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Dear SPE Copenhagen Members,

After a start to the year impacted by new restrictions, we are glad
to be back. Indeed, December 2021 to January 2022 was a chal-
lenging period with the latest COVID wave having a huge impact on
our events schedule. Three events were either cancelled or post-
poned but | am glad that the SPE CPH board has been agile and
adaptive to the situation. Danish society opened again in February
and we now have a full program of events scheduled for the rest of
the 2021/22 season.

On 20th of January, the SPE CPH board met to plot a future for our
section. Some of the action points from the meeting include:

1. Conduct most of our upcoming events as physical face-
to-face meetings

2. More interaction with sister sections within Europe espe-
cially for virtual events

3. Development of a second member questionnaire

4. Utilize and consult our members more - we are over reli-
ant on the Board members to work hard for the section

5. Explore the possibility of involving other sections in news-
letter content

Activities

Virtual Officers Meeting Europe

We participated in the Europe section officers regional meeting on
the 9th of February. The main agenda had to do with the proposed
merger between SPE and AAPG, which we now know has been
terminated. The new Geothermal Technical Section was intro-
duced, and Hans Horikx and | took the opportunity to interact with
other section officers and share ideas.

Rig Visit for Student Chapter

In furtherance of our commitment to the SPE Copenhagen Student
Chapter, on 21st February we arranged a visit to the Maersk Re-
solve jackup rig currently at the quayside at Esbjerg. 19 students
accompanied by the Section Chairman were taken on a tour of the
rig and its various systems and sections. Our gratitude goes out to
Maersk Drilling and to Allan Ramsing, the rig manager, Arlo the
OIM and the rest of the crew of the Maersk Resolve. For photo-
graphs of the visit and feedback from the excited students, a dedi-
cated article can be found in this newsletter.

Student Sponsorship
A student has been selected for the opportunity to physically at-
tend the SPE Norway Subsurface Conference next month after
submitting a motivational letter. The board will sponsor transporta-
tion, accommodation and feeding costs. Congratulations to Nata-
lia Pereyra. »




Virtual Event
On the 24th of February, the first event of the year took place. It was
organized as a virtual event hosted by the DHRTC.

There were 3 topics of discussion:

1. Unlocking the potential for CO, storage in existing oil and
gas fields in the Danish North Sea.
2. Project Bifrost: an innovative CO, storage project

3. Chalk for CO, storage

We had a record attendance of 152 participants at the event with a
significant number of participants from outside the Copenhagen
section. This is a very good development and we are encouraged.

New Board Member

| am pleased to welcome back Jose Antonio Acero to the SPE Co-
penhagen Board. He is a familiar face. Jose was previously a board
member but left Denmark 2 years ago to work in Spain. He has
now returned to Denmark recently to work for WellPerform. His en-
ergy will be a great addition to this Board.

SPE Copenhagen Student Chapter Board
| am pleased to announce that our student chapter has new board
members with the following officers elected:

. Jakub Drochomirecki, Vice president
. Saud shaheen, Treasurer
. Vasileois Tsiftsis
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With Isaac Applequist Lage at the helm as Student Chapter Presi-
dent, | look at this board and can only be confident about the fu-
ture. | wish them a rewarding tenure and the skill to help the chap-
ter grow from strength to strength.

Membership Renewal

We look forward to you continuing your SPE membership. There is
no doubt that in the last year, we have all faced many new chal-
lenges but through it all, we have continued to inspire and support
each other. We as a board will continuously work towards bringing
greater value to your membership.

To renew your membership, visit SPE.org or click on the link: http://
go.spe.org/sectionrenew

On a final note, | would like to thank members for their continued
engagement and participation in activities of the section.

Yours Sincerely,
Adebowale Solarin

SPE Copenhagen Section Chairman 2021/22
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IMPURE VS.

PURE CO,

Abstract

Peter J. Herslund
Senior Consultant
Calsep

This presentation will give an overview of the many fascinating aspects of
CO, and place them in the context CO, transport and carbon capture and
storage (CCS). What makes CO, special, and what are the requirements
to software tools for simulating the phase behavior and bulk phase prop-
erties of CO, in relation to CCS?

CO, is one of the most studied components from an experimental point of
view. Yet, it still causes headaches for engineers around the world. In a
CCS context, this is often because the CO, streams to be dealt with are
not pure. Identification and proper handling of impurities, including water,

. is the key to success, when it comes to obtaining accurate predictions of
Blog raphy phase behavior and bulk phase properties of impure CO,,.

Peter J. Herslund is a Senior Consultant at Calsep. He The qualitative and quantitative influence of a selected number of impuri-
joined Calsep in 2013 and has since then worked mainly ties will be illustrated. The presentation discusses how this translates into
with thermodynamic modeling of reservoir fluids and cal- practical challenges in real applications, and it will be discussed whether
culation of fluid properties. Peter holds a Ph.D. degree in existing thermodynamic models are sufficient to handle the challenges

Chemical Engineering from the Technical University of facing the industry in relation to transport and storage of impure CO,,.

Denmark and a Graduate Diploma in Business Adminis-
tration from Copenhagen Business School.

Meeting Thursday  @caisep
MARCH 31

PROGRAMME LOCATION ENTRANCE FEE

17:00 - 17:30 REBEL WORK SPACE, None

Networking with drinks and DAMPFARGEVEJ 27-29,

snacks in the Café 2100 COPENHAGEN Q. REGISTRATION

.20 _ 18- Please indicate your attendance
. ;’:éggnta:ig:ii the Event Space TOPIC by Friday March 25 by signing up
P “Impure vs. Pure CO,” on the internet www.spe-cph.dk.

. 18:15

More networking and goodbye SPEAKER

Peter J. Herslund, Ph.D., Calsep A/S
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This is the mantra that has kept the Innargi team going for the
past 4 years. And now we have achieved a breakthrough with
our first heat delivery contract for district heating in Aarhus.

There are three main reasons why the breakthrough for geo-
thermal as an energy source for district heating is now:

1. In the future, power will be produced by wind and solar which
does not generate waste heat to heat our houses. This opens a
demand for new heat production technologies.

2. Historically many projects have failed due to either poor plan-
ning and executing in the exploration phase or poor production
management in the operating phase. With experience and
competencies from the oil and gas industry and taking full pro-
ject responsibility from ‘cradle to grave’, Innargi removes the
risk from the district heating company and consumers, making
geothermal energy an attractive product.

3.The price has reduced when talking large scale geothermal
heat production because the process can be industrialized.

As you know, Geothermal energy is about utilizing the energy
that radiates from the core of the earth. And using geothermal
energy is not a new thing. In Iceland the district heating system
based on geothermal energy was established almost 100 years
ago and long before that the Romans had thermal baths. So ge-
othermal projects can take many shapes and forms. Targeting
everything from hard dry rock to sedimentary reservoirs as the
resource for energy use in thermal baths, power generation,
district heating, green houses and more.

3:€ INNARGI

Our focus is using geothermal energy from brine in sedimentary
reservoir for district heating. And doing it in large scale — that
means a focus on the large cities which presents an additional
challenge to normal oil and gas projects — drilling wells and
building facilities in an urban environment.

We have developed and patented a modularized surface facility
solution that has a very small physical footprint. The small foot-
print makes it easier to integrate in an urban environment. The
modularization and standardization help us drive down costs
and reduces the time on-site in the construction phase. It also
reduces downtime if a major repair is to be made - then the
module can be lifted out through the roof of the building and re-
paired off site.

The geothermal brine is produced and injected via a standard
pair of wells and what is going on in the reservoir is basically a
large waterflood - there is just no oil involved. That is why using
experience and competencies from the oil and gas industry is
an essential part of unlocking geothermal as a renewable ener-
gy source for district heating.

With the current events in Ukraine the need to replace coal and
gas in Europe has become even more acute. District heating is
one of the cheapest ways of achieving the transition to green
energy in large cities. But district heating is only green when the
energy sources are green and only reliable when the energy
sources are available as baseload 24/7 — 365. Geothermal ener-
gy can fulfil both criteria. So why wait. Geothermal energy is a
large renewable energy source waiting to be tapped.
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heating project in Aarhus as the lead facilities engineer. In con-
nection with this work, Martin has developed the modularized

Martin Kaster,

Head of Facilities

and operations

Engineer with 22 year of
experience in well servic-
ing, completions, interven-
tion technology and con-
cept development. Martin
has for the past 5 years
been part of the Innargi
team that has matured a
large-scale geothermal

facility concept for the geothermal facilities planned to be im-

plemented in Aarhus.

Meeting Thursday

APRIL 21

PROGRAMME
17:00 - 18:00
DRINKS

18:00 - 19:00
PRESENTATION

19:00 - 21:00
DINNER

LOCATION

INNARGI A/S

LYNGBY HOVEDGADE 85
2800 KGS. LYNGBY

TOPIC

“Industrialising geothermal for

urban heating”

SPEAKERS
Martin Kaster,
Head of Facilities
and operations

Lars Petersen,
Head of Subsurface

Lars Petersen,

Head of Subsurface
Reservoir engineer with
more than 20 years experi-
ence in corporate explora-
tion and field development
functions within the energy
industry.

Lars joined the Innargi
team in 2019 and is driving
the screening of geother-

mal opportunities with a focus on integrating the subsurface and
commercial aspects.

ENTRANCE FEE

None

REGISTRATION

Please indicate your attendance
by Friday April 8 by signing up on
the internet

www.spe-cph.dk.

M
1€ INNARGI
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SPE Meeting schedule

20212022

February 24 MAIN SPEAKER
ToPIC Carbon Storage in Danish Chalk formation
SPEAKER Charlotte N. Larsen, Programme manager CO,-storage Research Programme

at DTU Offshore / Malene Hein, Project manager, DTU Offshore, Project Bifrost /
Hamid Nick, Senior researcher and research team lead at DTU Offshore

LOCATION VIRTUAL MEETING

SPONSOR DTU Offshore

March 31 MAIN SPEAKER

TOPIC Impure vs. Pure CO,

SPEAKER Peter J. Herslund, Ph.D., Calsep A/S

LOCATION Rebel Work Space, Dampfaergevej 27-29, 2100 Copenhagen @

SPONSOR Calsep

April 21 MAIN SPEAKER

TOPIC Industrialising geothermal for urban heating

SPEAKER Martin Kaster, Head of Facilities and operations, Innargi /
Lars Petersen, Head of Subsurface, Innargi

LOCATION Innargi A/S, Lyngby Hovedgade 85, 2800 Kgs. Lyngby

SPONSOR Innargi A/S

ey

May TBD MAIN SPEAKER

TOPIC

SPEAKER

LOCATION

SPONSOR

June TBD MAIN SPEAKER

TOPIC

SPEAKER

LOCATION

SPONSOR




Hans Horikx
DTU - Centre for Oil and Gas

A well received online presentation was made by DHRTC/DTU
Offshore Feb 24th on the topic of Carbon Storage in Danish
Chalk formation. Some 165 people attended the online meet-
ing, with participants from Denmark, the Netherlands, the UK,
Norway, France, Germany and ltaly. Three presenters enlight-
ened the visitors on research being carried out at the Technical
University of Denmark and associated institutes on behalf of
DUC, the Danish Underground Consortium led by TotalEner-
gies that operates over 90% of oil and gas activities in the Dan-
ish sector of the North Sea.

Charlotte Larsen kicked off the presentations by mentioning
that DHRTC, the Danish Hydrocarbon Research and Technolo-
gy Centre, changed its name that very day to the Danish Off-
shore Technology Centre, or DTU Offshore in short, to reflect
the fact that the research portfolio now includes broader off-
shore activities than just oil and gas. The topic of the SPE pres-
entation is an example of that.

In her presentation ‘Unlocking potential for CO, storage in exist-
ing oil and gas fields in the Danish North Sea’ Charlotte talked
about the reasons why depleted oil and gas reservoirs are good
candidates for CO, storage, mainly that existing fields represent
a significant and well described reservoir storage capacity with
decades of accumulated knowledge of subsurface behaviour, a
proven reservoir seal, and existing infrastructures that can be
re-utilized. Then she explained what knowledge and technology
gaps need to be closed before CO, storage can be feasible and
cost effective. This is a critical issue in Denmark as most oil and
gas fields are comprised of chalk formations, and much less is
known about the suitability of chalk reservoirs for CO, storage
than sandstone reservoirs. Research at DTU Offshore will help
provide answers on the main perceived challenges.

Malene Hein introduced the audience to the recently started Bi-
frost project, which is financed by EUDP and led by DUC, Qrsted
and DTU. The scope of this project includes the development
and selection of a CO, transport and storage concept at the
DUC Harald field in the Danish North Sea. The vision is to unlock
the full potential for transport and storage of CO, in depleted off-
shore oil and gas fields in Denmark. Initially, the project focuses
on depleted sandstone and chalk reservoirs of the Harald field
together with re-use of the associated infrastructure. If success-
ful the project can then be scaled up to include Qrsted pipelines
and injection into other depleted oil and gas fields. The Bifrost
name was chosen as it symbolises the concept of connecting
the old and new energy worlds during the energy transition. In
Norse mythology Bifrost is the rainbow bridge that connects the
material world with Asgard, the ‘home of the gods’.

ke

DTU Offshore leads two work packages within Project Bifrost:
The first aims to demonstrate the feasibility of CO, storage in
the chalk reservoir of Harald East, with significant upscaling po-
tential to other depleted Danish chalk fields, whilst DUC focus-
es on the sandstone formation of Harald West. The second
work package focuses on advancing novel monitoring technol-
ogies which could reduce costs as well as play a role in public
and regulatory acceptance of CCS in Denmark.

/

Hamid Nick described in more detail what the main challenges
and enablers are for CO, storage in chalk in his presentation
‘Chalk for CO, storage’. He gave an overview of existing studies
on CO, injection in chalk that address the suitability of chalk
formations as a long-term carbon storage solution, and what
the critical parameters are. He explained that the thermo-hy-
dro-mechanical-chemical behaviour of chalk in the presence of
CO, and formation fluids still requires further attention in order
to de-risk CO, storage. He discussed the processes that im-
pact containment, injectivity and storage capacity, and an-
swered many questions by the audience on related topics, such
as induced seismicity, repressurisation challenges, caprock ef-
fectiveness, possible chemical reactions of CO, with hydrocar-
bons and water, and the impact of fractures.

For those who have missed the presentation, or would simply
like to see it once again, a recording of the online meeting is
available on the new DTU-Offshore youtube channel via this
link: https://youtu.be/kO_bzdNfkYE.

Short Bio of presenters:

Charlotte N. Larsen is working as Programme
Manager for the CO,-Storage Research Pro-
gramme at DTU Offshore. Before joining DTU
Charlotte worked 20 years with Maersk Oil and
Gas as Lead Drilling Engineer and Well Project
Manager amongst other roles. Through her ca-
reer Charlotte has worked in Denmark, Qatar
and Turkmenistan and has a Master degree in Civil Engineering
from DTU.

Malene Hein is Project Manager at DTU Off-
shore for Project Bifrost. Before joining DHRTC,
Malene worked 18 years with Maersk Oil and
Total Energies as a geoscientist and technical
project manager in Denmark, Qatar, Turkmeni-
stan and Kazakhstan. Malene has a Masters de-
gree in Geology from Copenhagen University.

Hamid Nick is a senior researcher and research
team lead at DTU Offshore, managing various
projects on applied research solutions mainly
for Danish North Sea hydrocarbon reservoirs.
He has a PhD degree from Earth Science & En-
gineering of Imperial College London, UK.




Students from Petroleum Engineering (DTU — Chemical Engi-
neering) visited the Maersk Resolve jack-up rig at Esbjerg Port in
Denmark. The Maersk Resolve is an impressive piece of engi-
neering, capable of drilling in water depths of 106 m and drilling
wells up to 10.668 m.

The tour was hosted by the SPE Copenhagen’s student chapter
and funded by the Department of Chemical Engineering at DTU.

The petroleum engineering students travelled from DTU early in
the morning with anticipation to experience what was behind
their theoretical background. Upon arrival, all were amazed by
the sheer size of the jack-up rig. 150 m tall machinery capable of
hosting a crew of 130 personnel, with a galley (kitchen), gym, cin-
ema, a helicopter landing pad. The rig must be self-sustainable
during operation, so it has four 2.4 GW generator that delivers
electricity for heating, drilling, ventilation, and desalination of 120
ton of water. And that is on a daily basis!

To say the least, it was a great experience!

Quotes from some of the students:

“I'd like to thank the Maersk’s Resolve crew who showed us
around the rig and shared their passion for the industry with us. It
is quite stunning the level of automation achieved in Maersk’s
Resolve High-Efficiency Jack Up, its XY cantilever is definitely
one of its main features, with a drilling envelope of 21.3 m x 14 m.”
Natalia Sol.

“I was able to ground my knowledge, this time with a jack-up
type rig.” Patryk Bijak

“Wow! The food here is great!” - Yao Xu, Bartosz Bula, Michat
Stepien, Robin Shibu, Kuba Drochomirecki and many more stu-
dents.

@

A big “thank you” goes out to #Maerskdrilling, the Rig Manager,
Allan Ramsing, Arlo and Ivo, Brian the TSL, Scottie the Driller and
other crew members for making it a memorable experience.

As students, we enjoy trips like this that provide insight into the
workings of our industry and we would like to urge companies to
provide more opportunities like this!
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TOTALENERGIES SEES
DENMARK AS A GOOD
OPPORTUNITY FOR CCS
DEVELOPMENT

Interview with Morten Gjetting Stage, Head of CCS & Technical Services, TotalEnergies Upstream Denmark.

How does Project Bifrost compare to other TotalEnergies
CCS projects worldwide? What are the main challenges
and enablers?

TotalEnergies is building upon the last 20+ years of experience
in CCS projects. Since 1996, we have been part of the Sleipner
project in Norway, where the naturally occurring CO, is cap-
tured and stored in an aquifer. The Lacq project in Southern
France was an opportunity for TotalEnergies to test a complete
CO2 capture, transport and storage value chain. In the North-
ern Lights projects in Norway, we are learning how to build the
entire CCS value chain and what the technical specifications for
the CO, transport and storage should be.

When you are building CO, storage, scale is essential; the more
you can store in your reservoirs, the cheaper the storage will be.
Looking at some of our current CCS projects, the Northern
Lights project aims to store 1.5 million tons per annum, whereas
the goal in the Aramis project in the Netherlands is more ambi-
tious with 5 million tons per annum. Likewise, in our recently an-
nounced Project Bifrost we will be starting with 3 million tons
per annum.

In our EUDP supported Project Bifrost we, our DUC partners,
Orsted and DTU Offshore envision a possibility to accommo-
date CO, streams from different customers, which will help re-
duce both the vulnerability and the storage cost. CO, will be
transported to the injection point in the Harald field located in
the Danish North Sea 225 km offshore by ships via an FSIU
(Floating Storage Injection Unit). We will also study transport by
a pipeline from an onshore terminal as an alternative. The latter
option of using the existing pipelines to transport the CO, is
preferable because of its lower CO, footprint and potentially
larger throughput.

Currently, there are numerous CCS activities in the North Sea,
supported by the governments in the UK, Norway, Denmark
and in the Netherlands. On the one hand, there is a political en-
vironment that promotes CCS because of high climate ambi-
tions. For many years, the cost of the ETS (Emissions Trading
System) has been so low, so it didn’t have any influence on the
CCS agenda. But the last couple of years, the price has been
climbing steeply, and we are getting to 80 euros per ton. In ad-
dition, EU is also funding a lot of projects. On the other hand,
TotalEnergies wants to play a role in reducing the CO, emis-
sions and has a very strong foothold as a company in this re-
gion. On that note, Project Bifrost is an important cornerstone
for the CCS activities here in Denmark. »
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There are technological challenges in the entire CCS chain. In
the capture part, the key problem is energy efficiency. For the
transport part, the main challenge is standardization; since EU
envisions up to 300 million tons per annum of CO, stored in
2050, and the North Sea is expected to become a storage hub,
it is important to agree on the design of transport vessels as
soon as possible, in line with all involved countries. Finally, on
the storage part, there are normal development challenges just
like with an oil and gas reservoir — we need to understand the
reservoir dynamics and the seal behavior in relation to the
stored CO,,.

What’s the level of political support in Denmark for carbon
storage, as compared to eliminating the use of fossil fuel
altogether? How is that in comparison to other countries?

In a wider European context, Norway was the first mover, but
they did so by selecting one single CCS project and subsidizing
it heavily. For example, in the Northern Lights project, 80% of
costs are covered by the government, which has also reserved
part of the storage capacity. Other European countries prefer to
promote a CCS market by making subsidy schemes or by pro-
viding financial support. In the Netherlands, a storage site oper-
ator and the emitter can apply for the SDE++ subsidy funds to
create a CCS value chain Whilst in the UK, a different type of
scheme is used to promote a CCS market. In Denmark, a tender
will be announced this spring for the emitters, who will then be
obliged to make commercial contracts for CO, transport and
storage. Another topic that the Danish government has been
working on for the last year is how the state issues licenses for
CO, storage to private companies, and how the oil and gas li-
censes should be converted to CO, storage license.

CCS is considered an energy transition technology, but
what is your view of the endgame? How big will be the role
for CCS in the long term?

It’s hard to predict, and right now, there does not seem to be
any targets beyond 2050. However, the European countries will
need to store 300 million tons of CO, per year in 2050 to meet

the climate ambitions. Therefore, it is likely that CCS will be
needed beyond that. This gives a lot of promise to people who
have a background in oil and gas. If you have transferable skills,
whether you are a geophysicist, geologist or a reservoir engi-
neer, you will have an active role to play in this new technologi-
cal adventure.

What are the top aspects of CCS research that you would
devote funds to?

1. Driving down the costs of capturing the CO, is the key point
for any CCS project.

2. Describing the CO, phase behavior in the pipelines, well-
bores, and in the reservoir is done using various software
packages which were initially designed for oil and gas. It is
important to ensure that these tools give a consistent
description.

3. We need to better understand how the organic matter in the
caprock is behaving when exposed to CO,.

4. Cheap CO, storage site monitoring is a very needed ena-
bler in CCS projects.

5. Public acceptance is critical, and the above-mentioned
research directions can help in getting it. The earlier
involvement with the local communities, the better it is for a
project.

What are your views on the job security and perspectives
for oil & gas professionals and the young graduates in the
green transition era?

There seems to be a general concern that if we are reducing oil
and gas production, there will be pressure for the young gradu-
ates to get into the business. Clearly, CCS and renewables
bring new and exciting job opportunities for the petroleum
graduates in geology, well engineering, or reservoir engineer-
ing. But also, electrical and mechanical engineers could
change their paths to CCS or offshore windfarms. Therefore,
we can anticipate that shrinking of oil and gas projects will be
compensated by expanding project in CCS, wind, and hydro-
gen. For example, new jobs will be created in project Bifrost.

Project Bifrost will perform
the groundwork necessary
for CO, transportation and
storage in the Harald field
offshore Denmark.




By: Ali Akbar Eftekhari, DTU - Centre for Oil and Gas

This is what happened. A colleague of mine met a lady in a Dan-
ish bar. He mentioned his career: a researcher, working with
scanners and imaging, funded by the oil and gas industry. The
lady asked him “do you think it is ethical to work for the fossil
fuel industry?”

The lady’s name is Mette. She is 30-year-old and works as a
science teacher. She lives with her son in a 70 m2 in Helsinger.
She drives to work every day; a school in Holte. She is an aver-
age consumer: not a vegetarian; eats mostly local products;
travels once a year to Fuerte Ventura in the Christmas holidays.
More than everything, she cares about the future of her son.
She advises her students to be more sustainable and is very
proud of Denmark’s policy of green transition. These are her
values, and she identifies herself as an environmentalist. But
her boyfriend, Aidin, works in oil and gas and she does not
know if she can accept his proposal to move in with her. She
likes Aidin because he is a nice person; most engineers are.
She has now shared her concerns with Aidin.

Let’s go to an imaginary world, where scientists are not on Twit-
ter, policies follow science, science does not seek public ap-
proval, and partners solve their relationship problems with logi-
cal discussions. In this imaginary world, everything is possible
if the laws of thermodynamics are not violated. In this world, Ai-
din tries to address an emotional dilemma with what he knows
best: physics, chemistry, and math!

This is the story of Aidin making a foundation for those argu-
ments. It will not go into the philosophy of the “ethics of fos-
sil-fuel research” but tries to come up with some numbers that
address the real concern: “why, when, and how are we going to
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be independent of fossil fuels?” This eventually (and hopefully)
leads to an answer to the ultimate question for Mette: “is it ethi-
cal to date a Petroleum Engineer?”

Aidin begins by looking up the word sustainability: “avoidance
of the depletion of natural resources...”. OK, it does not help.
Depleting natural resources is Aidin’s job description and for a
good reason; there is a high demand for it. Oil and gas, stored
energy of the sun from the age of dinosaurs, is the driver of our
society. Does it help to point out that Mette is also heavily ad-
dicted to fossil fuels: car, aeroplane, clothes, food, hot showers,
and almost everything else still -fully or partially- runs on fossil
fuel. Aidin decides not to blame Mette. After all, if oil is a drug,
Aidin is a member of the cartel. What else can be done? Aidin
thinks about it logically: we can stop consuming natural re-
sources now. How does it work? Everyone can forget about
their lifestyle and never use fossil fuel again! No, it is not going
to work. The worst strategy is to ask your partner to change.
There is another solution. We can reduce the number of con-
sumers! Aidin wisely decides to keep this solution to himself.
There is another solution: we can replace the depleting resourc-
es. We have mimicked nature before. Oil and gas are made of
atmospheric CO,, oceans water, and solar energy. Do we have
enough solar energy in Denmark? Thinking about his first winter
in Denmark makes Aidin shiver. But solar energy comes in sec-
ond and third-hand forms: winds and waves. Aidin shivers
some more but takes out his calculator and begins: “First, | cal-
culate the amount of energy Mette consumes. Then, the
amount of sunshine and wind energy available in Denmark. If
there are not enough renewables in Denmark to replace fossil

fuels, I’'m the hero of the story! If not, I'll have to find a new job.”
»

Figure 1. Available land and shallow sea
area for Mette, and her energy demand
57 old 100 W lightbulbs.

4000 m? shallow sea
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Energy demand in Denmark

Heat

Aidin thinks about what he pays directly for energy. The first
one is heat. Denmark is mildly cold, so it is necessary to warm
the buildings in the winter. There are also hot showers, THE
characteristics of modern life. He goes to the Statistics Den-
mark website and looks up the building regulations and the
number of buildings in Denmark. With that and the temperature
history of Copenhagen, he calculates the heat loss from the
residential buildings and offices: 25 kWh/day per person. He
double-checks his calculation from the Danish Energy Agency.
He has overestimated the value, but he is lucky because it
matches the total heat requirement in buildings and industries.
It is roughly equal to keeping 10 old 100W lightbulbs on during
the day. He imagines Mette with 10 shining lightbulbs around
her head and admires his girlfriend and his imagination.

Electricity

Aidin looks at his electricity invoice to get an estimation of elec-
tricity consumption. It has a lot of numbers on it, mostly ex-
plaining the ridiculously high tax! He visits his account with his
electricity provider and finds out that he consumes 3-7 kWh/
day. It underestimates the electricity demand of the Danish so-
ciety which is on average between 16 to 22 kWh/day per per-
son. Another 9 lightbulbs turn on around Mette!

Liquid fuels

Mette and Aidin met in Fuerte Ventura island in Spain where
they like to travel every year. The aeroplane consumes a lot of
fuel. Aidin follows MacKay’s suggestion of dividing the number
by the number of days in a year, which gives a number around
30 kWh/day. Mette drives a car, in which she takes her son and
a neighbour. So, her fuel demand is for 20 km/day travel by car,
which is around 15 kWh/day. A total amount of 45 kWh/day for
Mette: another 19 lightbulbs around her head! 45 kWh/day per
person is higher than the number reported by the Danish ener-
gy agency, but that number only considers the fuel consump-
tion within the Danish border.

Food

Aidin knows he must be very careful with this one. The wrong
word out of his mouth about how much his partner eats and there
is no way to fix it! He looks up the amount of energy an adult re-
quires to survive: 3.6 kWh/day. This is the energy that must reach
the body. We are way past the food-for-survival times! Now we
dine and snack and enjoy a diverse diet. To prepare all those food
for a carnivore, 15 kWh/day of energy is consumed. Aidin knows
that Denmark has a great dairy and meat industry. This means
millions of pigs and cattle. These animals are fat, and they eat a
lot. Their energy demand is around 28 kWh/day per person living
in Denmark: 18 more lightbulbs in total!

Renewable resources in Denmark

Extracting renewable energy requires accessible land for install-
ing solar panels and windmills. The land is also required for
growing food. Denmark has a population of 5,800,000 living in
42933 km? land, which gives an average area of 7402 m? of land
per person that is a football pitch. The average solar energy that
reaches this football pitch is around 20,000 kWh/day. Assuming
an average of 4 km shallow water in the coastal regions, there is
also half a football pitch of shallow water available per person.
The average speed of wind in the sea is 10 m/s (the speed of a
track and field athlete) and 5 m/s in the land. If it was possible to
bring this wind to a full stop, one could extract 90,000 kWh/day
of energy. These values are orders of magnitude more than what
Mette consumes. However, the current state of technology al-
lows Mette to extract only a fraction of this energy. Around 10%
of solar energy and less than 59% (Betz efficiency) of wind ki-
netic energy can be converted to electricity. Only a fraction of
land can be covered by these technologies, with an average
power density of 3.7 and 1.3 W/m? for offshore and onshore
windmills, and 11 W/m? for solar panels (in Nordic countries).
The manufacturing, transport, installation, and maintenance of
windmills and solar panels are entirely driven by fossil fuels. It
can be between 5% to 30% of the total energies that can be de-
livered in their lifetime. Finally, both wind and solar energy are
intermittent and can only be considered a reliable steady source
of energy if combined with large scale energy storage plans. Bi-
ofuels are another source of energy, but it requires arable land
that is currently exploited for food unless a simpler diet be-
comes widespread. Let’s assume that we will have enough of it.

The liquid fuel must be synthesized from the atmospheric car-
bon dioxide and nitrogen and seawater in electricity-driven pro-
cesses. Mette is a science teacher and knows chemistry. She
knows that we can find a lot of carbon dioxide, water, and nitro-
gen in nature because all of them are stable chemicals. A lot of
electrical energy is needed to break these chemicals apart and
combine them into new fuels. She knows that old moustached
scientists, Sabatier and Haber, have already invented process-
es for synthesizing methane and ammonia. But is it possible to
replace all the fossil fuel demand with these chemicals?

Aidin optimistically estimates the efficiency of 36%, 45%, and
40% for the methane, ammonia, and methanol production from
the seawater and air. All these processes require more than
electricity: rare and expensive earth metals to catalyze the re-
actions, and raw material for the equipment. »
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The future

Aidin knows that Mette’s concern with sustainability is stemmed
from her love and care for her son. He feels a bit jealous at first.
Then, when he is over it, he tries to imagine the future for his
-hopefully- stepson. He assumes that all the warming systems
are converted to electricity-driven heat pumps that consume one
unit of electricity and deliver two units of heat. There is no oil and
gas extraction because of the synthesized fuels. All food and

P=100 bar

Figure 2. Producing methane (natural
gas) from the atmosphere and seawater.

chemicals are also made of these synthesized fuels in electrici-
ty-driven processes. All short distance travel is done in electric
cars and public transport is electrified. With these fantasies, he
updates the energy demand of Mette in the future. Then he uses
the energy density of the renewables and tries to fit enough wind-
mills and solar panels in Mette’s one and a half football pith of
land and shallow offshore.

Energy type  Demand, Updated Renewable Energy density,
kWh/(day.p) demand resource W/m?

Heat 25.2 Onshore wind 1.3

Liquid fuel 15 (cars) Offshore wind 3.7
30 (air travel) 30

Electricity 22 22+15+25.2/2 Solar panel 10

Food 15 (human) Food 0.35 (human)
28 (animal) 0.79-1.63 (animal)

Biomass 0.13

More than half of the land, 4000 to 5000 m? goes to a European
diet. Aidin cannot reproduce this value in his own estimates but
trusts agricultural scientists. 61% of Denmark is covered by ara-
ble land, which means that Mette needs to use all her share of
arable land for food. The byproducts of agriculture can be con-
sumed for electricity or biogas but it can only produce 19% of the
future electricity demand even all the energy losses are ignored.
Aidin encourages Mette to read more about Danish food import
and export, which is both illuminating and scary. The good news
is electricity: Mette can produce enough electricity by covering
54% of the land or 35% of shallow seawater with windmills. The
bad news is it needs time, huge investment, and a lot of oil and
gas to drive the construction. There is another bad news: Aidin
never considers the intermittency of wind energy. For the suc-
cess of his plan, large scale efficient energy storage must be in-

tegrated into the electricity network like the hydropower storage
in Norway (with no chemical conversion). There are other meth-
ods of storing energy by converting electricity to chemicals
(P2X), but the energy loss is big and more land must be covered
by windmills and solar panels to balance the supply and demand.
Aidin decides to end the discussion with Mette with an energy
storage joke: those guys must keep it physical until they find the
right chemistry.
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