �W�R
�D�V�V�H�V�V �W�K�H �L�P�S�D�F�W �R�I �D �J�L�Y�H�Q �S�U�R�M�H�F�W �R�Y�H�U �L�W�V �O�L�I�H �F�\�F�O�H�� �7�K�L�V �L�V �H�[�S�O�D�L�Q�H�G �L�Q �W�K�H �F�R�P�L�Q�J �F�K�D�S�W�H�U��



�������� �0�M�J�I �'�]�G�P�I �%�W�W�I�W�W�Q�I�R�X ����

���������0�M�J�I �'�]�G�P�I �%�W�W�I�W�W�Q�I�R�X
�$ �/�L�I�H �&�\�F�O�H �$�V�V�H�V�V�P�H�Q�W �L�V �S�H�U�I�R�U�P�H�G �W�R �D�V�V�H�V�V �W�K�H �L�P�S�D�F�W �R�I �D �S�U�R�M�H�F�W �R�Y�H�U �L�W�V �O�L�I�H�W�L�P�H�� �7�K�L�V �L�P�S�D�F�W
�F�D�Q �E�H �P�D�Q�\ �W�K�L�Q�J�V�� �U�D�Q�J�L�Q�J �I�U�R�P �K�X�P�D�Q �W�R�[�L�F�L�W�\�� �W�R �V�R�F�L�D�O �L�Q�M�X�V�W�L�F�H�� �,�Q �W�K�L�V �U�H�S�R�U�W �W�K�H �L�P�S�D�F�W �R�Q �F�O�L�P�D�W�H
�F�K�D�Q�J�H �L�V �U�H�V�H�D�U�F�K�H�G�� �$�V�V�H�V�V�L�Q�J �W�K�H �L�P�S�D�F�W �R�Q �F�O�L�P�D�W�H �F�K�D�Q�J�H �L�V �L�P�S�R�U�W�D�Q�W �L�Q �D�Q �H�W�K�L�F�D�O �V�H�Q�V�H�� �D�V
�W�K�H �Q�H�J�D�W�L�Y�H �L�Q�I�O�X�H�Q�F�H �R�I �D �S�U�R�G�X�F�W �R�Q �W�K�H �Z�R�U�O�G �V�K�R�X�O�G �E�H �U�H�G�X�F�H�G�� �E�X�W �L�W �L�V �D�O�V�R �L�P�S�R�U�W�D�Q�W �L�Q �D �S�U�R�M�H�F�W
�I�H�D�V�L�E�L�O�L�W�\ �V�H�Q�V�H�� �$�W �U�H�T�X�H�V�W �R�I �W�K�H �(�X�U�R�S�H�D�Q �&�R�P�P�L�V�V�L�R�Q�� �D �K�\�G�U�R�J�H�Q �F�H�U�W�L�I�L�F�D�W�L�R�Q �V�F�K�H�P�H �Z�D�V �L�Q�L�W�L�D�W�H�G
�F�D�O�O�H�G �&�H�U�W�L�I�+�\�Œ �>���@�� �$�F�F�R�U�G�L�Q�J �W�R �W�K�L�V �F�H�U�W�L�I�L�F�D�W�L�R�Q�� �J�U�H�H�Q �K�\�G�U�R�J�H�Q �L�V �G�H�I�L�Q�H�G �D�V �K�\�G�U�R�J�H�Q �R�U�L�J�L�Q�D�W�L�Q�J
�I�U�R�P �U�H�Q�H�Z�D�E�O�H �V�R�X�U�F�H�V �D�V �G�H�I�L�Q�H�G �L�Q �W�K�H �5�H�Q�H�Z�D�E�O�H �(�Q�H�U�J�\ �'�L�U�H�F�W�L�Y�H ���5�(�'�,�,�� �Z�L�W�K �D �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W
���&�)�� �V�P�D�O�O�H�U �W�K�D�Q36:4 g CO2e/ MJ (LHV ) �R�U4:4 kg CO2e/ kg H2�� �7�K�H �H�P�L�V�V�L�R�Q�V �V�K�R�X�O�G �F�R�Q�V�L�G�H�U �D�O�O
�S�U�R�G�X�F�W�L�R�Q �V�W�D�J�H�V �U�H�T�X�L�U�H�G �I�R�U ���������� �S�X�U�L�W�\ �D�Q�G �Z�L�W�K �D �G�H�O�L�Y�H�U�\ �S�U�H�V�V�X�U�H �R�I ���� �E�D�U�� �7�K�L�V �G�H�I�L�Q�L�W�L�R�Q �L�V
�E�D�V�H�G �R�Q �D ������ �U�H�G�X�F�W�L�R�Q �Z�L�W�K �U�H�V�S�H�F�W �W�R �W�K�H �6�W�H�D�P �0�H�W�K�D�Q�H �5�H�I�R�U�P�L�Q�J ���6�0�5�� �S�U�R�F�H�V�V ���V�H�F�W�L�R�Q �$������
�Z�L�W�K �D �&�) �R�I91 g CO2e/ MJ (LHV ) �R�U10:9 kg CO2e/ kg H2�� �,�I �\�R�X �F�D�Q�Q�R�W �F�R�P�S�O�\ �W�R �W�K�L�V �V�W�D�Q�G�D�U�G�� �W�K�H
�S�U�R�G�X�F�W �Z�L�O�O �Q�R�W �E�H �V�D�O�D�E�O�H �D�Q�G �W�K�H�U�H �Z�L�O�O �E�H �Q�R �E�X�V�L�Q�H�V�V �F�D�V�H �W�R �V�X�S�S�R�U�W �W�K�H �S�U�R�M�H�F�W��

�������������0�M�J�I �'�]�G�P�I �%�W�W�I�W�W�Q�I�R�X �7�X�E�R�H�E�V�H
�7�K�H �I�L�U�V�W �/�&�$ �Z�D�V �S�H�U�I�R�U�P�H�G �L�Q �������� �E�\ �W�K�H �6�R�F�L�H�W�\ �R�I �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O �7�R�[�L�F�R�O�R�J�\ �D�Q�G �&�K�H�P�L�V�W�U�\ �>���@�� �7�K�H
�P�H�W�K�R�G �K�D�V �E�H�H�Q �L�P�S�U�R�Y�H�G �R�Y�H�U �W�K�H �\�H�D�U�V �D�Q�G �L�V �Q�R�Z �V�W�D�Q�G�D�U�G�L�V�H�G �E�\ �W�K�H �,�Q�W�H�U�Q�D�W�L�R�Q�D�O �2�U�J�D�Q�L�V�D�W�L�R�Q
�R�I �6�W�D�Q�G�D�U�G�L�V�D�W�L�R�Q�� �X�Q�G�H�U �,�6�2 �������������������� �D�Q�G ���������������������� �&�H�U�W�L�I�+�\ �Œ�Z�R�U�N�V �Z�L�W�K �,�6�2 ������������ �Z�K�L�F�K
�L�V �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�K �,�6�2 ���������� �D�Q�G ������������ �7�K�H �/�&�$ �S�U�R�F�H�V�V �L�V �V�S�O�L�W �X�S �L�Q �I�R�X�U �S�K�D�V�H�V �>���� �@�� �,�Q �P�R�V�W �/�&�$�¶�V
�W�K�H�U�H �Z�L�O�O �E�H �P�X�O�W�L�S�O�H �L�W�H�U�D�W�L�R�Q�V �R�Q �W�K�H�V�H �S�K�D�V�H�V��

�4�L�E�W�I ���� �+�S�E�P �E�R�H �W�G�S�T�I �H�I�h�R�M�X�M�S�R
�,�Q �W�K�H �I�L�U�V�W �S�K�D�V�H �R�I �D�Q �/�&�$�� �W�K�H �J�R�D�O �D�Q�G �V�F�R�S�H �D�U�H �G�H�I�L�Q�H�G�� �7�K�L�V �L�V �G�R�Q�H �V�X�F�K �W�K�D�W �W�K�H �F�K�R�L�F�H�V �D�Q�G
�D�V�V�X�P�S�W�L�R�Q�V �G�X�U�L�Q�J �W�K�H �S�U�R�F�H�V�V �F�D�Q �E�H �X�Q�G�H�U�V�W�R�R�G�� �$�Q �L�P�S�R�U�W�D�Q�W �V�W�H�S �L�V �W�K�H �G�H�I�L�Q�L�W�L�R�Q �R�I �W�K�H �)�X�Q�F�W�L�R�Q�D�O
�8�Q�L�W ���)�8���� �7�K�H �W�R�W�D�O �H�P�L�V�V�L�R�Q�V �R�I �D �S�U�R�F�H�V�V �D�U�H �G�L�V�W�U�L�E�X�W�H�G �D�O�R�Q�J �W�K�H�V�H �I�X�Q�F�W�L�R�Q�D�O �X�Q�L�W�V�� �W�K�L�V �Z�D�\ �L�W �L�V
�H�D�V�\ �W�R �F�R�P�S�D�U�H �G�L�I�I�H�U�H�Q�W �S�U�R�F�H�V�V�H�V�� �7�K�H �)�8 �V�S�H�F�L�I�L�H�G �E�\ �&�H�U�W�L�I�+�\ �Œ�L�V ���N�J �R�I �K�\�G�U�R�J�H�Q �D�W ���� �E�D�U
�D�Q�G �D�W �D �S�X�U�L�W�\ �R�I ������������ �,�W �L�V �D�O�V�R �F�R�P�P�R�Q �S�U�D�F�W�L�F�H �W�R �G�H�I�L�Q�H �D �S�U�R�F�H�V�V �I�O�R�Z �L�Q �W�K�H �)�8�� �&�R�P�S�D�U�L�Q�J
�D �S�U�R�F�H�V�V �W�K�D�W �S�U�R�G�X�F�H�V �� �N�J �R�I �K�\�G�U�R�J�H�Q �Y�V �R�Q�H �W�K�D�W �S�U�R�G�X�F�H�V ������ �N�W�R�Q �L�V �R�I �O�L�W�W�O�H �Y�D�O�X�H�� �7�K�H �V�F�R�S�H
�G�H�I�L�Q�L�W�L�R�Q �P�X�V�W �L�Q�F�O�X�G�H �D �G�H�V�F�U�L�S�W�L�R�Q �R�I �D�O�O �S�U�R�F�H�V�V�H�V �W�K�D�W �W�U�D�Q�V�I�R�U�P �W�K�H �L�Q�S�X�W�V �R�I �W�K�H �V�\�V�W�H�P�� �L�Q�W�R �W�K�H
�R�X�W�S�X�W�V�� �7�K�H �P�R�V�W �F�R�P�P�R�Q �V�F�R�S�H�V �D�U�H �G�H�V�F�U�L�E�H�G �E�H�O�R�Z��

� �&�U�D�G�O�H���W�R���J�U�D�Y�H�� �7�K�L�V �V�F�R�S�H �V�W�D�U�W�V �D�W �W�K�H �H�[�W�U�D�F�W�L�R�Q �R�I �U�D�Z �P�D�W�H�U�L�D�O�V�� �D�Q�G �I�R�O�O�R�Z�V �W�K�H �S�U�R�G�X�F�W �D�O�O
�W�K�H �Z�D�\ �W�R �W�K�H �G�L�V�S�R�V�D�O �R�I �W�K�H �S�U�R�G�X�F�W��

� �&�U�D�G�O�H���W�R���J�D�W�H�� �)�R�U �W�K�L�V �V�F�R�S�H�� �W�K�H �S�U�R�G�X�F�W �D�V�V�H�V�V�P�H�Q�W �L�V �F�R�Q�F�O�X�G�H�G �Z�K�H�Q �L�W �O�H�D�Y�H�V �W�K�H �S�U�R�F�H�V�V
�V�W�H�S �L�Q �W�K�H �O�L�I�H���F�\�F�O�H�� �%�\ �H�[�F�O�X�G�L�Q�J �W�U�D�Q�V�S�R�U�W�D�W�L�R�Q�� �X�V�D�J�H �D�Q�G �G�L�V�S�R�V�D�O�� �W�K�H �/�&�$ �L�V �V�L�P�S�O�L�I�L�H�G
�V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �7�K�L�V �V�F�R�S�H �S�U�R�Y�L�G�H�V �L�Q�V�L�J�K�W�V �I�R�U �L�Q�W�H�U�Q�D�O �S�U�R�F�H�V�V�H�V �R�I �D �S�U�R�G�X�F�W�L�R�Q �I�D�F�L�O�L�W�\ �D�Q�G �Z�L�O�O
�S�U�R�G�X�F�H �U�H�V�X�O�W�V �T�X�L�F�N�O�\��

� �*�D�W�H���W�R���J�D�W�H�� �:�K�H�Q �D �S�U�R�G�X�F�W �X�Q�G�H�U�J�R�H�V �D �Y�D�U�L�H�W�\ �R�I �Y�D�O�X�H���D�G�G�L�Q�J �V�W�H�S�V�� �L�W �F�D�Q �E�H �K�H�O�S�I�X�O �W�R �K�L�J�K��
�O�L�J�K�W �D �V�S�H�F�L�I�L�F �S�D�U�W �R�I �W�K�H �S�U�R�F�H�V�V �E�\ �D�V�V�H�V�V�L�Q�J �R�Q�H �R�I �W�K�H�V�H �Y�D�O�X�H���D�G�G�L�Q�J �V�W�H�S�V �L�Q �W�K�H �S�U�R�G�X�F�W�L�R�Q
�F�K�D�L�Q��

� �:�H�O�O���W�R���Z�K�H�H�O�� �7�K�L�V �L�V �D �V�S�H�F�L�D�O �V�\�V�W�H�P �E�R�X�Q�G�D�U�\ �V�S�H�F�L�I�L�F�D�O�O�\ �I�R�U �H�Q�H�U�J�\ �F�D�U�U�L�H�U�V �L�Q �W�U�D�Q�V�S�R�U�W�D�W�L�R�Q��
�,�W �L�Q�F�O�X�G�H�V �D�O�O �S�U�R�F�H�V�V�H�V �R�I �H�[�W�U�D�F�W�L�R�Q �R�I �U�D�Z �P�D�W�H�U�L�D�O�V�� �X�Q�W�L�O �W�K�H �X�V�H �D�V �I�X�H�O��

�7�K�H �V�F�R�S�H �V�K�R�X�O�G �L�Q�F�O�X�G�H �Z�K�D�W �U�H�J�L�R�Q�� �Z�K�D�W �W�L�P�H �S�H�U�L�R�G �D�Q�G �Z�K�D�W �L�P�S�D�F�W �F�D�W�H�J�R�U�L�H�V �D�U�H �D�V�V�H�V�V�H�G��
�7�K�H �L�P�S�D�F�W �F�D�W�H�J�R�U�\ �F�O�L�P�D�W�H �F�K�D�Q�J�H �L�V �W�\�S�L�F�D�O�O�\ �H�[�S�U�H�V�V�H�G �D�V �W�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �L�Q �>kg CO2/ kg H2�@��
�7�K�H �&�) �L�V �F�D�O�F�X�O�D�W�H�G �L�Q�(�T�X�D�W�L�R�Q �������E�\ �G�L�Y�L�G�L�Q�J �W�K�H �O�L�I�H�W�L�P�H �H�P�L�V�V�L�R�Q�VE life �E�\ �W�K�H �O�L�I�H�W�L�P�H �S�U�R�G�X�F�W�L�R�Q
M total �R�I �W�K�H �S�U�R�F�H�V�V��

CF =
E life

M total
����������

�4�L�E�W�I ���� �-�R�Z�I�R�X�S�V�] �S�J �M�R�T�Y�X�W �E�R�H �S�Y�X�T�Y�X�W
�7�K�H �Q�H�[�W �S�K�D�V�H �L�V �W�K�H �L�Q�Y�H�Q�W�R�U�\ �R�I �L�Q�S�X�W�V �D�Q�G �R�X�W�S�X�W�V�� �,�Q �W�K�L�V �S�K�D�V�H�� �W�K�H �L�Q�S�X�W�V �D�Q�G �R�X�W�S�X�W�V �D�U�H �P�D�S�S�H�G
�R�X�W �L�Q �D�Q �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O �V�H�Q�V�H�� �,�Q�S�X�W�V �D�U�H �P�D�W�H�U�L�D�O�V �W�D�N�H�Q �I�U�R�P �W�K�H �H�Q�Y�L�U�R�Q�P�H�Q�W �L�Q �R�U�G�H�U �W�R �S�U�R�G�X�F�H
�W�K�H �S�U�R�G�X�F�W�� �D�Q�G �W�K�H �R�X�W�S�X�W�V �D�U�H �D�O�O �H�P�L�V�V�L�R�Q�V �D�Q�G �Z�D�V�W�H �V�W�U�H�D�P�V�� �7�K�H�V�H �L�Q�S�X�W�V �D�Q�G �R�X�W�S�X�W�V �D�U�H �W�K�H�Q
�P�D�S�S�H�G �R�X�W �E�\ �F�R�Q�V�W�U�X�F�W�L�Q�J �D �I�O�R�Z �G�L�D�J�U�D�P�� �:�K�H�Q �D�O�O �I�O�R�Z�V �D�U�H �P�D�S�S�H�G �R�X�W�� �G�D�W�D �F�D�Q �E�H �F�R�O�O�H�F�W�H�G �W�R



�������� �0�M�J�I �'�]�G�P�I �%�W�W�I�W�W�Q�I�R�X ����

�D�V�V�H�V�V �W�K�H �L�P�S�D�F�W �R�I �D�O�O �W�K�H �L�Q�S�X�W�V �D�Q�G �R�X�W�S�X�W�V�� �7�K�L�V �G�D�W�D �F�D�Q �E�H �F�R�O�O�H�F�W�H�G �I�U�R�P �/�&�$ �G�D�W�D�E�D�V�H�V�� �S�D�V�W
�V�W�X�G�L�H�V �R�U �R�W�K�H�U �O�L�W�H�U�D�W�X�U�H�� �7�K�H �L�Q�Y�H�Q�W�R�U�\ �S�K�D�V�H �L�V �W�\�S�L�F�D�O�O�\ �F�R�Q�F�O�X�G�H�G �E�\ �D �F�K�D�U�W�� �O�L�V�W�L�Q�J �D�O�O �I�O�R�Z�V �D�Q�G
�U�H�O�D�W�H�G �T�X�D�Q�W�L�W�L�H�V��

�4�L�E�W�I ���� �-�Q�T�E�G�X �E�W�W�I�W�W�Q�I�R�X
�,�Q �W�K�H �L�P�S�D�F�W �D�V�V�H�V�V�P�H�Q�W �S�K�D�V�H�� �W�K�H �I�O�R�Z�V �R�I �W�K�H �S�U�H�Y�L�R�X�V �S�K�D�V�H �D�U�H �D�V�V�H�V�V�H�G �D�F�F�R�U�G�L�Q�J �W�R �W�K�H �V�H��
�O�H�F�W�H�G �L�P�S�D�F�W �F�D�W�H�J�R�U�L�H�V�� �)�R�U �D �F�O�L�P�D�W�H �F�K�D�Q�J�H �D�V�V�H�V�V�P�H�Q�W�� �W�K�L�V �P�H�D�Q�V �W�K�D�W �D�O�O �I�O�R�Z�V �Z�L�O�O �E�H �F�R�Q�Y�H�U�W�H�G
�W�RCO2 �H�T�X�L�Y�D�O�H�Q�F�H�� �%�\ �S�U�H�V�H�Q�W�L�Q�J �W�K�H �L�P�S�D�F�W �R�I �G�L�I�I�H�U�H�Q�W �S�D�U�W�V �R�I �W�K�H �S�U�R�F�H�V�V �V�H�S�D�U�D�W�H�O�\�� �W�K�H �E�L�J�J�H�V�W
�F�R�Q�W�U�L�E�X�W�R�U�V �W�R �W�K�H �R�Y�H�U�D�O�O �L�P�S�D�F�W �F�D�Q �E�H �L�G�H�Q�W�L�I�L�H�G�� �D�Q�G �V�X�E�V�H�T�X�H�Q�W�O�\ �E�H �G�H�D�O�W �Z�L�W�K��
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�Z�H�U�H �V�L�J�Q�H�G �>���� �@ �L�Q ���������� �V�L�J�Q�L�I�\�L�Q�J �W�K�H �V�H�U�L�R�X�V �L�Q�W�H�U�H�V�W �R�I �W�K�H �J�R�Y�H�U�Q�P�H�Q�W��
�D�Q�G �W�K�H �D�F�W�L�Y�H �U�R�O�H �L�W �S�O�D�\�V �L�Q �V�X�S�S�R�U�W�L�Q�J �W�K�H �E�X�L�O�G���X�S �R�I �D �K�\�G�U�R�J�H�Q �H�F�R�Q�R�P�\��
�2�P�D�Q �L�V �D �Y�H�U�\ �S�U�R�P�L�V�L�Q�J �O�R�F�D�W�L�R�Q �G�X�H �W�R �W�K�H �K�L�J�K �U�H�Q�H�Z�D�E�O�H �H�Q�H�U�J�\ �\�L�H�O�G�V
�W�K�D�W �F�D�Q �E�H �D�F�K�L�H�Y�H�G�� �,�Q�)�L�J�X�U�H ���������W�K�H �K�R�X�U�O�\ �&�D�S�D�F�L�W�\ �I�D�F�W�R�U�V��Cf �I�R�U
�E�R�W�K �V�R�O�D�U �D�Q�G �Z�L�Q�G �D�U�H �G�L�V�S�O�D�\�H�G �R�Y�H�U �D �� �\�H�D�U �W�L�P�H���S�H�U�L�R�G�� �$ �]�R�R�P�H�G
�L�Q �Y�H�U�V�L�R�Q �L�V �V�K�R�Z �L�Q�)�L�J�X�U�H ���������W�R �F�O�H�D�U�O�\ �V�K�R�Z �W�K�H �G�D�\���Q�L�J�K�W �I�O�X�F�W�X�D�W�L�R�Q�V��
�7�K�H �F�D�S�D�F�L�W�\ �I�D�F�W�R�U �I�R�U �V�R�O�D�U �L�V �K�L�J�K �W�K�U�R�X�J�K�R�X�W �W�K�H �\�H�D�U�� �Z�L�W�K �D �V�P�D�O�O �G�L�S
�L�Q �V�X�P�P�H�U�� �7�K�H �Z�L�Q�G �S�U�R�I�L�O�H �L�V �Y�H�U�\ �O�R�Z �L�Q �W�K�H �P�D�M�R�U�L�W�\ �R�I �W�K�H �\�H�D�U�� �Z�L�W�K �D
�E�L�J �S�H�D�N �H�Y�H�U�\ �V�X�P�P�H�U�� �7�K�L�V �F�D�Q �E�H �X�V�H�G �W�R �G�D�P�S�H�Q �W�K�H �G�L�S �L�Q �W�K�H �V�R�O�D�U
�S�U�R�I�L�O�H��

�)�L�J�X�U�H �����������:�H�D�W�K�H�U �S�U�R�I�L�O�H�V�� �'�X�T�P�� �7�K�H �J�U�D�S�K�V �V�K�R�Z �W�K�H �F�D�S�D�F�L�W�\ �I�D�F�W�R�U �R�I �V�R�O�D�U �D�Q�G �Z�L�Q�G �H�Q�H�U�J�\ �I�R�U �H�Y�H�U�\ �K�R�X�U �I�U�R�P
�-�D�Q�X�D�U�\ �������� �W�R �-�D�Q�X�D�U�\ ����������

�+�V�S�R�M�R�K�I�R �� �8�L�I �2�I�X�L�I�V�P�E�R�H�W
�$ �V�H�F�R�Q�G �L�Q�W�H�U�H�V�W�L�Q�J �O�R�F�D�W�L�R�Q �L�V �*�U�R�Q�L�Q�J�H�Q�� �W�K�H �1�H�W�K�H�U�O�D�Q�G�V�� �7�K�H �*�U�R�Q�L�Q�J�H�Q �U�H�J�L�R�Q �L�V �P�D�U�N�H�G �E�\ �W�K�H
�(�X�U�R�S�H�D�Q �8�Q�L�R�Q �D�V �R�Q�H �R�I �W�K�H �X�Q�L�R�Q�V �+�\�G�U�R�J�H�Q �9�D�O�O�H�\�V �>���� �@�� �7�K�L�V �P�H�D�Q�V �W�K�D�W �W�K�H�U�H �L�V �V�W�U�R�Q�J �P�R�W�L�Y�D�W�L�R�Q��
�D�Q�G �V�X�E�V�L�G�L�V�D�W�L�R�Q�� �I�R�U �V�H�W�W�L�Q�J �X�S �O�D�U�J�H���V�F�D�O�H �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q�� �*�U�R�Q�L�Q�J�H�Q �L�V �V�H�O�H�F�W�H�G �E�H�F�D�X�V�H �R�I
�W�K�H �S�U�H�V�H�Q�W �Z�L�Q�G �I�D�U�P�V�� �D�Q�G �W�K�H �J�U�L�G �F�R�Q�Q�H�F�W�L�R�Q�V �W�R �1�R�U�Z�D�\ �D�Q�G �'�H�Q�P�D�U�N�� �Z�K�R �R�F�F�D�V�L�R�Q�D�O�O�\ �V�S�L�O�O �R�Y�H�U
�W�K�H�L�U �U�H�V�L�G�X�D�O �J�U�H�H�Q �H�Q�H�U�J�\ �W�R �W�K�H �1�H�W�K�H�U�O�D�Q�G�V�� �7�K�H�U�H �L�V �D�O�V�R �D �O�D�U�J�H �S�R�W�H�Q�W�L�D�O �I�R�U �X�Q�G�H�U�J�U�R�X�Q�G �K�\�G�U�R�J�H�Q
�V�W�R�U�D�J�H �>���� �@�� �7�K�H �V�R�O�D�U �\�L�H�O�G �L�Q �*�U�R�Q�L�Q�J�H�Q �L�V �O�R�Z�� �H�V�S�H�F�L�D�O�O�\ �L�Q �Z�L�Q�W�H�U�� �E�X�W �W�K�L�V �F�R�X�O�G �E�H �F�R�P�S�H�Q�V�D�W�H�G
�E�\ �W�K�H �K�L�J�K �S�R�W�H�Q�W�L�D�O �R�I �R�I�I�V�K�R�U�H �Z�L�Q�G �D�V �G�L�V�S�O�D�\�H�G �L�Q�)�L�J�X�U�H ����������

�)�L�J�X�U�H �����������:�H�D�W�K�H�U �S�U�R�I�L�O�H�V�� �*�U�R�Q�L�Q�J�H�Q�� �7�K�H �J�U�D�S�K�V �V�K�R�Z �W�K�H �F�D�S�D�F�L�W�\ �I�D�F�W�R�U �R�I �V�R�O�D�U �D�Q�G �Z�L�Q�G �H�Q�H�U�J�\ �I�R�U �H�Y�H�U�\ �K�R�X�U �I�U�R�P
�-�D�Q�X�D�U�\ �������� �W�R �-�D�Q�X�D�U�\ ����������



�������� �8�I�W�X �P�S�G�E�X�M�S�R�W ����

�(�E�O�L�P�E �� �;�I�W�X�I�V�R �7�E�L�E�V�E
�7�K�H �O�D�V�W �D�U�H�D �R�I �L�Q�W�H�U�H�V�W �L�V �W�K�H �D�U�H�D �D�U�R�X�Q�G �'�D�N�K�O�D�� �L�Q �:�H�V�W�H�U�Q �6�D�K�D�U�D�� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O�O�\ �W�K�L�V �D�U�H�D �L�V
�U�H�J�D�U�G�H�G �D�V �R�Q�H �R�I �W�K�H �F�K�H�D�S�H�V�W �O�R�F�D�W�L�R�Q�V �W�R �S�U�R�G�X�F�H �K�\�G�U�R�J�H�Q�� �Z�L�W�K �V�L�P�L�O�D�U �U�H�D�V�R�Q�V �D�V �'�X�T�P�� �D�E�X�Q��
�G�D�Q�W �V�S�D�F�H�� �V�X�Q �D�Q�G �Z�L�Q�G �>���� �@�� �0�R�U�R�F�F�R�� �Z�K�L�F�K �F�R�Q�W�U�R�O�V �W�K�H �D�U�H�D�� �K�D�V �D�Q �D�P�E�L�W�L�R�X�V �Q�D�W�L�R�Q�D�O �K�\�G�U�R�J�H�Q
�V�W�U�D�W�H�J�\�� �Z�L�W�K �W�K�H �D�L�P �R�Q �W�K�H �V�K�R�U�W �W�H�U�Q �W�R �U�H�G�X�F�H �S�U�R�G�X�F�W�L�R�Q �F�R�V�W�V�� �L�Q �R�U�G�H�U �W�R �V�X�S�S�O�\ �F�R�X�Q�W�U�L�H�V �Z�L�W�K
�D�P�E�L�W�L�R�X�V �G�H�F�D�U�E�R�Q�L�V�D�W�L�R�Q �J�R�D�O�V �>���� �@�� �2�Q �W�K�H �O�R�Q�J �W�H�U�P �W�K�H �D�L�P �L�V �J�O�R�E�D�O �W�U�D�G�H �D�Q�G �G�H�F�D�U�E�R�Q�L�V�D�W�L�R�Q �R�I
�L�W�V �R�Z�Q �L�Q�G�X�V�W�U�\�� �K�H�D�W�L�Q�J �D�Q�G �W�U�D�Q�V�S�R�U�W�� �7�K�H �V�R�O�D�U �D�Q�G �Z�L�Q�G �\�L�H�O�G�V �F�D�Q �E�H �V�H�H�Q �L�Q�)�L�J�X�U�H ���������� �+�H�U�H
�\�R�X �F�D�Q �V�H�H �W�K�D�W �E�R�W�K �Z�L�Q�G �D�Q�G �V�R�O�D�U �H�Q�H�U�J�\ �S�U�R�G�X�F�H �F�R�Q�V�L�V�W�H�Q�W�O�\ �W�K�U�R�X�J�K�R�X�W �W�K�H �\�H�D�U��

�)�L�J�X�U�H �����������:�H�D�W�K�H�U �S�U�R�I�L�O�H�V�� �'�D�N�K�O�D�� �7�K�H �J�U�D�S�K�V �V�K�R�Z �W�K�H �F�D�S�D�F�L�W�\ �I�D�F�W�R�U �R�I �V�R�O�D�U �D�Q�G �Z�L�Q�G �H�Q�H�U�J�\ �I�R�U �H�Y�H�U�\ �K�R�X�U �I�U�R�P
�-�D�Q�X�D�U�\ �������� �W�R �-�D�Q�X�D�U�\ ����������

�.�H�\ �W�D�N�H�D�Z�D�\�V �7�H�V�W �/�R�F�D�W�L�R�Q�V

I �7�K�H �V�R�O�D�U �S�U�R�I�L�O�H �L�Q �'�X�T�P �G�L�V�S�O�D�\�V �K�L�J�K �S�R�W�H�Q�W�L�D�O �W�K�U�R�X�J�K�R�X�W �W�K�H �\�H�D�U �Z�L�W�K �D �V�P�D�O�O �G�L�S �L�Q �W�K�H
�V�X�P�P�H�U�� �7�K�H �Z�L�Q�G �S�R�W�H�Q�W�L�D�O �L�V �U�H�O�D�W�L�Y�H�O�\ �O�R�Z�� �E�X�W �G�L�V�S�O�D�\�V �D �S�H�D�N �L�Q �W�K�H �V�X�P�P�H�U �P�R�Q�W�K�V��

I �7�K�H �V�R�O�D�U �S�U�R�I�L�O�H �R�I �*�U�R�Q�L�Q�J�H�Q �V�K�R�Z�V �O�R�Z �S�R�W�H�Q�W�L�D�O �L�Q �Z�L�Q�W�H�U�� �D�Q�G �L�Q�F�R�Q�V�L�V�W�H�Q�W �E�H�K�D�Y�L�R�X�U �G�X�U��
�L�Q�J �W�K�H �U�H�V�W �R�I �W�K�H �\�H�D�U�� �7�K�H �Z�L�Q�G �S�U�R�I�L�O�H �L�V �U�H�O�D�W�L�Y�H�O�\ �V�W�D�E�O�H �D�Q�G �V�K�R�Z�V �K�L�J�K �S�R�W�H�Q�W�L�D�O��

I �%�R�W�K �W�K�H �Z�L�Q�G �D�Q�G �V�R�O�D�U �S�U�R�I�L�O�H�V �L�Q �'�D�N�K�O�D �G�L�V�S�O�D�\ �K�L�J�K �D�Q�G �F�R�Q�V�L�V�W�H�Q�W �Z�H�D�W�K�H�U �W�K�U�R�X�J�K�R�X�W
�W�K�H �\�H�D�U��



��
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�,�Q �W�K�L�V �F�K�D�S�W�H�U �W�K�H �P�H�W�K�R�G�R�O�R�J�\ �L�V �G�H�V�F�U�L�E�H�G �W�K�D�W �L�V �X�V�H�G �W�R �L�Q�Y�H�V�W�L�J�D�W�H �W�K�H �L�Q�I�O�X�H�Q�F�H �R�I �Z�H�D�W�K�H�U �S�D�W��
�W�H�U�Q�V �R�Q �W�K�H �G�H�V�L�J�Q �R�I �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q �S�D�W�K�Z�D�\�V�� �)�L�U�V�W�� �L�Q�V�H�F�W�L�R�Q �������� �W�K�H �V�F�R�S�H �R�I �W�K�H �U�H�V�H�D�U�F�K
�L�V �G�H�I�L�Q�H�G�� �D�I�W�H�U �Z�K�L�F�K �W�Z�R �N�H�\ �S�H�U�I�R�U�P�D�Q�F�H �L�Q�G�L�F�D�W�R�U�V �D�U�H �G�H�I�L�Q�H�G �W�R �H�[�S�U�H�V�V �W�K�H �F�D�U�E�R�Q �D�Q�G �F�R�V�W �S�H�U��
�I�R�U�P�D�Q�F�H �R�I �W�K�H �G�L�I�I�H�U�H�Q�W �F�R�Q�I�L�J�X�U�D�W�L�R�Q�V�� �$ �Z�L�G�H �U�D�Q�J�H �R�I �V�F�H�Q�D�U�L�R�V �D�U�H �S�X�W �W�R�J�H�W�K�H�U�� �E�\ �F�R�P�E�L�Q�L�Q�J
�W�K�H �W�K�U�H�H �G�L�I�I�H�U�H�Q�W �S�U�R�G�X�F�W�L�R�Q �O�R�F�D�W�L�R�Q�V�� �Z�L�W�K �W�K�U�H�H �W�\�S�H�V �R�I �3�9 �P�R�G�X�O�H�V �D�Q�G �W�Z�R �W�\�S�H�V �R�I �H�O�H�F�W�U�R�O�\�V�H�U�V��
�7�R �H�I�I�L�F�L�H�Q�W�O�\ �H�Y�D�O�X�D�W�H �W�K�H�V�H �V�F�H�Q�D�U�L�R�V�� �D�Q �R�S�W�L�P�L�V�D�W�L�R�Q �P�R�G�H�O �L�V �F�R�Q�V�W�U�X�F�W�H�G�� �7�K�L�V �P�R�G�H�O �L�V �G�H�V�F�U�L�E�H�G
�V�W�H�S���E�\���V�W�H�S �L�Q�V�H�F�W�L�R�Q �������� �)�L�Q�D�O�O�\�� �D �V�H�Q�V�L�W�L�Y�L�W�\ �D�Q�D�O�V�\�V�L�V �L�V �S�H�U�I�R�U�P�H�G �W�R �W�H�V�W �W�K�H �L�Q�I�O�X�H�Q�F�H �R�I �G�L�I�I�H�U�H�Q�W
�G�H�I�L�Q�L�Q�J �I�D�F�W�R�U�V�� �7�K�H�V�H �I�D�F�W�R�U�V �D�U�H �S�U�H�V�H�Q�W�H�G �L�Q�V�H�F�W�L�R�Q ��������

�)�L�J�X�U�H ���������0�H�W�K�R�G �V�W�U�X�F�W�X�U�H �R�Y�H�U�Y�L�H�Z��

���������7�G�S�T�I �H�I�h�R�M�X�M�S�R
�7�K�H �J�R�D�O �R�I �W�K�L�V �U�H�V�H�D�U�F�K �L�V �W�R �V�K�H�G �O�L�J�K�W �R�Q �W�K�H �W�U�D�G�H���R�I�I �E�H�W�Z�H�H�Q �W�K�H �F�D�U�E�R�Q �H�P�L�V�V�L�R�Q�V �D�Q�G �W�K�H �F�R�V�W�V �R�I
�G�L�I�I�H�U�H�Q�W �O�D�U�J�H���V�F�D�O�H �J�U�H�H�Q �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q �S�D�W�K�Z�D�\�V�� �7�K�L�V �L�V �G�R�Q�H �E�\ �L�Q�Y�H�V�W�L�J�D�W�L�Q�J �W�K�H �K�\�G�U�R�J�H�Q
�S�U�R�G�X�F�W�L�R�Q �S�D�W�K�Z�D�\ �L�Q �W�K�U�H�H �U�H�J�L�R�Q�V�� �Z�L�W�K �W�Z�R �H�O�H�F�W�U�R�O�\�V�H�U �W�H�F�K�Q�R�O�R�J�L�H�V �D�Q�G �W�K�U�H�H �W�\�S�H�V �R�I �3�9 �P�R�G�X�O�H�V��
�)�R�U �D�Q �H�I�I�H�F�W�L�Y�H �F�R�P�S�D�U�L�V�R�Q�� �L�W �L�V �X�V�H�I�X�O �W�R �G�H�I�L�Q�H �.�H�\ �3�H�U�I�R�U�P�D�Q�F�H �,�Q�G�L�F�D�W�R�U�V ���.�3�,�¶�6�� �� �7�Z�R �.�3�,�¶�V
�D�U�H �V�H�O�H�F�W�H�G�� �W�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W[kg CO2/ kg H2] �D�Q�G �W�K�H �/�H�Y�H�O�L�V�H�G �&�R�V�W �R�I �+�\�G�U�R�J�H�Q[$/ kg H2]��
�%�R�W�K �.�3�,�¶�V �U�H�O�D�W�H �W�R �W�K�H �)�X�Q�F�W�L�R�Q�D�O �8�Q�L�W�� �D�Q�R�W�K�H�U �P�H�W�K�R�G �R�I �H�Q�V�X�U�L�Q�J �I�D�L�U �F�R�P�S�D�U�L�V�R�Q�� �D�V �H�[�S�O�D�L�Q�H�G �L�Q
�V�H�F�W�L�R�Q �������� �7�K�H �V�H�O�H�F�W�H�G �)�8 �L�V �� �N�J �R�I �K�\�G�U�R�J�H�Q�� �D�W ���� �E�D�U �D�W ���������� �S�X�U�L�W�\�� �$ �G�H�O�L�Y�H�U�\ �S�U�H�V�V�X�U�H �R�I ����
�E�D�U �L�V �F�K�R�V�H�Q �D�V �W�K�L�V �L�V �D �W�\�S�L�F�D�O �S�U�H�V�V�X�U�H �I�R�U �K�\�G�U�R�J�H�Q �S�L�S�H�O�L�Q�H�V �D�Q�G �I�R�U �L�Q�G�X�V�W�U�L�D�O �S�U�R�F�H�V�V�H�V �V�X�F�K �D�V
�$�P�P�R�Q�L�D �S�U�R�G�X�F�W�L�R�Q�� �7�K�H �S�X�U�L�W�\ �R�I ���������� �L�V �D �F�K�R�V�H�Q �D�V �E�R�W�K �3�(�0 �D�Q�G �$�:�( �S�U�R�G�X�F�H �K�\�G�U�R�J�H�Q �D�W
�W�K�L�V �S�X�U�L�W�\ �R�U �S�X�U�H�U�� �7�K�H�V�H �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �G�H�I�L�Q�L�Q�J �W�K�H �I�X�Q�F�W�L�R�Q�D�O �X�Q�L�W �D�U�H �F�R�O�O�H�F�W�H�G �L�Q�7�D�E�O�H �������W�R�J�H�W�K�H�U
�Z�L�W�K �R�W�K�H�U �D�V�V�X�P�H�G �S�U�R�M�H�F�W �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �$�O�W�K�R�X�J�K �W�K�H�V�H �Y�D�O�X�H�V �D�U�H �D�V�V�X�P�S�W�L�R�Q�V�� �W�K�H�\ �D�U�H �F�D�U�H�I�X�O�O�\
�F�K�R�V�H�Q�� �7�K�H �D�Q�Q�X�D�O �S�U�R�G�X�F�W�L�R�Q �Y�D�O�X�H �R�I ������ �N�W�R�Q �L�V �F�K�R�V�H�Q �D�V �W�K�L�V �L�V �U�R�X�J�K�O�\ �Z�K�D�W �\�R�X �F�D�Q �S�U�R�G�X�F�H
�Z�L�W�K �D �� �*�: �H�O�H�F�W�U�R�O�\�V�H�U �D�W �������� �\�H�D�U���U�R�X�Q�G �F�D�S�D�F�L�W�\�� �Z�K�L�F�K �L�V �F�R�Q�V�L�G�H�U�H�G �L�Q �W�K�H �I�L�H�O�G �D�V �D �O�D�U�J�H���V�F�D�O�H

����



�������� �7�G�S�T�I �H�I�h�R�M�X�M�S�R ����

�H�O�H�F�W�U�R�O�\�V�H�U �>���� �@ �7�K�H �H�F�R�Q�R�P�L�F �O�L�I�H�W�L�P�H �R�I �D�Q �H�O�H�F�W�U�R�O�\�V�H�U �I�D�F�L�O�L�W�\ �L�V ���� �\�H�D�U�V�� �D�F�F�R�U�G�L�Q�J �W�R �,�5�(�1�$ �>���� �@��
�D�Q�G �W�K�H�U�H�I�R�U�H ���� �\�H�D�U�V �L�V �F�K�R�V�H�Q �D�V �S�U�R�M�H�F�W �O�L�I�H�W�L�P�H�� �7�K�H �F�K�R�V�H�Q �Y�D�O�X�H�V �I�R�U �G�H�O�L�Y�H�U�\ �S�U�H�V�V�X�U�H�� �F�D�U�E�R�Q
�S�U�L�F�H�� �V�D�O�Y�D�J�H �Y�D�O�X�H �D�Q�G �Q�R�P�L�Q�D�O �L�Q�W�H�U�H�V�W �U�D�W�H�� �D�U�H �F�K�R�V�H�Q �D�I�W�H�U �F�R�Q�Y�H�U�V�D�W�L�R�Q�V �Z�L�W�K �H�[�S�H�U�W�V �I�U�R�P �5�+�'�+�9
�D�Q�G �7�8 �'�H�O�I�W�� �$ �G�H�O�L�Y�H�U�\ �S�U�H�V�V�X�U�H �R�I ���� �E�D�U �L�V �F�K�R�V�H�Q�� �D�V �W�K�L�V �L�V �W�K�H �F�D�V�H �L�Q �W�K�H �U�H�I�H�U�H�Q�F�H �V�\�V�W�H�P �>���� �@��
�$ �V�D�O�Y�D�J�H �Y�D�O�X�H �R�I ������ �L�V �F�K�R�V�H�Q �L�Q �O�L�Q�H �Z�L�W�K �W�K�H �F�R�Q�Y�H�Q�W�L�R�Q�V �R�I �W�K�H �+���$ �S�U�R�M�H�F�W �R�I �(�Q�H�U�J�\ �>���� �@�� �7�K�H
�Q�R�P�L�Q�D�O �L�Q�W�H�U�H�V�W �U�D�W�H �L�V �F�K�R�V�H�Q �V�H�S�D�U�D�W�H�O�\ �I�R�U �H�Y�H�U�\ �F�R�X�Q�W�U�\�� �L�Q �W�K�L�V �F�D�V�H ������ �F�R�Q�I�R�U�P �P�R�G�H�O�V �X�V�H�G �E�\
�5�+�'�+�9�� �%�H�F�D�X�V�H �R�I �W�K�H �E�L�J �L�Q�I�O�X�H�Q�F�H �R�I �W�K�H �L�Q�W�H�U�H�V�W �U�D�W�H �R�Q �W�K�H �U�H�V�X�O�W�L�Q�J �/�&�2�+�� �W�K�L�V �Y�D�O�X�H �L�V �L�Q�F�O�X�G�H�G
�L�Q �W�K�H �V�H�Q�V�L�W�L�Y�L�W�\ �D�Q�D�O�\�V�L�V��

�7�D�E�O�H ���������3�U�R�M�H�F�W �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V��

�9�D�O�X�H �8�Q�L�W

�3�U�R�M�H�F�W �6�W�D�U�W��������
�3�U�R�M�H�F�W �O�L�I�H�W�L�P�H���� years
�$�Q�Q�X�D�O �S�U�R�G�X�F�W�L�R�Q������ kton/ yr
�'�H�O�L�Y�H�U�\ �S�U�H�V�V�X�U�H���� bar
�'�H�O�L�Y�H�U�\ �S�X�U�L�W�\�������� ��
�6�D�O�Y�D�J�H �9�D�O�X�H���� ��
�1�R�P�L�Q�D�O �L�Q�W�H�U�H�V�W �U�D�W�H�� �� p:a:

�7�K�H �V�F�R�S�H �D�Q�G �V�\�V�W�H�P �E�R�X�Q�G�D�U�L�H�V �R�I �W�K�L�V �U�H�V�H�D�U�F�K �D�U�H �V�K�R�Z�Q �L�Q�)�L�J�X�U�H �������� �7�K�L�V �V�F�R�S�H �D�S�S�O�L�H�V �W�R
�E�R�W�K �.�3�,�¶�V�� �7�K�H �U�H�V�H�D�U�F�K �T�X�H�V�W�L�R�Q �G�H�I�L�Q�H�V �W�K�H �V�F�R�S�H �D�V �F�U�D�G�O�H���W�R���J�D�W�H�� �7�K�L�V �P�H�D�Q�V �W�K�D�W �H�Y�H�U�\�W�K�L�Q�J
�I�U�R�P �W�K�H �J�H�Q�H�U�D�W�L�R�Q �R�I �W�K�H �H�Q�H�U�J�\ �X�S �W�R �W�K�H �S�R�L�Q�W �Z�K�H�U�H �K�\�G�U�R�J�H�Q �O�H�D�Y�H�V �W�K�H �S�U�R�G�X�F�W�L�R�Q �I�D�F�L�O�L�W�\ �L�V
�L�Q�F�O�X�G�H�G�� �$�V �W�K�H �G�D�W�D �W�K�D�W �L�V �X�V�H�G �I�R�U �W�K�H �H�Q�H�U�J�\ �U�H�V�R�X�U�F�H�V �G�R�H�V �Q�R�W �L�Q�F�O�X�G�H �W�K�H �H�Q�G���R�I���O�L�I�H �H�P�L�V�V�L�R�Q�V��
�W�K�H�V�H �D�U�H �S�O�D�F�H�G �R�X�W�V�L�G�H �R�I �W�K�H �V�F�R�S�H��

�)�L�J�X�U�H ���������6�\�V�W�H�P �E�R�X�Q�G�D�U�L�H�V��



�������� �3�T�X�M�Q�M�W�E�X�M�S�R �Q�S�H�I�P ����

���������3�T�X�M�Q�M�W�E�X�M�S�R �Q�S�H�I�P
�7�K�H �H�I�I�H�F�W�V �R�I �U�H�J�L�R�Q�D�O �Z�H�D�W�K�H�U �S�D�W�W�H�U�Q�V �R�Q �W�K�H �F�R�V�W�V �D�Q�G �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �R�I �K�\�G�U�R�J�H�Q �D�U�H �L�Q�Y�H�V�W�L�J�D�W�H�G
�E�\ �F�R�Q�V�W�U�X�F�W�L�Q�J �D �V�L�Q�J�O�H���R�E�M�H�F�W�L�Y�H �/�L�Q�H�D�U �3�U�R�J�U�D�P�P�L�Q�J �P�R�G�H�O�� �7�K�H �F�K�R�L�F�H �I�R�U �/�L�Q�H�D�U �3�U�R�J�U�D�P�P�L�Q�J �K�D�V
�E�H�H�Q �P�D�G�H �G�X�H �W�R �W�K�H �V�L�P�S�O�L�F�L�W�\ �R�I �W�K�H �I�R�U�P�X�O�D�W�L�R�Q �D�Q�G �W�K�H �V�K�R�U�W �F�R�P�S�X�W�D�W�L�R�Q �W�L�P�H�V�� �,�Q �W�K�L�V �V�H�F�W�L�R�Q��
�W�K�H �L�Q�Q�H�U �Z�R�U�N�L�Q�J�V �R�I �W�K�L�V �P�R�G�H�O �D�U�H �G�H�V�F�U�L�E�H�G�� �7�K�H �P�R�G�H�O �I�O�R�Z �L�V �G�L�V�S�O�D�\�H�G �L�Q�)�L�J�X�U�H �������D�Q�G �W�K�L�V
�V�H�F�W�L�R�Q �Z�L�O�O �E�H �V�W�U�X�F�W�X�U�H�G �L�Q �W�K�H �V�D�P�H �Z�D�\�� �,�Q�V�X�E�V�H�F�W�L�R�Q ������������ �W�K�H �P�H�W�K�R�G �I�R�U �F�R�O�O�H�F�W�L�R�Q �W�K�H �Z�H�D�W�K�H�U
�G�D�W�D �D�Q�G �W�H�F�K�Q�L�F�D�O �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �L�V �G�H�V�F�U�L�E�H�G�� �%�H�I�R�U�H �V�W�D�U�W�L�Q�J �W�K�H �O�L�Q�H�D�U �S�U�R�J�U�D�P�P�L�Q�J�� �W�K�H �G�D�W�D �K�D�V
�W�R �E�H �S�U�R�F�H�V�V�H�G �V�X�F�K �W�K�D�W �W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q �S�U�R�E�O�H�P �F�D�Q �E�H �F�R�U�U�H�F�W�O�\ �I�R�U�P�X�O�D�W�H�G�� �W�K�L�V �L�V �V�K�R�Z�Q �L�Q�V�X�E��
�V�H�F�W�L�R�Q ������������ �7�K�H�Q �L�Q�V�X�E�V�H�F�W�L�R�Q �����������W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q �S�U�R�E�O�H�P �L�V �I�R�U�P�X�O�D�W�H�G �V�W�H�S���E�\���V�W�H�S�� �$�I�W�H�U �W�K�H
�R�S�W�L�P�L�V�D�W�L�R�Q�� �W�K�H �O�D�V�W �F�R�P�S�X�W�D�W�L�R�Q�V �D�U�H �S�H�U�I�R�U�P�H�G �W�R �F�U�H�D�W�H �D�Q �K�R�Q�H�V�W �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q �R�I �W�K�H �V�\�V�W�H�P��
�:�K�\ �W�K�L�V �L�V �U�H�T�X�L�U�H�G �D�I�W�H�U �W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q�� �L�V �V�X�E�V�W�D�Q�W�L�D�W�H�G �L�Q�V�X�E�V�H�F�W�L�R�Q ������������

�)�L�J�X�U�H ���������R�S�W�L�P�L�V�D�W�L�R�Q �P�R�G�H�O �I�O�R�Z��

�������������(�E�X�E �G�S�P�P�I�G�X�M�S�R
�7�K�H �P�R�V�W �L�P�S�R�U�W�D�Q�W �G�D�W�D �I�R�U �W�K�L�V �U�H�V�H�D�U�F�K�� �L�V �W�K�H �U�H�J�L�R�Q�D�O �Z�H�D�W�K�H�U �G�D�W�D�� �7�K�H �Z�H�D�W�K�H�U �G�D�W�D �Z�D�V �F�R�O�O�H�F�W�H�G
�I�U�R�P �W�K�H �Z�H�E�V�L�W�H�r�r�r�X�`�2�M�2�r���#�H�2�b�X�M�B�M�D���� �Z�K�L�F�K �L�V �W�K�H �U�H�V�X�O�W �R�I �W�K�H �V�W�X�G�L�H�V �I�U�R�P �W�Z�R �F�R���D�X�W�K�R�U�H�G �S�D�S�H�U�V
�E�\ �3�I�H�Q�Q�L�Q�J�H�U �D�Q�G �6�W�D�I�I�H�O �>���� �@�>���� �@�� �3�I�H�Q�Q�L�Q�J�H�U �D�Q�G �6�W�D�I�I�H�O �K�D�Y�H �E�X�L�O�W �W�K�L�V �Z�H�E�V�L�W�H �X�V�L�Q�J �W�K�H �G�D�W�D�V�H�W�V
�0�(�5�5�$���� �>���� �@ �D�Q�G �6�$�5�$�+ �>���� �@�� �7�K�H �0�R�G�H�U�Q���(�U�D �5�H�W�U�R�V�S�H�F�W�L�Y�H �D�Q�D�O�\�V�L�V �I�R�U �5�H�V�H�D�U�F�K �D�Q�G �$�S�S�O�L�F�D��
�W�L�R�Q�V�� �W�K�H �I�X�O�O �Q�D�P�H �R�I �0�(�5�5�$������ �L�V �D �G�D�W�D �V�H�W �W�K�D�W �L�V �F�U�H�D�W�H�G �E�\ �1�$�6�$�¶�V �*�O�R�E�D�O �0�R�G�H�O�L�Q�J �D�Q�G �$�V�V�L�P��
�L�O�D�W�L�R�Q �2�I�I�L�F�H ���*�0�$�2�� �D�Q�G �L�W �L�Q�F�O�X�G�H�V �J�O�R�E�D�O �F�O�L�P�D�W�H �P�H�D�V�X�U�H�P�H�Q�W�V �G�D�W�L�Q�J �E�D�F�N �W�R ���������� �6�$�5�$�+ �L�V �D
�G�D�W�D�V�H�W �S�U�R�G�X�F�H�G �E�\ �W�K�H �&�O�L�P�D�W�H �0�R�Q�L�W�R�U�L�Q�J �6�D�W�H�O�O�L�W�H �$�S�S�O�L�F�D�W�L�R�Q �)�D�F�L�O�L�W�\ �X�V�L�Q�J �W�R �0�(�7�(�2�6�$�7 �J�H�R�V�W�D��
�W�L�R�Q�D�U�\ �V�D�W�H�O�O�L�W�H�V �W�K�D�W �R�E�V�H�U�Y�H �V�R�O�D�U �L�U�U�D�G�L�D�Q�F�H �R�I �(�X�U�R�S�H�� �$�I�U�L�F�D �D�Q�G �$�V�L�D�� �8�V�L�Q�J �W�K�L�V �Z�H�E�V�L�W�H�� �G�D�W�D �R�Q
�D �U�D�Q�J�H �R�I �G�L�I�I�H�U�H�Q�W �Z�H�D�W�K�H�U �S�K�H�Q�R�P�H�Q�D �F�D�Q �E�H �H�[�W�U�D�F�W�H�G �I�R�U �V�S�H�F�L�I�L�F �O�R�F�D�W�L�R�Q�V�� �D�V �Z�H�O�O �D�V �W�K�H �\�L�H�O�G�V �R�I
�S�R�W�H�Q�W�L�D�O �V�R�O�D�U �D�Q�G �Z�L�Q�G �L�Q�V�W�D�O�O�D�W�L�R�Q�V�� �,�Q �R�U�G�H�U �F�D�O�F�X�O�D�W�H �R�S�W�L�P�L�V�H �W�K�H �V�L�]�H �R�I �V�R�O�D�U �D�Q�G �Z�L�Q�G �L�Q�V�W�D�O�D�W�L�R�Q�V��
�W�K�H �\�L�H�O�G �R�I �D �� �0�: �V�R�O�D�U �D�U�U�D�\ �L�V �H�[�W�U�D�F�W�H�G �D�Q�G �W�K�H �\�L�H�O�G �R�I �D�Q �� �0�: �W�X�U�E�L�Q�H�� �7�K�H �F�K�R�L�F�H �I�R�U �D�Q �� �0�:
�W�X�U�E�L�Q�H �L�V �F�K�R�V�H�Q �D�V �W�K�L�V �L�V �W�K�H �E�L�J�J�H�V�W �D�Y�D�L�O�D�E�O�H �W�X�U�E�L�Q�H �L�Q �W�K�H �G�D�W�D���V�H�W �S�U�H�V�H�Q�W�H�G �R�Q �W�K�H �Z�H�E�V�L�W�H�� �,�Q
�D�G�G�L�W�L�R�Q�� �W�K�H �Z�H�E�V�L�W�H�?�i�i�T�b�,�f�f�;�H�Q�#���H�r�B�M�/���i�H���b�X�B�M�7�Q�f�Z�D�V �X�V�H�G �I�R�U �F�R�O�O�H�F�W�L�R�Q �R�I �P�H�D�Q �Z�L�Q�G �V�S�H�H�G�V
�I�R�U �W�K�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �F�D�O�F�X�O�D�W�L�R�Q�V�� �D�Q�G �W�R �I�L�Q�G �S�R�V�V�L�E�O�H �W�H�V�W �O�R�F�D�W�L�R�Q�V�� �)�R�U �W�K�L�V �U�H�V�H�D�U�F�K�� �W�K�H �Z�H�D�W�K�H�U
�G�D�W�D �I�U�R�P �W�K�H �\�H�D�U�V ���������� �������� �D�Q�G �������� �D�U�H �F�R�O�O�H�F�W�H�G �I�U�R�P �W�K�H �Z�H�E�V�L�W�H��

�1�S�H�I�P �M�R�T�Y�X�W
�1�H�[�W �W�R �W�K�H �Z�H�D�W�K�H�U �G�D�W�D�� �D �Z�K�R�O�H �U�D�Q�J�H �R�I �W�H�F�K�Q�L�F�D�O�� �H�F�R�Q�R�P�L�F�D�O �D�Q�G �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V
�Q�H�H�G�H�G �W�R �E�H �F�R�O�O�H�F�W�H�G�� �0�R�V�W �R�I �W�K�L�V �G�D�W�D �K�D�V �D�O�U�H�D�G�\ �E�H�H�Q �S�U�H�V�H�Q�W�H�G �L�Q�F�K�D�S�W�H�U ���� �$�O�O �W�K�L�V �G�D�W�D �L�V
�F�R�O�O�H�F�W�H�G�� �W�R�J�H�W�K�H�U �Z�L�W�K �W�K�H �Z�L�Q�G �D�Q�G �V�R�O�D�U �G�D�W�D�� �L�Q �D �V�L�Q�J�O�H �H�[�F�H�O �I�L�O�H �W�K�D�W �I�X�Q�F�W�L�R�Q�V �D�V �W�K�H �L�Q�S�X�W �I�R�U �W�K�H
�S�\�W�K�R�Q �P�R�G�H�O�� �,�Q �W�K�L�V �V�X�E�V�H�F�W�L�R�Q�� �D�O�O �D�G�G�L�W�L�R�Q�D�O �L�Q�I�R�U�P�D�W�L�R�Q �L�V �V�X�P�P�D�U�L�V�H�G �D�Q�G �V�X�E�V�W�D�Q�W�L�D�W�H�G��

�,�Q�7�D�E�O�H �������W�K�H �3�9 �P�R�G�X�O�H �V�S�H�F�L�I�L�F �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �D�U�H �S�U�H�V�H�Q�W�H�G �W�K�D�W �D�U�H �X�V�H�G �W�R �F�D�O�F�X�O�D�W�H �W�K�H �F�R�V�W�V
�D�Q�G �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W�� �7�K�H �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �W�K�D�W �D�S�S�O�\ �W�R �D�O�O �P�R�G�X�O�H �W�\�S�H�V �D�U�H �S�U�H�V�H�Q�W�H�G �L�Q�7�D�E�O�H �������� �,�W
�L�V �D�V�V�X�P�H�G �W�K�D�W �H�D�F�K �P�R�G�X�O�H �L�V ������ �R�I �W�K�H �W�R�W�D�O �L�Q�Y�H�V�W�P�H�Q�W �F�R�V�W�V �>���� �@�� �7�K�H �U�H�P�D�L�Q�L�Q�J ���� �� �U�H�S�U�H�V�H�Q�W
�D�O�O �U�H�P�D�L�Q�L�Q�J �F�R�V�W �H�O�H�P�H�Q�W�V �V�X�F�K �D�V �W�K�H �U�D�F�N�L�Q�J�� �S�R�Z�H�U �H�O�H�F�W�U�R�Q�L�F�V�� �D�Q�G �L�Q�V�W�D�O�O�D�W�L�R�Q�� �2�Q�H �I�L�Q�D�O �Y�D�U�L�D�E�O�H
�U�H�T�X�L�U�H�G �I�R�U �W�K�H �F�D�O�F�X�O�D�W�L�R�Q �R�I �W�K�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �I�R�U �W�K�H �G�L�I�I�H�U�H�Q�W �O�R�F�D�W�L�R�Q�V �L�V �W�K�H �P�H�D�Q �L�U�U�D�G�L�D�Q�F�HI mean ��
�7�K�L�V �Y�D�O�X�H �L�V �F�D�O�F�X�O�D�W�H�G �Z�L�W�K �W�K�H �G�D�W�D �I�U�R�P �3�I�H�Q�Q�L�Q�J�H�U �D�Q�G �6�W�D�I�I�H�O�O �>���� �@



�������� �3�T�X�M�Q�M�W�E�X�M�S�R �Q�S�H�I�P ����

�7�D�E�O�H ���������*�H�Q�H�U�D�O �3�9 �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V��

�Y�D�O�X�H �X�Q�L�W

�0�R�G�X�O�H �F�R�V�W �>���� �@ ���� �� of CAPEX
�2�	�0 �>���� �@ ������ �� of CAPEX
�/�L�I�H�W�L�P�H �>���� �@ ���� years
I mean;Duqm �������� kWh/ m2/ yr
I mean;Groningen �������� kWh/ m2/ yr
I mean;Dakhla �������� kWh/ m2/ yr

�$�O�O �Y�D�O�X�H�V �Q�H�F�H�V�V�D�U�\ �W�R �F�D�O�F�X�O�D�W�H �W�K�H �E�H�K�D�Y�L�R�X�U�� �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �D�Q�G �F�R�V�W�V �R�I �W�K�H �Z�L�Q�G �W�X�U�E�L�Q�H�V �D�U�H
�S�U�H�V�H�Q�W�H�G �L�Q�7�D�E�O�H �������� �7�K�H �L�Q�Y�H�V�W�P�H�Q�W �F�R�V�W�V �L�Q�F�O�X�G�H �D�O�O �F�R�V�W�V �I�U�R�P �P�D�Q�X�I�D�F�W�X�U�L�Q�J �W�K�H �W�X�U�E�L�Q�H�� �W�R �F�L�Y�L�O
�Z�R�U�N�V�� �S�R�Z�H�U �H�O�H�F�W�U�R�Q�L�F�V �D�Q�G �S�U�R�M�H�F�W �S�O�D�Q�Q�L�Q�J �>���� �@�� �7�K�H�U�H �D�U�H �D�O�V�R �P�X�O�W�L�S�O�H �D�V�V�X�P�S�W�L�R�Q�V �L�Q �W�K�L�V �W�D�E�O�H��
�,�Q �W�K�H �I�L�U�V�W �S�O�D�F�H�� �W�K�H �U�D�W�H�G �W�X�U�E�L�Q�H �S�R�Z�H�U�� �7�K�H�V�H �Y�D�O�X�H�V �D�U�H �G�H�W�H�U�P�L�Q�H�G �D�I�W�H�U �F�D�U�H�I�X�O �F�R�Q�V�L�G�H�U�D�W�L�R�Q
�D�Q�G �F�R�Q�Y�H�U�V�D�W�L�R�Q�V �Z�L�W�K �H�[�S�H�U�W�V �L�Q �W�K�H �I�L�H�O�G�� �7�K�H �K�X�E �K�H�L�J�K�W�V �D�U�H �W�\�S�L�F�D�O �K�X�E �K�H�L�J�K�W�V �I�R�U �W�X�U�E�L�Q�H�V �R�I
�W�K�H �F�K�R�V�H�Q �F�D�S�D�F�L�W�\�� �7�K�H �Q�X�P�E�H�U �R�I �W�X�U�E�L�Q�H�V �S�O�D�\�V �D �U�R�O�H �L�Q �G�H�W�H�U�P�L�Q�L�Q�J �W�K�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �R�I �W�K�H
�S�U�R�G�X�F�H�G �Z�L�Q�G �H�Q�H�U�J�\�� �D�V �F�D�Q �E�H �V�H�H�Q �L�Q�(�T�X�D�W�L�R�Q �������� �7�R �G�H�W�H�U�P�L�Q�H �W�K�H �D�P�R�X�Q�W �R�I �W�X�U�E�L�Q�H�V �L�Q �D �Z�L�Q�G
�I�D�U�P�� �W�K�H �W�R�W�D�O �F�D�S�D�F�L�W�\ �P�X�V�W �E�H �G�L�Y�L�G�H�G �E�\ �W�K�H �V�L�Q�J�O�H �W�X�U�E�L�Q�H �F�D�S�D�F�L�W�\�� �+�R�Z�H�Y�H�U�� �W�K�L�V �U�H�V�X�O�W�V �L�Q �W�K�H
�F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �E�H�L�Q�J �G�H�S�H�Q�G�D�Q�W �R�Q �W�K�H �G�H�W�H�U�P�L�Q�H�G �U�H�T�X�L�U�H�G �F�D�S�D�F�L�W�\�� �Z�K�L�F�K �L�V �D �G�H�F�L�V�L�R�Q �Y�D�U�L�D�E�O�H �R�I
�W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q �S�U�R�E�O�H�P�� �7�K�L�V �Z�R�X�O�G �O�H�D�G �W�R �Q�R�Q���O�L�Q�H�D�U �E�H�K�D�Y�L�R�X�U �D�Q�G �W�K�H�U�H�I�R�U�H �L�W �Z�R�X�O�G �Q�R�W �E�H �Y�L�D�E�O�H
�I�R�U �/�L�Q�H�D�U �3�U�R�J�U�D�P�P�L�Q�J�� �7�K�H�U�H�I�R�U�H �L�W �L�V �G�H�F�L�G�H�G �W�R �W�D�N�H �W�K�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �R�I �D �� �*�: �Z�L�Q�G �I�D�U�P�� �7�K�L�V
�P�H�D�Q�V �W�K�D�W �W�K�H �P�R�G�H�O �V�L�P�X�O�D�W�H�V �W�K�H �Z�L�Q�G �I�D�U�P�V �D�V �L�I �W�K�H�\ �D�U�H �E�X�L�O�G �L�Q �I�D�U�P�V �R�I �� �*�: �H�D�F�K�� �Z�K�L�F�K �L�V
�U�H�D�V�R�Q�D�E�O�H �D�V �Z�L�Q�G �I�D�U�P�V �E�L�J�J�H�U �W�K�D�Q �� �*�: �D�U�H �Y�H�U�\ �V�F�D�U�F�H �J�O�R�E�D�O�O�\��

�7�D�E�O�H ���������*�H�Q�H�U�D�O �Z�L�Q�G �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �I�R�U �R�Q�V�K�R�U�H �D�Q�G �R�I�I�V�K�R�U�H �Z�L�Q�G �I�D�U�P�V

�2�Q�V�K�R�U�H �2�I�I�V�K�R�U�H �X�Q�L�W�V

�5�D�W�H�G �W�X�U�E�L�Q�H �S�R�Z�H�U�� ���� MW
�,�Q�Y�H�V�W�P�H�Q�W �F�R�V�W�V �>���� �@ �������� �������� $/ kW
�2�	�0 �>���� �@ �� �� �� of Investment
�/�L�I�H�W�L�P�H �>���� �@ ���� ���� years
�+�X�E �K�H�L�J�K�W ������ ������ m
�7�X�U�E�L�Q�H�V �S�H�U ���*�: �I�D�U�P������ ���� turbines
umean ; Duqm �� �� m/ s
umean ; Groningen �� �������� m/ s
umean ; Dakhla ���������� �� m/ s

�,�Q�7�D�E�O�H �������W�K�H �Q�H�F�H�V�V�D�U�\ �F�R�P�S�R�Q�H�Q�W�V �I�R�U �F�R�V�W �D�Q�G �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �F�D�O�F�X�O�D�W�L�R�Q�V �R�I �W�K�H �S�U�R�G�X�F�W�L�R�Q
�I�H�H�G �V�W�R�F�N �D�U�H �G�L�V�S�O�D�\�H�G�� �,�W �L�V �D�V�V�X�P�H�G �W�K�D�W �F�R�R�O�L�Q�J �Z�D�W�H�U �D�Q�G �S�U�R�F�H�V�V �Z�D�W�H�U �D�U�H �D�F�T�X�L�U�H�G �D�W �W�K�H �V�D�P�H
�F�R�V�W�V�� �$�O�O �F�R�V�W�V �D�Q�G �H�P�L�V�V�L�R�Q�V �U�H�J�D�U�G�L�Q�J �G�H�V�D�O�L�Q�D�W�L�R�Q �D�Q�G �Z�D�W�H�U �D�F�T�X�L�V�L�W�L�R�Q �D�U�H �L�Q�F�O�X�G�H�G �L�Q �W�K�H �Y�D�O�X�H�V
�J�L�Y�H�Q �E�H�O�R�Z�� �)�R�U �W�K�L�V �U�H�V�H�D�U�F�K�� �W�K�H �I�H�H�G�V�W�R�F�N �D�Q�G �F�R�R�O�L�Q�J �Z�D�W�H�U �F�R�Q�V�X�P�S�W�L�R�Q �D�U�H �D�V�V�X�P�H�G �W�R �E�H �W�K�H
�V�D�P�H �I�R�U �E�R�W�K �W�H�F�K�Q�R�O�R�J�L�H�V�� �I�R�O�O�R�Z�L�Q�J �W�K�H �U�H�V�H�D�U�F�K �R�I �*�H�U�O�R�I�I �>���� �@��

�7�D�E�O�H ���������)�H�H�G�V�W�R�F�N �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V��

�9�D�O�X�H �8�Q�L�W

�:�D�W�H�U �X�V�H �>���� �@ ������ l / kg H2

�&�R�R�O�L�Q�J �Z�D�W�H�U �>���� �@ �������� l / kg H2

�3�U�L�F�H �G�H�V�D�O�L�Q�D�W�H�G �Z�D�W�H�U �>���@ �������� $/ m3

�&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �Z�D�W�H�U �>���� �@ ���������� g CO2e/ l
�&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�WKOH �>���� �@ ������ kg CO2/ kg KOH

�$�O�O �F�R�H�I�I�L�F�L�H�Q�W�V �U�H�O�D�W�H�G �W�R �F�R�P�S�U�H�V�V�R�U �S�H�U�I�R�U�P�D�Q�F�H �D�Q�G �F�R�V�W �F�D�Q �E�H �I�R�X�Q�G �L�Q�7�D�E�O�H ��������



�������� �3�T�X�M�Q�M�W�E�X�M�S�R �Q�S�H�I�P ����

�7�D�E�O�H ���������*�H�Q�H�U�D�O �&�R�P�S�U�H�V�V�R�U �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V��

�(�F�R�Q�R�P�L�F�V �9�D�O�X�H �8�Q�L�W

�,�Q�Y�H�V�W�P�H�Q�W �F�R�V�W�V�>���� �@ �������� $/ kW
�2�	�0 �>���� �@ �� �� of CAPEX
�/�L�I�H�W�L�P�H �>���� �@ ���� year
�2�S�H�U�D�W�L�R�Q �>���� �@

�(�I�I�L�F�L�H�Q�F�\ �>���� �@ ���� ��
�+�� �O�H�D�N�D�J�H �>���� �@ ������ ��
�0�D�[ �L�Q�O�H�W �S�U�H�V�V�X�U�H �>���� �@ ���� bar
�0�D�[ �R�X�W�O�H�W �S�U�H�V�V�X�U�H �>���� �@ �������� bar
�,�V�H�Q�W�U�R�S�L�F �H�I�I�L�F�L�H�Q�F�\ �>���� �@ ���� ��
�'�U�L�Y�H�U �H�I�I�L�F�L�H�Q�F�\ �>���� �@ ���� ��

�������������4�V�I���T�V�S�G�I�W�W�M�R�K
�%�H�I�R�U�H �W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q �F�D�Q �V�W�D�U�W�� �D�O�O �Q�H�F�H�V�V�D�U�\ �F�R�Q�V�W�D�Q�W�V �P�X�V�W �E�H �F�D�O�F�X�O�D�W�H�G�� �7�K�L�V �L�V �G�R�Q�H �L�Q �W�K�H
�S�U�H���S�U�R�F�H�V�V�L�Q�J �S�K�D�V�H�� �)�L�U�V�W�� �W�K�H �U�H�T�X�L�U�H�G �H�Q�H�U�J�\ �L�V �G�H�W�H�U�P�L�Q�H�G�� �W�K�H�Q �W�K�H �F�R�V�W �D�Q�G �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W
�F�R�P�S�R�Q�H�Q�W�V �D�U�H �F�D�O�F�X�O�D�W�H�G�� �7�K�H �I�L�Q�D�O �V�W�H�S �L�V �W�K�H �F�D�O�F�X�O�D�W�L�R�Q �R�I �W�K�H �F�R�P�S�U�H�V�V�R�U �F�R�Q�V�W�D�Q�W��

�(�Q�H�U�J�\�7�K�H �W�R�W�D�O �H�Q�H�U�J�\ �U�H�T�X�L�U�H�G �L�V �F�D�O�F�X�O�D�W�H�G �L�Q�(�T�X�D�W�L�R�Q �������� �7�K�H �D�Q�Q�X�D�O �U�H�T�X�L�U�H�G �K�\�G�U�R�J�H�Q �S�U�R��
�G�X�F�W�L�R�Q �L�Q �>ton/ year�@ �L�V �V�F�D�O�H�G �X�S �W�R �D�F�F�R�X�Q�W �I�R�U �K�\�G�U�R�J�H�Q �O�H�D�N�D�J�H�� �D�Q�G �W�K�H�Q �P�X�O�W�L�S�O�L�H�G �E�\ �W�K�H �S�R�Z�H�U
�F�R�Q�V�X�P�S�W�L�R�Q �R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�Upcelec �L�Q �>MWh / ton�@�� �U�H�V�X�O�W�L�Q�J �L�QE req �L�Q �>MWh / year�@��

E req =
�

_M H 2 /(1 � leakageH 2 )
�

� pcelec ����������

�7�K�H �\�L�H�O�G �R�I �W�K�H �V�R�O�D�U �S�D�Q�H�O�V �L�V �G�H�W�H�U�P�L�Q�H�G �E�\ �W�K�H �G�D�W�D�V�H�W �I�U�R�P �3�I�H�Q�Q�L�Q�J�H�U �D�Q�G �6�W�D�I�I�H�O�O �>���� �@�� �7�K�L�V
�\�L�H�O�G �L�V �E�D�V�H�G �R�Q �&�G�7�H �S�D�Q�H�O�V�� �7�K�H�U�H�I�R�U�H �W�K�H �&�G�7�H �\�L�H�O�GY1MW;CdT e �Q�H�H�G�V �W�R �E�H �W�U�D�Q�V�O�D�W�H�G �W�K�H �R�W�K�H�U
�3�9 �W�\�S�H �\�L�H�O�G�VY1MW;pv �� �W�K�L�V �L�V �G�R�Q�H �X�V�L�Q�J�(�T�X�D�W�L�R�Q �������Z�K�H�U�H� pv �V�W�D�Q�G�V �I�R�U �W�K�H �H�I�I�L�F�L�H�Q�F�\ �R�I �W�K�H �R�W�K�H�U
�3�9 �P�R�G�X�O�H�V �D�Q�G� CdT e �V�W�D�Q�G�V �I�R�U �W�K�H �H�I�I�L�F�L�H�Q�F�\ �R�I �W�K�H �&�D�G�P�L�X�P �7�H�O�O�X�U�L�G�H �P�R�G�X�O�H�V��

Y1MW;pv = Y1MW;CdT e �
� pv

� CdT e
����������

�7�K�H �Z�L�Q�G �H�Q�H�U�J�\ �\�L�H�O�G �F�D�Q �D�O�V�R �E�H �F�D�O�F�X�O�D�W�H�G �X�V�L�Q�J �W�K�H �Z�L�Q�G �G�D�W�D �D�Q�G �W�K�H �J�H�Q�H�U�D�O �Z�L�Q�G �F�K�D�U�D�F�W�H�U�L�V��
�W�L�F�V �I�U�R�P�7�D�E�O�H �������� �7�K�H �H�Q�H�U�J�\ �\�L�H�O�G �I�R�U �W�K�H �G�L�I�I�H�U�H�Q�W �H�Q�H�U�J�\ �W�H�F�K�Q�R�O�R�J�L�H�V �D�U�H �S�U�H�V�H�Q�W�H�G �L�Q�7�D�E�O�H ��������

�7�D�E�O�H ���������$�Q�Q�X�D�O �H�Q�H�U�J�\ �\�L�H�O�G �S�H�U �0�: �L�Q�V�W�D�O�O�H�G �F�D�S�D�F�L�W�\ �L�Q �0�:�K �I�R�U �G�L�I�I�H�U�H�Q�W �W�H�F�K�Q�R�O�R�J�L�H�V��

�'�X�T�P �*�U�R�Q�L�Q�J�H�Q �'�D�N�K�O�D

�&�G�7�H �������� �������� ��������
�&�,���*���6 �������� �������� ��������
�0�R�Q�R �F���6�L �������� �������� ��������

�2�Q�V�K�R�U�H �:�L�Q�G�������� �� ��������
�2�I�I�V�K�R�U�H �:�L�Q�G�� �������� ��

�&�R�V�W�V�$�O�O �F�R�V�W �D�Q�G �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �Y�D�O�X�H�V �P�X�V�W �E�H �F�D�O�F�X�O�D�W�H�G �R�Q �D �S�H�U��MW ���E�D�V�L�V�� �7�K�H �F�R�V�W�V �D�Q�G
�&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �D�U�H �H�D�V�L�O�\ �D�Q�G �H�T�X�D�O�O�\ �V�F�D�O�D�E�O�H�� �Z�K�H�Q �S�U�H�V�H�Q�W�H�G �S�H�UMW �� �%�H�F�D�X�V�H �R�I �W�K�L�V �U�H�T�X�L�U�H��
�P�H�Q�W�� �W�K�H �1�H�W �3�U�H�V�H�Q�W �&�R�V�W�V ���1�3�&�� �D�U�H �D�O�V�R �F�D�O�F�X�O�D�W�H�G �R�Q �D �S�H�U��MW ���E�D�V�L�V�� �7�K�H �1�3�& �S�H�UMW �L�V
�F�D�O�F�X�O�D�W�H�G �E�\ �O�R�R�S�L�Q�J �W�K�U�R�X�J�K �W�K�H �S�U�R�M�H�F�W �O�L�I�H�W�L�P�Hn �D�Q�G �F�R�Q�V�W�U�X�F�W�L�Q�J �W�K�H �1�3�& �\�H�D�U �E�\ �\�H�D�U�� �7�K�H �I�R�U��
�P�X�O�D �I�R�U �W�K�HNP CMW �L�V �V�K�R�Z�Q �L�Q�(�T�X�D�W�L�R�Q �������� �7�K�L�V �H�T�X�D�W�L�R�Q �L�V �D�Q �D�G�D�S�W�D�W�L�R�Q �R�I �W�K�H �1�3�& �F�D�O�F�X�O�D�W�L�R�Q
�P�H�W�K�R�G �D�V �S�U�H�V�H�Q�W�H�G �L�Q�V�H�F�W�L�R�Q �������� �$�Q �H�[�D�P�S�O�H �R�I �D �Z�R�U�N�H�G �R�X�W �F�D�O�F�X�O�D�W�L�R�Q �R�Y�H�U �W�K�H �O�L�I�H�W�L�P�H �R�I �D
�S�U�R�M�H�F�W �L�V �S�U�H�V�H�Q�W�H�G �L�Q�V�H�F�W�L�R�Q �%����

NPCMW =
nX

j =1

Cj;MW

((1 + r ) j ����������



�������� �3�T�X�M�Q�M�W�E�X�M�S�R �Q�S�H�I�P ����

�&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W�7�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �S�H�UMW ��CFMW �� �I�R�U �D�O�O �U�H�Q�H�Z�D�E�O�H �H�Q�H�U�J�\ �V�R�X�U�F�H�V �L�V �D�O�V�R
�F�D�O�F�X�O�D�W�H�G �S�U�H���R�S�W�L�P�L�V�D�W�L�R�Q�� �7�K�L�V �L�V �G�R�Q�H �X�V�L�Q�J �W�K�H �P�H�W�K�R�G�V �R�I �%�R�V�P�D�Q�V�� �'�D�P�P�H�L�H�U�� �D�Q�G �+�X�L�M�E�U�H�J�W�V
�>���@�>���� �@ �D�V �G�H�V�F�U�L�E�H�G �L�Q�V�H�F�W�L�R�Q �������� �8�V�L�Q�J �W�K�H�V�H �H�T�X�D�W�L�R�Q�V�� �W�K�H �H�P�L�V�V�L�R�Q�V �S�H�U �X�Q�L�W �R�I �H�Q�H�U�J�\ �F�D�Q �E�H
�I�R�X�Q�G�� �E�X�W �I�R�U �W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q�� �W�K�H �H�P�L�V�V�L�R�Q�V �P�X�V�W �E�H �S�U�H�V�H�Q�W�H�G �S�H�U �X�Q�L�W �R�I �L�Q�V�W�D�O�O�H�G �F�D�S�D�F�L�W�\�� �,�Q
�(�T�X�D�W�L�R�Q �������W�K�L�V �L�V �G�R�Q�H �E�\ �P�X�O�W�L�S�O�\�L�Q�J �W�K�H �H�P�L�V�V�L�R�Q�V �S�H�UMWh �E�\ �W�K�H �D�Q�Q�X�D�O �\�L�H�O�G �S�H�U ��MW �R�I
�L�Q�V�W�D�O�O�H�G �F�D�S�D�F�L�W�\ �D�Q�G �W�K�H �S�U�R�M�H�F�W �O�L�I�H�W�L�P�H��

CFMW = CFMW h � Y1MW � n ����������

�,�Q�(�T�X�D�W�L�R�Q �������W�K�H �D�Q�Q�X�D�O �S�U�R�G�X�F�H�G �P�D�V�V �R�I �K�\�G�U�R�J�H�Q �L�V �F�R�U�U�H�F�W�H�G�� �E�H�F�D�X�V�H �D �S�H�U�F�H�Q�W�D�J�H �R�I �W�K�H
�K�\�G�U�R�J�H�Q �O�H�D�N�V �D�Z�D�\�� �+�\�G�U�R�J�H�Q �L�V �Q�R �*�+�* �R�Q �L�W�V �R�Z�Q�� �E�X�W �W�K�U�R�X�J�K �L�W�V �U�H�D�F�W�L�R�Q �Z�L�W�K �U�D�G�L�F�D�O�V �L�Q �W�K�H
�D�W�P�R�V�S�K�H�U�H�� �K�L�Q�G�H�U�L�Q�J �W�K�H �E�U�H�D�N�G�R�Z�Q �R�I �P�H�W�K�D�Q�H�� �K�\�G�U�R�J�H�Q �K�D�V �D �J�O�R�E�D�O �Z�D�U�P�L�Q�J �S�R�W�H�Q�W�L�D�O �R�I ���� �>���� �@��
�$�V �W�K�H �O�H�D�N�D�J�H �S�H�U�F�H�Q�W�D�J�H �L�V ������������ �W�K�L�V �Z�R�X�O�G �U�H�V�X�O�W �L�Q ����������kgCO2e�� �7�K�L�V �L�V �U�H�J�D�U�G�H�G �D�V �L�Q�V�L�J�Q�L�I�L�F�D�Q�W
�L�Q �U�H�V�S�H�F�W �W�R �W�K�H �R�W�K�H�U �F�R�Q�W�U�L�E�X�W�L�Q�J �F�R�P�S�R�Q�H�Q�W�V�� �D�Q�G �L�V �W�K�H�U�H�I�R�U�H �H�[�F�O�X�G�H�G �I�U�R�P �W�K�H �U�H�V�H�D�U�F�K��

�7�K�H �O�R�F�D�W�L�R�Q �V�S�H�F�L�I�L�F �H�P�L�V�V�L�R�Q �I�D�F�W�R�U�V�� �D�Q�G �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �V�S�H�F�L�I�L�F �H�P�L�V�V�L�R�Q �I�D�F�W�R�U�V �F�D�Q �E�H �I�R�X�Q�G
�L�Q�7�D�E�O�H �������� �,�Q �(�T�X�D�W�L�R�Q�V������ �D�Q�G������ �W�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �R�I �H�Q�H�U�J�\ �L�Q �>gCO2/ kWh�@ �L�V �F�D�O�F�X�O�D�W�H�G��
�7�K�L�V �Y�D�O�X�H �V�W�D�\�V �F�R�Q�V�W�D�Q�W �Z�K�H�Q �H�[�S�U�H�V�V�L�Q�J �L�W �D�VkgCO2/ MWh �� �%�\ �P�X�O�W�L�S�O�\�L�Q�J �W�K�H �U�H�V�X�O�W�V �I�U�R�P �W�K�H�V�H
�H�T�X�D�W�L�R�Q�V�� �E�\ �W�K�H �S�U�R�M�H�F�W �O�L�I�H�W�L�P�H �D�Q�G �W�K�H �O�R�F�D�W�L�R�Q �D�Q�G �W�H�F�K�Q�R�O�R�J�\ �V�S�H�F�L�I�L�F �H�Q�H�U�J�\ �\�L�H�O�G �I�U�R�P�7�D�E�O�H ��������
�W�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �S�H�U �L�Q�V�W�D�O�O�H�G �0�: �F�D�Q �E�H �F�D�O�F�X�O�D�W�H�G�� �7�K�H �F�D�O�F�X�O�D�W�H�G �Y�D�O�X�H�V �D�U�H �S�U�H�V�H�Q�W�H�G �L�Q
�7�D�E�O�H ��������

�7�D�E�O�H ���������&�D�O�F�X�O�D�W�H�G �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W�V �S�H�U �W�H�F�K�Q�R�O�R�J�\ �D�Q�G �U�H�J�L�R�Q�� �7�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U�V �L�V �Q�R�W �O�R�F�D�W�L�R�Q
�V�S�H�F�L�I�L�F �D�Q�G �L�V �S�U�H�V�H�Q�W�H�G �D�W �W�K�H �E�R�W�W�R�P �R�I �W�K�H �W�D�E�O�H��

CFMW h CFMW

�'�X�T�P kgCO2/ MWh tonCO 2/ MW
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�3�(�0 �>���� �@ �� ������

�&�R�P�S�U�H�V�V�R�U�7�K�H �I�L�Q�D�O �S�U�H���S�U�R�F�H�V�V�L�Q�J �V�W�H�S �L�V �W�K�H �F�D�O�F�X�O�D�W�L�R�Q �R�I �W�K�H �F�R�P�S�U�H�V�V�R�U �F�R�Q�V�W�D�Q�W�V�� �7�K�H �H�T�X�D��
�W�L�R�Q�V �P�H�Q�W�L�R�Q�H�G �L�Q�V�H�F�W�L�R�Q �������D�U�H �D�G�D�S�W�H�G �V�X�F�K �W�K�D�W �L�W �\�L�H�O�G�V �D �F�R�V�W �S�H�U �0�: �R�I �L�Q�V�W�D�O�O�H�G �(�O�H�F�W�U�R�O�\�V�H�U
�F�D�S�D�F�L�W�\�� �7�K�H �F�R�P�S�U�H�V�V�R�U �P�X�V�W �E�H �V�L�]�H�G�� �V�X�F�K �W�K�D�W �L�W �F�D�Q �K�D�Q�G�O�H �W�K�H �O�D�U�J�H�V�W �I�O�R�Z �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �F�D�Q
�U�H�D�O�L�]�H�� �7�K�L�V �L�V �G�R�Q�H �E�\ �P�D�N�L�Q�J �W�K�H �P�R�O�D�U �I�O�R�Z �G�H�S�H�Q�G�D�Q�W �R�Q �W�K�H �P�D�[�L�P�X�P �I�O�R�Z �R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U��
�,�Q�(�T�X�D�W�L�R�Q �������W�K�L�V �L�V �G�L�V�S�O�D�\�H�G�� �7�K�H �S�R�Z�H�U �F�R�Q�V�X�P�S�W�L�R�Q �R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�Upcelec �L�V �H�[�S�U�H�V�V�H�G �L�Q
�>MWh / ton�@�� �D�Q�G �W�K�H �P�R�O�D�U �P�D�V�V �R�I �K�\�G�U�R�J�H�Q �L�V2:016g/ mol�� �W�K�L�V �U�H�V�X�O�W�V �L�Q �D �P�R�O�D�U �I�O�R�Zqm �H�[�S�U�H�V�V�H�G
�D�Vmol/( sMW )
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Ccomp;MW;E = Ccomp;MW � Pcomp;MW;E ����������

�7�K�H �F�R�P�S�U�H�V�V�R�U �F�R�V�W�V �D�U�H �R�Q�O�\ �S�U�H�V�H�Q�W �I�R�U �W�K�H �$�:�( �V�F�H�Q�D�U�L�R�V�� �D�V �W�K�H �3�(�0 �S�U�R�G�X�F�H�V �K�\�G�U�R�J�H�Q �D�W
�W�K�H �G�H�O�L�Y�H�U�\ �S�U�H�V�V�X�U�H �R�I ���� �E�D�U�� �:�K�H�Q �S�H�U�I�R�U�P�L�Q�J �W�K�L�V �F�D�O�F�X�O�D�W�L�R�Q�� �D �F�R�P�S�U�H�V�V�R�U �F�R�V�W �F�R�P�S�R�Q�H�Q�W �R�I
������ $/ MW elec �L�V �I�R�X�Q�G�� �%�H�L�Q�J �O�H�V�V �W�K�D�Q �������� �R�I �W�K�H ������ ������$/ MW �L�Q�Y�H�V�W�P�H�Q�W �F�R�V�W�V �R�I �W�K�H �$�O�N�D�O�L�Q�H
�H�O�H�F�W�U�R�O�\�V�H�U �>���� �@�� �W�K�L�V �Q�X�P�E�H�U �L�V �L�Q�V�L�J�Q�L�I�L�F�D�Q�W��

�������������3�T�X�M�Q�M�W�E�X�M�S�R
�$�O�O �S�U�H�O�L�P�L�Q�D�U�\ �F�D�O�F�X�O�D�W�L�R�Q�V �D�Q�G �G�D�W�D �S�U�R�F�H�V�V�L�Q�J �V�W�H�S�V �D�U�H �F�R�Y�H�U�H�G�� �W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q �S�U�R�E�O�H�P �F�D�Q �E�H
�I�R�U�P�X�O�D�W�H�G�� �,�Q�V�H�F�W�L�R�Q �%������ �L�W �L�V �H�[�S�O�D�L�Q�H�G �W�K�D�W �D�Q �R�S�W�L�P�L�V�D�W�L�R�Q �S�U�R�E�O�H�P �F�R�Q�V�L�V�W�V �R�I �W�K�U�H�H �F�R�P�S�R�Q�H�Q�W�V��
�W�K�H �G�H�F�L�V�L�R�Q �Y�D�U�L�D�E�O�H�V�� �W�K�H �R�E�M�H�F�W�L�Y�H �D�Q�G �W�K�H �F�R�Q�V�W�U�D�L�Q�W�V�� �)�L�U�V�W �W�K�H �Y�D�U�L�D�E�O�H�V �D�Q�G �W�K�H �R�E�M�H�F�W�L�Y�H �Z�L�O�O �E�H
�L�Q�W�U�R�G�X�F�H�G�� �I�R�O�O�R�Z�H�G �E�\ �W�K�H �F�R�Q�V�W�U�D�L�Q�W�V��

�(�I�G�M�W�M�S�R �Z�E�V�M�E�F�P�I�W �E�R�H �S�F�N�I�G�M�Z�I
�7�K�H �H�D�V�L�H�V�W �R�S�W�L�P�L�V�D�W�L�R�Q �D�O�J�R�U�L�W�K�P �L�V �V�L�Q�J�O�H �R�E�M�H�F�W�L�Y�H �O�L�Q�H�D�U �S�U�R�J�U�D�P�P�L�Q�J�� �D�V �P�H�Q�W�L�R�Q�H�G �L�Q�V�H�F�W�L�R�Q �%������
�7�K�L�V �U�H�V�H�D�U�F�K �D�L�P �W�R �R�S�W�L�P�L�V�H �I�R�U �E�R�W�K �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �D�Q�G �F�R�V�W�V�� �Z�K�L�F�K �L�V �D �P�X�O�W�L���R�E�M�H�F�W�L�Y�H �S�U�R�E�O�H�P��
�7�K�H�U�H�I�R�U�H �W�K�L�V �P�X�O�W�L���R�E�M�H�F�W�L�Y�H �S�U�R�E�O�H�P �P�X�V�W �E�H �S�K�U�D�V�H�G �V�X�F�K �W�K�D�W �E�R�W�K �R�E�M�H�F�W�L�Y�H�V �F�D�Q �E�H �I�R�U�P�X�O�D�W�H�G
�D�V �R�Q�H�� �7�K�L�V �L�V �G�R�Q�H �E�\ �Q�R�U�P�D�O�L�V�L�Q�J �W�K�H �R�E�M�H�F�W�L�Y�H �F�R�Q�V�W�D�Q�W�V�� �)�R�U�P�X�O�D�W�L�Q�J �D �P�X�O�W�L���R�E�M�H�F�W�L�Y�H �S�U�R�E�O�H�P �D�V
�D �V�L�Q�J�O�H���R�E�M�H�F�W�L�Y�H �S�U�R�E�O�H�P �L�V �S�U�R�Q�H �W�R �V�X�E�M�H�F�W�L�Y�L�W�\�� �7�R �F�R�X�Q�W�H�U�D�F�W �W�K�L�V�� �D �Z�L�G�H �U�D�Q�J�H �R�I �F�D�U�E�R�Q �S�U�L�F�H�V
�L�V �L�Q�W�U�R�G�X�F�H�G �W�R �W�U�D�Q�V�O�D�W�H �W�K�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �W�R �D �F�R�V�W �I�D�F�W�R�U�� �7�K�H �Q�R�U�P�D�O�L�V�D�W�L�R�Q �D�Q�G �Z�H�L�J�K�W�L�Q�J �F�D�Q
�E�H �V�H�H�Q �L�Q�(�T�X�D�W�L�R�Q �������D�Q�G�������� �7�K�U�R�X�J�K �L�W�H�U�D�W�L�R�Q �R�I �Z�H�L�J�K�W �I�D�F�W�R�Uw�� �D �I�U�R�Q�W �L�V �F�R�Q�V�W�U�X�F�W�H�G �E�H�W�Z�H�H�Q
�W�K�H �P�R�V�W �F�R�V�W���H�I�I�H�F�W�L�Y�H �D�Q�G �P�R�V�W �F�D�U�E�R�Q���H�I�I�H�F�W�L�Y�H �G�H�V�L�J�Q�� �$ �Z�H�L�J�K�W �I�D�F�W�R�U �R�I ������ �L�J�Q�R�U�H�V �W�K�H �F�D�U�E�R�Q
�I�R�R�W�S�U�L�Q�W�� �D�Q�G �D �Z�H�L�J�K�W �I�D�F�W�R�U �R�I ������ �L�J�Q�R�U�H�V �F�R�V�W �R�S�W�L�P�D�O�L�W�\��

CFw = [ CFSolar;w ; CFW ind;w ; CFElectrolyser;w ] = w �
[CFSolar ; CFW ind ; CFElectrolyser ]

max ([CFSolar ; CFW ind ; CFElectrolyser ])
����������

Cw = [ CSolar;w ; CW ind;w ; CElectrolyser;w ] = (1 � w)
[CSolar ; CW ind ; CElectrolyser ]

max ([CSolar ; CW ind ; CElectrolyser ])
����������

�7�K�H �R�S�W�L�P�L�V�D�W�L�R�Q �S�U�R�E�O�H�P �K�D�V �W�Z�R �F�O�D�V�V�H�V �R�I �G�H�F�L�V�L�R�Q �Y�D�U�L�D�E�O�H�V�� �7�K�H �I�L�U�V�W �F�O�D�V�V �F�R�Q�V�L�V�W�V �R�I �W�K�U�H�H
�Y�D�U�L�D�E�O�H�V�� �W�K�H �F�R�P�S�R�Q�H�Q�W �V�L�]�H �Y�D�U�L�D�E�O�H�VSSolar ; SW ind ; SElectrolyser �W�K�D�W �U�H�S�U�H�V�H�Q�W �W�K�H �F�D�S�D�F�L�W�\ �L�Q �0�: �R�I
�W�K�H �V�R�O�D�U �S�O�D�Q�W�� �Z�L�Q�G �I�D�U�P �D�Q�G �H�O�H�F�W�U�R�O�\�V�H�U �U�H�V�S�H�F�W�L�Y�H�O�\�� �7�K�H �V�H�F�R�Q�G �F�O�D�V�V �F�R�Q�V�L�V�W�V �R�I �D�V �P�D�Q�\ �G�H�F�L�V�L�R�Q
�Y�D�U�L�D�E�O�H�V �D�V �W�K�H�U�H �D�U�H �W�L�P�H �V�W�H�S�V �L�Q �W�K�H �V�R�O�D�U �D�Q�G �Z�L�Q�G �S�R�Z�H�U �\�L�H�O�G �G�D�W�D �V�H�W�� �L�Q �W�K�L�V �U�H�V�H�D�U�F�K ����������
�K�R�X�U�V�� �7�K�H�V�H �Y�D�U�L�D�E�O�H�V �D�U�H �G�H�Q�R�W�H�G �D�Vpt �� �Z�L�W�K �W �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �W�K�H �K�R�X�U�� �7�K�H�V�H �G�H�F�L�V�L�R�Q �Y�D�U�L�D�E�O�H�V
�G�H�V�F�U�L�E�H �W�K�H �S�R�Z�H�U �O�H�Y�H�O �R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �L�Q �W�K�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �K�R�X�U��

S = [ SSolar ; SW ind ; SElectrolyser ] ������������

�7�K�H �R�E�M�H�F�W�L�Y�H �I�X�Q�F�W�L�R�Q �L�V �G�H�I�L�Q�H�G �L�Q�(�T�X�D�W�L�R�Q ���������� �7�K�H �R�E�M�H�F�W�L�Y�H �L�V �W�R �P�L�Q�L�P�L�V�H �W�K�H �V�X�P �R�I �W�K�H �V�L�]�H�V
�R�I �D�O�O �F�R�P�S�R�Q�H�Q�W�V�� �P�X�O�W�L�S�O�L�H�G �Z�L�W�K �W�K�H �F�R�V�W �D�Q�G �F�D�U�E�R�Q �F�R�Q�V�W�D�Q�W�V��

min:
cX

(Sc � (CFw;c + Cw;c )) c 2 f Solar; W ind; Electrolyser g ������������
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�'�S�R�W�X�V�E�M�R�X�W
�7�K�H �G�H�F�L�V�L�R�Q �V�S�D�F�H �R�I �W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q �S�U�R�E�O�H�P �L�V �U�H�V�W�U�L�F�W�H�G �E�\ �V�H�Y�H�U�D�O �F�R�Q�V�W�U�D�L�Q�W�V�� �7�K�H �I�L�U�V�W �F�R�Q�V�W�U�D�L�Q�W��
�(�T�X�D�W�L�R�Q ���������� �J�X�D�U�D�Q�W�H�H�V �W�K�D�W �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �S�U�R�G�X�F�H�V �H�Q�R�X�J�K �K�\�G�U�R�J�H�Q �G�X�U�L�Q�J �W�K�H �\�H�D�U�� �,�W �L�V �D�V��
�V�X�P�H�G �W�K�D�W �W�K�H �S�R�Z�H�U �O�H�Y�H�O �R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �V�W�D�\�V �F�R�Q�V�W�D�Q�W �G�X�U�L�Q�J �W�K�D�W �K�R�X�U�� �W�K�H�U�H�I�R�U�H �L�W �L�V �S�R�V�V�L�E�O�H
�W�R �V�X�P �W�K�H �S�R�Z�H�U �O�H�Y�H�O �L�Q �0�: �X�S �W�R �W�K�H �H�Q�H�U�J�\ �U�H�T�X�L�U�H�P�H�Q�W�V �L�Q �>MWh �@�� �D�V �F�D�O�F�X�O�D�W�H�G �L�Q�(�T�X�D�W�L�R�Q ��������

26280X

t =1

pt = E req ������������

�7�K�H �V�H�F�R�Q�G �F�R�Q�V�W�U�D�L�Q�W���(�T�X�D�W�L�R�Q ���������H�Q�V�X�U�H�V �W�K�D�W �W�K�H �S�R�Z�H�U �O�H�Y�H�Opt �R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �Q�H�Y�H�U
�H�[�F�H�H�G�V �W�K�H �W�R�W�D�O �S�R�Z�H�U �S�U�R�G�X�F�H�G��PSolar;t �D�Q�GPwind; t �H�[�S�U�H�V�V �W�K�H �S�R�Z�H�U �D ���0�: �L�Q�V�W�D�O�O�D�W�L�R�Q �\�L�H�O�G�V
�D�W �K�R�X�Ut �D�W �W�K�H �H�[�D�P�L�Q�H�G �O�R�F�D�W�L�R�Q��

SSolar � PSolar;t + SW ind � PW ind;t � pt � 0 8t 2 [1; ::: ; 26280] ������������

�7�K�H �I�L�Q�D�O �F�R�Q�V�W�U�D�L�Q�W���(�T�X�D�W�L�R�Q ���������K�D�V �W�Z�R �H�I�I�H�F�W�� �,�Q �W�K�H �I�L�U�V�W �S�O�D�F�H�� �L�W �P�D�N�H�V �V�X�U�H �W�K�D�W �W�K�H �S�R�Z�H�U �O�H�Y�H�O
�R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �Q�H�Y�H�U �H�[�F�H�H�G�V �L�W�V �P�D�[�L�P�X�P �F�D�S�D�F�L�W�\��SElectrolyser �� �$�W �W�K�H �V�D�P�H �W�L�P�H�� �W�K�H �F�R�Q�V�W�U�D�L�Q�W�V
�P�D�N�H�V �V�X�U�H �W�K�D�W �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �L�V �V�L�]�H�G �V�X�F�K �W�K�D�W �L�W �F�D�Q �D�F�F�R�P�P�R�G�D�W�H �W�K�H �K�L�J�K�H�V�W �S�R�Z�H�U �O�H�Y�H�O��

SElectrolyser � pt � 0 8t 2 [1; ::: ; 26280] ������������

�(�T�X�D�W�L�R�Q�V���������������������������� �D�Q�G�������� �I�R�U�P �W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q �S�U�R�E�O�H�P�� �7�K�L�V �S�U�R�E�O�H�P �L�V �V�R�O�Y�H�G �L�Q �S�\�W�K�R�Q��
�X�V�L�Q�J �W�K�H �3�X�/�3 �P�R�G�X�O�H�� �Z�K�L�F�K �L�Q �W�X�U�Q �X�V�H�V �W�K�H �&�%�& �V�R�O�Y�H�U�� �7�K�L�V �V�R�O�Y�L�Q�J �D�O�J�R�U�L�W�K�P �X�W�L�O�L�V�H�V �W�K�H �%�U�D�Q�F�K��
�D�Q�G���F�X�W �D�O�J�R�U�L�W�K�P�� �%�H�I�R�U�H �W�K�H �U�H�V�X�O�W�V �F�D�Q �E�H �S�U�H�V�H�Q�W�H�G�� �I�L�U�V�W �W�K�H�\ �Q�H�H�G �V�R�P�H �S�R�V�W���S�U�R�F�H�V�V�L�Q�J�� �7�K�L�V �L�V
�H�[�S�O�D�L�Q�H�G �L�Q �W�K�H �Q�H�[�W �V�H�F�W�L�R�Q��

�������������4�S�W�X �T�V�S�G�I�W�W�M�R�K
�7�K�H�U�H �D�U�H �I�R�X�U �S�R�V�W���S�U�R�F�H�V�V�L�Q�J �V�W�H�S�V �L�Q �W�K�H �P�R�G�H�O�� �)�L�U�V�W �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �O�L�P�L�W�V �D�U�H �L�Q�W�U�R�G�X�F�H�G�� �W�K�H�Q �V�L�]�H��
�L�Q�G�H�S�H�Q�G�H�Q�W �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �F�R�P�S�R�Q�H�Q�W�V �D�U�H �D�G�G�H�G �� �D�Q�G �I�L�Q�D�O�\ �W�K�H �V�L�]�H���L�Q�G�H�S�H�Q�G�H�Q�W �F�R�V�W �F�R�P�S�R�Q�H�Q�W�V
�D�U�H �L�Q�W�U�R�G�X�F�H�G��

�$ �S�U�R�S�H�U �V�L�P�X�O�D�W�L�R�Q �R�I �H�O�H�F�W�U�R�O�\�V�H�U �R�S�H�U�D�W�L�R�Q �P�X�V�W �L�Q�F�O�X�G�H �H�O�H�F�W�U�R�O�\�V�H�U �O�L�P�L�W�V�� �:�K�L�O�H �L�W �L�V �S�R�V�V�L�E�O�H �W�R
�L�Q�F�O�X�G�H �W�K�L�V �L�Q �W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q �S�U�R�E�O�H�P�� �W�K�L�V �Z�R�X�O�G �U�H�T�X�L�U�H �L�Q�W�U�R�G�X�F�L�Q�J �P�R�U�H �F�R�Q�V�W�U�D�L�Q�W�V �D�Q�G �P�R�U�H �W�K�D�Q
�G�R�X�E�O�H �W�K�H �D�P�R�X�Q�W �R�I �R�S�W�L�P�L�V�D�W�L�R�Q �Y�D�U�L�D�E�O�H�V�� �$�O�O �L�Q �D�O�O�� �W�K�L�V �P�H�D�Q�V �D �V�L�J�Q�L�I�L�F�D�Q�W �L�Q�F�U�H�D�V�H �L�Q �F�R�P�S�X�W�L�Q�J
�S�R�Z�H�U �D�Q�G �W�L�P�H�� �:�K�H�Q �U�X�Q�Q�L�Q�J �Z�L�W�K�R�X�W �W�K�H�V�H �H�[�W�U�D �F�R�Q�V�W�U�D�L�Q�W�V �D�Q�G �Y�D�U�L�D�E�O�H�V�� �R�Q�O�\ ������ �� ���� �R�I �W�K�H
�F�K�R�V�H�Q �S�R�Z�H�U �O�H�Y�H�O�V �O�L�H �O�R�Z�H�U �W�K�D�Q ������ �W�K�H �S�U�R�G�X�F�W�L�R�Q �F�D�S�D�F�L�W�\ �O�L�P�L�W�� �7�K�L�V �R�Q�O�\ �K�D�S�S�H�Q�V �I�R�U �W�K�H �D�O�N�D�O�L�Q�H
�H�O�H�F�W�U�R�O�\�V�H�U�� �D�V �W�K�H �3�(�0 �H�O�H�F�W�U�R�O�\�V�H�U �K�D�V �Q�R �O�R�Z�H�U �S�U�R�G�X�F�W�L�R�Q �O�L�P�L�W�� �%�H�F�D�X�V�H �R�I �W�K�H �O�L�P�L�W�H�G �H�I�I�H�F�W �R�Q
�U�H�V�X�O�W�V�� �E�X�W �O�D�U�J�H �H�I�I�H�F�W �X�S�R�Q �S�H�U�I�R�U�P�D�Q�F�H�� �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �O�L�P�L�W�V �D�U�H �L�Q�W�U�R�G�X�F�H�G �D�I�W�H�U �W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q
�L�V �V�R�O�Y�H�G��

�7�K�H �O�L�P�L�W�V �D�U�H �L�Q�W�U�R�G�X�F�H�G �X�V�L�Q�J �W�K�H �I�R�O�O�R�Z�L�Q�J �S�R�V�W���S�U�R�F�H�V�V�L�Q�J �V�W�H�S�V��

���� �,�G�H�Q�W�L�I�\ �S�R�Z�H�U �O�H�Y�H�O�Vpt �� �W�K�D�W �O�L�H �E�H�O�R�Z �W�K�H ������ �S�U�R�G�X�F�W�L�R�Q �O�L�P�L�W �R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U��
���� �5�H�G�H�I�L�Q�H �D�O�O �S�R�Z�H�U �O�H�Y�H�O�V �O�R�Z�H�U �W�K�D�Q �W�K�H �S�U�R�G�X�F�W�L�R�Q �O�L�P�L�W �W�R �� �>MW �@��
���� �6�X�P �X�S �W�K�H �Q�H�Z �S�R�Z�H�U �O�H�Y�H�O�V �W�R �J�H�W �W�K�H �W�R�W�D�O �X�V�H�G �H�Q�H�U�J�\��
���� �6�F�D�O�H �X�S �W�K�H �Z�L�Q�G�� �V�R�O�D�U �D�Q�G �H�O�H�F�W�U�R�O�\�V�H�U �V�L�]�H�V �V�X�F�K �W�K�D�W �W�K�H �X�V�H�G �H�Q�H�U�J�\ �H�T�X�D�W�H�V �W�R �W�K�H �U�H�T�X�L�U�H�G

�H�Q�H�U�J�\��

�6�H�F�R�Q�G�O�\�� �W�K�H �V�L�]�H���L�Q�G�H�S�H�Q�G�H�Q�W �F�D�U�E�R�Q �F�R�P�S�R�Q�H�Q�W�V �D�U�H �L�Q�W�U�R�G�X�F�H�G�� �7�K�H�V�H �F�R�P�S�R�Q�H�Q�W�V �D�U�H �W�K�H
�F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �D�V�V�R�F�L�D�W�H�G �Z�L�W�K �W�K�H �I�H�H�G�V�W�R�F�N��KOH �� �D�Q�G �F�R�R�O�L�Q�J �Z�D�W�H�U�� �$�V �W�K�H �I�H�H�G�V�W�R�F�N �D�Q�G �F�R�R�O�L�Q�J
�D�U�H �U�H�O�D�W�H�G �W�R �W�K�H �W�R�W�D�O �S�U�R�G�X�F�H�G �D�P�R�X�Q�W �R�I �K�\�G�U�R�J�H�Q�� �D�Q�G �Q�R�W �W�K�H �F�R�P�S�R�Q�H�Q�W �V�L�]�L�Q�J�� �L�W �L�V �F�R�P�S�X�W�D�W�L�R�Q�D�O�O�\
�P�R�U�H �H�I�I�L�F�L�H�Q�W �W�R �L�Q�W�U�R�G�X�F�H �W�K�H�P �D�I�W�H�U�Z�D�U�G�V��

�/�D�V�W�O�\�� �W�K�H �V�L�]�H���L�Q�G�H�S�H�Q�G�H�Q�W �F�R�V�W �F�R�P�S�R�Q�H�Q�W�V �D�U�H �L�Q�W�U�R�G�X�F�H�G�� �7�K�H �P�D�L�Q �F�R�P�S�R�Q�H�Q�W �D�G�G�H�G�� �D�U�H �W�K�H
�F�R�V�W�V �R�I �W�K�H �V�W�D�F�N�V�� �7�K�H �W�R�W�D�O �V�W�D�F�N �F�R�V�W�V �F�D�Q �E�H �F�D�O�F�X�O�D�W�H�G �V�H�S�D�U�D�W�H�O�\ �I�U�R�P �W�K�H �V�L�]�L�Q�J �R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U��
�7�K�L�V �V�H�H�P�V �F�R�X�Q�W�H�U �L�Q�W�X�L�W�L�Y�H�� �E�X�W �L�W �K�R�O�G�V �W�U�X�H�� �(�Y�H�U�\ �V�W�D�F�N �K�D�V �D �F�H�U�W�D�L�Q �O�L�I�H�W�L�P�H�� �H�[�S�U�H�V�V�H�G �L�Q �I�X�O�O���O�R�D�G
�K�R�X�U�V�� �D�I�W�H�U �Z�K�L�F�K �L�W �P�X�V�W �E�H �U�H�S�O�D�F�H�G�� �$�V �F�D�Q �E�H �V�H�H�Q �L�Q�7�D�E�O�H �������� �W�K�L�V �L�V ���������� �K�R�X�U�V �S�H�U �V�W�D�F�N �I�R�U
�$�:�( �D�Q�G ���������� �K�R�X�U�V �S�H�U �V�W�D�F�N �I�R�U �3�(�0�� �8�V�L�Q�J�(�T�X�D�W�L�R�Q ���������W�K�H �W�R�W�D�O �D�P�R�X�Q�W �R�I �V�W�D�F�N�V �S�H�U �\�H�D�U
�F�D�Q �E�H �F�D�O�F�X�O�D�W�H�G�� �7�K�H �D�Q�Q�X�D�O �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�QM H 2 required �L�Q �>[ton/ yr ]�@ �L�V �P�X�O�W�L�S�O�L�H�G �E�\ �W�K�H �S�R�Z�H�U
�F�R�Q�V�X�P�S�W�L�R�Q �R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�Upce �L�Q �>[MWh / ton]�@�� �D�Q�G �W�K�L�V �L�V �G�L�Y�L�G�H�G �E�\ �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �F�D�S�D�F�L�W�\SE
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�L�Q �>[MW ]�@�� �:�K�H�Q �I�X�U�W�K�H�U �G�L�Y�L�G�L�Q�J �W�K�L�V �E�\ �W�K�H �O�L�I�H�W�L�P�H �R�I �W�K�H �V�W�D�F�N �>hours/ stack�@�� �\�R�X �J�H�W �W�K�H �D�P�R�X�Q�W
�R�I �V�W�D�F�N�V �S�H�U �\�H�D�UNstacks;j �� �7�K�H �F�R�V�W�V �R�I �R�Q�H �V�W�D�F�N �L�V �J�L�Y�H�Q �L�Q�(�T�X�D�W�L�R�Q ���������� �%�\ �F�R�P�E�L�Q�L�Q�J �E�R�W�K
�H�T�X�D�W�L�R�Q�V�� �W�K�H �V�L�]�H �R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �F�D�Q �E�H �G�U�R�S�S�H�G�� �U�H�V�X�O�W�L�Q�J �L�Q �D�Q �D�Q�Q�X�D�O �F�R�V�W �F�R�Q�W�U�L�E�X�W�L�R�Q �R�I �W�K�H
�V�W�D�F�N�V�� �D�V �F�D�Q �E�H �V�H�H�Q �L�Q�(�T�X�D�W�L�R�Q ���������� �7�K�H �I�L�Q�D�O �V�W�H�S �L�V �F�D�O�F�X�O�D�W�L�Q�J �W�K�H �1�H�W �3�U�H�V�H�Q�W �&�R�V�W �H�T�X�L�Y�D�O�H�Q�W
�R�I �W�K�H �V�W�D�F�N �F�R�Q�W�U�L�E�X�W�L�R�Q �W�R �W�K�H �W�R�W�D�O �S�U�R�M�H�F�W�� �W�K�L�V �L�V �V�K�R�Z�Q �L�Q�(�T�X�D�W�L�R�Q ����������

Nstacks;annual =
M H 2 required � pce

SE
�

1
lifetime stack

������������

Cstack = 0 :3 � Celectrolyser;MW � SE ������������

Cstacks;j =
M H 2 required � cpc

lifetime stack
� 0:3 � Celectrolyser;MW 8j 2 [1; ::: ; n] ������������

NPCstacks =
nX

j =1

Cstacks;j

((1 + r ) j ������������

�$�I�W�H�U �W�K�H �S�R�V�W���S�U�R�F�H�V�V�L�Q�J �V�W�H�S �W�K�H �U�H�V�X�O�W�V �D�U�H �G�R�Q�H�� �W�K�H

�.�H�\ �W�D�N�H�D�Z�D�\�V �2�S�W�L�P�L�V�D�W�L�R�Q �P�R�G�H�O

I �$ �I�U�R�Q�W �E�H�W�Z�H�H�Q �W�K�H �F�R�V�W���R�S�W�L�P�D�O �F�R�Q�I�L�J�X�U�D�W�L�R�Q �D�Q�G �W�K�H �F�D�U�E�R�Q���R�S�W�L�P�D�O �F�R�Q�I�L�J�X�U�D�W�L�R�Q �L�V �F�R�Q��
�V�W�U�X�F�W�H�G�� �W�K�U�R�X�J�K �L�W�H�U�D�W�L�R�Q �R�Q �W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q�� �'�X�U�L�Q�J �W�K�H �L�W�H�U�D�W�L�R�Q�� �W�K�H �D�S�S�O�L�H�G �Z�H�L�J�K�W �I�D�F�W�R�U
�L�V �F�K�D�Q�J�H�G �I�U�R�P ������ �W�R ��������

I �:�H�L�J�K�W �I�D�F�W�R�Uw � ������ �U�H�V�X�O�W�V �L�Q �W�K�H �F�R�Q�I�L�J�X�U�D�W�L�R�Q �E�H�L�Q�J �R�S�W�L�P�L�V�H�G �V�R�O�H�O�\ �E�D�V�H�G �R�Q �P�L�Q�L�P�L�V�D�W�L�R�Q
�R�I �F�R�V�W�V��

I �:�H�L�J�K�W �I�D�F�W�R�Uw � ������ �U�H�V�X�O�W�V �L�Q �W�K�H �F�R�Q�I�L�J�X�U�D�W�L�R�Q �E�H�L�Q�J �R�S�W�L�P�L�V�H�G �V�R�O�H�O�\ �E�D�V�H�G �R�Q �P�L�Q�L�P�L�V�D�W�L�R�Q
�R�I �F�D�U�E�R�Q �H�P�L�V�V�L�R�Q�V��



�������� �3�T�X�M�Q�M�W�E�X�M�S�R �Q�S�H�I�P ����

�������������7�Y�Q�Q�E�V�] �S�J �E�W�W�Y�Q�T�X�M�S�R�W
�$�O�O �V�F�L�H�Q�W�L�I�L�F �P�R�G�H�O�V �D�U�H �V�L�P�S�O�L�I�L�F�D�W�L�R�Q�V �R�I �U�H�D�O�L�W�\�� �D�Q�G �W�K�H�U�H�I�R�U�H �F�R�Q�W�D�L�Q �L�Q�K�H�U�H�Q�W �D�V�V�X�P�S�W�L�R�Q�V�� �7�K�H
�P�R�V�W �L�P�S�R�U�W�D�Q�W �D�V�V�X�P�S�W�L�R�Q�V �D�U�H �G�L�V�S�O�D�\�H�G �E�H�O�R�Z�� �V�R�U�W�H�G �L�Q �W�K�U�H�H �F�D�W�H�J�R�U�L�H�V�� �(�Q�H�U�J�\�� �2�S�H�U�D�W�L�R�Q �D�Q�G
�(�F�R�Q�R�P�L�F�V �	 �(�Q�Y�L�U�R�Q�P�H�Q�W��

�(�Q�H�U�J�\

I �7�K�H �R�Q�O�\ �U�H�Y�L�H�Z�H�G �H�Q�H�U�J�\ �U�H�V�R�X�U�F�H�V �D�U�H �Z�L�Q�G �D�Q�G �V�R�O�D�U �H�Q�H�U�J�\��
I �7�K�H �Q�X�P�E�H�U �R�I �Z�L�Q�G �W�X�U�E�L�Q�H�V �L�Q �D �Z�L�Q�G �I�D�U�P �D�U�H �R�I�I �L�Q�I�O�X�H�Q�F�H �W�R �W�K�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W�� �G�X�H �W�R

�Z�D�N�H �H�I�I�H�F�W�V�� �7�R �N�H�H�S �W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q �O�L�Q�H�D�U�� �W�K�L�V �Q�X�P�E�H�U �L�V �V�H�W �W�R ������ �R�I �R�Q�V�K�R�U�H �D�Q�G ���� �I�R�U
�R�I�I�V�K�R�U�H�� �7�K�L�V �Q�X�P�E�H�U �U�H�V�X�O�W�V �L�Q �D �Z�L�Q�G �I�D�U�P �R�I �� �*�:��

I �:�K�H�Q �W�K�H�U�H �L�V �D�Q �D�E�X�Q�G�D�Q�F�H �R�I �U�H�Q�H�Z�D�E�O�H �S�R�Z�H�U�� �P�R�U�H �W�K�D�Q �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �F�D�Q �X�V�H�� �W�K�H
�H�[�F�H�V�V �H�Q�H�U�J�\ �L�V �F�X�U�W�D�L�O�H�G �D�Q�G �W�K�X�V �G�R�H�V �Q�R�W �F�R�Q�W�U�L�E�X�W�H �W�R �W�K�H �E�X�V�L�Q�H�V�V �F�D�V�H��

I �7�K�H �R�S�H�U�D�W�L�R�Q�D�O �S�U�R�I�L�O�H �R�I �W�K�H ���0�: �Z�L�Q�G �W�X�U�E�L�Q�H �I�U�R�P�?�i�i�T�b�,�f�f�;�H�Q�#���H�r�B�M�/���i�H���b�X�B�M�7�Q�f�L�V
�O�L�Q�H�D�U�O�\ �V�F�D�O�H�G �W�R ���� �0�: �W�R �D�F�T�X�L�U�H �W�K�H ���� �0�: �R�S�H�U�D�W�L�R�Q�D�O �S�U�R�I�L�O�H��

�2�S�H�U�D�W�L�R�Q

I �$ �P�D�[�L�P�X�P �H�O�H�F�W�U�R�O�\�V�H�U �R�S�H�U�D�W�L�Q�J �F�D�S�D�F�L�W�\ �R�I �������� �L�V �D�V�V�X�P�H�G�� �H�Y�H�Q �W�K�R�X�J�K �3�(�0 �H�O�H�F�W�U�R�O��
�\�V�H�U�V �F�D�Q �W�H�P�S�R�U�D�U�\ �V�F�D�O�H �X�S �W�R ���������� �2�S�H�U�D�W�L�Q�J �I�R�U �D �O�R�Q�J �W�L�P�H �D�W �W�K�L�V �U�H�J�L�P�H �U�H�V�X�O�W�V �L�Q
�I�D�V�W�H�U �G�H�J�U�D�G�D�W�L�R�Q �D�Q�G �L�V �W�K�H�U�H�I�R�U�H �H�[�F�O�X�G�H�G��

I �$�O�W�K�R�X�J�K �S�U�R�G�X�F�W�L�R�Q �O�L�P�L�W�V �D�U�H �U�H�J�D�U�G�H�G�� �W�K�H�U�H �D�U�H �Q�R �S�O�D�Q�Q�H�G �G�R�Z�Q �W�L�P�H�V �R�U �R�W�K�H�U �R�S�H�U�D�W�L�R�Q�D�O
�O�L�P�L�W�D�W�L�R�Q�V��

I �5�D�P�S �U�D�W�H�V �R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �D�Q�G �F�R�P�S�U�H�V�V�R�U�V �D�U�H �Q�R�W �W�D�N�H�Q �L�Q�W�R �D�F�F�R�X�Q�W�� �D�V �W�K�H�\ �D�U�H �E�H�O�R�Z
�W�K�H �W�L�P�H �V�W�H�S �V�L�]�H �S�U�H�V�H�Q�W �L�Q �W�K�H �Z�H�D�W�K�H�U �G�D�W�D��

I �3�H�U�I�R�U�P�D�Q�F�H �G�H�J�U�D�G�D�W�L�R�Q �R�I �W�K�H �V�H�Y�H�U�D�O �F�R�P�S�R�Q�H�Q�W�V �D�U�H �Q�R�W �W�D�N�H�Q �L�Q�W�R �D�F�F�R�X�Q�W��

�(�F�R�Q�R�P�L�F�V �	 �(�Q�Y�L�U�R�Q�P�H�Q�W

I �6�D�O�Y�D�J�H �Y�D�O�X�H �I�R�U �D�O�O �F�R�P�S�R�Q�H�Q�W�V �D�P�R�X�Q�W �W�R �W�H�Q �S�H�U�F�H�Q�W �R�I �L�Q�L�W�L�D�O �L�Q�Y�H�V�W�P�H�Q�W �F�R�V�W�V�� �L�Q �O�L�Q�H
�Z�L�W�K �W�K�H �D�V�V�X�P�S�W�L�R�Q�V �R�I �W�K�H �8�Q�L�W�H�G �6�W�D�W�H�V �'�H�S�D�U�W�P�H�Q�W �R�I �(�Q�H�U�J�\��

I �&�R�V�W�V �R�I �X�V�H�G �D�U�H�D �D�U�H �Q�R�W �L�Q�F�O�X�G�H�G��
I �$�V�V�H�W�V �W�K�D�W �K�D�Y�H �Q�R�W �U�H�D�F�K�H�G �W�K�H �H�Q�G �R�I �W�K�H�L�U �H�F�R�Q�R�P�L�F �O�L�I�H �D�W �W�K�H �H�Q�G �R�I �W�K�H �S�U�R�M�H�F�W�� �Z�L�O�O �E�H

�V�R�O�G �D�W �D �S�H�U�F�H�Q�W�D�J�H �R�I �W�K�H �&�$�3�(�;�� �H�T�X�L�Y�D�O�H�Q�W �W�R �W�K�H �S�H�U�F�H�Q�W�D�J�H �R�I �W�K�H �H�F�R�Q�R�P�L�F �O�L�I�H�W�L�P�H
�W�K�D�W �L�V �O�H�I�W��

I �,�Q�W�H�U�H�V�W �U�D�W�H�V �R�Q �S�R�V�V�L�E�O�H �G�H�E�W �R�U �H�T�X�L�W�\ �D�U�H �R�X�W�V�L�G�H �R�I �W�K�H �H�F�R�Q�R�P�L�F �V�F�R�S�H �R�I �W�K�L�V �U�H�V�H�D�U�F�K��
I �2�S�H�U�D�W�L�R�Q �D�Q�G �0�D�L�Q�W�H�Q�D�Q�F�H �L�V �D�V�V�X�P�H�G �W�R �E�H �D �F�R�Q�V�W�D�Q�W �I�U�D�F�W�L�R�Q �R�I �W�K�H �W�R�W�D�O �L�Q�Y�H�V�W�P�H�Q�W��
I �7�K�H �F�R�V�W�V �D�Q�G �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �R�I �I�H�H�G �V�W�R�F�N �D�Q�G �F�R�R�O�L�Q�J �R�Q�O�\ �U�H�S�U�H�V�H�Q�W �W�K�H �F�R�V�W�V �D�Q�G �I�R�R�W�S�U�L�Q�W

�R�I �W�K�H �Z�D�W�H�U �F�R�Q�V�X�P�H�G��
I �(�[�W�H�U�Q�D�O �F�R�V�W�V ���I�L�Q�D�Q�F�L�D�O �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q �R�I �S�R�W�H�Q�W�L�D�O �V�R�F�L�D�O �R�U �F�O�L�P�D�W�H �G�D�P�D�J�H�� �D�U�H �Q�R�W �W�D�N�H�Q

�L�Q�W�R �D�F�F�R�X�Q�W��
I �7�K�H �F�R�V�W�V �X�V�H�G �I�R�U �G�L�I�I�H�U�H�Q�W �F�R�P�S�R�Q�H�Q�W�V �L�V �H�T�X�D�O �I�R�U �W�K�H �G�L�I�I�H�U�H�Q�W �O�R�F�D�W�L�R�Q�V�� �,�Q �U�H�D�O�L�W�\ �W�K�H�V�H

�Y�D�O�X�H�V �Z�L�O�O �G�L�I�I�H�U��



�������� �7�I�R�W�M�X�M�Z�M�X�] �E�R�E�P�]�W�M�W ����

���������7�I�R�W�M�X�M�Z�M�X�] �E�R�E�P�]�W�M�W
�,�Q �R�U�G�H�U �W�R �I�X�U�W�K�H�U �X�Q�G�H�U�V�W�D�Q�G �W�K�H �L�Q�I�O�X�H�Q�F�H �R�I �V�H�Y�H�U�D�O �D�V�S�H�F�W�V �R�I �W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q�� �D �V�H�Q�V�L�W�L�Y�L�W�\ �D�Q�D�O�\�V�L�V
�L�V �S�H�U�I�R�U�P�H�G�� �7�K�H �E�L�J�J�H�V�W �F�R�V�W �F�R�P�S�R�Q�H�Q�W�V �D�U�H �Y�D�U�L�H�G�� �D�V �Z�H�O�O �D�V �W�K�H �E�L�J�J�H�V�W �F�R�Q�W�U�L�E�X�W�R�U�V �W�R�Z�D�U�G�V �W�K�H
�W�R�W�D�O �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W�� �7�K�H �Y�D�U�L�D�W�L�R�Q�V �D�U�H �J�L�Y�H�Q �L�Q�7�D�E�O�H �������� �7�K�H �O�R�Z �D�Q�G �K�L�J�K �V�F�H�Q�D�U�L�R�V �I�R�U �Z�L�Q�G�� �3�9 �D�Q�G
�H�O�H�F�W�U�R�O�\�V�H�U�V �D�U�H �F�K�R�V�H�Q �L�Q �O�L�Q�H �Z�L�W�K �W�K�H �I�X�W�X�U�H �I�R�U�H�F�D�V�W�V �R�I �,�5�(�1�$�� �)�R�U �W�K�H �F�R�V�W�V �R�I �V�R�O�D�U �3�9 �W�K�L�V �U�H�V�X�O�W�V
�L�Q �D ������ �Y�D�U�L�D�W�L�R�Q �>���� �@�� �7�K�H �V�H�Q�V�L�W�L�Y�L�W�\ �I�R�U �Z�L�Q�G �L�V �E�D�V�H�G �R�Q �W�K�H �V�S�U�H�D�G �R�I �S�R�W�H�Q�W�L�D�O �L�Q�V�W�D�O�O�D�W�L�R�Q �F�R�V�W �S�H�U
�N�Z �D�V �S�U�H�V�H�Q�W�H�G �L�Q �W�K�H �,�5�(�1�$ �I�X�W�X�U�H �R�X�W�O�R�R�N �R�Q �Z�L�Q�G �>���� �@�� �7�K�H �F�R�V�W �Y�D�U�L�D�W�L�R�Q �R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U�V �L�V
�E�D�V�H�G �R�Q �D �V�L�P�L�O�D�U �U�H�S�R�U�W�� �E�X�W �I�R�U �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q�>���� �@�� �L�Q �W�K�L�V �V�D�P�H �U�H�S�R�U�W �W�K�H �U�D�Q�J�H �I�R�U �W�K�H �S�R�Z�H�U
�F�R�Q�V�X�P�S�W�L�R�Q �F�D�Q �E�H �I�R�X�Q�G�� �)�R�U �W�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �Y�D�U�L�D�W�L�R�Q �R�I ���� �� �L�V �V�H�O�H�F�W�H�G�� �7�K�H �G�L�V�F�R�X�Q�W �U�D�W�H�V
�D�U�H �Y�D�U�L�H�G �L�Q �O�L�Q�H �Z�L�W�K �V�H�Q�V�L�W�L�Y�L�W�\ �D�Q�D�O�\�V�H�V �S�H�U�I�R�U�P�H�G �E�\ �5�+�'�+�9��

�7�D�E�O�H ���������6�H�Q�V�L�W�L�Y�L�W�\ �Y�D�U�L�D�E�O�H�V��

�6�R�O�D�U �3�9 �O�R�Z �E�D�V�H �K�L�J�K �X�Q�L�W

�&�'�7�( �>���� �@ ������ ������ ������ $/ kW
�&�,���*���6 �>���� �@ ������ ������ ������ �� / kW
�0�R�Q�R �F���6�L �>���� �@ ������ ������ ������ $/ kW
�6�R�O�D�U �&�) ���� ������ ������ ��
�:�L�Q�G

�2�Q�V�K�R�U�H �>���� �@ ������ �������� �������� $/ kW
�2�I�I�V�K�R�U�H �>���� �@ �������� �������� �������� $/ kW
�:�L�Q�G �&�) �>���� �@ ���� ������ ������ ��
�(�O�H�F�W�U�R�O�\�V�H�U

�$�:�( �F�R�V�W�V �>���� �@ ������ ������ �������� $/ kW
�3�(�0 �F�R�V�W�V �>���� �@ ������ �������� �������� �� / kW
�(�O�H�F�W�U�R�O�\�V�H�U �&�) ���� ������ ������ ��
�$�:�( �3�R�Z�H�U �F�R�Q�V�X�P�S�W�L�R�Q �>���� �@ ���� ���� ���� kWh/ kg H2

�3�(�0 �3�R�Z�H�U �F�R�Q�V�X�P�S�W�L�R�Q �>���� �@ ���� �������� ���� kWh/ kg H2

�*�H�Q�H�U�D�O �H�F�R�Q�R�P�L�F�V
�'�L�V�F�R�X�Q�W �U�D�W�H �� �� �� ��



��
�6�I�W�Y�P�X�W �E�R�H �(�M�W�G�Y�W�W�M�S�R

�,�Q �W�K�L�V �F�K�D�S�W�H�U �W�K�H �U�H�V�X�O�W�V �Z�L�O�O �E�H �S�U�H�V�H�Q�W�H�G �D�Q�G �G�L�V�F�X�V�V�H�G�� �)�L�U�V�W �W�K�H �U�H�V�X�O�W�V �R�I �W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q �D�U�H
�S�U�H�V�H�Q�W�H�G �L�Q�V�H�F�W�L�R�Q �������� �D �E�D�V�H �F�D�V�H �L�V �G�H�I�L�Q�H�G �D�Q�G �X�V�H�G �W�R �H�[�S�O�D�L�Q �W�K�H �G�L�I�I�H�U�H�Q�W �F�K�D�U�W�V�� �7�K�H �E�D�V�H �F�D�V�H
�Z�L�O�O �D�F�W �D�V �E�H�Q�F�K�P�D�U�N �W�R �F�R�P�S�D�U�H �D�O�O �G�L�I�I�H�U�H�Q�W �V�F�H�Q�D�U�L�R�V �W�R�� �)�L�U�V�W �W�K�H �G�L�I�I�H�U�H�Q�W �U�H�J�L�R�Q�V �Z�L�O�O �E�H �G�L�V�F�X�V�V�H�G��
�I�R�O�O�R�Z�H�G �E�\ �W�K�H �G�L�I�I�H�U�H�Q�W �H�O�H�F�W�U�R�O�\�V�H�U �V�F�H�Q�D�U�L�R�V�� �7�K�H�Q �W�K�H �G�L�I�I�H�U�H�Q�W �3�9 �W�H�F�K�Q�R�O�R�J�L�H�V �D�U�H �G�L�V�F�X�V�V�H�G�� �7�K�H
�U�H�V�X�O�W�V �V�H�F�W�L�R�Q �L�V �F�R�Q�F�O�X�G�H�G �Z�L�W�K �D �G�L�V�F�X�V�V�L�R�Q �D�E�R�X�W �W�K�H �H�I�I�H�F�W�V �R�I �L�P�S�O�H�P�H�Q�W�L�Q�J �F�D�U�E�R�Q �S�U�L�F�L�Q�J �R�U �W�D�[
�F�U�H�G�L�W�V�� �7�K�H �F�K�D�S�W�H�U �L�V �F�R�Q�F�O�X�G�H�G �Z�L�W�K �W�K�H �G�L�V�F�X�V�V�L�R�Q �R�I �W�K�H �V�H�Q�V�L�W�L�Y�L�W�\ �D�Q�D�O�\�V�L�V �L�Q�V�H�F�W�L�R�Q ��������

���������6�I�W�Y�P�X�W�� �F�E�W�I �G�E�W�I
�,�Q �W�K�L�V �I�L�U�V�W �V�H�F�W�L�R�Q�� �D �E�D�V�H �F�D�V�H �L�V �V�H�O�H�F�W�H�G �W�R �I�X�Q�F�W�L�R�Q �D�V �D �E�H�Q�F�K�P�D�U�N �D�J�D�L�Q�V�W �W�K�H �R�W�K�H�U �V�F�H�Q�D�U�L�R�V �W�K�D�W
�D�U�H �U�X�Q �R�Q �W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q �P�R�G�H�O�� �7�K�H �E�D�V�H �F�D�V�H �I�R�U �W�K�L�V �U�H�V�H�D�U�F�K �L�V �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q �W�K�U�R�X�J�K �D�Q
�$�O�N�D�O�L�Q�H �H�O�H�F�W�U�R�O�\�V�H�U ���$�:�(���� �X�V�L�Q�J �0�R�Q�R���F�U�\�V�W�D�O�O�L�Q�H �6�L�O�L�F�R�Q �3�9 �P�R�G�X�O�H�V �L�Q �W�K�H �U�H�J�L�R�Q �R�I �'�X�T�P �L�Q �W�K�H
�6�X�O�W�D�Q�D�W�H �R�I �2�P�D�Q�� �0�R�Q�R �F���6�L �F�H�O�O�V �D�U�H �V�H�O�H�F�W�H�G�� �E�H�F�D�X�V�H �W�K�L�V �3�9 �W�H�F�K�Q�R�O�R�J�\ �G�R�P�L�Q�D�W�H�V �W�K�H �F�X�U�U�H�Q�W
�J�O�R�E�D�O �S�U�R�G�X�F�W�L�R�Q �F�D�S�D�F�L�W�\ �D�F�F�R�U�G�L�Q�J �W�R �W�K�H �,�(�$ �>���� �@�� �$�Q�R�W�K�H�U �U�H�T�X�L�U�H�P�H�Q�W �I�R�U �J�R�R�G �U�H�V�X�O�W �F�R�P�S�D�U�L�V�R�Q �L�V
�D �V�R�X�Q�G �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �R�I �W�K�H �P�H�W�K�R�G �D�Q�G �W�K�H �G�D�W�D �Y�L�V�X�D�O�L�V�D�W�L�R�Q�� �)�R�U �H�Y�H�U�\ �V�F�H�Q�D�U�L�R�� �W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q �L�V
�U�X�Q ���� �W�L�P�H�V �Z�L�W�K �Y�D�U�\�L�Q�J �Z�H�L�J�K�W �I�D�F�W�R�U�V�� �D�V �G�L�V�F�X�V�V�H�G �L�Q�V�X�E�V�H�F�W�L�R�Q ������������ �:�H�L�J�K�W �I�D�F�W�R�U �������� �U�H�V�X�O�W�V �L�Q
�D �V�L�Q�J�O�H���R�E�M�H�F�W�L�Y�H �F�R�V�W �P�L�Q�L�P�L�V�D�W�L�R�Q�� �Z�K�H�U�H�D�V �D�W �D �Z�H�L�J�K�W �I�D�F�W�R�U �R�I ������ �W�K�H �F�R�V�W�V �D�U�H �F�R�P�S�O�H�W�H�O�\ �L�J�Q�R�U�H�G
�L�Q �I�D�Y�R�U �R�I �W�K�H �&�)�� �$ �Z�H�L�J�K�W �I�D�F�W�R�U �R�I ������ �Z�R�X�O�G �P�H�D�Q �W�K�D�W �W�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �R�I �W�K�H �G�H�V�L�J�Q �L�V �M�X�V�W
�D�V �L�P�S�R�U�W�D�Q�W �D�V �W�K�H �/�H�Y�H�O�L�V�H�G �&�R�V�W �R�I �+�\�G�U�R�J�H�Q�� �7�K�H �Z�H�L�J�K�W �I�D�F�W�R�U �L�V �W�K�H�U�H�I�R�U�H �D �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q �R�I �D
�P�R�U�D�O �L�Q�F�H�Q�W�L�Y�H �W�R �U�H�G�X�F�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W��

�7�K�H �G�D�W�D �L�V �Y�L�V�X�D�O�L�V�H�G �W�K�U�R�X�J�K �I�R�X�U �F�K�D�U�W�V�� �7�K�H �I�L�U�V�W �F�K�D�U�W �L�V �G�L�V�S�O�D�\�H�G �L�Q�)�L�J�X�U�H �������D�Q�G �F�D�Q �E�H �X�V�H�G
�W�R �F�R�P�S�D�U�H �W�K�H �&�) �D�Q�G �/�&�2�+ �S�H�U�I�R�U�P�D�Q�F�H �R�I �W�K�H �G�L�I�I�H�U�H�Q�W �Z�H�L�J�K�W �I�D�F�W�R�U�V�� �7�K�H �V�H�F�R�Q�G �W�\�S�H �R�I �F�K�D�U�W
�V�K�R�Z�V �W�K�H �G�L�V�W�U�L�E�X�W�L�R�Q �R�I �W�K�H �/�H�Y�H�O�L�V�H�G �&�R�V�W �R�I �+�\�G�U�R�J�H�Q �D�V �I�X�Q�F�W�L�R�Q �R�I �W�K�H �Z�H�L�J�K�W �I�D�F�W�R�U �L�Q �W�K�H �I�R�U�P �R�I
�D �V�W�D�F�N�H�G �E�D�U �F�K�D�U�W�� �7�K�H �L�Q�V�W�D�O�O�H�G �F�D�S�D�F�L�W�L�H�V �R�I �W�K�H �V�R�O�D�U�� �Z�L�Q�G �D�Q�G �H�O�H�F�W�U�R�O�\�V�H�U �D�U�H �S�O�R�W�W�H�G �R�Q �W�R�S �R�I
�W�K�L�V�� �W�K�L�V �F�D�Q �E�H �V�H�H�Q �L�Q�)�L�J�X�U�H �������� �7�K�H �W�K�L�U�G �W�\�S�H �R�I �F�K�D�U�W���)�L�J�X�U�H �������� �L�V �V�L�P�L�O�D�U �W�R �W�K�H �V�H�F�R�Q�G �W�\�S�H��
�Z�L�W�K �W�K�H �G�L�I�I�H�U�H�Q�F�H �W�K�D�W �W�K�L�V �F�K�D�U�W �G�L�V�S�O�D�\�V �W�K�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �G�L�V�W�U�L�E�X�W�L�R�Q�� �7�K�H �F�K�D�U�W�V �R�I �)�L�J�X�U�H�V������
�D�Q�G������ �F�D�Q �E�H �X�V�H�G �W�R �L�Q�V�S�H�F�W �W�K�H �E�X�L�O�G���X�S �R�I �W�K�H �/�&�2�+ �D�Q�G �&�) �R�I �W�K�H �G�L�I�I�H�U�H�Q�W �Z�H�L�J�K�W �I�D�F�W�R�U�V �P�R�U�H
�G�H�W�D�L�O�H�G�� �7�K�H �I�R�X�U�W�K �W�\�S�H �R�I �F�K�D�U�W �L�V �V�K�R�Z�Q �L�Q�)�L�J�X�U�H �������� �,�W �G�L�V�S�O�D�\�V �W�K�H �\�H�D�U���U�R�X�Q�G �S�R�Z�H�U �S�U�R�I�L�O�H �I�R�U
�W�K�U�H�H �G�L�I�I�H�U�H�Q�W �Z�H�L�J�K�W �I�D�F�W�R�U�V�� �,�Q �W�K�L�V �F�K�D�U�W �W�K�H �S�U�R�G�X�F�W�L�R�Q �U�H�J�L�P�H�� �W�K�H �J�H�Q�H�U�D�W�L�R�Q �D�Q�G �W�K�H �F�X�U�W�D�L�O�P�H�Q�W �R�I
�W�K�H �V�\�V�W�H�P �F�D�Q �E�H �V�H�H�Q�� �)�L�U�V�W �W�K�H �3�D�U�H�W�R �I�U�R�Q�W �Z�L�O�O �E�H �G�L�V�F�X�V�V�H�G��

�$ �3�D�U�H�W�R���I�U�R�Q�W �L�V �D �S�K�H�Q�R�P�H�Q�R�Q �L�Q �P�X�O�W�L���R�E�M�H�F�W�L�Y�H �R�S�W�L�P�L�V�D�W�L�R�Q�� �,�W �L�V �D �F�R�O�O�H�F�W�L�R�Q �R�I �S�R�L�Q�W�V �W�K�D�W �U�H�S��
�U�H�V�H�Q�W�V �W�K�H �W�U�D�G�H���R�I�I �E�H�W�Z�H�H�Q �W�K�H �G�L�I�I�H�U�H�Q�W �R�E�M�H�F�W�L�Y�H�V�� �$�O�R�Q�J �W�K�H �I�U�R�Q�W�� �L�P�S�U�R�Y�H�P�H�Q�W �R�I �R�Q�H �R�E�M�H�F�W�L�Y�H��
�O�H�D�G�V �W�R �D �G�H�F�U�H�D�V�H�G �S�H�U�I�R�U�P�D�Q�F�H �R�I �W�K�H �R�W�K�H�U �R�E�M�H�F�W�L�Y�H�� �7�K�H �G�L�I�I�H�U�H�Q�W �S�R�L�Q�W�V �W�K�D�W �P�D�N�H �X�S �W�K�H �I�U�R�Q�W
�L�Q �W�K�L�V �U�H�S�R�U�W�� �D�U�H �W�K�H �U�H�V�X�O�W�V �I�R�U �W�K�H �G�L�I�I�H�U�H�Q�W �Z�H�L�J�K�W �I�D�F�W�R�U�V�� �7�K�H �3�D�U�H�W�R���I�U�R�Q�W �R�I �W�K�H �E�D�V�H �F�D�V�H �L�V �G�L�V��
�S�O�D�\�H�G �L�Q�)�L�J�X�U�H �������� �7�K�H �I�L�U�V�W �W�K�L�Q�J �W�R �Q�R�W�L�F�H�� �L�V �W�K�D�W �W�K�L�V �I�L�J�X�U�H �G�R�H�V �Q�R�W �F�R�Q�I�R�U�P �W�R �W�K�H �G�H�I�L�Q�L�W�L�R�Q �R�I �D
�3�D�U�H�W�R���I�U�R�Q�W�� �7�K�H �M�X�P�S �D�W �&�)� ������kg CO2e/ kg H2 �L�Q �W�K�L�V �J�U�D�S�K �L�V �D �U�H�V�X�O�W �R�I �W�K�H �S�R�V�W���S�U�R�F�H�V�V�L�Q�J �V�W�H�S��
�8�S �W�R �Z�H�L�J�K�W���I�D�F�W�R�U �������� �W�K�H�U�H �L�V �Q�R �L�Q�V�W�D�O�O�H�G �Z�L�Q�G �F�D�S�D�F�L�W�\�� �D�I�W�H�U �Z�K�L�F�K �W�K�H �L�Q�V�W�D�O�O�H�G �Z�L�Q�G �F�D�S�D�F�L�W�\ �V�W�D�U�W�V
�W�R �U�L�V�H�� �7�K�H�U�H �L�V �D �V�K�D�U�S �L�Q�F�U�H�D�V�H �L�Q �/�&�2�+�� �G�X�H �W�R �W�K�H �X�S���V�F�D�O�L�Q�J �R�I �W�K�H �L�Q�V�W�D�O�O�H�G �F�D�S�D�F�L�W�L�H�V �L�Q �W�K�H �S�R�V�W��
�S�U�R�F�H�V�V�L�Q�J �V�W�H�S ���V�X�E�V�H�F�W�L�R�Q �������������� �Z�K�L�F�K �L�V �Q�H�F�H�V�V�D�U�\ �W�R �P�D�N�H �W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q �F�R�P�S�X�W�D�W�L�R�Q�D�O �O�L�J�K�W�H�U��
�1�R�W�H �W�K�D�W �W�K�L�V �R�Q�O�\ �K�D�S�S�H�Q�V �I�R�U �$�:�( �V�F�H�Q�D�U�L�R�V�� �D�Q�G �L�V �Q�R �L�V�V�X�H �I�R�U �W�K�H �I�X�U�W�K�H�U �D�Q�D�O�\�V�L�V �R�I �W�K�H �U�H�V�X�O�W�V��

����



�������� �6�I�W�Y�P�X�W�� �F�E�W�I �G�E�W�I ����

�)�L�J�X�U�H ���������3�D�U�H�W�R �I�U�R�Q�W �� �'�X�T�P�� �$�O�N�D�O�L�Q�H��
�0�R�Q�R �F���6�L�� �7�K�L�V �J�U�D�S�K �G�L�V�S�O�D�\�V �W�K�H �/�&�2�+ �D�Q�G �&�)
�S�H�U�I�R�U�P�D�Q�F�H �R�I �W�K�H �V�F�H�Q�D�U�L�R�V �I�R�U �G�L�I�I�H�U�H�Q�W �Z�H�L�J�K�W
�I�D�F�W�R�U�V�� �7�K�H �Q�X�P�E�H�U�V �F�R�U�U�H�V�S�R�Q�G �W�R �W�K�H �G�H�I�L�Q�H�G

�S�R�L�Q�W�V��

�7�K�H �3�D�U�H�W�R �I�U�R�Q�W �F�D�Q �E�H �U�H�D�G �D�V �I�R�O�O�R�Z�V�� �:�K�H�Q �L�Q�F�U�H�D�V��
�L�Q�J �W�K�H �Z�H�L�J�K�W �I�D�F�W�R�U �I�U�R�P ������ �W�R �������� �W�K�H �S�R�L�Q�W�V �P�R�Y�H �X�S
�I�U�R�P �W�K�H �E�R�W�W�R�P �U�L�J�K�W �F�R�U�Q�H�U�� �Z�K�H�U�H �W�K�H �/�&�2�+ �L�V �O�R�Z�� �W�R �W�K�H
�W�R�S �O�H�I�W�� �Z�K�H�U�H �W�K�H �&�) �L�V �O�R�Z�� �)�R�U �W�K�H �V�D�N�H �R�I �D�Q�D�O�\�V�L�Q�J �W�K�H
�U�H�V�X�O�W�V�� �I�R�X�U �S�R�L�Q�W�V �D�U�H �G�H�I�L�Q�H�G�� �D�Q�G �P�D�U�N�H�G �L�Q�)�L�J�X�U�H ��������

���� �&�R�V�W���R�S�W�L�P�D�O �S�R�L�Q�W���7�K�L�V �L�V �W�K�H �V�R�O�X�W�L�R�Q �Z�L�W�K �W�K�H �O�R�Z��
�H�V�W �/�&�2�+�� �7�K�L�V �V�R�O�X�W�L�R�Q �L�V �W�K�H �U�H�V�X�O�W �R�I �D�S�S�O�\�L�Q�J
w � ��������

���� �&�D�U�E�R�Q���R�S�W�L�P�D�O �S�R�L�Q�W���7�K�L�V �L�V �W�K�H �V�R�O�X�W�L�R�Q �Z�L�W�K �W�K�H
�O�R�Z�H�V�W �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W�� �I�R�O�O�R�Z�L�Q�J �W�K�H �D�S�S�O�L�F�D�W�L�R�Q �R�I
w � ��������

���� �&�R�V�W���H�O�E�R�Z���7�K�L�V �S�R�L�Q�W �O�L�H�V �D�W �U�R�X�J�K�O�\ �W�K�H �V�D�P�H
�/�&�2�+ �D�V �W�K�H �F�R�V�W���R�S�W�L�P�D�O �S�R�L�Q�W�� �E�X�W �Z�L�W�K �D �U�H�G�X�F�H�G
�F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W�� �7�K�H �F�R�V�W���H�O�E�R�Zw � ������ �Z�K�H�U�H �W�K�H
�F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �L�V �H�T�X�D�O �W�R ������kg CO2e/ kg H2�� �+�H�U�H
�W�K�H �M�X�P�S �D�Ww � �������� �L�V �L�J�Q�R�U�H�G��

���� �&�D�U�E�R�Q���H�O�E�R�Z���7�K�L�V �S�R�L�Q�W �O�L�H�V �D�W �U�R�X�J�K�O�\ �W�K�H �V�D�P�H
�&�) �D�V �W�K�H �F�D�U�E�R�Q �R�S�W�L�P�D�O �S�R�L�Q�W�� �E�X�W �Z�L�W�K �D �U�H�G�X�F�H�G
�/�&�2�+�� �7�K�L�V �S�R�L�Q�W �F�D�Q �E�H �I�R�X�Q�G �D�Ww � �������� �D�W �D�Q
�/�&�2�+ �R�I ��������$/ kg H2��

�7�K�H �G�H�Q�V�H �U�H�J�L�R�Q�V �R�I �W�K�H �3�D�U�H�W�R �I�U�R�Q�W�� �L�Q�G�L�F�D�W�H �Y�H�U�\ �O�L�W��
�W�O�H �F�K�D�Q�J�H �R�I �.�3�,�¶�V�� �G�H�V�S�L�W�H �W�K�H �F�K�D�Q�J�H �R�I �W�K�H �Z�H�L�J�K�W �I�D�F�W�R�U�� �7�K�H �U�H�J�L�R�Q �E�H�W�Z�H�H�Q �W�K�H �F�D�U�E�R�Q���H�O�E�R�Z
�D�Q�G �F�D�U�E�R�Q���R�S�W�L�P�D�O �S�R�L�Q�W �D�U�H �D�Q �H�[�D�P�S�O�H �R�I �W�K�L�V�� �7�K�H �F�K�D�Q�J�L�Q�J �Z�H�L�J�K�W �I�D�F�W�R�U �S�X�V�K�H�V �W�K�H �F�R�Q�I�L�J�X�U�D��
�W�L�R�Q �W�R�Z�D�U�G�V �W�K�H �O�R�Z�H�V�W �S�R�V�V�L�E�O�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W�� �U�H�V�X�O�W�L�Q�J �L�Q �D�Q �L�Q�V�L�J�Q�L�I�L�F�D�Q�W �G�H�F�U�H�D�V�H �R�I �F�D�U�E�R�Q ����������
kg CO2e/ kg H2�� �D�W �D �U�H�O�D�W�L�Y�H �K�L�J�K �F�R�V�W �L�Q�F�U�H�D�V�H ����������$/ kg H2�� �� �7�K�H�U�H �L�V �Q�R �S�R�L�Q�W �L�Q �I�X�U�W�K�H�U �L�P�S�U�R�Y�L�Q�J
�W�K�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �E�H�\�R�Q�G �W�K�H �F�D�U�E�R�Q���H�O�E�R�Z�� �2�Q �W�K�H �U�L�J�K�W �V�L�G�H �R�I �W�K�H �F�X�U�Y�H�� �W�K�H�U�H �L�V �D �P�R�U�H �H�I�I�H�F�W�L�Y�H
�S�O�D�W�H�D�X�� �%�H�W�Z�H�H�Q �Z�H�L�J�K�W �I�D�F�W�R�U �������� �D�Q�G �������� �W�K�H �/�&�2�+ �L�Q�F�U�H�D�V�H�V �E�\ ����������$/ kg H2�� �Z�K�L�O�H �W�K�H �&�D�U�E�R�Q
�)�R�R�W�S�U�L�Q�W �U�H�G�X�F�H�V �E�\ ������kg CO2e/ kg H2�� �7�K�L�V �L�V �D �V�L�J�Q�L�I�L�F�D�Q�W �G�H�F�U�H�D�V�H �R�I �F�D�U�E�R�Q �D�W �D�Q �L�Q�V�L�J�Q�L�I�L�F�D�Q�W
�L�Q�F�U�H�D�V�H �R�I �/�&�2�+�� �7�K�L�V �3�D�U�H�W�R �I�U�R�Q�W �V�K�R�Z�V �W�K�D�W �J�R�R�G �D�O�O���U�R�X�Q�G �S�H�U�I�R�U�P�L�Q�J �F�R�Q�I�L�J�X�U�D�W�L�R�Q�V �D�U�H �L�J�Q�R�U�H�G
�Z�K�H�Q �S�H�U�I�R�U�P�L�Q�J �D �V�L�Q�J�O�H���R�E�M�H�F�W�L�Y�H �R�S�W�L�P�L�V�D�W�L�R�Q �W�R�Z�D�U�G�V �H�L�W�K�H�U �F�R�V�W�V �R�U �F�D�U�E�R�Q��
�7�K�H �V�H�F�R�Q�G �F�K�D�U�W �L�V �V�K�R�Z�Q �L�Q�)�L�J�X�U�H �������� �D�Q�G �G�L�V�S�O�D�\�V �W�K�H �F�K�D�Q�J�H �L�Q �O�H�Y�H�O�L�V�H�G �F�R�V�W �D�Q�G �L�Q�V�W�D�O�O�H�G �F�D��
�S�D�F�L�W�\ �D�V �D �I�X�Q�F�W�L�R�Q �R�I �W�K�H �Z�H�L�J�K�W �I�D�F�W�R�U�� �7�K�H �Z�H�L�J�K�W �I�D�F�W�R�U �L�V �G�L�V�S�O�D�\�H�G �R�Q �W�K�H �[���D�[�L�V�� �I�U�R�P �Q�R �F�D�U�E�R�Q
�R�S�W�L�P�L�V�D�W�L�R�Q �D�W �W�K�H �O�H�I�W �K�D�Q�G �V�L�G�H�� �W�R�Z�D�U�G�V �Q�R �F�R�V�W �R�S�W�L�P�L�V�D�W�L�R�Q �D�W �W�K�H �U�L�J�K�W �K�D�Q�G �V�L�G�H�� �7�K�H �/�&�2�+ �L�V
�G�L�V�S�O�D�\�H�G �R�Q �W�K�H �S�U�L�P�D�U�\ �\���D�[�L�V�� �7�K�H �V�W�D�F�N�H�G �E�D�U �F�K�D�U�W �F�R�U�U�H�V�S�R�Q�G�V �W�R �W�K�L�V �D�[�L�V�� �G�L�V�S�O�D�\�L�Q�J �W�K�H �F�R�V�W
�F�R�Q�W�U�L�E�X�W�L�R�Q�V �R�I �W�K�H �W�K�U�H�H �P�D�L�Q �F�R�P�S�R�Q�H�Q�W�V�� �W�K�H �V�R�O�D�U�� �Z�L�Q�G �D�Q�G �H�O�H�F�W�U�R�O�\�V�H�U �V�\�V�W�H�P�V�� �,�Q�$�S�S�H�Q�G�L�[ �&
�W�K�H �S�U�H�F�L�V�H �G�L�V�W�U�L�E�X�W�L�R�Q �S�H�U �I�D�F�W�R�U �F�D�Q �E�H �V�H�H�Q�� �7�K�H �3�9 �D�Q�G �:�L�Q�G �F�R�V�W�V �F�R�Q�V�L�V�W �R�I �W�K�H �&�$�3�(�; �D�Q�G �2�	�0
�F�R�V�W�V�� �7�K�H �(�O�H�F�W�U�R�O�\�V�H�U �F�R�V�W�V �F�R�Q�V�L�V�W �R�I �W�K�H �&�$�3�(�;�� �2�	�0 �D�Q�G �W�K�H �V�W�D�F�N�� �F�R�P�S�U�H�V�V�R�U�� �I�H�H�G�V�W�R�F�N �D�Q�G
�F�R�R�O�L�Q�J �F�R�V�W�V�� �2�Q �W�K�H �V�H�F�R�Q�G�D�U�\ �\���D�[�L�V �W�K�H �W�R�W�D�O �L�Q�V�W�D�O�O�H�G �F�D�S�D�F�L�W�\ �L�V �G�L�V�S�O�D�\�H�G�� �7�K�H �O�L�Q�H�V �L�Q �W�K�H �F�K�D�U�W
�L�Q�G�L�F�D�W�H �W�K�H �L�Q�V�W�D�O�O�H�G �V�R�O�D�U�� �Z�L�Q�G �D�Q�G �H�O�H�F�W�U�R�O�\�V�H�U �F�D�S�D�F�L�W�\ �I�R�U �D�O�O �G�L�I�I�H�U�H�Q�W �Z�H�L�J�K�W �I�D�F�W�R�U�V��

�)�L�J�X�U�H ���������/�H�Y�H�O�L�V�H�G �&�R�V�W �R�I �+�\�G�U�R�J�H�Q �� �'�X�T�P�� �$�O�N�D�O�L�Q�H�� �0�R�Q�R �F���6�L�� �7�K�H �/�&�2�+ ���S�U�L�P�D�U�\ �\���D�[�L�V�� �V�W�D�F�N�H�G �E�D�U�� �D�Q�G �L�Q�V�W�D�O�O�H�G
�F�D�S�D�F�L�W�\ ���V�H�F�R�Q�G�D�U�\ �\���D�[�L�V�� �O�L�Q�H �J�U�D�S�K�� �S�O�R�W�W�H�G �D�J�D�L�Q�V�W �W�K�H �Z�H�L�J�K�W �I�D�F�W�R�U��
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�)�L�J�X�U�H �������F�O�H�D�U�O�\ �G�L�V�S�O�D�\�V �W�K�H �S�U�L�F�H �L�P�E�D�O�D�Q�F�H �E�H�W�Z�H�H�Q �V�R�O�D�U �D�Q�G �Z�L�Q�G �H�Q�H�U�J�\�� �$�Ww � ������ �V�R�O�D�U
�D�Q�G �Z�L�Q�G �K�D�Y�H �D�Q �H�T�X�D�O �L�Q�V�W�D�O�O�H�G �F�D�S�D�F�L�W�\�� �E�X�W �W�K�H �F�R�V�W�V �R�I �L�Q�V�W�D�O�O�H�G �Z�L�Q�G �D�U�H �G�R�X�E�O�H �W�K�D�W �R�I �W�K�H �V�R�O�D�U
�F�D�S�D�F�L�W�\�� �,�W �L�V �J�R�R�G �W�R �Q�R�W�H �W�K�D�W �D�O�W�K�R�X�J�K �W�K�H �F�D�S�D�F�L�W�L�H�V �D�U�H �H�T�X�D�O�� �W�K�H �H�Q�H�U�J�\ �V�X�S�S�O�L�H�G �I�R�U �W�K�H �S�U�R�G�X�F�W�L�R�Q
�R�I �K�\�G�U�R�J�H�Q �L�V �Q�R�W �H�T�X�D�O�� �D�V ��MW �R�I �Z�L�Q�G �F�D�S�D�F�L�W�\ �D�Q�Q�X�D�O�O�\ �\�L�H�O�G�V ������ �P�R�U�H �H�Q�H�U�J�\ �W�K�D�Q ��MW �R�I
�3�9 �F�D�S�D�F�L�W�\�� �7�K�H �H�O�H�F�W�U�R�O�\�V�H�U �P�D�N�H�V �X�S ������ �R�I �W�K�H �F�R�V�W�V �D�Ww � �������� �W�K�L�V �L�V �U�H�G�X�F�H�G �W�R ������ �Z�D�Ww � 
�������� �7�K�H �D�E�V�R�O�X�W�H �F�R�Q�W�U�L�E�X�W�L�R�Q �L�V �U�H�O�D�W�L�Y�H�O�\ �V�W�D�E�O�H�� �U�H�G�X�F�L�Q�J �E�\ �� �F�H�Q�W�V �W�R�Z�D�U�G�V �W�K�H �F�D�U�E�R�Q���R�S�W�L�P�D�O �S�R�L�Q�W
�D�W ��������$/ kg H2�� �7�K�H �S�O�D�W�H�D�X�V �E�H�W�Z�H�H�Q �W�K�H �R�S�W�L�P�D�O �S�R�L�Q�W�V �D�Q�G �W�K�H �H�O�E�R�Z�V �W�K�D�W �Z�H�U�H �P�H�Q�W�L�R�Q�H�G �Z�K�H�Q
�G�L�V�F�X�V�V�L�Q�J �W�K�H �3�D�U�H�W�R �I�U�R�Q�W�� �D�U�H �F�O�H�D�U�O�\ �G�L�V�W�L�Q�J�X�L�V�K�D�E�O�H�� �7�K�H �G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Q �W�K�H �F�R�V�W �D�Q�G �F�D�U�E�R�Q
�S�O�D�W�H�D�X �D�U�H �F�O�H�D�U�� �$�W �W�K�H �F�D�U�E�R�Q �S�O�D�W�H�D�X�� �V�W�D�U�W�L�Q�J �I�U�R�Pw � ���������� �W�K�H �F�R�Q�I�L�J�X�U�D�W�L�R�Q �E�D�U�H�O�\ �F�K�D�Q�J�H�V��
�U�H�V�X�O�W�L�Q�J �L�Q �Q�R �V�L�J�Q�L�I�L�F�D�Q�W �G�H�F�U�H�D�V�H �R�I �&�) �U�H�O�D�W�H�G �W�R �D�Q �/�&�2�+ �L�Q�F�U�H�D�V�H �R�I ��������$/ kg H2�� �:�K�L�O�H �D�W �W�K�H
�F�R�V�W �S�O�D�W�H�D�X �E�H�W�Z�H�H�Qw � �������� �D�Q�Gw � �������� �W�K�H �F�R�Q�I�L�J�X�U�D�W�L�R�Q �R�I �W�K�H �S�U�R�G�X�F�W�L�R�Q �F�K�D�L�Q �G�R�H�V �F�K�D�Q�J�H��
�7�K�H �H�I�I�H�F�W�V �R�I �W�K�H�V�H �F�K�D�Q�J�H�V �E�H�F�R�P�H �F�O�H�D�U �Z�K�H�Q �O�R�R�N�L�Q�J �D�W �W�K�H �Q�H�[�W �F�K�D�U�W��

�7�K�H �W�K�L�U�G �F�K�D�U�W �L�V �V�K�R�Z�Q �L�Q�)�L�J�X�U�H �������� �7�K�L�V �F�K�D�U�W �L�V �V�L�P�L�O�D�U �W�R �W�K�H �S�U�H�Y�L�R�X�V �F�K�D�U�W�� �H�[�F�H�S�W �L�W �V�K�R�Z�V �W�K�H
�&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �L�Q�V�W�H�D�G �R�I �W�K�H �/�H�Y�H�O�L�V�H�G �&�R�V�W �R�I �+�\�G�U�R�J�H�Q �R�Q �W�K�H �S�U�L�P�D�U�\ �\���D�[�L�V�� �7�K�H ������kg CO2e/ kg H2

�&�) �U�H�G�X�F�W�L�R�Q �D�F�K�L�H�Y�H�G �D�W �W�K�H �F�R�V�W �S�O�D�W�H�D�X �E�H�W�Z�H�H�Qw � �������� �� ������ �L�V �F�O�H�D�U �L�Q �W�K�L�V �J�U�D�S�K�� �7�K�L�V �)�L�J�X�U�H
�G�L�V�S�O�D�\�V �K�R�Z �E�L�J �W�K�H �L�Q�I�O�X�H�Q�F�H �R�I �W�K�H �F�K�R�V�H�Q �H�Q�H�U�J�\ �V�R�X�U�F�H �L�V �R�Q �W�K�H �R�Y�H�U�D�O�O �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W�� �7�K�H �0�R�Q�R
�F���6�L �6�R�O�D�U �S�D�Q�H�O�V �D�U�H �F�O�H�D�U�O�\ �P�R�U�H �S�R�O�O�X�W�L�Q�J �W�K�D�Q �W�K�H �R�Q�V�K�R�U�H �Z�L�Q�G �W�X�U�E�L�Q�H�� �7�K�H �L�Q�V�W�D�O�O�H�G �H�O�H�F�W�U�R�O�\�V�H�U��
�Z�L�Q�G �D�Q�G �3�9 �F�D�S�D�F�L�W�\ �D�U�H �D�S�S�U�R�[�L�P�D�W�H�O�\ �W�K�H �V�D�P�H �D�Ww � �������� �E�X�W �3�9 �P�D�N�H�V �X�S ������ �R�I �W�K�H �&�D�U�E�R�Q
�)�R�R�W�S�U�L�Q�W�� �Z�L�W�K �Z�L�Q�G �D�Q�G �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �F�R�Q�W�U�L�E�X�W�L�Q�J ������ �D�Q�G ���� �U�H�V�S�H�F�W�L�Y�H�O�\�� �7�K�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W
�R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �D�Q�G �L�W�V �R�S�H�U�D�W�L�R�Q �P�D�W�W�H�U �O�L�W�W�O�H �F�R�P�S�D�U�H�G �W�R �W�K�H �H�Q�H�U�J�\ �I�R�R�W�S�U�L�Q�W��

�)�L�J�X�U�H ���������&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �� �'�X�T�P�� �$�O�N�D�O�L�Q�H�� �0�R�Q�R �F���6�L�� �7�K�H �&�) ���S�U�L�P�D�U�\ �\���D�[�L�V�� �V�W�D�F�N�H�G �E�D�U�� �D�Q�G �L�Q�V�W�D�O�O�H�G �F�D�S�D�F�L�W�\
���V�H�F�R�Q�G�D�U�\ �\���D�[�L�V�� �O�L�Q�H �J�U�D�S�K�� �S�O�R�W�W�H�G �D�J�D�L�Q�V�W �W�K�H �Z�H�L�J�K�W �I�D�F�W�R�U��

�)�L�J�X�U�H�V������ �D�Q�G������ �F�D�Q �E�H �U�H�D�G �E�\ �I�R�O�O�R�Z�L�Q�J �W�K�H �F�X�U�Y�H �R�I �W�K�H �\�H�O�O�R�Z �O�L�Q�H�� �U�H�S�U�H�V�H�Q�W�L�Q�J �W�K�H �L�Q�V�W�D�O�O�H�G
�H�O�H�F�W�U�R�O�\�V�H�U �F�D�S�D�F�L�W�\�� �7�K�H �Z�D�\ �W�K�H �V�L�]�L�Q�J �R�I �W�K�H �F�R�P�S�R�Q�H�Q�W�V �F�K�D�Q�J�H�V �Z�L�W�K �W�K�H �Z�H�L�J�K�W �I�D�F�W�R�U �I�R�O�O�R�Z�V �D
�V�W�D�Q�G�D�U�G �F�X�U�Y�H �I�R�U �P�R�V�W �V�F�H�Q�D�U�L�R�V�� �)�R�X�U �G�L�V�W�L�Q�F�W �U�H�J�L�R�Q�V �L�Q �W�K�H �F�X�U�Y�H �F�D�Q �E�H �L�G�H�Q�W�L�I�L�H�G��

���� w � �>�������� ���������������@ �± �7�K�H �V�L�]�H �R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �U�H�G�X�F�H�V�� �D�V �W�K�H �F�D�S�D�F�L�W�L�H�V �R�I �W�K�H �Z�L�Q�G �D�Q�G �V�R�O�D�U
�L�Q�V�W�D�O�O�D�W�L�R�Q�V �D�U�H �H�T�X�D�O�L�V�H�G�� �7�K�H �H�O�H�F�W�U�R�O�\�V�H�U �F�D�Q �E�H �V�L�]�H�G �G�R�Z�Q�� �D�V �W�K�H �H�Q�H�U�J�\ �P�L�[ �L�V �G�L�Y�H�U�V�L�I�L�H�G
�D�Q�G �W�K�H �H�I�I�H�F�W �R�I �L�Q�W�H�U�P�L�W�W�H�Q�F�\ �L�V �U�H�G�X�F�H�G�� �7�K�H �&�) �U�H�G�X�F�H�V �T�X�L�F�N�O�\��

���� w � �>�������� �����������������@ �± �7�K�H �H�O�H�F�W�U�R�O�\�V�H�U �F�D�S�D�F�L�W�\ �U�H�P�D�L�Q�V �U�H�O�D�W�L�Y�H�O�\ �F�R�Q�V�W�D�Q�W �Z�K�L�O�H �W�K�H �V�R�O�D�U �H�Q�H�U�J�\
�J�H�W�V �J�U�D�G�X�D�O�O�\ �H�[�F�K�D�Q�J�H�G �I�R�U �P�R�U�H �Z�L�Q�G �H�Q�H�U�J�\�� �7�K�H �&�) �U�H�G�X�F�H�V �V�O�R�Z�O�\��

���� w � �>���������� �����������������@ �± �7�K�H �Z�L�Q�G �F�D�S�D�F�L�W�\ �L�V �V�F�D�O�H�G �X�S�� �Z�K�L�O�H �W�K�H �V�R�O�D�U �F�D�S�D�F�L�W�\ �U�H�G�X�F�W�L�R�Q �L�V �V�S�H�G
�X�S�� �7�K�H �H�O�H�F�W�U�R�O�\�V�H�U �F�D�S�D�F�L�W�\ �H�[�S�H�U�L�H�Q�F�H�V �D �U�D�S�L�G �V�F�D�O�H �X�S �D�V �Z�H�O�O�� �7�K�L�V �F�D�Q �E�H �X�Q�G�H�U�V�W�R�R�G �Z�K�H�Q
�O�R�R�N�L�Q�J �D�W �W�K�H �Z�H�D�W�K�H�U �S�U�R�I�L�O�H �R�I �'�X�T�P�� �S�U�H�V�H�Q�W�H�G �L�Q�)�L�J�X�U�H ���������� �:�L�Q�G �H�Q�H�U�J�\ �K�D�V �D �O�R�Z�H�U �&�) �W�K�D�Q
�V�R�O�D�U �H�Q�H�U�J�\�� �E�X�W �W�K�H �S�R�W�H�Q�W�L�D�O �I�R�U �Z�L�Q�G �H�Q�H�U�J�\ �L�Q �'�X�T�P �O�L�H�V �S�U�H�G�R�P�L�Q�D�Q�W�O�\ �L�Q �W�K�H �V�X�P�P�H�U�� �Z�K�L�O�H
�E�H�L�Q�J �O�D�U�J�H�O�\ �L�Q�D�F�W�L�Y�H �G�X�U�L�Q�J �W�K�H �R�W�K�H�U �V�H�D�V�R�Q�V�� �7�K�H �H�O�H�F�W�U�R�O�\�V�H�U �Q�H�H�G�V �W�R �E�H �V�L�]�H�G �X�S�� �D�V �W�K�H �E�X�O�N
�R�I �W�K�H �K�\�G�U�R�J�H�Q �K�D�V �W�R �E�H �S�U�R�G�X�F�H�G �L�Q �D �U�H�O�D�W�L�Y�H �V�K�R�U�W �S�H�U�L�R�G�� �7�K�H �Z�L�Q�G �F�D�S�D�F�L�W�\ �L�V �V�L�J�Q�L�I�L�F�D�Q�W�O�\
�L�Q�F�U�H�D�V�H�G �W�R �E�H �D�E�O�H �W�R �V�X�S�S�O�\ �H�Q�R�X�J�K �H�Q�H�U�J�\ �G�X�U�L�Q�J �W�K�R�V�H �S�U�R�G�X�F�L�Q�J �V�X�P�P�H�U �P�R�Q�W�K�V�� �D�Q�G �W�K�H
�H�O�H�F�W�U�R�O�\�V�H�U �P�X�V�W �I�R�O�O�R�Z �W�R �H�Q�V�X�U�H �D�G�H�T�X�D�W�H �S�U�R�G�X�F�W�L�R�Q�� �7�K�H �&�) �G�H�F�U�H�D�V�H�V �T�X�L�F�N�O�\��

���� w � �>���������� �������� �������@ �± �7�K�H �Z�L�Q�G �F�D�S�D�F�L�W�\ �L�V �U�H�G�X�F�H�G�� �Z�K�L�O�H �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �L�V �V�L�]�H�G �X�S�� �7�K�H �&�) �G�R�H�V
�Q�R�W �G�H�F�U�H�D�V�H �P�X�F�K �E�\ �W�K�L�V �D�F�W�L�R�Q�� �E�X�W �R�Y�H�U�D�O�O �O�H�V�V �H�Q�H�U�J�\ �J�H�W�V �F�X�U�W�D�L�O�H�G�� �7�K�L�V �F�D�Q �E�H �F�O�H�D�U�O�\ �V�H�H�Q
�L�Q �W�K�H �Q�H�[�W �F�K�D�U�W��
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�Z�K�H�Q �X�V�L�Q�J �0�R�Q�R �F���6�L�� �E�R�W�K �L�Q �W�H�U�P�V �R�I �F�R�V�W�V �D�Q�G �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W�� �+�R�Z�H�Y�H�U�� �W�K�L�V �G�R�H�V �Q�R�W �G�L�V�T�X�D�O�L�I�\
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�W�K�H�V�H �U�H�V�X�O�W�V �L�V �O�R�Z�� �E�H�L�Q�J �Q�H�D�U �W�K�H �J�O�R�E�D�O �U�D�Q�J�H �R�I �J�U�H�\ �D�Q�G �E�O�X�H �K�\�G�U�R�J�H�Q�� �Z�L�W�K �D�Q �/�&�2�+ �R�I ������������������
$/ kg H2 �I�R�U �J�U�H�\ �D�Q�G ������������������$/ kg H2 �I�R�U �E�O�X�H �K�\�G�U�R�J�H�Q �>���� �@��

�)�L�J�X�U�H ���������&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �� �'�D�N�K�O�D�� �$�O�N�D�O�L�Q�H�� �0�R�Q�R �F���6�L�� �7�K�H �&�) ���S�U�L�P�D�U�\ �\���D�[�L�V�� �V�W�D�F�N�H�G �E�D�U�� �D�Q�G �L�Q�V�W�D�O�O�H�G �F�D�S�D�F�L�W�\
���V�H�F�R�Q�G�D�U�\ �\���D�[�L�V�� �O�L�Q�H �J�U�D�S�K�� �S�O�R�W�W�H�G �D�J�D�L�Q�V�W �W�K�H �Z�H�L�J�K�W �I�D�F�W�R�U��

�7�K�H �G�L�I�I�H�U�H�Q�F�H �L�Q �S�H�U�I�R�U�P�D�Q�F�H �E�H�W�Z�H�H�Q �W�K�H �W�Z�R �H�O�H�F�W�U�R�O�\�V�H�U �W�\�S�H�V �L�V �F�O�H�D�U �L�Q�)�L�J�X�U�H �������� �Z�L�W�K �W�K�H
�V�F�H�Q�D�U�L�R�V �X�V�L�Q�J �3�(�0 �K�D�Y�L�Q�J �D �K�L�J�K�H�U �/�&�2�+�� �,�Q �'�D�N�K�O�D �D�Q�G �*�U�R�Q�L�Q�J�H�Q �W�K�H �H�Q�W�L�U�H �3�D�U�H�W�R �I�U�R�Q�W �P�R�Y�H�V
�X�S �Z�L�W�K�R�X�W �L�Q�W�H�U�V�H�F�W�L�Q�J �W�K�H �$�:�( �V�F�H�Q�D�U�L�R�� �,�Q �'�X�T�P �W�K�H�U�H �L�V �D�Q �L�Q�W�H�U�V�H�F�W�L�R�Q�� �D�W �D �K�L�J�K �Z�H�L�J�K�W �I�D�F�W�R�U�� �7�K�H



�������� �6�I�W�Y�P�X�W�� �4�: �Q�S�H�Y�P�I�W ����

�U�H�O�D�W�L�Y�H �P�R�Y�H�P�H�Q�W �R�I �W�K�H �3�(�0 �3�D�U�H�W�R �I�U�R�Q�W�V �L�V �P�D�L�Q�O�\ �G�L�F�W�D�W�H�G �E�\ �W�K�U�H�H �H�I�I�H�F�W�V��

���� �&�$�3�(�;���7�K�H �&�$�3�(�; �R�I �W�K�H �3�(�0 �H�O�H�F�W�U�R�O�\�V�H�U �L�V ��������$/ kW �� ������ �K�L�J�K�H�U �W�K�D�Q �W�K�H ������$/ kW �I�R�U
�W�K�H �$�:�( �H�O�H�F�W�U�R�O�\�V�H�U�� �Z�K�L�F�K �L�Q�F�U�H�D�V�H�V �W�K�H �/�&�2�+��

���� �6�W�D�F�N�V���7�K�H �3�(�0 �V�W�D�F�N �O�L�I�H�W�L�P�H �L�V ���������� �K�R�X�U�V �S�H�U �V�W�D�F�N�� �Y�H�U�V�X�V �W�K�H ���������� �K�R�X�U�V �S�H�U �V�W�D�F�N
�R�I �$�:�(�� �7�K�L�V �O�H�D�G�V �W�R �P�R�U�H �V�W�D�F�N �U�H�S�O�D�F�H�P�H�Q�W�V �R�Y�H�U �W�K�H �S�U�R�M�H�F�W �O�L�I�H�W�L�P�H�� �F�R�Q�W�U�L�E�X�W�L�Q�J �W�R�Z�D�U�G�V �D
�K�L�J�K�H�U �/�&�2�+��

���� �3�R�Z�H�U �F�R�Q�V�X�P�S�W�L�R�Q���7�K�H �R�Q�O�\ �H�I�I�H�F�W �W�K�D�W �S�R�V�L�W�L�Y�H�O�\ �L�Q�I�O�X�H�Q�F�H�V �W�K�H �/�&�2�+ �I�R�U �3�(�0�� �L�V �L�W�V �O�R�Z�H�U
�S�R�Z�H�U �F�R�Q�V�X�P�S�W�L�R�Q�� �%�H�F�D�X�V�H �W�K�H �S�R�Z�H�U �F�R�Q�V�X�P�S�W�L�R�Q �R�I �3�(�0 �L�V �R�Q�O�\ ���� �O�R�Z�H�U ���V�H�H�7�D�E�O�H ����������
�W�K�L�V �H�I�I�H�F�W �L�V �Q�R�W �H�Q�R�X�J�K �W�R �Q�H�J�D�W�H �W�K�H �S�U�H�Y�L�R�X�V �W�Z�R �H�I�I�H�F�W�V�� �7�K�L�V �H�I�I�H�F�W �G�R�H�V �L�P�S�U�R�Y�H �W�K�H �F�D�U�E�R�Q
�I�R�R�W�S�U�L�Q�W�� �P�R�V�W �Q�R�W�D�E�O�\ �L�Q �'�X�T�P�� �D�V �W�K�L�V �O�R�F�D�W�L�R�Q �L�V �P�R�U�H �G�H�S�H�Q�G�D�Q�W �R�Q �W�K�H �P�R�U�H �F�D�U�E�R�Q �L�Q�W�H�Q�V�L�Y�H
�3�9 �H�Q�H�U�J�\��

�7�K�H �L�Q�F�U�H�D�V�H�G �S�U�L�F�H �R�I �W�K�H �3�(�0 �H�O�H�F�W�U�R�O�\�V�H�U�� �O�H�D�G�V �L�Q �'�X�T�P �W�R �W�K�H �L�Q�F�O�X�V�L�R�Q �R�I �Z�L�Q�G �I�U�R�P �W�K�Hw � ��������
�%�\ �F�R�P�S�D�U�L�Q�J�)�L�J�X�U�H �������D�Q�G�)�L�J�X�U�H �������W�K�H �G�L�I�I�H�U�H�Q�F�H �L�V �F�O�H�D�U�� �7�K�H �L�Q�F�O�X�V�L�R�Q �R�I �Z�L�Q�G �H�Q�H�U�J�\ �U�H�G�X�F�H�V
�W�K�H �H�I�I�H�F�W �R�I �L�Q�W�H�U�P�L�W�W�H�Q�F�\ �D�Q�G �L�Q�F�U�H�D�V�H�V �H�O�H�F�W�U�R�O�\�V�H�U �X�W�L�O�L�V�D�W�L�R�Q�� �U�H�V�X�O�W�L�Q�J �L�Q �D �V�P�D�O�O�H�U �H�O�H�F�W�U�R�O�\�V�H�U�� �7�K�H
�V�L�]�H �R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �F�D�Q �D�O�V�R �E�H �O�R�Z�H�U�H�G �G�X�H �W�R �W�K�H �O�R�Z�H�U �S�R�Z�H�U �F�R�Q�V�X�P�S�W�L�R�Q�� �$�W �W�K�H �O�R�Z�H�U �Z�H�L�J�K�W
�I�D�F�W�R�U�V �W�K�H �L�Q�F�O�X�V�L�R�Q �R�I �Z�L�Q�G �O�H�D�G�V �W�R �D �K�L�J�K�H�U �/�&�2�+�� �E�X�W �D�W �W�K�H �K�L�J�K �Z�H�L�J�K�W �I�D�F�W�R�U�V�� �W�K�H�U�H �D�U�H �3�(�0
�F�R�Q�I�L�J�X�U�D�W�L�R�Q �W�K�D�W �S�H�U�I�R�U�P �E�H�W�W�H�U �W�K�D�Q �W�K�H�L�U �$�:�( �F�R�X�Q�W�H�U�S�D�U�W�V�� �7�K�L�V �K�D�S�S�H�Q�V �R�Q�O�\ �L�Q �'�X�T�P �K�R�Z�H�Y�H�U �D�W
�K�L�J�K �Z�H�L�J�K�W �I�D�F�W�R�U�V��

�2�Y�H�U�D�O�O �L�W �F�D�Q �E�H �F�R�Q�F�O�X�G�H�G �W�K�D�W �S�U�R�G�X�F�W�L�R�Q �W�K�U�R�X�J�K �3�(�0 �H�O�H�F�W�U�R�O�\�V�L�V �L�V �P�R�U�H �H�[�S�H�Q�V�L�Y�H �P�R�V�W �R�I
�W�K�H �W�L�P�H�� �D�Q�G �R�I�I�H�U�V �O�L�W�W�O�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �L�P�S�U�R�Y�H�P�H�Q�W�� �3�(�0 �R�I�I�H�U�V �D �E�H�W�W�H�U �S�H�U�I�R�U�P�D�Q�F�H �L�Q �W�H�U�P�V �R�I
�I�O�H�[�L�E�L�O�L�W�\�� �E�X�W �W�K�H �W�L�P�H �U�H�V�R�O�X�W�L�R�Q �X�V�H�G �L�Q �W�K�L�V �U�H�V�H�D�U�F�K �R�I �� �K�R�X�U �L�V �W�R�R �O�R�Z �W�R �U�H�I�O�H�F�W �W�K�L�V�� �%�D�V�H�G �R�Q �W�K�H�V�H
�U�H�V�X�O�W�V�� �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q �W�K�R�X�J�K �$�O�N�D�O�L�Q�H �H�O�H�F�W�U�R�O�\�V�L�V �V�K�R�X�O�G �E�H �S�U�H�I�H�U�U�H�G��

�)�L�J�X�U�H ���������/�H�Y�H�O�L�V�H�G �&�R�V�W �R�I �+�\�G�U�R�J�H�Q �� �'�X�T�P�� �3�(�0�� �0�R�Q�R �F���6�L�� �7�K�H �/�&�2�+ ���S�U�L�P�D�U�\ �\���D�[�L�V�� �V�W�D�F�N�H�G �E�D�U�� �D�Q�G �L�Q�V�W�D�O�O�H�G
�F�D�S�D�F�L�W�\ ���V�H�F�R�Q�G�D�U�\ �\���D�[�L�V�� �O�L�Q�H �J�U�D�S�K�� �S�O�R�W�W�H�G �D�J�D�L�Q�V�W �W�K�H �Z�H�L�J�K�W �I�D�F�W�R�U��

���������6�I�W�Y�P�X�W�� �4�: �Q�S�H�Y�P�I�W

�)�L�J�X�U�H ���������3�D�U�H�W�R �I�U�R�Q�W�V �� �$�O�N�D�O�L�Q�H �S�H�U �3�9 �W�\�S�H
�D�Q�G �U�H�J�L�R�Q�� �7�K�L�V �J�U�D�S�K �G�L�V�S�O�D�\�V �W�K�H �/�&�2�+ �D�Q�G �&�)
�S�H�U�I�R�U�P�D�Q�F�H �R�I �W�K�H �V�F�H�Q�D�U�L�R�V �I�R�U �G�L�I�I�H�U�H�Q�W �Z�H�L�J�K�W

�I�D�F�W�R�U�V��

�,�Q �W�K�H �S�U�H�Y�L�R�X�V �V�H�F�W�L�R�Q �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I �3�(�0 �D�Q�G �$�:�(
�Z�H�U�H �H�[�S�O�R�U�H�G �I�R�U �W�K�H �G�L�I�I�H�U�H�Q�W �U�H�J�L�R�Q�V�� �,�Q �W�K�L�V �V�H�F�W�L�R�Q
�W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I �W�K�H �G�L�I�I�H�U�H�Q�W �3�9 �W�\�S�H�V �L�V �V�W�X�G�L�H�G�� �7�K�H
�3�D�U�H�W�R �I�U�R�Q�W�V �I�R�U �W�K�H �G�L�I�I�H�U�H�Q�W �3�9 �W�\�S�H�V �I�R�U �D�O�O �U�H�J�L�R�Q�V �D�U�H
�S�O�R�W�W�H�G �L�Q�)�L�J�X�U�H �������� �/�R�R�N�L�Q�J �D�W �W�K�L�V �)�L�J�X�U�H�� �L�W �L�V �F�O�H�D�U �W�K�D�W
�D�O�O �3�D�U�H�W�R �I�U�R�Q�W�V �R�I �D �F�R�X�Q�W�U�\ �Q�H�D�U �D�S�S�U�R�[�L�P�D�W�H�O�\ �W�K�H �V�D�P�H
�S�R�L�Q�W �D�Ww � �������� �7�K�L�V �L�V �E�H�F�D�X�V�H �L�Q�F�U�H�D�V�L�Q�J �W�K�H �Z�H�L�J�K�W �I�D�F��
�W�R�U �X�S �W�Rw � ������ �U�H�V�X�O�W�V �L�Q �Q�H�D�U�O�\ �D�O�O �F�R�Q�I�L�J�X�U�D�W�L�R�Q�V �U�H�O�\�L�Q�J
�V�R�O�H�O�\ �R�Q �Z�L�Q�G �H�Q�H�U�J�\�� �7�K�H �F�D�V�H �W�K�D�W �V�W�D�Q�G�V �R�X�W �W�K�H �P�R�V�W��
�L�V �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q �L�Q �'�X�T�P �X�V�L�Q�J �&�G�7�H �3�9 �W�H�F�K�Q�R�O�R�J�\��
�7�K�L�V �V�F�H�Q�D�U�L�R �G�R�H�V �Q�R�W �D�S�S�U�R�D�F�K �W�K�H �V�D�P�H �/�&�2�+ �D�Q�G �&�)
�D�V �W�K�H �R�W�K�H�U �3�9 �W�H�F�K�Q�R�O�R�J�L�H�V �L�Q �'�X�T�P �D�W �K�L�J�K�H�U �Z�H�L�J�K�W �I�D�F��
�W�R�U�V�� �7�K�L�V �F�D�V�H �L�V �G�L�V�F�X�V�V�H�G �L�Q�V�X�E�V�H�F�W�L�R�Q ������������

�3�U�R�G�X�F�W�L�R�Q �L�Q �'�X�T�P �D�J�D�L�Q �G�L�V�S�O�D�\�V �G�L�I�I�H�U�H�Q�W �E�H�K�D�Y�L�R�X�U
�F�R�P�S�D�U�H�G �W�R �W�K�H �R�W�K�H�U �U�H�J�L�R�Q�V�� �*�U�R�Q�L�Q�J�H�Q �D�Q�G �'�D�N�K�O�D �G�L�V��
�S�O�D�\ �Y�H�U�\ �V�L�P�L�O�D�U �E�H�K�D�Y�L�R�X�U�� �U�H�V�X�O�W�L�Q�J �L�Q �3�D�U�H�W�R �I�U�R�Q�W�V �Z�L�W�K
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�V�L�P�L�O�D�U �V�K�D�S�H�V �I�R�U �D�O�O �3�9 �W�\�S�H�V�� �7�K�H�U�H �L�V �K�R�Z�H�Y�H�U�� �D �O�D�U�J�H �G�L�I�I�H�U�H�Q�F�H �/�&�2�+�� �7�K�H �&�G�7�H �W�H�F�K�Q�R�O�R�J�\ �S�H�U��
�I�R�U�P�V �E�H�V�W �L�Q �W�H�U�P�V �R�I �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W�� �,�W �L�V �J�R�R�G �W�R �Q�R�W�H �W�K�D�W �W�K�H �O�R�Z�H�U �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �L�V �F�D�X�V�H�G �E�\
�W�Z�R �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �R�I �&�G�7�H �W�H�F�K�Q�R�O�R�J�\�� �7�K�H �W�H�F�K�Q�R�O�R�J�\ �K�D�V �D �O�R�Z �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �S�H�UMW �L�Q�V�W�D�O�O�H�G��
�E�X�W �L�W �L�V �D�O�V�R �P�R�U�H �H�[�S�H�Q�V�L�Y�H �W�K�D�Q �R�W�K�H�U �W�H�F�K�Q�R�O�R�J�L�H�V�� �7�K�L�V �J�L�Y�H�V �L�Q�F�H�Q�W�L�Y�H �W�R �L�Q�V�W�D�O�O �P�R�U�H �Z�L�Q�G �L�Q �W�K�H
w � ������ �V�F�H�Q�D�U�L�R�� �U�H�V�X�O�W�L�Q�J �L�Q �D �O�R�Z�H�U �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W�� �7�K�H �E�H�V�W �S�H�U�I�R�U�P�L�Q�J �3�9 �W�H�F�K�Q�R�O�R�J�\ �L�V �&�,���*���6��
�7�K�H �F�O�R�V�H�U �D �3�D�U�H�W�R �I�U�R�Q�W �L�V �W�R �W�K�H �R�U�L�J�L�Q �R�I �W�K�H �J�U�D�S�K�� �W�K�H �E�H�W�W�H�U �L�W �S�H�U�I�R�U�P�V �R�Q �E�R�W�K �.�3�,�¶�V�� �7�K�H�U�H�I�R�U�H �L�W
�F�D�Q �E�H �V�D�L�G �W�K�D�W �&�,���*���6 �3�9 �W�H�F�K�Q�R�O�R�J�\ �G�H�O�L�Y�H�U�V �W�K�H �E�H�V�W �D�O�O �U�R�X�Q�G �S�H�U�I�R�U�P�D�Q�F�H��
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�W�R �W�K�D�W �R�I �0�R�Q�R �F���6�L�� �$ �N�H�\ �G�L�I�I�H�U�H�Q�F�H �E�H�L�Q�J �W�K�D�W �Z�L�Q�G �R�Q�O�\ �H�Q�W�H�U�V �W�K�H �F�R�Q�I�L�J�X�U�D�W�L�R�Q �D�I�W�H�U �D �Z�H�L�J�K�W �I�D�F�W�R�U
�R�I �������� �L�V �D�S�S�O�L�H�G�� �7�K�H �L�Q�F�H�Q�W�L�Y�H �W�R �V�Z�L�W�F�K �W�R �Z�L�Q�G �L�V �D�S�S�D�U�H�Q�W�O�\ �O�R�Z�H�U�� �7�K�L�V �L�V �F�D�Q �E�H �H�[�S�O�D�L�Q�H�G �E�\ �W�K�H
�I�D�F�W �W�K�D�W �W�K�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �R�I �&�,���*���6 �L�V �R�Q�O�\ ��kg CO2/ MWh �K�L�J�K�H�U �W�K�D�Q �W�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �R�I �R�Q��
�V�K�R�U�H �Z�L�Q�G�� �7�K�H �/�&�2�( �D�Q�G �&�) �R�I �H�Q�H�U�J�\ �D�U�H �L�Q�G�L�F�D�W�R�U�V �I�R�U �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I �W�K�H �G�L�I�I�H�U�H�Q�W �V�F�H�Q�D�U�L�R�V��
�7�K�H �&�) �D�Q�G �/�&�2�( �I�R�U �W�K�H �G�L�I�I�H�U�H�Q�W �W�H�F�K�Q�R�O�R�J�L�H�V �D�Q�G �U�H�J�L�R�Q�V �D�U�H �F�D�O�F�X�O�D�W�H�G �D�Q�G �S�U�H�V�H�Q�W�H�G �L�Q�7�D�E�O�H ��������

�7�D�E�O�H ���������/�H�Y�H�O�L�V�H�G �&�R�V�W �R�I �(�Q�H�U�J�\ �D�Q�G
�&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �I�R�U �W�K�H �G�L�I�I�H�U�H�Q�W �H�Q�H�U�J�\

�U�H�V�R�X�U�F�H�V �D�Q�G �O�R�F�D�W�L�R�Q�V��

�/�&�2�( �&�)
�'�X�T�P $/ MWh kg CO2/ MWh

�&�G�7�H ���������� ����������
�&�,���*���6 ���������� ����������
�0�R�Q�R �F���6�L���������� ����������
�2�Q�V�K�R�U�H���������� ����������
�*�U�R�Q�L�Q�J�H�Q

�&�G�7�H ���������� ����������
�&�,���*���6 ���������� ����������
�0�R�Q�R �F���6�L���������� ����������
�2�I�I�V�K�R�U�H���������� ����������
�'�D�N�K�O�D

�&�G�7�H ���������� ����������
�&�,���*���6 ���������� ����������
�0�R�Q�R �F���6�L���������� ����������
�2�Q�V�K�R�U�H���������� ��������

�$�V �P�H�Q�W�L�R�Q�H�G �E�H�I�R�U�H�� �W�K�H �S�R�L�Q�W �R�I �W�K�H �3�D�U�H�W�R �I�U�R�Q�W �W�K�D�W �L�V �F�O�R�V��
�H�V�W �W�R �W�K�H �R�U�L�J�L�Q �R�I �W�K�H �J�U�D�S�K�� �L�V �W�K�H �E�H�V�W �S�H�U�I�R�U�P�L�Q�J �V�F�H�Q�D�U�L�R��
�%�\ �W�K�H �V�D�P�H �O�R�J�L�F �L�W �F�D�Q �E�H �V�D�L�G �W�K�D�W �W�K�H �L�Q�V�W�D�Q�F�H �R�I �D �V�F�H�Q�D�U�L�R
�F�O�R�V�H�V�W �W�R �W�K�H �R�U�L�J�L�Q�� �L�V �W�K�H �E�H�V�W �D�O�O���U�R�X�Q�G �S�H�U�I�R�U�P�L�Q�J �F�R�Q�I�L�J�X�U�D��
�W�L�R�Q �I�R�U �W�K�D�W �V�F�H�Q�D�U�L�R�� �7�R �I�X�U�W�K�H�U �L�Q�V�S�H�F�W �W�K�H�V�H �E�H�V�W �S�H�U�I�R�U�P�H�U�V��
�W�K�H�V�H �F�R�Q�I�L�J�X�U�D�W�L�R�Q�V �D�U�H �S�U�H�V�H�Q�W�H�G �L�Q�7�D�E�O�H �������� �7�K�H�V�H �S�R�L�Q�W�V �D�U�H
�I�R�X�Q�G �E�\ �F�D�O�F�X�O�D�W�L�Q�J �W�K�H �G�L�V�W�D�Q�F�H �W�R �W�K�H �R�U�L�J�L�Q �I�U�R�P �H�Y�H�U�\ �S�R�L�Q�W��
�D�Q�G �V�H�O�H�F�W�L�Q�J �W�K�H �V�P�D�O�O�H�V�W �G�L�V�W�D�Q�F�H�� �7�K�H �Z�H�L�J�K�W �I�D�F�W�R�U�� �W�R�J�H�W�K�H�U
�Z�L�W�K �W�K�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �/�&�2�+�� �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W�� �S�H�U�F�H�Q�W�D�J�H �R�I
�3�9 �Z�L�W�K �U�H�V�S�H�F�W �W�R �W�K�H �W�R�W�D�O �F�D�S�D�F�L�W�\�� �S�H�U�F�H�Q�W�D�J�H �3�9 �W�R �W�K�H �W�R�W�D�O
�J�H�Q�H�U�D�W�H�G �H�Q�H�U�J�\�� �W�K�H �S�H�U�F�H�Q�W�D�J�H �R�I �H�Q�H�U�J�\ �W�K�D�W �L�V �F�X�U�W�D�L�O�H�G �D�Q�G
�W�K�H �W�R�W�D�O �F�R�Q�W�U�L�E�X�W�L�R�Q�V �R�I �W�K�H �H�Q�H�U�J�\ �P�L�[ �W�R�Z�D�U�G�V �W�K�H �/�&�2�+ �D�Q�G
�&�) �D�U�H �G�L�V�S�O�D�\�H�G �L�Q �W�K�H �W�D�E�O�H��

�7�K�H �F�R�Q�V�L�V�W�H�Q�W �Z�L�Q�G �S�U�R�I�L�O�H�V �R�I �'�D�N�K�O�D �D�Q�G �*�U�R�Q�L�Q�J�H�Q �D�U�H �U�H��
�I�O�H�F�W�H�G �E�\ �3�9 �H�Q�H�U�J�\ �P�D�N�L�Q�J �X�S �O�H�V�V �W�K�D�Q ������ �R�I �W�K�H �H�Q�H�U�J�\ �L�Q
�W�K�H �V�\�V�W�H�P�� �,�Q �'�X�T�P �D�Q �D�Y�H�U�D�J�H �R�I ������ �R�I �L�Q�V�W�D�O�O�H�G �F�D�S�D�F�L�W�\
�D�Q�G ������ �R�I �W�K�H �X�V�H�G �H�Q�H�U�J�\ �F�R�P�H�V �I�U�R�P �3�9�� �1�R�W �R�Q�O�\ �L�V �W�K�H �S�H�U��
�F�H�Q�W�D�J�H �R�I �3�9 �K�L�J�K�H�U �L�Q �W�K�H �V�\�V�W�H�P �I�R�U �'�X�T�P�� �W�K�H �W�R�W�D�O �V�\�V�W�H�P
�F�D�S�D�F�L�W�\ �L�V �D�O�V�R ������ �W�L�P�H�V �E�L�J�J�H�U �R�Q �D�Y�H�U�D�J�H�� �7�K�L�V �R�Y�H�U���V�L�]�L�Q�J
�L�V �U�H�T�X�L�U�H�G �E�H�F�D�X�V�H �R�I �W�Z�R �U�H�D�V�R�Q�V�� �7�K�H �I�L�U�V�W �U�H�D�V�R�Q�� �L�V �W�K�D�W �3�9
�K�D�V �D �O�R�Z�H�U �\�L�H�O�G �S�H�UMW �� �U�H�O�D�W�L�Y�H �W�R �Z�L�Q�G�� �$�Q�G �V�H�F�R�Q�G�� �D �V�\�V�W�H�P �Z�L�W�K �D �K�L�J�K �3�9 �S�H�U�F�H�Q�W�D�J�H �P�X�V�W
�G�H�D�O �Z�L�W�K �L�Q�W�H�U�P�L�W�W�H�Q�F�\ �P�R�U�H�� �7�K�H �V�D�P�H �D�P�R�X�Q�W �R�I �H�Q�H�U�J�\ �P�X�V�W �E�H �J�H�Q�H�U�D�W�H�G �L�Q �O�H�V�V �W�L�P�H��

�7�K�H �3�9 �F�D�S�D�F�L�W�\ �F�R�O�X�P�Q �R�I�7�D�E�O�H �������V�K�R�Z�V �W�K�D�W �W�K�H�U�H �L�V �D �V�W�U�R�Q�J�H�U �S�U�H�I�H�U�H�Q�F�H �I�R�U �Z�L�Q�G �H�Q�H�U�J�\
�Z�K�H�Q �Z�R�U�N�L�Q�J �Z�L�W�K �0�R�Q�R �F���6�L �W�K�D�Q �Z�L�W�K �R�W�K�H�U �3�9 �W�H�F�K�Q�R�O�R�J�L�H�V�� �(�Y�H�Q �L�Q �'�X�T�P�� �Z�K�H�U�H �&�,���*���6 �D�Q�G �&�G�7�H
�D�U�H �S�U�H�I�H�U�U�H�G �R�Y�H�U �Z�L�Q�G�� �0�R�Q�R �F���6�L �P�D�N�H�V �X�S �R�Q�O�\ ���� �� �R�I �W�K�H �W�R�W�D�O �H�Q�H�U�J�\ �F�D�S�D�F�L�W�\ �L�Q �W�K�H �D�O�O���U�R�X�Q�G
�S�H�U�I�R�U�P�L�Q�J �F�R�Q�I�L�J�X�U�D�W�L�R�Q�� �7�K�L�V �E�H�K�D�Y�L�R�X�U �L�V �O�R�J�L�F�D�O�� �D�V �L�W�V �&�) �L�V �P�X�F�K �K�L�J�K�H�U �W�K�D�Q �W�K�D�W �R�I �W�K�H �R�W�K�H�U
�W�H�F�K�Q�R�O�R�J�L�H�V�� �D�Q�G �D�W �W�K�H �V�D�P�H �W�L�P�H �Q�R�W �E�H�L�Q�J �F�K�H�D�S��

�)�L�J�X�U�H ���������&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �� �'�X�T�P�� �$�O�N�D�O�L�Q�H�� �&�,���*���6��
�7�K�H �&�) ���S�U�L�P�D�U�\ �\���D�[�L�V�� �V�W�D�F�N�H�G �E�D�U�� �D�Q�G �L�Q�V�W�D�O�O�H�G �F�D�S�D�F�L�W�\

���V�H�F�R�Q�G�D�U�\ �\���D�[�L�V�� �O�L�Q�H �J�U�D�S�K�� �S�O�R�W�W�H�G �D�J�D�L�Q�V�W �W�K�H �Z�H�L�J�K�W �I�D�F�W�R�U��

�)�L�J�X�U�H �����������/�H�Y�H�O�L�V�H�G �&�R�V�W �R�I �+�\�G�U�R�J�H�Q �� �'�X�T�P�� �$�O�N�D�O�L�Q�H��
�&�,���*���6�� �7�K�H �/�&�2�+ ���S�U�L�P�D�U�\ �\���D�[�L�V�� �V�W�D�F�N�H�G �E�D�U�� �D�Q�G �L�Q�V�W�D�O�O�H�G

�F�D�S�D�F�L�W�\ ���V�H�F�R�Q�G�D�U�\ �\���D�[�L�V�� �O�L�Q�H �J�U�D�S�K�� �S�O�R�W�W�H�G �D�J�D�L�Q�V�W �W�K�H
�Z�H�L�J�K�W �I�D�F�W�R�U��



�������� �6�I�W�Y�P�X�W�� �4�: �Q�S�H�Y�P�I�W ����

�7�K�H �O�D�V�W �W�Z�R �F�R�O�X�P�Q�V �R�I �W�K�H �W�D�E�O�H �V�K�R�Z �W�K�D�W �W�K�H �H�Q�H�U�J�\ �V�X�S�S�O�\ �L�V �W�K�H �E�L�J�J�H�V�W �L�Q�I�O�X�H�Q�F�H �R�Q �W�K�H �&�D�U�E�R�Q
�)�R�R�W�S�U�L�Q�W �R�I �W�K�H �S�U�R�G�X�F�H�G �K�\�G�U�R�J�H�Q�� �Z�K�L�O�H �E�H�L�Q�J �R�Q �S�D�U �Z�L�W�K �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �W�R�Z�D�U�G�V �W�K�H �E�X�L�O�G �X�S �R�I �W�K�H
�/�&�2�+�� �%�H�F�D�X�V�H �W�K�H �H�Q�H�U�J�\ �F�R�Q�W�U�L�E�X�W�H�V �W�R �K�D�O�I �R�I �W�K�H �/�&�2�+�� �D�Q�G �F�R�Q�W�U�L�E�X�W�H�V �W�K�H �Y�D�V�W �P�D�M�R�U�L�W�\ �R�I �W�K�H
�&�)�� �L�W �F�D�Q �E�H �V�D�L�G �W�K�D�W �W�K�H �V�H�O�H�F�W�H�G �H�Q�H�U�J�\ �V�R�X�U�F�H �L�V �W�K�H �P�R�V�W �L�Q�I�O�X�H�Q�W�L�D�O �R�Q �W�K�H �R�Y�H�U�D�O�O �S�H�U�I�R�U�P�D�Q�F�H �R�I
�W�K�H �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q �F�K�D�L�Q��

�7�D�E�O�H ���������&�K�D�U�D�F�W�H�U�L�V�W�L�F�V �R�I �W�K�H �D�O�O���U�R�X�Q�G �E�H�V�W �S�H�U�I�R�U�P�L�Q�J �F�R�Q�I�L�J�X�U�D�W�L�R�Q�V �R�I �H�Y�H�U�\ �V�F�H�Q�D�U�L�R��

�Z �&�) �/�&�2�+ �7�R�W�D�O �L�Q�V�W�D�O�O�H�G �3�9 �&�D�S�D�F�L�W�\ �3�9 �(�Q�H�U�J�\ �&�X�U�W�D�L�O�P�H�Q�W �(�Q�H�U�J�\ �(�Q�H�U�J�\
�'�X�T�P ������ kg CO2/ kg H2 $/ kg H2 �F�D�S�D�F�L�W�\ ��MW �� ������ ������ ������ ���� �R�I �/�&�2�+�� ���� �R�I �&�)��

�&�G�7�H �������� �������� �������� �������� ������ ������ ������ �������� ��������
�&�,���*���6 �������� �������� �������� �������� ���� ���� ������ �������� ��������
�0�R�Q�R �F���6�L�������� ������ �������� �������� ���� ���� ������ �������� ��������

�*�U�R�Q�L�Q�J�H�Q
�&�G�7�H �������� �������� �������� �������� ���� ���� ������ �������� ��������
�&�,���*���6 �������� �������� �������� �������� ���� ���� ������ �������� ��������
�0�R�Q�R �F���6�L�������� �������� �������� �������� �� �� ������ �������� ��������

�'�D�N�K�O�D
�&�G�7�H �������� �������� �������� �������� ���� ���� ������ �������� ��������
�&�,���*���6 �������� �������� �������� �������� ���� ���� ������ �������� ��������
�0�R�Q�R �F���6�L�������� �������� �������� �������� �� �� �� �������� ��������

�������������'�H�8�I �M�R �(�Y�U�Q

�)�L�J�X�U�H �����������3�D�U�H�W�R �I�U�R�Q�W�V �� �'�X�T�P�� �$�O�N�D�O�L�Q�H�� �&�G�7�H��
�7�K�L�V �J�U�D�S�K �G�L�V�S�O�D�\�V �W�K�H �/�&�2�+ �D�Q�G �&�)

�S�H�U�I�R�U�P�D�Q�F�H �R�I �W�K�H �V�F�H�Q�D�U�L�R �I�R�U �G�L�I�I�H�U�H�Q�W �Z�H�L�J�K�W
�I�D�F�W�R�U�V��

�7�K�H �X�V�H �R�I �&�D�G�P�L�X�P�7�H�O�O�X�U�L�G�H �3�9 �P�R�G�X�O�H�V �L�Q �'�X�T�P
�S�U�H�V�H�Q�W�V �D �V�S�H�F�L�D�O �F�D�V�H�� �E�H�F�D�X�V�H �W�K�L�V �L�V �W�K�H �R�Q�O�\ �V�F�H�Q�D�U�L�R
�Z�K�H�U�H �W�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �R�I �3�9 �H�Q�H�U�J�\ �L�V �O�R�Z�H�U �W�K�D�Q �W�K�D�W
�R�I �Z�L�Q�G�� �%�H�F�D�X�V�H �R�I �W�K�L�V�� �Z�L�Q�G �H�Q�H�U�J�\ �L�V �S�K�D�V�H�G �R�X�W �L�Q�V�W�H�D�G
�R�I �3�9�� �Z�L�W�K �W�K�H �L�Q�F�U�H�D�V�H �R�I �W�K�H �Z�H�L�J�K�W �I�D�F�W�R�U�� �%�\ �Z�H�L�J�K�W �I�D�F��
�W�R�U �������� �W�K�H �Z�L�Q�G �L�V �F�R�P�S�O�H�W�H�O�\ �S�K�D�V�H�G �R�X�W�� �7�K�H �&�) �F�R�Q�W�U�L�E�X��
�W�L�R�Q�V �D�Q�G �F�R�P�S�R�Q�H�Q�W �V�L�]�L�Q�J �F�D�Q �E�H �R�E�V�H�U�Y�H�G �L�Q�)�L�J�X�U�H ����������
�7�K�H �/�&�2�+ �F�D�Q �E�H �I�R�X�Q�G �L�Q �W�K�H �$�S�S�H�Q�G�L�[ �L�Q�)�L�J�X�U�H �&������

�,�Q�)�L�J�X�U�H ���������L�W �L�V �H�Y�L�G�H�Q�W �W�K�D�W �W�K�H �V�K�D�S�H �R�I �W�K�L�V �3�D�U�H�W�R��
�I�U�R�Q�W �L�V �G�L�I�I�H�U�H�Q�W�� �,�W �F�D�Q�¶�W �W�U�X�O�\ �E�H �F�D�O�O�H�G �D �3�D�U�H�W�R �I�U�R�Q�W�� �D�V
�W�K�H�U�H �D�U�H �F�O�H�D�U�O�\ �V�R�O�X�W�L�R�Q�V �W�K�D�W �S�H�U�I�R�U�P �Z�R�U�V�H �R�Q �E�R�W�K �.�3�,�¶�V
�W�K�D�Q �W�K�H �Q�H�L�J�K�E�R�X�U�L�Q�J �S�R�L�Q�W�V�� �%�H�F�D�X�V�H �R�I �W�K�H �L�Q�W�U�R�G�X�F�W�L�R�Q
�R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �O�L�P�L�W�V �D�I�W�H�U �W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q�� �Q�R�Q���R�S�W�L�P�D�O
�V�R�O�X�W�L�R�Q�V �D�U�H �F�K�R�V�H�Q��

�6�R�P�H�W�K�L�Q�J �W�K�D�W �G�L�I�I�H�U�H�Q�W�L�D�W�H�V �W�K�H �&�G�7�H �F�D�V�H �I�U�R�P �W�K�H
�R�W�K�H�U �F�D�V�H�V �I�R�U �'�X�T�P�� �L�V �W�K�D�W �W�K�H �F�R�V�W���R�S�W�L�P�D�O �S�R�L�Q�W �D�Q�G
�F�D�U�E�R�Q���R�S�W�L�P�D�O �K�D�Y�H �D �Y�H�U�\ �Q�D�U�U�R�Z �/�&�2�+ �U�D�Q�J�H �R�I ��������
$/ kg H2�� �7�K�L�V �L�V �G�X�H �W�R �W�K�H �T�X�L�F�N �H�O�L�P�L�Q�D�W�L�R�Q �R�I �Z�L�Q�G �H�Q��
�H�U�J�\�� �D�Q�G �W�K�H �Q�H�D�U���V�W�D�J�Q�D�W�L�R�Q �S�K�D�V�H �D�I�W�H�Uw � ��������

�)�L�J�X�U�H �����������&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �� �'�X�T�P�� �$�O�N�D�O�L�Q�H�� �&�G�7�H�� �7�K�H �&�) ���S�U�L�P�D�U�\ �\���D�[�L�V�� �V�W�D�F�N�H�G �E�D�U�� �D�Q�G �L�Q�V�W�D�O�O�H�G �F�D�S�D�F�L�W�\ ���V�H�F�R�Q�G�D�U�\
�\���D�[�L�V�� �O�L�Q�H �J�U�D�S�K�� �S�O�R�W�W�H�G �D�J�D�L�Q�V�W �W�K�H �Z�H�L�J�K�W �I�D�F�W�R�U��
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�)�L�J�X�U�H �����������3�D�U�H�W�R �I�U�R�Q�W�V �� �$�O�N�D�O�L�Q�H�� �I�R�U �D�O�O
�3�9 �W�\�S�H�V �D�Q�G �U�H�J�L�R�Q�V �Z�L�W�K �D �F�D�U�E�R�Q �S�U�L�F�H��

�7�K�L�V �J�U�D�S�K �G�L�V�S�O�D�\�V �W�K�H �/�&�2�+ �D�Q�G �&�)
�S�H�U�I�R�U�P�D�Q�F�H �R�I �W�K�H �V�F�H�Q�D�U�L�R�V �I�R�U �G�L�I�I�H�U�H�Q�W

�F�D�U�E�R�Q �S�U�L�F�H�V��

�8�S �W�R �W�K�L�V �S�R�L�Q�W�� �D �Z�H�L�J�K�W �I�D�F�W�R�U �Z�D�V �L�Q�W�U�R�G�X�F�H�G �W�R �L�Q�F�H�Q�W�L�Y�L�V�H �W�K�H
�P�R�G�H�O �W�R �F�K�R�R�V�H �D �O�R�Z�H�U �F�D�U�E�R�Q �F�R�Q�I�L�J�X�U�D�W�L�R�Q�� �7�K�H �Z�H�L�J�K�W �I�D�F��
�W�R�U �F�D�Q �E�H �V�H�H�Q �D�V �D �P�R�U�D�O �R�U �W�K�H�R�U�H�W�L�F �L�Q�F�H�Q�W�L�Y�H�� �V�K�R�Z�L�Q�J �Z�K�D�W
�S�U�R�G�X�F�W�L�R�Q �F�K�D�L�Q �G�H�V�L�J�Q�V �D�U�H �S�R�V�V�L�E�O�H�� �,�Q �U�H�D�O�L�W�\�� �L�W �L�V �X�Q�O�L�N�H�O�\
�W�K�D�W �L�Q�G�X�V�W�U�\ �P�R�Y�H�V �W�R�Z�D�U�G�V �D �P�R�U�H �H�[�S�H�Q�V�L�Y�H �R�S�W�L�R�Q �E�\ �L�W�V�H�O�I��
�M�X�V�W �E�H�F�D�X�V�H �L�W �Z�R�X�O�G �H�Q�W�D�L�O �O�H�V�V �F�D�U�E�R�Q �H�P�L�V�V�L�R�Q�V�� �7�K�H�U�H �Q�H�H�G�V
�W�R �E�H �D �F�R�V�W �L�Q�F�H�Q�W�L�Y�H �D�V �Z�H�O�O�� �,�Q �W�K�L�V �V�X�E�V�H�F�W�L�R�Q �W�K�H �Z�H�L�J�K�W �I�D�F��
�W�R�U �L�V �U�H�P�R�Y�H�G�� �D�Q�G �L�V �U�H�S�O�D�F�H�G �E�\ �F�\�F�O�L�Q�J �I�U�R�P �F�D�U�E�R�Q �S�U�L�F�H ��
$/ ton CO2�� �X�S �W�R ������$/ ton CO2�� �1�R�W�H �W�K�D�W �D �F�D�U�E�R�Q �S�U�L�F�H �R�I
������ $/ ton CO2 �L�V �������� �R�I �W�K�H �F�X�U�U�H�Q�W �(�7�6 �F�D�U�E�R�Q �S�U�L�F�H�� �D�V �D�W
�W�L�P�H �R�I �Z�U�L�W�L�Q�J�� �W�K�H �S�U�L�F�H �L�V ����$/ ton CO2 �>���� �@�� �$�W �W�K�H �H�Q�G �R�I �W�K�H
�V�X�E�V�H�F�W�L�R�Q �W�K�H �H�I�I�H�F�W�V �R�I �D �W�D�[ �V�F�K�H�P�H �L�Q�V�W�H�D�G �R�I �D �F�D�U�E�R�Q �S�U�L�F�H
�D�U�H �G�L�V�F�X�V�V�H�G��

�,�Q�)�L�J�X�U�H ���������W�K�H �H�I�I�H�F�W �R�I �W�K�H �F�D�U�E�R�Q �S�U�L�F�L�Q�J �L�V �G�L�V�S�O�D�\�H�G �I�R�U
�D�O�O �U�H�J�L�R�Q�V �D�Q�G �3�9 �W�\�S�H�V�� �V�H�Y�H�U�D�O �D�V�S�H�F�W�V �F�K�D�Q�J�H �L�Q �F�R�P�S�D�U�L�V�R�Q
�W�R �W�K�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �F�K�D�U�W �Z�L�W�K �Z�H�L�J�K�W �I�D�F�W�R�U�V ���)�L�J�X�U�H ���������� �,�Q
�'�X�T�P�� �W�K�H �F�D�U�E�R�Q���R�S�W�L�P�D�O �S�R�L�Q�W �R�I �W�K�H �3�D�U�H�W�R �I�U�R�Q�W �O�L�H�V �D�W �D �K�L�J�K�H�U
�&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W�� �D�Q�G �D�W �W�K�H �V�D�P�H �W�L�P�H �K�D�V �D �K�L�J�K�H�U �/�&�2�+�� �7�K�H
�L�Q�F�U�H�D�V�H �L�Q �/�&�2�+ �L�V �G�X�H �W�R �W�K�H �L�Q�F�O�X�V�L�R�Q �R�I �W�K�H �F�D�U�E�R�Q �S�U�L�F�H �L�Q �W�K�H �/�&�2�+�� �7�K�L�V �S�U�L�F�H �P�X�V�W �E�H �L�Q�F�O�X�G�H�G��
�D�V �D �F�D�U�E�R�Q �S�U�L�F�H �Z�R�X�O�G �E�H �S�D�L�G �E�\ �W�K�H �R�I�I �W�D�N�H�U �L�Q �W�K�H �H�Q�G�� �$�Q�R�W�K�H�U �L�Q�V�L�J�K�W �I�U�R�P �W�K�L�V �F�K�D�U�W�� �L�V �W�K�D�W �W�K�H
�W�K�H�R�U�H�W�L�F�D�O �F�D�U�E�R�Q���R�S�W�L�P�D�O �S�R�L�Q�W�V �L�O�O�X�V�W�U�D�W�H�G �L�Q�)�L�J�X�U�H �������D�U�H �Y�H�U�\ �X�Q�O�L�N�H�O�\ �W�R �E�H �F�R�Q�V�W�U�X�F�W�H�G �Z�K�H�Q �W�K�L�V
�W�\�S�H �R�I �F�D�U�E�R�Q �S�U�L�F�L�Q�J �L�V �L�Q�W�U�R�G�X�F�H�G�� �(�Y�H�Q �D�W �D �F�D�U�E�R�Q �S�U�L�F�H �R�I ������$/ ton CO2�� �D �S�U�L�F�H ������ �W�L�P�H�V �K�L�J�K�H�U
�W�K�D�Q �W�K�H �F�X�U�U�H�Q�W �F�D�U�E�R�Q �S�U�L�F�H�� �W�K�H �W�K�H�R�U�H�W�L�F�D�O �F�D�U�E�R�Q �R�S�W�L�P�D�O �S�R�L�Q�W �L�V �Q�R�W �Z�L�W�K�L�Q �U�H�D�F�K�� �7�K�L�V �L�V �Q�R�W �W�K�H
�F�D�V�H �I�R�U �D�O�O �V�F�H�Q�D�U�L�R�V �W�K�R�X�J�K�� �D�V �D�O�O �V�F�H�Q�D�U�L�R�V �W�K�D�W �P�R�Y�H �L�Q �D �V�W�U�D�L�J�K�W �O�L�Q�H �X�S �Z�K�H�Q �D�S�S�U�R�D�F�K�L�Q�J �W�K�H ������
$/ ton CO2�� �K�D�Y�H �U�H�D�F�K�H�G �W�K�H �W�K�H�R�U�H�W�L�F�D�O �F�D�U�E�R�Q���R�S�W�L�P�D�O �S�R�L�Q�W�� �)�R�U �W�K�H �0�R�Q�R �F���6�L�� �$�O�N�D�O�L�Q�H �V�F�H�Q�D�U�L�R
�R�I �'�X�T�P�� �D �F�D�U�E�R�Q �S�U�L�F�H �R�I ������$/ ton CO2 �K�D�V �U�R�X�J�K�O�\ �W�K�H �V�D�P�H �H�I�I�H�F�W �R�Q �W�K�H �F�R�Q�I�L�J�X�U�D�W�L�R�Q �R�I �W�K�H
�S�U�R�G�X�F�W�L�R�Q �F�K�D�L�Q�� �D�V �D �Z�H�L�J�K�W �I�D�F�W�R�U �R�I ���������� �7�K�H �V�L�]�L�Q�J �R�I �W�K�H �E�D�V�H �F�D�V�H �I�R�U �W�K�H �G�L�I�I�H�U�H�Q�W �F�D�U�E�R�Q �S�U�L�F�H�V
�L�V �G�L�V�S�O�D�\�H�G �L�Q �W�K�H �$�S�S�H�Q�G�L�[ �L�Q�)�L�J�X�U�H �&�������� �7�K�H �F�D�U�E�R�Q �S�U�L�F�H �R�I ������$/ ton CO2 �K�D�Y�L�Q�J �W�K�H �V�D�P�H �H�I�I�H�F�W
�D�Vw � ���������� �P�H�D�Q�V �W�K�D�W �H�Y�H�Q �Z�K�H�Q �D�Q �X�Q�U�H�D�O�L�V�W�L�F �K�L�J�K �F�D�U�E�R�Q �S�U�L�F�H �L�V �L�Q�W�U�R�G�X�F�H�G�� �W�K�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W
�L�V �Q�R�W �D�V �L�P�S�R�U�W�D�Q�W �L�Q �G�H�F�L�V�L�R�Q �P�D�N�L�Q�J �S�U�R�F�H�V�V �D�V �W�K�H �S�U�R�G�X�F�W�L�R�Q �F�R�V�W�V�� �2�U�� �W�R �S�K�U�D�V�H �L�W �G�L�I�I�H�U�H�Q�W�O�\�� �L�W �L�V
�Y�H�U�\ �H�[�S�H�Q�V�L�Y�H �W�R �G�H�F�D�U�E�R�Q�L�V�H �W�K�H �S�U�R�G�X�F�W�L�R�Q �F�K�D�L�Q �L�Q �'�X�T�P��

�)�L�J�X�U�H �����������3�D�U�H�W�R �I�U�R�Q�W�V �� �$�O�N�D�O�L�Q�H�� �I�R�U �D�O�O
�3�9 �W�\�S�H�V �D�Q�G �U�H�J�L�R�Q�V�� �F�R�U�U�H�F�W�H�G �I�R�U �,�5�$ �W�D�[

�F�U�H�G�L�W �V�F�K�H�P�H �L�Q�G�L�F�D�W�H�G �E�\ �W�K�H �F�R�O�R�U�H�G
�D�U�H�D�V�� �7�K�L�V �J�U�D�S�K �G�L�V�S�O�D�\�V �W�K�H �/�&�2�+ �D�Q�G

�&�) �S�H�U�I�R�U�P�D�Q�F�H �R�I �W�K�H �V�F�H�Q�D�U�L�R�V �I�R�U
�G�L�I�I�H�U�H�Q�W �Z�H�L�J�K�W �I�D�F�W�R�U�V��

�3�R�O�L�F�L�H�V �O�L�N�H �W�K�H �(�8 �+�\�G�U�R�J�H�Q �%�D�Q�N �>���@ �R�U �W�K�H �8�6 �,�Q�I�O�D�W�L�R�Q �5�H��
�G�X�F�W�L�R�Q �$�F�W ���,�5�$�� �>���� �@ �D�U�H �R�W�K�H�U �Z�D�\�V �W�R �L�Q�F�H�Q�W�L�Y�L�V�H �L�Q�G�X�V�W�U�\ �W�R
�G�H�F�D�U�E�R�Q�L�V�H �W�K�H�L�U �S�U�R�G�X�F�W�L�R�Q �F�K�D�L�Q�� �(�V�S�H�F�L�D�O�O�\ �W�K�H �,�5�$ �W�D�[ �F�U�H�G�L�W
�V�F�K�H�P�H �J�L�Y�H�V �D �F�O�H�D�U �L�Q�F�H�Q�W�L�Y�H �I�R�U �G�H�F�D�U�E�R�Q�L�V�L�Q�J �W�K�H �S�U�R�G�X�F�W�L�R�Q
�F�K�D�L�Q�� �D�V �W�K�H �D�P�R�X�Q�W �R�I �V�X�E�V�L�G�\ �L�V �G�L�U�H�F�W�O�\ �U�H�O�D�W�H�G �W�R �W�K�H �O�L�I�H��
�W�L�P�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �R�I �W�K�H �S�U�R�G�X�F�H�G �K�\�G�U�R�J�H�Q�� �7�K�H �,�5�$ �Z�R�U�N�V
�Z�L�W�K �D �W�D�[ �F�U�H�G�L�W �R�I ��$/ kg H2�� �$ �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �E�H�O�R�Z ��������
kg CO2e/ kg H2 �U�H�F�H�L�Y�H �������� �R�I �W�K�H ��$/ kg H2 �W�D�[ �F�U�H�G�L�W�� �I�R�U
�K�L�J�K�H�U �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W�V �W�K�H �S�H�U�F�H�Q�W�D�J�H�V �D�U�H �U�H�G�X�F�H�G �V�W�H�S���E�\��
�V�W�H�S�� �(�Y�H�Q �W�K�H �V�F�H�Q�D�U�L�R�V �L�Q �W�K�L�V �U�H�V�H�D�U�F�K �Z�L�W�K �W�K�H �O�R�Z�H�V�W �&�)�� �G�R
�Q�R�W �T�X�D�O�L�I�\ �I�R�U �W�K�H �K�L�J�K�H�V�W �W�D�[ �F�U�H�G�L�W�� �:�K�L�O�H �W�K�L�V �F�U�H�G�L�W �V�F�K�H�P�H
�L�V �R�Q�O�\ �D�Y�D�L�O�D�E�O�H �L�Q �W�K�H �8�6 �D�Q�G �W�K�X�V �G�R�H�V �Q�R�W �D�S�S�O�\ �W�R �W�K�H �W�H�V�W
�F�D�V�H�V �R�I �W�K�L�V �U�H�V�H�D�U�F�K�� �W�K�H �H�I�I�H�F�W �R�I �V�X�F�K �D �V�F�K�H�P�H �L�V �G�L�V�S�O�D�\�H�G
�L�Q�)�L�J�X�U�H ���������� �7�K�H �W�D�[ �F�U�H�G�L�W�V �D�U�H �G�L�V�S�O�D�\�H�G �L�Q �W�K�H �J�U�D�S�K�� �(�V�S�H��
�F�L�D�O�O�\ �I�R�U �'�X�T�P �D�Q�G �*�U�R�Q�L�Q�J�H�Q�� �W�K�L�V �S�D�U�W�L�F�X�O�D�U �W�D�[ �V�F�K�H�P�H �Z�R�X�O�G
�L�Q�F�H�Q�W�L�Y�L�V�H �L�Q�G�X�V�W�U�L�H�V �W�R �U�H�G�X�F�H �W�K�H�L�U �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W��

�7�K�H �K�H�L�J�K�W �R�I �W�K�H �W�D�[ �F�U�H�G�L�W�V �P�L�J�K�W �E�H �W�R�R �K�L�J�K�� �7�K�H �F�R�V�W �G�L�I�I�H�U��
�H�Q�F�H �L�Q �*�U�R�Q�L�Q�J�H�Q �D�Q�G �'�D�N�K�O�D �E�H�W�Z�H�H�Q �W�K�H �F�R�V�W���R�S�W�L�P�D�O ��w � ��������
�D�Q�G �F�D�U�E�R�Q���R�S�W�L�P�D�O ��w � �������� �S�R�L�Q�W�V �L�V �O�H�V�V �W�K�D�Q ��������$/ kg H2�� �$
�W�D�[ �F�U�H�G�L�W �U�H�I�O�H�F�W�L�Q�J �W�K�L�V �G�L�I�I�H�U�H�Q�F�H �V�K�R�X�O�G �E�H �H�Q�R�X�J�K �I�R�U �W�K�H �S�X�U�S�R�V�H �R�I �L�Q�F�H�Q�W�L�Y�L�V�L�Q�J �O�R�Z���F�D�U�E�R�Q �S�U�R��
�G�X�F�W�L�R�Q�� �7�K�L�V �V�X�J�J�H�V�W�V �W�K�D�W �W�K�H �W�D�[ �F�U�H�G�L�W �L�V �P�D�L�Q�O�\ �P�H�D�Q�W �W�R �V�W�U�H�Q�J�W�K�H�Q �L�W�V �F�R�P�S�H�W�L�W�L�Y�H �S�R�V�L�W�L�R�Q�� �7�R
�G�H�W�H�U�P�L�Q�H �Z�K�D�W �I�L�Q�D�Q�F�L�D�O �W�R�R�O�V �Z�R�X�O�G �Z�R�U�N �E�H�V�W �W�R �L�Q�F�H�Q�W�L�Y�H�V �F�O�H�D�Q �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q �L�V �D �V�W�X�G�\ �R�Q
�L�W�V �V�H�O�I�� �D�Q�G �Z�L�O�O �Q�R�W �E�H �G�L�V�F�X�V�V�H�G �I�X�U�W�K�H�U��
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�D�Q�D�O�\�V�L�V �L�V �S�U�H�V�H�Q�W�H�G�� �7�K�H �U�R�E�X�V�W�Q�H�V�V �R�I �W�K�H �V�R�O�X�W�L�R�Q�V �D�Q�G �W�K�H �L�Q�I�O�X�H�Q�F�H �R�I �W�K�H �G�L�I�I�H�U�H�Q�W �I�D�F�W�R�U�V �F�D�Q �E�H
�E�H�W�W�H�U �X�Q�G�H�U�V�W�R�R�G �Z�K�H�Q �D�S�S�O�\�L�Q�J �D �Y�D�U�L�D�W�L�R�Q�� �)�L�U�V�W �W�K�H �J�H�Q�H�U�D�O �U�H�V�X�O�W�V �R�I �W�K�H �V�H�Q�V�L�W�L�Y�L�W�\ �D�U�H �G�L�V�F�X�V�V�H�G��
�E�H�I�R�U�H �P�R�Y�L�Q�J �R�Q �W�R �W�K�H �G�L�V�F�X�V�V�L�R�Q �R�I �W�K�H �P�R�V�W �L�Q�I�O�X�H�Q�W�L�D�O �I�D�F�W�R�U�V��

�7�K�H �Y�D�O�X�H�V �S�U�H�V�H�Q�W�H�G �L�Q�7�D�E�O�H �������D�U�H �D�S�S�O�L�H�G �W�R �W�K�H �P�R�G�H�O�� �W�K�H �U�H�V�X�O�W�V �R�I �Z�K�L�F�K �D�U�H �V�X�P�P�D�U�L�V�H�G �L�Q
�)�L�J�X�U�H ���������� �7�K�H �O�H�I�W �K�D�Q�G �V�L�G�H �V�K�R�Z�V �W�K�H �H�I�I�H�F�W �R�Q �W�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �D�Q�G �W�K�H �U�L�J�K�W �K�D�Q�G �V�L�G�H �W�K�H
�H�I�I�H�F�W �R�Q �W�K�H �/�H�Y�H�O�L�V�H�G �&�R�V�W �R�I �+�\�G�U�R�J�H�Q�� �)�R�U �D�O�O �I�D�F�W�R�U�V �D �O�R�Z �V�F�H�Q�D�U�L�R �D�Q�G �D �K�L�J�K �V�F�H�Q�D�U�L�R �D�U�H �U�X�Q��
�U�H�S�U�H�V�H�Q�W�L�Q�J �H�L�W�K�H�U �D �G�H�F�U�H�D�V�H �R�U �L�Q�F�U�H�D�V�H �R�I �V�D�L�G �Y�D�U�L�D�E�O�H�� �7�K�H �O�R�Z �V�F�H�Q�D�U�L�R �L�V �L�O�O�X�V�W�U�D�W�H�G �E�\ �D �E�O�X�H
�E�D�U�� �W�K�H �K�L�J�K �V�F�H�Q�D�U�L�R �D�V �D �U�H�G �E�D�U�� �7�K�H �U�H�V�X�O�W�V �I�R�U �Z�H�L�J�K�W �I�D�F�W�R�U�V ������ �D�Q�G ������ �D�U�H �S�U�H�V�H�Q�W�H�G�� �D�V �W�K�H�V�H
�H�[�W�U�H�P�H �S�R�L�Q�W�V �D�U�H �D�I�I�H�F�W�H�G �W�K�H �P�R�V�W�� �7�K�H ������ �U�H�V�X�O�W�V �D�U�H �U�H�S�U�H�V�H�Q�W�H�G �E�\ �W�K�H �G�D�U�N�H�U �V�K�D�G�H �E�D�U�V�� �W�K�H
������ �V�F�H�Q�D�U�L�R�V �D�U�H �U�H�S�U�H�V�H�Q�W�H�G �E�\ �W�K�H �O�L�J�K�W�H�U �V�K�D�G�H���)�L�J�X�U�H ���������V�K�R�Z�V �W�K�D�W �W�K�H �Y�D�U�L�D�W�L�R�Q �R�I �W�K�H �S�R�Z�H�U
�F�R�Q�V�X�P�S�W�L�R�Q �D�Q�G �W�K�H �F�R�V�W�V �K�D�Y�H �W�K�H �P�R�V�W �L�Q�I�O�X�H�Q�F�H �R�Q �W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q�� �7�K�L�V �L�V �G�X�H �W�R �W�Z�R �U�H�D�V�R�Q�V��
�)�L�U�V�W�� �W�K�H �D�S�S�O�L�H�G �V�H�Q�V�L�W�L�Y�L�W�\ �U�D�Q�J�H �I�R�U �W�K�H�V�H �W�Z�R �I�D�F�W�R�U�V �L�V �W�K�H �E�L�J�J�H�V�W�� �6�H�F�R�Q�G�� �W�K�H�V�H �I�D�F�W�R�U�V �K�D�Y�H �D
�E�L�J �L�Q�I�O�X�H�Q�F�H �R�Q �W�K�H �H�Q�G �U�H�V�X�O�W�� �7�K�H �V�H�Q�V�L�W�L�Y�L�W�\ �R�I �W�K�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �D�Q�G �W�K�H �L�Q�W�H�U�H�V�W �U�D�W�H �Z�L�O�O �Q�R�W �E�H
�I�X�U�W�K�H�U �G�L�V�F�X�V�V�H�G�� �E�H�F�D�X�V�H �R�I �W�K�H �U�H�O�D�W�L�Y�H�O�\ �V�P�D�O�O �D�Q�G �R�Q�H���V�L�G�H�G �H�I�I�H�F�W �R�I �W�K�H �Y�D�U�L�D�W�L�R�Q�V �R�Q �W�K�H �/�&�2�+
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�F�R�Q�I�L�J�X�U�D�W�L�R�Q�V �D�U�H �S�O�R�W�W�H�G�� �7�K�H �O�H�I�W �S�D�Q�H �G�H�V�F�U�L�E�H�V �W�K�H �H�I�I�H�F�W �R�Q �W�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W�� �W�K�H �U�L�J�K�W �S�D�Q�H �G�H�V�F�U�L�E�H�V �W�K�H �H�I�I�H�F�W �R�Q �W�K�H
�/�H�Y�H�O�L�V�H�G �&�R�V�W �R�I �+�\�G�U�R�J�H�Q��

�)�L�U�V�W �W�K�H �F�R�V�W �V�H�Q�V�L�W�L�Y�L�W�\ �Z�L�O�O �E�H �G�L�V�F�X�V�V�H�G �L�Q�V�H�F�W�L�R�Q �������� �I�R�O�O�R�Z�H�G �E�\ �W�K�H �V�H�Q�V�L�W�L�Y�L�W�\ �R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U
�S�R�Z�H�U �F�R�Q�V�X�P�S�W�L�R�Q�V�H�F�W�L�R�Q �������� �7�K�H �G�L�I�I�H�U�H�Q�W �V�F�H�Q�D�U�L�R�V �D�U�H �F�R�G�H�G �L�Q �V�D�N�H �R�I �E�U�H�Y�L�W�\�� �7�K�H �F�R�V�W �G�H�Q�R�W�H�G
�D�V �¶�&�¶�� �I�R�O�O�R�Z�H�G �E�\ �W�K�H �I�L�U�V�W �O�H�W�W�H�U �R�I �W�K�H �H�I�I�H�F�W�H�G �F�R�P�S�R�Q�H�Q�W �D�Q�G �Z�K�H�W�K�H�U �L�W �L�V �V�F�D�O�H�G �X�S ������ �R�U �G�R�Z�Q ��������
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�¶�&�(���¶�� �)�R�U �W�K�H �V�H�Q�V�L�W�L�Y�L�W�\ �R�I �W�K�H �S�R�Z�H�U �F�R�Q�V�X�P�S�W�L�R�Q �R�I �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �W�K�H �F�R�G�H�V �¶�3�&���¶ �D�Q�G �¶�3�&���¶ �D�U�H
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�W�L�R�Q�� �7�K�H �P�R�V�W �V�L�J�Q�L�I�L�F�D�Q�W �F�K�D�Q�J�H�V�� �K�D�S�S�H�Q �L�Q �W�K�H �F�R�V�W��
�R�S�W�L�P�D�O �S�R�L�Q�W��

�7�K�H �O�R�Z �V�R�O�D�U �V�F�H�Q�D�U�L�R ���&�6���� �L�V �W�K�H �R�Q�O�\ �V�F�H�Q�D�U�L�R
�Z�K�H�U�H �W�K�H �F�D�U�E�R�Q �S�H�U�I�R�U�P�D�Q�F�H �G�H�F�U�H�D�V�H�V�� �$ �O�R�Z�H�U
�V�R�O�D�U �S�U�L�F�H �P�H�D�Q�V �W�K�D�W �L�W �E�H�F�R�P�H�V �F�K�H�D�S�H�U �W�R �R�Y�H�U��
�V�L�]�H �W�K�H �H�Q�H�U�J�\ �V�\�V�W�H�P�� �7�K�L�V �G�R�H�V �Q�R�W �K�D�Y�H �W�R �P�H�D�Q
�W�K�D�W �D �G�H�F�U�H�D�V�L�Q�J �V�R�O�D�U �S�U�L�F�H �Z�R�X�O�G �D�F�W�X�D�O�O�\ �U�H�V�X�O�W �L�Q
�D �K�L�J�K�H�U���F�D�U�E�R�Q �K�\�G�U�R�J�H�Q�� �,�Q�)�L�J�X�U�H ���������D �S�O�D�W�H�D�X �L�V
�V�K�R�Z�Q �D�W �D�Q �/�&�2�+ �R�I ��������$/ kg H2�� �Z�L�W�K �W�K�H �H�Q�G �R�I �W�K�H
�S�O�D�W�H�D�X �K�D�Y�L�Q�J �D �F�R�P�S�D�U�D�E�O�H �&�) �D�V �W�K�H �E�D�V�H �F�D�V�H �D�W
w � �������� �7�K�H �O�R�Z �Z�L�Q�G ���&�:���� �D�Q�G �K�L�J�K �H�O�H�F�W�U�R�O�\�V�H�U �D�Q�G
�V�R�O�D�U �V�F�H�Q�D�U�L�R�V ���&�(�� �D�Q�G �&�6���� �V�K�R�Z �D �V�L�J�Q�L�I�L�F�D�Q�W �&�)
�L�P�S�U�R�Y�H�P�H�Q�W �R�I �U�R�X�J�K�O�\ �������� �7�K�L�V �L�V �E�H�F�D�X�V�H �R�I �W�K�H
�K�L�J�K�H�U �V�K�D�U�H �R�I �Z�L�Q�G �H�Q�H�U�J�\ �L�Q �W�K�H �L�Q�L�W�L�D�O �F�R�Q�I�L�J�X�U�D�W�L�R�Q��
�)�R�U �W�K�H �V�R�O�D�U �D�Q�G �Z�L�Q�G �V�F�H�Q�D�U�L�R�V �W�K�L�V �L�V �E�H�F�D�X�V�H �Z�L�Q�G
�E�H�F�R�P�H�V �D �P�R�U�H �D�W�W�U�D�F�W�L�Y�H �R�S�W�L�R�Q�V �G�X�H �W�R �W�K�H �U�H�O�D�W�L�Y�H �F�R�V�W �U�H�G�X�F�W�L�R�Q �R�I �Z�L�Q�G�� �,�Q �W�K�H �K�L�J�K �H�O�H�F�W�U�R�O�\�V�H�U
�V�F�H�Q�D�U�L�R �W�K�H �Q�H�H�G �I�R�U �L�Q�W�H�U�P�L�W�W�H�Q�F�\ �P�L�W�L�J�D�W�L�R�Q �U�L�V�H�V�� �U�H�V�X�O�W�L�Q�J �L�Q �D �K�L�J�K�H�U �L�Q�L�W�L�D�O �Z�L�Q�G �F�D�S�D�F�L�W�\��

�,�Q�V�S�H�F�W�L�R�Q �R�I �W�K�H �F�R�Q�I�L�J�X�U�D�W�L�R�Q �R�I �W�K�H �S�U�R�G�X�F�W�L�R�Q �F�K�D�L�Q�V �D�I�W�H�U �D�S�S�O�\�L�Q�J �W�K�H �V�H�Q�V�L�W�L�Y�L�W�\ �D�Q�D�O�\�V�H�V�� �U�H��
�Y�H�D�O�V �W�K�D�W �W�K�H �V�D�P�H �E�H�K�D�Y�L�R�U�D�O �S�D�W�W�H�U�Q �R�I �W�K�H �V�\�V�W�H�P �F�D�Q �E�H �R�E�V�H�U�Y�H�G �D�V �P�H�Q�W�L�R�Q�H�G �D�W �W�K�H �E�H�J�L�Q �R�I
�W�K�L�V �F�K�D�S�W�H�U �L�Q�V�H�F�W�L�R�Q �������� �:�K�D�W �F�K�D�Q�J�H�V �L�V �W�K�D�W �W�K�H �G�L�I�I�H�U�H�Q�W �U�H�J�L�R�Q�V �D�U�H �V�K�L�I�W�H�G�� �&�R�P�S�D�U�L�Q�J �W�K�H �O�R�Z
�Z�L�Q�G �V�F�H�Q�D�U�L�R�� �L�Q�)�L�J�X�U�H ���������� �W�R �W�K�H �E�D�V�H �F�D�V�H �L�Q�)�L�J�X�U�H �������� �L�W �O�R�R�N�V �O�L�N�H �W�K�H �V�L�]�L�Q�J �F�X�U�Y�H �L�V �P�R�Y�H�G
�I�R�U�Z�D�U�G�V�� �6�W�D�U�W�L�Q�J �K�D�O�I �Z�D�\ �R�I �S�K�D�V�L�Q�J �R�X�W �W�K�H �V�R�O�D�U �F�D�S�D�F�L�W�\�� �7�K�H �S�K�D�V�H �R�X�W �L�V �Q�R�W �V�S�H�G �X�S �K�R�Z�H�Y�H�U��
�Z�L�W�K �3�9 �H�Q�H�U�J�\ �E�H�L�Q�J �S�U�H�V�H�Q�W �X�S �W�Rw � ���������� �M�X�V�W �O�L�N�H �L�Q �W�K�H �E�D�V�H �F�D�V�H�� �7�K�L�V �F�D�Q �E�H �H�[�S�H�F�W�H�G �D�V �W�K�H
�F�R�V�W�V �D�U�H �Y�D�U�L�H�G �L�Q �W�K�L�V �V�H�F�W�L�R�Q�� �D�Q�G �D�Ww � �������� �W�K�H �F�R�V�W�V �E�H�J�L�Q �W�R �S�O�D�\ �D �V�P�D�O�O�H�U �U�R�O�H�� �7�K�H �/�&�2�+ �R�I �W�K�H
�O�R�Z �H�O�H�F�W�U�R�O�\�V�H�U �V�F�H�Q�D�U�L�R �L�V �G�L�V�S�O�D�\�H�G �L�Q�)�L�J�X�U�H ���������� �%�\ �G�H�F�U�H�D�V�L�Q�J �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �S�U�L�F�H�� �W�K�H �V�W�D�Q�G�D�U�G
�F�X�U�Y�H �L�V �P�R�Y�H�G �E�D�F�N�Z�D�U�G�V�� �7�K�H �Z�H�L�J�K�W �I�D�F�W�R�U �D�W �Z�K�L�F�K �Z�L�Q�G �L�V �L�Q�W�U�R�G�X�F�H�G�� �L�V �S�R�V�W�S�R�Q�H�G�� �7�K�H �&�D�U�E�R�Q
�)�R�R�W�S�U�L�Q�W �L�V �O�R�Z�H�U �W�K�D�Q �L�Q �W�K�H �E�D�V�H �V�F�H�Q�D�U�L�R���)�L�J�X�U�H �������� �E�H�F�D�X�V�H �W�K�H �L�Q�L�W�L�D�O �L�Q�V�W�D�O�O�H�G �F�D�S�D�F�L�W�\ �R�I �V�R�O�D�U
�H�Q�H�U�J�\ �L�V �O�R�Z�H�U�� �7�K�H �V�R�O�D�U �F�D�S�D�F�L�W�\ �L�V �O�R�Z�H�U�� �E�H�F�D�X�V�H �L�W �L�V �F�K�H�D�S�H�U �W�R �R�Y�H�U���V�L�]�H �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �L�Q �W�K�L�V
�F�D�V�H�� �H�Q�D�E�O�L�Q�J �W�K�H �F�R�Q�I�L�J�X�U�D�W�L�R�Q �W�R �K�D�U�Q�H�V�V �P�R�U�H �H�Q�H�U�J�\ �I�U�R�P �W�K�H �S�H�D�N �V�R�O�D�U �\�L�H�O�G �K�R�X�U�V �R�I �W�K�H �\�H�D�U�� �,�Q
�W�K�H �E�D�V�H �F�D�V�H �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �P�D�N�H�V �X�S ������ �R�I �W�K�H �W�R�W�D�O �/�&�2�+�� �$ �U�H�G�X�F�W�L�R�Q �R�I ������ �Z�R�X�O�G �O�H�D�G �W�R �D�Q
�R�Y�H�U�D�O�O �S�U�L�F�H �G�H�F�U�H�D�V�H �R�I �������� �+�R�Z�H�Y�H�U�� �W�K�H �/�&�2�+ �D�F�W�X�D�O�O�\ �G�H�F�U�H�D�V�H�V �E�\ ������������ �G�X�H �W�R �W�K�H �G�H�V�F�U�L�E�H�G
�H�I�I�H�F�W �R�I �R�Y�H�U���V�L�]�L�Q�J��

�)�L�J�X�U�H �����������&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �� �/�R�Z �Z�L�Q�G �F�R�V�W �V�F�H�Q�D�U�L�R �I�R�U
�'�X�T�P�� �$�O�N�D�O�L�Q�H�� �0�R�Q�R �F���6�L�� �7�K�H �&�) ���S�U�L�P�D�U�\ �\���D�[�L�V�� �V�W�D�F�N�H�G

�E�D�U�� �D�Q�G �L�Q�V�W�D�O�O�H�G �F�D�S�D�F�L�W�\ ���V�H�F�R�Q�G�D�U�\ �\���D�[�L�V�� �O�L�Q�H �J�U�D�S�K��
�S�O�R�W�W�H�G �D�J�D�L�Q�V�W �W�K�H �Z�H�L�J�K�W �I�D�F�W�R�U��

�)�L�J�X�U�H �����������/�H�Y�H�O�L�V�H�G �&�R�V�W �R�I �+�\�G�U�R�J�H�Q �� �/�R�Z �(�O�H�F�W�U�R�O�\�V�H�U
�F�R�V�W �V�F�H�Q�D�U�L�R �I�R�U �'�X�T�P�� �$�O�N�D�O�L�Q�H�� �0�R�Q�R �F���6�L�� �7�K�H �/�&�2�+

���S�U�L�P�D�U�\ �\���D�[�L�V�� �V�W�D�F�N�H�G �E�D�U�� �D�Q�G �L�Q�V�W�D�O�O�H�G �F�D�S�D�F�L�W�\ ���V�H�F�R�Q�G�D�U�\
�\���D�[�L�V�� �O�L�Q�H �J�U�D�S�K�� �S�O�R�W�W�H�G �D�J�D�L�Q�V�W �W�K�H �Z�H�L�J�K�W �I�D�F�W�R�U��



�������� �4�S�[�I�V �G�S�R�W�Y�Q�T�X�M�S�R �W�I�R�W�M�X�M�Z�M�X�] ����

���������4�S�[�I�V �G�S�R�W�Y�Q�T�X�M�S�R �W�I�R�W�M�X�M�Z�M�X�]

�)�L�J�X�U�H �����������3�D�U�H�W�R �I�U�R�Q�W�V �� �'�X�T�P�� �$�O�N�D�O�L�Q�H�� �0�R�Q�R
�F���6�L �Z�L�W�K �Y�D�U�L�D�W�L�R�Q �L�Q �S�R�Z�H�U �F�R�Q�V�X�P�S�W�L�R�Q�� �7�K�L�V

�J�U�D�S�K �G�L�V�S�O�D�\�V �W�K�H �/�&�2�+ �D�Q�G �&�) �S�H�U�I�R�U�P�D�Q�F�H �R�I
�W�K�H �V�F�H�Q�D�U�L�R�V �I�R�U �G�L�I�I�H�U�H�Q�W �Z�H�L�J�K�W �I�D�F�W�R�U�V�� �7�K�H �G�D�U�N

�V�K�D�G�H�G �U�H�S�U�H�V�H�Q�W �W�K�H �K�L�J�K �V�F�H�Q�D�U�L�R�V�� �W�K�H �O�L�J�K�W�H�U
�V�K�D�G�H�V �U�H�S�U�H�V�H�Q�W �W�K�H �O�R�Z �V�F�H�Q�D�U�L�R�V��

�7�K�H �3�D�U�H�W�R �I�U�R�Q�W�V �I�R�U �W�K�H �S�R�Z�H�U �F�R�Q�V�X�P�S�W�L�R�Q �V�H�Q�V�L�W�L�Y�L�W�\
�D�Q�D�O�\�V�L�V �D�U�H �L�O�O�X�V�W�U�D�W�H�G �L�Q�)�L�J�X�U�H ���������� �7�K�H �S�R�Z�H�U �F�R�Q�V�X�P�S��
�W�L�R�Q �K�D�V �D �S�U�R�I�R�X�Q�G �L�Q�I�O�X�H�Q�F�H �R�Q �W�K�H �S�U�R�G�X�F�W�L�R�Q �F�K�D�L�Q�� �$�V
�P�H�Q�W�L�R�Q�H�G �E�H�I�R�U�H�� �H�Q�H�U�J�\ �L�V �W�K�H �G�H�W�H�U�P�L�Q�L�Q�J �I�D�F�W�R�U �L�Q �W�H�U�P�V
�R�I �F�R�V�W �D�Q�G �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W�� �5�H�G�X�F�L�Q�J �W�K�H �U�H�T�X�L�U�H�G �H�Q�H�U�J�\
�S�H�U �N�J �R�I �K�\�G�U�R�J�H�Q �F�D�Q �W�K�H�U�H�I�R�U�H �U�H�G�X�F�H �E�R�W�K �F�R�V�W �D�Q�G �F�D�U��
�E�R�Q �H�P�L�V�V�L�R�Q�V�� �7�K�H �&�) �D�Q�G �/�&�2�+ �U�H�G�X�F�W�L�R�Q �D�V �D �U�H�V�X�O�W �R�I
�D �S�R�Z�H�U �F�R�Q�V�X�P�S�W�L�R�Q �G�H�F�U�H�D�V�H �L�V �F�O�H�D�U�O�\ �G�H�P�R�Q�V�W�U�D�W�H�G �L�Q
�W�K�L�V �F�K�D�U�W�� �$�V �P�H�Q�W�L�R�Q�H�G �L�Q�V�H�F�W�L�R�Q �������� �W�K�H �F�O�R�V�H�U �D �I�U�R�Q�W
�L�V �W�R �W�K�H �R�U�L�J�L�Q�� �W�K�H �E�H�W�W�H�U �L�W �S�H�U�I�R�U�P�V�� �,�Q �W�K�L�V �F�K�D�U�W �L�W �F�D�Q
�E�H �R�E�V�H�U�Y�H�G �W�K�D�W �O�R�Z�H�U�L�Q�J �W�K�H �S�R�Z�H�U �F�R�Q�V�X�P�S�W�L�R�Q �V�F�D�O�H�V
�W�K�H �H�Q�W�L�U�H �I�U�R�Q�W �G�R�Z�Q�� �P�R�Y�L�Q�J �W�K�H �I�U�R�Q�W�V �W�R�Z�D�U�G�V �W�K�H �R�U�L�J�L�Q��
�%�U�L�Q�J�L�Q�J �G�R�Z�Q �W�K�L�V �S�R�Z�H�U �F�R�Q�V�X�P�S�W�L�R�Q �Z�L�O�O �K�D�Y�H �D �E�L�J �H�I�I�H�F�W
�R�Q �W�K�H �I�H�D�V�L�E�L�O�L�W�\ �D�Q�G �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �R�I �K�\�G�U�R�J�H�Q �S�U�R�G�X�F��
�W�L�R�Q�� �7�K�H �S�R�Z�H�U �F�R�Q�V�X�P�S�W�L�R�Q �Y�D�O�X�H�V �X�V�H�G �L�Q �W�K�L�V �U�H�V�H�D�U�F�K
�D�U�H �W�D�N�H�Q �I�U�R�P �W�K�H �� �*�: �I�D�F�L�O�L�W�\ �G�H�V�L�J�Q �S�U�H�V�H�Q�W�H�G �E�\ �3�U�R��
�J�U�D�P �>���� �@�� �$�O�W�K�R�X�J�K �L�W �L�V �V�W�D�W�H�G �L�Q �W�K�H �S�D�S�H�U �W�K�D�W �W�K�H �S�R�Z�H�U
�F�R�Q�V�X�P�S�W�L�R�Q �U�H�S�U�H�V�H�Q�W�V �W�K�H �H�Q�H�U�J�\ �X�V�H �R�I �W�K�H �H�Q�W�L�U�H �S�U�R��
�G�X�F�W�L�R�Q �I�D�F�L�O�L�W�\�� �2�W�K�H�U �U�H�S�R�U�W�V�� �O�L�N�H �W�K�H �U�H�S�R�U�W �R�I �,�5�(�1�$ �>���� �@
�Z�K�H�U�H �W�K�H �V�H�Q�V�L�W�L�Y�L�W�\ �G�D�W�D �R�U�L�J�L�Q�D�W�H�V �I�U�R�P�� �V�K�R�Z �K�L�J�K�H�U �Y�D�O��
�X�H�V�� �7�K�H �H�Q�H�U�J�\ �X�V�H �R�I �W�K�H �H�Q�W�L�U�H �S�U�R�G�X�F�W�L�R�Q �I�D�F�L�O�L�W�\ �L�V �D�Q
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�F�R�V�W�V �D�Q�G �H�P�L�V�V�L�R�Q�V �R�I �W�K�H �H�Q�H�U�J�\ �V�R�X�U�F�H�V �D�U�H �D �G�L�U�H�F�W �L�Q�I�O�X�H�Q�F�H �R�Q �W�K�H �W�U�D�G�H���R�I�I�� �E�X�W �W�K�H�U�H �L�V �D�O�V�R �D�Q
�L�Q�G�L�U�H�F�W �H�I�I�H�F�W�� �7�K�U�R�X�J�K �S�U�R�S�H�U �H�Q�H�U�J�\ �P�L�[ �F�R�Q�V�W�L�W�X�W�L�R�Q�� �L�Q�W�H�U�P�L�W�W�H�Q�F�\ �F�D�Q �E�H �U�H�G�X�F�H�G�� �U�H�V�X�O�W�L�Q�J �L�Q �D
�O�R�Z�H�U �U�H�T�X�L�U�H�G �H�O�H�F�W�U�R�O�\�V�H�U �F�D�S�D�F�L�W�\�� �'�H�S�H�Q�G�L�Q�J �R�Q �W�K�H �V�H�O�H�F�W�H�G �H�Q�H�U�J�\ �V�R�X�U�F�H�V�� �W�K�L�V �F�D�Q �U�H�V�X�O�W �L�Q �D
�O�R�Z�H�U �R�Y�H�U�D�O�O �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W�� �7�K�H �V�H�F�R�Q�G �L�P�S�R�U�W�D�Q�W �G�H�V�L�J�Q �F�K�R�L�F�H�� �L�V �W�K�H �V�H�O�H�F�W�L�R�Q �R�I �W�K�H �X�V�H�G �3�9

����



�������� �'�S�R�G�P�Y�W�M�S�R�W ����

�W�H�F�K�Q�R�O�R�J�\�� �&�G�7�H �3�9 �P�R�G�X�O�H�V �D�U�H �P�R�U�H �H�[�S�H�Q�V�L�Y�H �W�K�D�Q �W�K�H �R�W�K�H�U �F�R�Q�V�L�G�H�U�H�G �3�9 �W�H�F�K�Q�R�O�R�J�L�H�V�� �E�X�W
�W�K�H �R�Y�H�U�D�O�O �O�L�I�H�W�L�P�H �H�P�L�V�V�L�R�Q�V �R�I �W�K�L�V �W�H�F�K�Q�R�O�R�J�\ �D�U�H �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �V�P�D�O�O�H�U�� �L�Q �'�X�T�P �E�H�L�Q�J �H�Y�H�Q �F�D�U�E�R�Q
�I�U�L�H�Q�G�O�L�H�U �W�K�D�Q �Z�L�Q�G �H�Q�H�U�J�\�� �7�K�H �E�H�V�W �D�O�O���U�R�X�Q�G �S�H�U�I�R�U�P�D�Q�F�H �L�V �G�H�O�L�Y�H�U�H�G �E�\ �V�F�H�Q�D�U�L�R�V �L�Q�F�O�X�G�L�Q�J �W�K�H
�&�,���*���6 �3�9 �W�H�F�K�Q�R�O�R�J�\�� �U�H�V�X�O�W�L�Q�J �D �O�R�Z�H�U �/�H�Y�H�O�L�V�H�G �&�R�V�W �W�K�D�Q �D �V�\�V�W�H�P �Z�L�W�K �&�G�7�H�� �E�X�W �D �K�L�J�K�H�U �&�D�U�E�R�Q
�)�R�R�W�S�U�L�Q�W�� �0�R�Q�R �F���6�L �S�H�U�I�R�U�P�V �Z�R�U�V�W�� �L�Q �W�H�U�P�V �R�I �/�&�2�+ �D�Q�G �&�)�� �7�K�H �U�H�V�X�O�W�V �R�I �W�K�L�V �U�H�V�H�D�U�F�K�� �V�K�R�Z �Q�R
�W�D�Q�J�L�E�O�H �W�U�D�G�H���R�I�I �H�I�I�H�F�W�� �E�X�W �U�D�W�K�H�U �D �F�O�H�D�U �S�U�H�I�H�U�H�Q�F�H �F�R�X�S�O�H�G �W�R �W�K�H �H�O�H�F�W�U�R�O�\�V�H�U �F�K�R�L�F�H�� �,�Q�)�L�J�X�U�H ������
�W�K�H �F�K�R�L�F�H �I�R�U �3�(�0 �G�L�V�S�O�D�\�V �D �V�L�J�Q�L�I�L�F�D�Q�W �L�Q�F�U�H�D�V�H �R�I �W�K�H �/�&�2�+�� �E�X�W �E�D�U�H�O�\ �D�Q�\ �H�I�I�H�F�W �R�Q �W�K�H �&�)��

�7�K�H �W�U�D�G�H���R�I�I �H�I�I�H�F�W�V �K�H�U�H �D�U�H �V�R�O�H�O�\ �E�D�V�H�G �R�Q �/�&�2�+ �D�Q�G �&�)�� �,�Q�F�O�X�G�L�Q�J �R�W�K�H�U �I�D�F�W�R�U�V�� �V�X�F�K �D�V �F�U�L�W��
�L�F�D�O �U�D�Z �P�D�W�H�U�L�D�O �X�V�H�� �R�U �D�Y�D�L�O�D�E�O�H �J�O�R�E�D�O �S�U�R�G�X�F�W�L�R�Q �F�D�S�D�F�L�W�\ �F�D�Q �D�O�V�R �L�Q�I�O�X�H�Q�F�H �W�K�H �F�K�R�L�F�H �D �S�U�R�M�H�F�W
�G�H�Y�H�O�R�S�H�U �K�D�V �W�R �P�D�N�H��

�:�K�D�W �L�Q�I�O�X�H�Q�F�H �G�R �Z�H�D�W�K�H�U �S�D�W�W�H�U�Q�V �K�D�Y�H �R�Q �/�H�Y�H�O�L�V�H�G �&�R�V�W �R�I �+�\�G�U�R�J�H�Q �D�Q�G �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W�"
�:�H�D�W�K�H�U �S�D�W�W�H�U�Q�V �K�D�Y�H �D �S�U�R�I�R�X�Q�G �L�Q�I�O�X�H�Q�F�H �R�Q �E�R�W�K �W�K�H �/�H�Y�H�O�L�V�H�G �&�R�V�W �R�I �+�\�G�U�R�J�H�Q �D�Q�G �W�K�H �&�D�U�E�R�Q
�)�R�R�W�S�U�L�Q�W�� �7�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �R�I �K�\�G�U�R�J�H�Q �L�V �I�R�U �D�Q �D�Y�H�U�D�J�H �R�I ���� �� �G�H�S�H�Q�G�D�Q�W �R�Q �W�K�H �X�V�H�G �U�H�Q�H�Z��
�D�E�O�H �H�Q�H�U�J�\ �V�R�X�U�F�H�� �7�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �R�I �H�Q�H�U�J�\ �V�R�X�U�F�H�V �L�V �O�D�U�J�H�O�\ �G�H�S�H�Q�G�D�Q�W �R�Q �W�K�H �S�R�W�H�Q�W�L�D�O
�\�L�H�O�G �R�I �W�K�H �L�Q�V�W�D�O�O�D�W�L�R�Q�V�� �$ �V�L�G�H���E�\���V�L�G�H �U�H�Y�L�H�Z �R�I �W�K�H �H�Q�H�U�J�\ �\�L�H�O�G�V �S�H�U �O�R�F�D�W�L�R�Q �I�U�R�P�7�D�E�O�H �������� �W�K�H �&�)
�H�T�X�D�W�L�R�Q�V������ �D�Q�G������ �D�Q�G �W�K�H �/�&�2�( �D�Q�G �&�) �R�I �H�Q�H�U�J�\ �I�U�R�P�7�D�E�O�H �������V�N�H�W�F�K�H�V �D �F�O�H�D�U �S�L�F�W�X�U�H�� �6�R�O�D�U
�L�U�U�D�G�L�D�Q�F�H �D�Q�G �Z�L�Q�G �V�S�H�H�G�V �D�U�H �D�Q �L�Q�I�O�X�H�Q�W�L�D�O �L�Q�G�L�F�D�W�R�U�V �I�R�U �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I �S�U�R�G�X�F�W�L�R�Q �O�R�F�D�W�L�R�Q�V��
�1�R�W �R�Q�O�\ �L�V �W�K�H �D�Y�H�U�D�J�H �Z�L�Q�G �V�S�H�H�G �R�U �L�U�U�D�G�L�D�Q�F�H �R�I �L�P�S�R�U�W�D�Q�F�H�� �W�K�H �F�R�Q�V�L�V�W�H�Q�F�\ �R�I �W�K�L�V �H�Q�H�U�J�\ �V�X�S�S�O�\
�K�D�V �D �E�L�J �L�Q�I�O�X�H�Q�F�H �D�V �Z�H�O�O�� �7�K�H �L�G�H�D�O �F�R�Q�I�L�J�X�U�D�W�L�R�Q �R�I �W�K�H �S�U�R�G�X�F�W�L�R�Q �F�K�D�L�Q �L�Q �'�D�N�K�O�D �K�D�V �D �V�L�J�Q�L�I�L�F�D�Q�W�O�\
�V�P�D�O�O�H�U �W�R�W�D�O �L�Q�V�W�D�O�O�H�G �F�D�S�D�F�L�W�\ �W�K�D�Q �W�K�H �L�G�H�D�O �F�R�Q�I�L�J�X�U�D�W�L�R�Q �L�Q �'�X�T�P�� �Z�K�H�U�H �W�K�H�U�H �L�V �Q�R �F�R�Q�V�L�V�W�H�Q�W �Z�L�Q�G��
�*�U�R�Q�L�Q�J�H�Q �O�D�F�N�V �F�R�Q�V�L�V�W�H�Q�W �V�R�O�D�U �\�L�H�O�G�V�� �E�X�W �W�K�L�V �L�V �F�R�P�S�H�Q�V�D�W�H�G �E�\ �W�K�H �S�R�W�H�Q�W�L�D�O �R�I �W�K�H �Z�L�Q�G�� �7�K�H
�O�D�F�N �R�I �F�R�Q�V�L�V�W�H�Q�W �Z�L�Q�G �V�S�H�H�G�V �D�O�V�R �L�Q�I�O�X�H�Q�F�H�V �W�K�H �G�L�I�I�H�U�H�Q�F�H �L�Q �/�&�2�+ �E�H�W�Z�H�H�Q �W�K�H �F�R�V�W���R�S�W�L�P�D�O �V�R�O�X��
�W�L�R�Q �D�Q�G �W�K�H �F�D�U�E�R�Q���R�S�W�L�P�D�O �V�R�O�X�W�L�R�Q�� �D�V �L�V �W�K�H �F�D�V�H �L�Q �'�X�T�P�� �7�K�H �D�Y�D�L�O�D�E�L�O�L�W�\ �R�I �F�R�Q�V�L�V�W�H�Q�W �D�Q�G �V�W�U�R�Q�J
�Z�L�Q�G�V�� �O�H�D�G�V �W�R �D �O�R�Z�H�U �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W�� �Z�K�H�U�H�D�V �W�K�H �D�Y�D�L�O�D�E�L�O�L�W�\ �R�I �F�R�Q�V�L�V�W�H�Q�W �D�Q�G �K�L�J�K �V�R�O�D�U �L�U�U�D�G�L�D�Q�F�H
�O�H�D�G�V �W�R �D �O�R�Z�H�U �/�H�Y�H�O�L�V�H�G �&�R�V�W �R�I �+�\�G�U�R�J�H�Q�� �'�D�N�K�O�D �E�H�L�Q�J �W�K�H �S�U�L�P�H �H�[�D�P�S�O�H �Z�K�H�U�H �E�R�W�K �D�U�H �W�K�H �F�D�V�H��

�&�R�P�L�Q�J �E�D�F�N �W�R �W�K�H �R�Y�H�U�D�U�F�K�L�Q�J �U�H�V�H�D�U�F�K �T�X�H�V�W�L�R�Q�� �W�K�H �I�R�O�O�R�Z�L�Q�J �F�D�Q �E�H �F�R�Q�F�O�X�G�H�G�� �/�R�F�D�O �:�H�D�W�K�H�U
�S�D�W�W�H�U�Q�V �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �L�Q�I�O�X�H�Q�F�H �W�K�H �G�H�V�L�J�Q �R�I �O�D�U�J�H���V�F�D�O�H �J�U�H�H�Q �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q �F�K�D�L�Q �Z�K�H�Q �R�S�W�L��
�P�L�V�L�Q�J �I�R�U �D �O�R�Z �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �D�Q�G �D �O�R�Z �/�H�Y�H�O�L�V�H�G �&�R�V�W �R�I �+�\�G�U�R�J�H�Q�� �7�K�H �O�R�F�D�O �Z�H�D�W�K�H�U �S�D�W�W�H�U�Q�V��
�E�R�W�K �V�R�O�D�U �D�Q�G �Z�L�Q�G�� �G�L�F�W�D�W�H �W�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �D�Q�G �/�&�2�( �R�I �W�K�H �U�H�Q�H�Z�D�E�O�H �H�Q�H�U�J�\ �W�K�D�W �L�V �D�Y�D�L�O�D�E�O�H
�R�Q���V�L�W�H�� �7�K�L�V �P�D�W�W�H�U�V�� �D�V �W�K�H �U�H�Q�H�Z�D�E�O�H �H�Q�H�U�J�\ �V�R�X�U�F�H �L�V �W�K�H �E�L�J�J�H�V�W �F�R�Q�W�U�L�E�X�W�R�U �W�R�Z�D�U�G�V �W�K�H �/�&�2�+
�D�Q�G �&�) �R�I �K�\�G�U�R�J�H�Q�� �:�K�H�Q �R�S�W�L�P�L�V�L�Q�J �I�R�U �D �/�R�Z �/�H�Y�H�O�L�V�H�G �&�R�V�W �R�I �+�\�G�U�R�J�H�Q�� �D�E�X�Q�G�D�Q�W �V�X�Q �L�V �U�H�T�X�L�U�H�G��
�:�K�H�Q �R�S�W�L�P�L�V�L�Q�J �I�R�U �D �O�R�Z �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W�� �D�E�X�Q�G�D�Q�W �Z�L�Q�G �H�Q�H�U�J�\ �L�V �U�H�T�X�L�U�H�G�� �:�K�H�Q �G�H�V�L�U�L�Q�J �E�R�W�K
�D �O�R�Z �/�H�Y�H�O�L�V�H�G �&�R�V�W �R�I �+�\�G�U�R�J�H�Q �D�Q�G �D�Q �O�R�Z �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W�� �D�E�X�Q�G�D�Q�W �D�Q�G �F�R�Q�V�L�V�W�H�Q�W �V�R�O�D�U �D�Q�G
�Z�L�Q�G �H�Q�H�U�J�\ �L�V �U�H�T�X�L�U�H�G�� �7�K�H �L�Q�W�H�Q�V�L�W�\ �R�I �W�K�H �D�Y�D�L�O�D�E�O�H �V�R�O�D�U �D�Q�G �Z�L�Q�G �P�D�N�H�V �D �S�U�R�M�H�F�W �Y�L�D�E�O�H�� �E�X�W �W�K�H
�F�R�Q�V�L�V�W�H�Q�F�\ �R�I �W�K�H�V�H �S�D�W�W�H�U�Q�V �P�D�N�H �D �S�U�R�M�H�F�W �I�H�D�V�L�E�O�H��

�$�O�O �L�Q �D�O�O�� �L�W �L�V �F�O�H�D�U �W�K�D�W �W�K�H �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �R�I �K�\�G�U�R�J�H�Q �L�V �D �Y�H�U�\ �L�P�S�R�U�W�D�Q�W �W�R�S�L�F�� �:�L�W�K �D�Q�Q�X�D�O
�K�\�G�U�R�J�H�Q �G�H�P�D�Q�G �U�D�P�S�L�Q�J �X�S �W�R ������ �0�W�R�Q �S�H�U �\�H�D�U �E�\ �Q�H�[�W �G�H�F�D�G�H�� �V�K�R�Z�Q �L�Q�)�L�J�X�U�H �������� �&�D�U�E�R�Q
�)�R�R�W�S�U�L�Q�W�V �R�I ��kg CO2/ kg H2 �Z�L�O�O �Q�R�W �E�H �J�R�R�G �H�Q�R�X�J�K�� �7�K�H �U�H�V�X�O�W�V �R�I �W�K�L�V �U�H�V�H�D�U�F�K �V�K�R�Z �W�K�D�W �W�K�H
�&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �R�I �K�\�G�U�R�J�H�Q �F�D�Q �E�H �L�Q�I�O�X�H�Q�F�H�G �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �E�\ �S�U�R�S�H�U�O�\ �V�L�]�L�Q�J �W�K�H �H�Q�H�U�J�\ �V�\�V�W�H�P�� �D�Q�G
�V�H�O�H�F�W�L�Q�J �W�K�H �U�L�J�K�W �3�9 �W�H�F�K�Q�R�O�R�J�\�� �*�R�Y�H�U�Q�P�H�Q�W �D�F�W�L�R�Q �L�V �U�H�T�X�L�U�H�G �K�H�U�H�� �D�V �F�D�U�E�R�Q �S�U�L�F�L�Q�J �D�Q�G �J�U�H�H�Q
�V�X�E�V�L�G�L�H�V �F�D�Q �E�U�H�D�N �W�K�H �F�R�V�W���F�D�U�E�R�Q �W�U�D�G�H���R�I�I �E�\ �S�U�R�Y�L�G�L�Q�J �W�K�H �I�L�Q�D�Q�F�L�D�O �L�Q�F�H�Q�W�L�Y�H�V �I�R�U �L�Q�G�X�V�W�U�L�H�V �W�R
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�V�W�X�G�\�� �D �U�H�O�D�W�L�Y�H�O�\ �K�L�J�K �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �I�R�U �J�U�H�\ �D�Q�G �E�O�X�H �K�\�G�U�R�J�H�Q �L�V �G�L�V�S�O�D�\�H�G�� �H�V�S�H�F�L�D�O�O�\ �F�R�P�S�D�U�H�G
�W�R �W�K�H �J�U�H�H�Q �K�\�G�U�R�J�H�Q�� �Z�K�L�F�K �K�D�V �D �O�R�Z �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �F�R�P�S�D�U�H�G �W�R �R�W�K�H�U �V�W�X�G�L�H�V�� �7�K�L�V �L�V �E�H�F�D�X�V�H
�D �U�H�O�D�W�L�Y�H�O�\ �K�L�J�K �P�H�W�K�D�Q�H �O�H�D�N�D�J�H �S�H�U�F�H�Q�W�D�J�H �R�I ���������� �L�V �D�V�V�X�P�H�G�� �7�K�H �D�F�W�X�D�O �O�H�D�N�D�J�H �S�H�U�F�H�Q�W�D�J�H
�Y�D�U�L�H�V �S�H�U �S�U�R�G�X�F�L�Q�J �S�D�U�W�\ �D�Q�G �S�U�R�G�X�F�W�L�R�Q �O�R�F�D�W�L�R�Q�� �7�K�L�V �L�V �I�X�U�W�K�H�U �L�Q�Y�H�V�W�L�J�D�W�H�G �E�\ �%�D�X�H�U �H�W �D�O�� �>���@�� �W�K�H
�U�H�V�X�O�W�V �R�I �W�K�L�V �V�W�X�G�\ �D�U�H �S�U�H�V�H�Q�W�H�G �L�Q�)�L�J�X�U�H �$������
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�O�R�Z �D�Q�G �K�L�J�K �F�D�S�W�X�U�H �U�D�W�H �V�F�H�Q�D�U�L�R�V�� �Z�K�H�U�H �W�K�H �O�R�Z �V�F�H�Q�D�U�L�R �U�H�S�U�H�V�H�Q�W�V �W�K�H �F�D�S�W�X�U�H �U�D�W�H �R�I �H�[�L�V�W�L�Q�J
�S�O�D�Q�W�V �D�Q�G �W�K�H �K�L�J�K �F�D�S�W�X�U�H �U�D�W�H �U�H�S�U�H�V�H�Q�W�V �S�R�V�V�L�E�O�H �I�X�W�X�U�H �S�O�D�Q�W�V�� �7�K�H �I�L�Q�D�O �Y�D�U�L�D�W�L�R�Q �L�Q �V�F�H�Q�D�U�L�R�V �L�V
�W�K�H �F�K�R�V�H�Q �W�L�P�H �K�R�U�L�]�R�Q�� �D�V �W�K�H �*�:�3 �R�I �P�H�W�K�D�Q�H �L�V �K�H�D�Y�L�O�\ �G�H�S�H�Q�G�D�Q�W �R�Q �W�K�L�V �K�R�U�L�]�R�Q �G�X�H �W�R �L�W�V �V�K�R�U�W
�D�W�P�R�V�S�K�H�U�L�F �O�L�I�H�W�L�P�H �R�I �U�R�X�J�K�O�\ ���� �\�H�D�U�V�� �7�K�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �R�I �E�O�X�H �K�\�G�U�R�J�H�Q �L�V �R�Q�O�\ �L�Q �W�K�H �P�R�V�W
�R�S�W�L�P�L�V�W�L�F �V�F�H�Q�D�U�L�R �Q�H�D�U�L�Q�J �W�K�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �R�I �J�U�H�H�Q �K�\�G�U�R�J�H�Q��
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�G�H�F�D�U�E�R�Q�L�V�H �W�K�U�R�X�J�K �H�O�H�F�W�U�L�I�L�F�D�W�L�R�Q �D�Q�G �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q �R�I �U�H�Q�H�Z�D�E�O�H �S�R�Z�H�U �V�R�X�U�F�H�V�� �W�K�H �H�P�E�R�G�L�H�G
�H�P�L�V�V�L�R�Q�V �U�H�V�X�O�W�L�Q�J �I�U�R�P �W�K�H �S�U�R�G�X�F�W�L�R�Q �R�I �E�X�L�O�G�L�Q�J �P�D�W�H�U�L�D�O�V �D�Q�G �W�H�F�K�Q�R�O�R�J�L�H�V �F�R�P�H�V �G�R�Z�Q�� �7�K�L�V �F�D�Q
�E�H �V�H�H�Q �L�Q�)�L�J�X�U�H �$������ �7�K�HCH4 �O�H�D�N�D�J�H �U�D�W�H �L�V �Q�R�W �V�S�H�F�L�I�L�H�G �I�R�U �W�K�L�V �U�H�V�H�D�U�F�K�� �E�X�W �F�R�P�S�D�U�L�Q�J �L�W �W�R
�)�L�J�X�U�H �$�����Z�R�X�O�G �S�O�D�F�H �L�W �D�U�R�X�Q�G �W�K�H ����������

�$�V �L�W �L�V �X�V�H�I�X�O �W�R �F�R�P�S�D�U�H �W�K�H �U�H�V�X�O�W�L�Q�J �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �R�I �G�L�I�I�H�U�H�Q�W �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q �S�D�W�K�Z�D�\�V��
�I�R�U �W�K�L�V �U�H�V�H�D�U�F�K �D �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �R�I ����������kg CO2e/ kg H2 �L�V �X�V�H�G�� �L�Q�O�L�Q�H �Z�L�W�K �$�O���4�D�K�W�D�Q�L �H�W �D�O�� �>���� �@
�D�Q�G �D�S�S�U�R�[�L�P�D�W�H�O�\ �W�K�H �*�:�3 ������ �Y�D�O�X�H�V �R�I �W�K�H �������� �O�H�D�N�D�J�H �V�F�H�Q�D�U�L�R �R�I�)�L�J�X�U�H �$������ �)�R�U �E�O�X�H �K�\�G�U�R�J�H�Q��
�D ������ �&�&�6 �F�D�S�W�X�U�H �U�D�W�H �L�V �D�V�V�X�P�H�G�� �U�H�V�X�O�W�L�Q�J �L�Q �D �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �R�I ������kg CO2e/ kg H2��

�.�H�\ �W�D�N�H�D�Z�D�\�V �&�D�U�E�R�Q �)�R�R�W�S�U�L�Q�W �+�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q

I �7�K�H �V�F�R�S�H �D�Q�G �D�V�V�X�P�S�W�L�R�Q�V �R�I �D�Q �/�&�$ �K�H�D�Y�L�O�\ �L�Q�I�O�X�H�Q�F�H �W�K�H �U�H�V�X�O�W�L�Q�J �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W��
I �)�X�J�L�W�L�Y�H �P�H�W�K�D�Q�H �H�P�L�V�V�L�R�Q�V �D�U�H �Y�H�U�\ �S�R�O�X�W�L�Q�J �D�Q�G �V�K�R�X�O�G �Q�R�W �E�H �H�[�F�O�X�G�H�G �Z�K�H�Q �U�H�Y�L�H�Z�L�Q�J

�W�K�H �W�R�W�D�O �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W��
I �%�O�X�H �K�\�G�U�R�J�H�Q �L�V �R�Q�O�\ �L�Q �W�K�H �P�R�V�W �R�S�W�L�P�L�V�W�L�F �V�F�H�Q�D�U�L�R�V �L�Q �W�K�H �V�D�P�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �U�D�Q�J�H �D�V

�J�U�H�H�Q �K�\�G�U�R�J�H�Q��
I �%�O�X�H �K�\�G�U�R�J�H�Q �L�V �P�R�U�H �S�R�O�O�X�W�L�Q�J �Z�K�H�Q �X�W�L�O�L�V�H�G �I�R�U �K�H�D�W �G�H�O�L�Y�H�U�\ �W�K�D�Q �P�H�W�K�D�Q�H��
I �)�R�U �W�K�L�V �U�H�S�R�U�W�� �*�U�H�\ �+�\�G�U�R�J�H�Q �K�D�V �D �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �R�I���������� kg CO2e/ kg H2�� �D�Q�G �%�O�X�H

�K�\�G�U�R�J�H�Q �K�D�V �D �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �R�I������ kg CO2e/ kg H2��
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�&�������4�V�S�H�Y�G�X�M�S�R �G�L�E�M�R �Q�S�H�I�P�M�R�K
�&�R�Q�V�W�U�X�F�W�L�Q�J �W�K�H �H�Q�W�L�U�H �S�U�R�G�X�F�W�L�R�Q �F�K�D�L�Q �I�R�U �K�\�G�U�R�J�H�Q �U�H�T�X�L�U�H�V �V�L�J�Q�L�I�L�F�D�Q�W �L�Q�Y�H�V�W�P�H�Q�W �D�Q�G �J�H�Q�H�U�D�W�H�V
�D �V�X�E�V�W�D�Q�W�L�D�O �D�P�R�X�Q�W �R�I �F�D�U�E�R�Q �H�P�L�V�V�L�R�Q�V�� �$�V �D �U�H�V�X�O�W�� �L�W �L�V �F�U�X�F�L�D�O �W�R �F�D�U�H�I�X�O�O�\ �F�R�Q�V�L�G�H�U �D�Q�G �V�H�O�H�F�W
�W�K�H �P�R�V�W �H�I�I�L�F�L�H�Q�W �G�H�V�L�J�Q �D�Q�G �V�H�W�X�S �W�K�D�W �P�L�Q�L�P�L�V�H�V �E�R�W�K �F�R�V�W�V �D�Q�G �H�P�L�V�V�L�R�Q�V�� �+�R�Z�H�Y�H�U�� �G�X�H �W�R �W�K�H
�Q�X�P�H�U�R�X�V �W�U�D�G�H���R�I�I�V �D�Q�G �Y�D�U�L�R�X�V �I�D�F�W�R�U�V �L�Q�I�O�X�H�Q�F�L�Q�J �W�K�H �.�3�,�¶�V�� �W�K�L�V �F�D�Q �E�H �D �F�K�D�O�O�H�Q�J�L�Q�J �W�D�V�N�� �7�K�L�V �L�V
�Z�K�H�U�H �R�S�W�L�P�L�V�D�W�L�R�Q �P�R�G�H�O�V �F�D�Q �E�H �R�I �J�U�H�D�W �X�V�H��

�2�S�W�L�P�L�V�D�W�L�R�Q �P�R�G�H�O�V �D�U�H �P�D�W�K�H�P�D�W�L�F�D�O �W�R�R�O�V �W�K�D�W �F�D�Q �I�L�Q�G �W�K�H �R�S�W�L�P�D�O �V�R�O�X�W�L�R�Q �I�R�U �D �J�L�Y�H�Q �S�U�R�E�O�H�P��
�7�K�H �S�U�R�E�O�H�P �L�V �S�U�H�V�H�Q�W�H�G �E�\ �D �V�H�W �R�I �H�T�X�D�W�L�R�Q�V �D�Q�G �F�R�Q�V�W�U�D�L�Q�W�V�� �,�Q �W�K�H �F�R�Q�W�H�[�W �R�I �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q��
�R�S�W�L�P�L�V�D�W�L�R�Q �P�R�G�H�O�V �F�D�Q �E�H �X�V�H�G �W�R �L�G�H�Q�W�L�I�\ �W�K�H �R�S�W�L�P�D�O �F�R�Q�I�L�J�X�U�D�W�L�R�Q �D�Q�G �G�H�V�L�J�Q �R�I �D �K�\�G�U�R�J�H�Q �S�U�R�G�X�F��
�W�L�R�Q �S�D�W�K�Z�D�\ �W�K�D�W �P�L�Q�L�P�L�V�H�V �E�R�W�K �W�K�H �F�R�V�W �D�Q�G �W�K�H �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W�� �%�\ �X�V�L�Q�J �R�S�W�L�P�L�V�D�W�L�R�Q �P�R�G�H�O�V�� �L�W �L�V
�S�R�V�V�L�E�O�H �W�R �H�Y�D�O�X�D�W�H �W�K�H �L�P�S�D�F�W �R�I �G�L�I�I�H�U�H�Q�W �G�H�V�L�J�Q �F�K�R�L�F�H�V�� �V�X�F�K �D�V �W�K�H �V�H�O�H�F�W�L�R�Q �R�I �W�H�F�K�Q�R�O�R�J�L�H�V �R�U �W�K�H
�V�L�]�L�Q�J �R�I �H�Q�H�U�J�\ �U�H�V�R�X�U�F�H�V�� �R�Q �W�K�H �F�R�V�W �D�Q�G �F�D�U�E�R�Q �I�R�R�W�S�U�L�Q�W �R�I �W�K�H �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q �S�D�W�K�Z�D�\��

�,�Q �W�K�L�V �V�H�F�W�L�R�Q�� �W�K�H �R�S�W�L�P�L�V�D�W�L�R�Q �D�Q�G �P�R�G�H�O�L�Q�J �R�I �W�K�H �J�U�H�H�Q �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q �F�K�D�L�Q �D�U�H �G�L�V�F�X�V�V�H�G��
�)�L�U�V�W�� �L�Q�V�H�F�W�L�R�Q �%�����G�L�I�I�H�U�H�Q�W �Z�D�\�V �R�I �U�H�S�U�H�V�H�Q�W�L�Q�J �D �S�K�\�V�L�F�D�O �S�U�R�G�X�F�W�L�R�Q �F�K�D�L�Q �D�V �D �F�R�P�S�X�W�H�U �P�R�G�H�O
�D�U�H �S�U�H�V�H�Q�W�H�G�� �7�K�L�V �V�X�E�V�H�F�W�L�R�Q �L�V �I�R�O�O�R�Z�H�G �E�\�V�H�F�W�L�R�Q �%�����Z�K�H�U�H �G�L�I�I�H�U�H�Q�W �R�S�W�L�P�L�V�D�W�L�R�Q �P�H�W�K�R�G�V �D�U�H
�G�L�V�F�X�V�V�H�G�� �(�D�F�K �P�H�W�K�R�G �K�D�V �S�U�R�¶�V �D�Q�G �F�R�Q�¶�V �D�Q�G �W�K�H�V�H �Z�L�O�O �E�H �U�H�Y�L�H�Z�H�G��
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�7�K�H�U�H �D�U�H �V�H�Y�H�U�D�O �G�L�I�I�H�U�H�Q�W �D�S�S�U�R�D�F�K�H�V �Z�K�H�Q �P�R�G�H�O�L�Q�J �D �K�\�G�U�R�J�H�Q �S�U�R�G�X�F�W�L�R�Q �F�K�D�L�Q�� �7�K�H �F�K�R�L�F�H �I�R�U �W�K�H
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I �1�X�P�S�\���D �J�H�Q�H�U�D�O���S�X�U�S�R�V�H �D�U�U�D�\���S�U�R�F�H�V�V�L�Q�J �3�\�W�K�R�Q �S�D�F�N�D�J�H��
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