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Executive Summary

This report summarises the findings made in the feasibility study performed by the Liquid
Wind team.

The findings indicate that it is indeed possible to produce and sell renewable methanol in
(western) Sweden if a certain set of conditions can be fulfilled.

The study has not identified any technical or regulatory difficulties that would hinder the
establishment of a production unit for renewable methanol. Environmental permits will need
to be fulfilled as per normal practice and depending on the location of the facility

A ‘Haéllbarhetsintyg’, sustainability certificate has been granted by the Swedish Energy
Agency which means that the renewable methanol produced will be exempt from energy and
carbon taxes as long as it is made from biological CO2 and renewable electricity.

The project team recommends that the project should advance to the next level where final
site location, financing preparations and detailed engineering will be performed. The possible
establishment of a production size renewable methanol facility, could indeed be a game
changer in fuel production and the possibility for Sweden to take the lead in fueling solutions
for the future.

In closing the Liquid Wind team would like to acknowledge the sponsors for enabling this
study to be conducted.
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Figure 1. The image shows the basic flowchart of the electro methanol process
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Background

The need to drastically decrease the use of fossil fuels in order to achieve the 2°C warming
goal has been agreed upon after a series of United Nations Framework on Climate Change
(UNFCCC) COP meetings. The agreement that resulted from the COP 21 in Paris entered into
force on November 4™ 2016. Today (Feb 2017) 134 of 197 parties have ratified it. [1]

In order to fulfil the agreement and minimize the use of fossil fuels, there is a need for
alternative energy carriers that can be used to store the inflowing energy from solar and wind
and to handle fluctuations in a cost-efficient way. There are several alternatives for how to
store electricity, where the production of hydrogen (via electrolysis) is one. The produced and
stored hydrogen can either be converted back to electricity or used for other purposes. One of
the advantages of hydrogen is that it is a carbon-free energy carrier and has a relatively high
conversion efficiency if used in fuel cells.

The hydrogen economy is getting closer to reality with fuel cells and hydrogen cars becoming
commercially available in small series, as of 2015/2016. The evolution of fuel cells is also
resulting in increased efficiencies.

An interesting trend is the growing interest for Power to Gas (hydrogen, methane, etc)
originating from Germany. The increased interest in fuel cells and electrolyzers (reversed fuel
cells) will gradually lead to improved efficiencies and reduced prices for hydrogen conversion
from water electrolysis.

However, storage, transport and energy conversion of gases, especially hydrogen but also
methane, requires significant energy consuming logistics infrastructure and makes gas,
depending on location less attractive and economical for many applications. The use of the
smallest alcohol molecule, methanol, as an energy efficient, liquid energy carrier, has been
proposed by Prof. George Olah and co-workers at University of Southern California (Olah
2009). They propose that CO, from industrial and natural sources is converted to methanol by
the use of electricity from renewable sources.

Methanol is today one of the most used chemicals globally with a wide range of applications;
as base component for the chemical industry but also as a fuel. Traditionally methanol is
produced from biomass e.g. in the pulp and paper industry, but today the dominating part of
the methanol available on the market is produced from natural gas and to some extent from
coal (Andersson 2015). The market and infrastructure for methanol is thus in place also for
extended applications.

Methanol as a fuel is gaining interest and can be used both in ships, trucks and busses and also
in regular cars. The Chinese car manufacturer Geely is building a factory that will produce
100 000 passenger cars to run exclusively on Methanol M100 (100% methanol) in 2017.

Ocean going and coastal shipping operations are mandated to find solutions to reduce NOy,
SOy and particulate emissions in addition to reducing CO; emissions. (0.5 % Sulfur fuel will
be mandated globally from 2020, 0.1% in Emission Control Areas). The shipping industry is
working on solutions like scrubbers, alternative fuel like LNG (Liquid Natural Gas), and more
recently the idea of using Methanol as a replacement for MGO (Marine Gas Oil) or HFO
(Heavy Fuel Oil) has taken hold. In Sweden, Stena together with ScandiNaos, Wirtsild and
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Chalmers have been working on conversion of marine diesel engines to methanol dual fuel
(Fagerlund 2013, Ellis 2014, Fagerlund 2014). The RoPax ferry Stena Germanica has all four
main engines converted by spring 2017. Another project by ScandiNaos is focused on the
conversion of smaller ship engines, at present conversion of a pilot boat owned by the
Swedish Maritime Administration, to methanol fuel.

The recently converted ships are relying on methanol deliveries from conventional, natural

gas based sources. There are producers of renewable methanol, e.g. CRI on Iceland, but the
small amounts produced and the premium price does not allow large scale use of renewable
methanol today.

Simultaneously, with increased production of wind and solar energy there is a surplus of
electricity available. Wallenstam, is a large real estate company in Sweden, which owns and
operates a number of wind farms through the company Svensk NaturEnergi. Wallenstam sees
an opportunity in combining their wind energy assets and their interest in sustainable
solutions to play a leading role in the development of renewable methanol.

Objective

The objective of this pre-study is to evaluate if it is technically possible and financially viable
to build a production site for renewable (electro) methanol. Electromethanol in this study is
defined as the product created when combining hydrogen originating from water electrolysis
with carbon dioxide under pressure over a catalyst. If the hydrogen is originating from
electrolysis powered by renewable energy and the carbon dioxid is from organic waste then
the product will be renewable electromethanol, which has also been shortened to ReMe.

The study till also determine where a plant could be located and what size would be suitable.

The feedstock for the methanol will be wind electricity, water and CO2. The CO2 will be
collected from a biogas plant or a waste to energy plant nearby. The plant should also be able
to deliver grid service to the local grid company and collaborate with the grid to reduce
disruptions that will occur as the rate of renewable intermittent energy increases. The plant
should have the following possible revenue sources:

1) Energy storage

2) Reduction of fossil CO2
3) Fossil free fuel production
4) Grid service supplier

The exact climate benefit that the proposed plant could deliver will be evaluated during the
pre-study. According to the calculations done so far the pilot plant with a production capacity
of 1500 ton metanol would reduce 2,000,000 kg CO2 on an annual basis. For the production
scale plant the level of CO2 reduction would be 20,000,000 kg annually.

Furthermore the plant will also be able to sell/offer limited quantities of Hydrogen and

Oxygen that are generated in the process. If and when the plant is built if will be the first
production plant making from wind power.

4/39



Methodology

The pre-study was jointly run and co-financed by the organisations that came together to work
part-time for 4 months to do the study. The organisations and people active in the study are:

Bo Strandberg Wallenstam/Svensk NaturEnergi (initiator) Wp 8,9
Karin Andersson Chalmers University of Technology Wp 8
Anna-Karin Jannasch RISE Wp 6
Franz Evegren RISE Wp 6
Fredrik Bottenmark Uddevalla Energi Wp 3
Helena Winsell Goteborg Energi Wp 2,4
Benedikt Stefansson Carbon Recycling International Wp 5
Fred Farchmin Siemens Wp 7
Stefan Krusell Siemens Wp 7
Stefan Svedhem Innovatum Wp 9
Claes Fredriksson FreeThem Generation Wp1,8,9

The feasibility study was co-financed by Vistra Gotalandsregionen, Fyrbodal
Kommunalférbund and Wallenstam AB.

The pre-study was jointly performed by all the project members. The research requirements
were separated into 9 Work Packages. Each project member organisation was responsible for
one work package and supported 1 or 2 additional work packages (Wps). The requirements
for each work package were defined by the designated Wp leader and approved by the overall
project team.

As certain Wps required input (for calculations) from multiple Wps they were be completed in
the second half of the project. In the pages below the results from each individual Wp is
presented.

The boundaries for the project are defined in the following ways.

Raw material: Wind Energy or other Renewable energy. Water and CO2 from renewable
resources.

Plant size: Pilot plant 2,5 to 5 MW, Production plant 25 to 50 MW. The size is given for
maximum power input to the plant.

Grid Requirement: Minimize Grid fee and identify ways to provide netservices

Plant location: Close to electricity production or to CO2 source. Three possible locations
provided, Lillesjoverken Uddevalla, Gunnarby wind farm, Gasendal Géteborg.
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Work Packages — Cluster Revenue & Supply

Work Package 1 — Methanol Sales & Distribution

The objective for this work package is to identify buyers of the renewable methanol. These
buyers can be from any sector, chemical industry, fuel sector or other and the target is to find
sizable clients that are willing to pay a reasonable price/premium during an extended time for
a carbon neutral/(fossil free) fuel.

Issues to investigate:

Categorize the user/usage type (large players and what they use)

Fuel usage in Sweden for this purpose is essentially split in a couple of different types. The
usage types have been divided in the following way:

Marine/Shipping

Forest/Agriculture

Heavy Road Transport

Municipal fuel busses etc

Passenger vehicle fuel

Peaking fuel (district energy and heating)
Methanol as a fuel component

Methanol for fuel cells

The categories that we have focused our comparison on are marine/shipping, peaking fuel and
drop-in fuel for passenger vehicles. Peaking fuel is used in district energy plants to boost
energy output during extreme loads when the normal capacity is not enough. This can occur
on few very cold days per year. Drop-in fuel is used to blend with gasoline and diesel. In
Europe each fuel company may ‘drop in” 5-10% alternative renewable energy fuel, depending
on the country. Methanol is usually blended with 3%.

Understand value of fuel to user (share of cost is fuel in the business)

For the shipping industry the value of fuel is very high (up to 50% of the operational cost) and
the objective is to minimise the fuel costs while fulfilling present regulations. The sulphur
regulation in the SECA area (Baltic Sea, North Sea and others) has initiated a search for low
sulphur fuels that also have the potential to fulfil coming demands on NOx and greenhouse
gas (GHG) emissions. The main low sulphur fuel alternatives to heavy fuel oil are low sulphur
marine diesel oil (MGO) and LNG (Liquid natural gas). LNG is heavily promoted by the
European Commission as a fuel that in the long term may be substituted by LBG (biogas) and
has low NOx emissions. However, not all shipping segments are suited for use of LNG, it is
expensive to convert existing ships, it is gaseous fuel that has to be stored at low temperature
(-162 0oC) and the infrastructure for bunkering is not in place. At present there are several new
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builds using LNG fuel, but shipping companies like Stena have also investigated liquid fuels
that may replace HFO in the future.

Understand current and future regulation for renewable methanol

The regulation for renewable methanol and how the input components are classified is an
ongoing process with intense lobbying from industries at risk. In Sweden Liquid Wind has
been the first project/fuel to obtain a Hallbarhets intyg from the Swedish Energy Agency for
renewable methanol and this is an important first step in being able to supply a competitive
fuel.

The regulations allow for a 3 % blend of methanol in gasoline at this point. While this is
possible it is not practiced in Sweden today. All blending in Sweden is today being done with
Ethanol (Source SPBI, Ebba Tham). In the UK however 3% methanol is blended in gasoline
and in China 5-15% is being blended into gasoline (Source OCJ 2015).

Understand tax implication for renewable methanol
This issue is addressed later in the report.
Identify potential clients/end-users of methanol

The clients that have been identified as early adopters are the shipping industry and related
industries that can modify or update their fuel systems.

Another category are companies that use methanol as a chemical feedstock, for example
Perstorp, with biodiesel (FAME) based partly on renewable methanol.

A third category is low blending of regular diesel or gasoline. In Sweden/Europe most fueling
stations sell fuel blended with (5%) Ethanol in gasoline and approximately 5% FAME (RME)
in Diesel. The low blend of ethanol could equally well be replaced with Methanol (3%) and
would represent a significant market for an initial production facility. The overall
consumption of gasoline in Sweden with a low level blend today is 3.1 million m3 (Source
SPBI). The total usage of Diesel in Sweden today is 5.0 million m3 and suitable blend-in fuels
are FAME and HVO and recall that the production of FAME requires methanol, i.e. also a
significant market for an initial production facility.

Fuel sales of different types

Value of Fuel to certain users

The energy market is currently experiencing a new phenomena where renewable energy is
consistently getting more efficient and the price levels continue to sink. For a classic oil
exporting country this is an unknown situation and one where the reaction can be to sell as
much as possible, as soon as possible, at gradually lower prices. This means that the world
may continue to see lower fossil energy prices and large scale operators may take advantage
of the low price for fossil fuels even if there is a carbon neutral alternative available (which
were cost-competitive at “normal” fossil fuel prices).

The question is therefore if there can be a price level which is low enough. If a business can
determine a floor level price at which they are willing to buy fuel, they could potentially shift
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to a renewable fuel when the renewable fuel reaches that level. Even if the price of the fossil
alternative becomes cheaper the business would still stay with their floor level. With the
possible outlook that oil prices will chase renewable energy prices lower, the notion of low
enough/floor price could potentially be introduced.

Tax Implications for renewable methanol

There are multiple laws in Sweden determining the tax rates on fuel. With the creation of a
series of new biofuels during the last decades, the system is continuously evolving.

A fuel producer needs to get certification as an ‘Upplagshavare’ which allows them to
produce, store and trade fuel with other ‘Upplagshavare’ without paying any tax. When the
‘Upplagshavare’ decides to trade fuel with end-users, they will charge the buyer the fuel cost
and the fuel tax (and the Moms/VAT). The ‘Upplagshavare’ will report to the tax
department/Skatteverket on a monthly basis what has been sold and charged and also what tax
exemptions have been utilised.

Certain fuels can be exempt for tax either partially or fully. The level at which they are
exempt depends on how they are classified by the two Swedish laws, Héllbarhetslagen (HBL)
and Drivmedelslagen. These laws are generally determined by EU and the member
states/countries need to adopt the standards. The application of the laws may only become a
reality when somebody poses the question to the governing authority, in this case the Swedish
Energy Agency.

As electrofuels and specifically renewable methanol is not a traded fuel in Sweden yet, the
question needs to be raised and the answer will be given in the form of a ‘Hallbarhetsbesked’.
The answer may allow the producer to claim the tax exemption on the fuel.

In addition to the ‘Héllbarhetsbesked’ an ‘Anldggningsbesked’ is also required, these are
generally provided at the same time and from the same agency.

Currently the law in Sweden indicates that biofuels can be tax exempt. Biofuels are fuels
made from biomass. As one key aspect of an electrofuel is to be made from electricity with a
CO2 molecule from a waste stream from for instance biogas digestion this law does not apply.

The Liquid Wind project therefore has to apply to the Swedish Energy Agency to get a
‘Héllbarhetsbesked’ and thereby be exempted from tax.

With a ‘Héllbarhetsintyg’, renewable methanol can be sold without energy tax or carbon tax
and therefore has the possibility of competing in the market with regular oil derived fuels that
are based on an oil price of some $55-60/barrel (February 2017). Prices have during the last 5
years varied from more than $110 in 2012 to $40 in 2015.

Tax Levels for 2017

In the case of methanol as a liquid fuel the tax rates do not exist today, however they will
likely be similar to HVO and Biodiesel. The tax level set for 2017 is the following:

Fuel type Energy Tax Carbon Tax Total Tax
HVO 2388 kr/m3 3329 kr/m3 5727 kr/m3

To put the tax level in perspective it will mean that 1 m3 of Methanol which contain 4.4 MWh
m3 of energy would incur the same tax as HVO with 9.68 MWh/m3.
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As methanol has a different energy density, the impact on the end-user would entail a factor
2,2 higher tax per energy content compared to a biodiesel type fuel. This is something that
needs to be addressed for the methanol which otherwise pay a high portion of tax. This may
however be a mute point if ‘Hallbarhetsintyg’ will be granted.

The entity that decides about new taxes is Skatteverket. There are good possibilities of
suggesting how the taxes are set, for anyone who is early in the process. Energy taxes on
renewable fuels are by no means consistent, neither in Sweden nor in the European Union.

In the European Union the new RES2 (Renewable Energy Standard 2) will be introduced in
2021. More information about the RES2 can be found in section 5) Regulations and Tax.

Haéllbarhetsintyg

Liquid Wind received a confirmation from the Swedish Energy Agency on January 16th 2017
that ‘Héllbarhetsintyg’ (sustainability certificate) had been granted. This means that the fuel is
considered renewable and biological, as long as the electricity is renewable and the CO2
comes from a biological resource like anaerobic digester for biogas production.

This further means that the fuel can be sold to any user/consumer without the need to charge a
fuel tax or a CO2 tax from the buyer. This is a big step in the right direction to becoming a
viable alternative also from a cost point of view compared with traditional fossil fuel.

Volumes used by potential clients

The potential market size for different fuel sales has not yet been studied in detail. What the
team has determined is that it would take 2 ships of Stena Germanica size, running the same
route frequency, to consume the fuel available from a fuel production facility with yearly
output of 40-50,000 tons.

Similar volumes could also be sold if a 3% fuel blend in gasoline could be negotiated with
only one of the four major fuel blenders in Sweden. More detailed customer dialogs will be
held in the next phase of the project.

Closing comments for work package 1

While there currently is a limited market for renewable methanol, the potential for this clean
fuel 1s compelling. Between shipping fuel, low blend fuel, metanol for chemical use and
possibly heating oil there is a market that could consume the output from more than 10
production sites of 40,000 tons each. It will take time, education and persistence to pursue this
task, however it will be well worth all the effort thanks to the improved air quality and
reduced CO2 which will be the result. If the conversion succeeds in Sweden the rest of the
world may gradually make the change too. As this happens the benefit in terms of halting
CO2 emissions can have a profound positive impact on our planet.
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Work Package 2 — H2, O2 and Heat Sales

Issues to investigated
Possible buyers of H2, 02 and heat.

The conclusion made during the feasibility study is, that while O2 and H2 sales can be
important revenue regenerators in the longer term it represents only a small share of the total
revenue of the overall plant. With a maximum sales value of some 50 dollars a ton for O2 it
will only represent 10-15% of the overall sales value and will therefor not impact the go no-go
decision of building a plant.

The situation for marketing and selling H2 is a little different. While selling H2 will have a
higher value it will also reduce the amount of methanol that can be sold. As methanol sales is
the core idea of the project and we do not foresee ‘over investing’ in electrolyzer capacity
chances are slim that surplus H2 will be sold. With the significant capital cost of the
electrolyser and reactor it is of highest importance to maximize the output of methanol. This
conclusion may need to be revisited if relationships in the overall profitability of the plant
would change.

The heat sales follows a slightly different reasoning. The exothermic reaction of producing
methanol does make heat available. The heat is of low grade and could be sold if there is a
heat buyer close by, like a district energy system or a chemical process. The heat can also be
used internally in the process to remove the water from the finished methanol through
condensation. For the initial design it is assumed that the heat will be utilised internally and
thus minimising the auxiliary power required to run the plant.

Numeric answers / Calculations based on O2 and H2 sales.

Based on the reasoning that the O2, H2 revenue potential, would not significantly impact the
overall calculations, the Liquid Wind team decided to not make any detailed calculations in
the feasibility study on the possible sale of other products. Once a plant has been sited and
detailed engineering is being done, the exact volume of sellable residual products can be
calculated. The potential revenues from these products, after logistics and sales costs have
been included will be a bonus to the overall Liquid Wind project.
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Work Package 3 — Grid Services and Power supply

Issues to investigate:

What is the revenue potential?

What type of Grid service is most valuable, reduce or increase?

How quick does the change need to be?

How does the plant location influence the grid service that can be provided?
What is required to get self-consumption status?

How much power is available at the wind farm?

What price level is possible for how many hours?

Can other energy be purchased when wind is not enough? If so under what
circumstances?

PN E D=

Deliverables and answers:
What is the revenue potential?

For Uddevalla Energi AB (UEAB) the Grid service is an option if some conditions can be
fulfilled. UEAB has 3 contracts with Vattenfall for the electricity transmission into the
bidding areas (Elomrade) of Uddevalla.

For more info concerning bidding areas see: http://www.nordpoolspot.com/How-does-it-
work/Bidding-areas/.

13 MW Abonremang

3 MA Aborrararg

Figure 2. Map of Uddevalla Energi area with external connections
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If UEAB is to increase its subscriptions from Vattenfall with 25 MW in the 40 kV network in
the winter, it will cost UEAB about 4 million SEK.

The cost for the customer (in this case UEAB) for a 25 MW subscription is approximately
10.5 million SEK per year if the customer is on the 10 kV network. There will also be a
transfer fee of 0.06 SEK/kWh. (However, it is not practical to connect such a big customer to
the 10 kV network). We could find a “new” tariff for large customers with lower power costs
and thus reduce the client's costs likely to a similar level as the cost from Vattenfall today for
the 40 kV subscription.

UEAB does not have a tariff for 40 kV but if we were to create the tariff I would estimate the
customer’s annual cost to be about 5.5-8 million SEK. It would be a transfer fee of about
0.025 SEK/kWh. It may required for the customer to build and install a new substation or
upgrade the existing 40 kV substation.

So if a 40 kV substation would be built (and owned) by the Liquid Wind factory it is likely
that the power capacity will be exceeded during the winter and therefor Liquid Wind will
need to invest in additional capacity for those months. The cost for this capacity could be 4
million SEK. Alternatively Liquid Wind not run when UEAB uses maximum capacity to
balance the capacity. (UEAB doesn’t have to extend their contract to Vattenfall).

What type of Grid service is most valuable, reduce or increase?

After a discussion with UEEAB business area manager we concluded that a quick reduction
of electrical output would be of great use if you have a contract that is reaching the peak
capacity allowed in the electrical net.

The value of quick reduction (turning the Liquid Wind plant) down has the highest value. As
the peak capacity could then be avoided for the entire service.
How quick does the change need to be?

The project has not been able to get an accurate answer to what the timing needs to be in
Uddevalla network.

We would think that we’re talking about minutes, maybe 5-10. It’s all about the margins you
want. Without margins, we talk a second level and with margins so it will be a little longer
time.

Today, all consumption is based on the hourly values. So your consumption over an hour will
be the effect you used. So if you exceed the first half hour of a new hour you can undercut the
next half hour as much and thus survive.
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How does the plant location influence the grid service that can be provided?

Phase 1, Location 1, Gunnarby wind farm

Advantage:

Close to energy production and the electric grid. No net fee as this will fall under self
production.

Vattenfall is the electric net supplier, same as the Wind power.
Disadvantage:

No personnel available on site for monitoring. The monitoring will either need to handled in
Gunnarby, which will be costly or a remote solution will need to be developed.

Phase 1, Location 2, Waste to energy plant Lillesjoverken

Advantage:
All environmental permits in place.
Staff and monitoring services close by.

Common net connection — net fee will be lower as the connection is shared with
Lillesjoverken.

Disadvantage:

Net fee will need to be paid as there is not sufficient energy available from Lillesjéverken to
supply the methanol plant during the entire year.

Phase 1, Location 3, Goteborg Energi Gasendal.

Advantage/Disadvantage:

No specific advantage or disadvantage with regard to power supply.

Phase 2, Location 1, Gunnarby wind farm.

Advantage:

Close to energy production and the electric grid. No net fee as this will fall under self
production.

Space for a 40 kV sub-station.

Vattenfall is the electric net supplier, same as the Wind power.

Disadvantage:

No personnel available on site for monitoring. The monitoring will either need to handled in
Gunnarby, which will be costly or a remote solution will need to be developed.

The site will not be big enough to provide all the necessary energy to power a production
scale plant. This means that additional energy and power will need to be purchased during
certain times of the year or day and which will likely incur heavy net fees on a per kwh basis.
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Phase 2, Location 2, Waste to energy plant Lillesjoverken

Advantage:
All environmental permits in place
Staff and monitoring services close by

Common net connection - net fee should be lower

Disadvantage:

The site will not be big enough to provide all the necessary energy to power a production
scale plant.

Phase 2, Location 3, Goteborg Energi Gasendal

Advantage/ Disadvantage:

No specific advantage or disadvantage with regard to power supply.

Summary with conclusion of the best location in each phase concerning the power grid.
Phase 1: Pilot plant

Gunnarby is the most suitable location if only the power grid requirements are factored in
Phase 2: Production plant

For the production plant none of the locations appear to be suitable at this point.

What is required to get self-consumption status?

It would probably be easier to obtain self-consumption status if the plant is owned by the
same company that owns the wind farm. The same rules would apply if the power is
consumed in a building or a methanol plant.

How much power is available at the wind farm?

The available power output in the wind farm is 17 MW produced by 8 wind turbines. So the

power needed for the Methanol plant is not enough for the Phase 2 project (25 MW).
Additional energy will have to be imported from elsewhere.

There is sufficient power for the Phase 1/Pilot plant.

What price level is possible and for how many hours?

This depends on the ownership of the plant. See next question for prices from different
companies.
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Can alternative energy be purchased when there is not enough wind? If so under what

circumstances?

The price from UEAB could look something like this. Spot price + 1,5 cents SEK/kWh + el-

certificate average price 2,8 cents SEK/kWh. In addition there will also be energy tax +

VAT/moms. The spot price will vary between x and xx.

Price Goteborg Svensk

calculation UEAB Energi NaturEnergi Vattenfall

Spot price: Nordpol Nordpol Nordpol Nordpol
28-32 ore 28-32 ore 28-32 ore 28-32 ore

Reseller fee: 1,5 ore ? ? ?

Example

El-certificate: 2,8 ore 2,8 ore 2,8 ore 2,8 ore

Energy Tax:

Normal ind. 29.2 ore 29.2 ore 29.2 ore 29.2 ore

Energy intense 0.5 ore 0.5 ore 0.5 ore 0.5 ore

Grid fee 10-30 ore 10-30 ore 10-30 ore 10-30 ore

Total 70-100 Ore 70-100 Ore 70-100 Ore 70-100 Ore

Table 1. Power costs and related fees

General information about Grid fees and Net Services (System tjinster)

Insights gained regarding grid services and net fees based on interviews in Jan/Feb 2017 with:

Henrik Wingfors Energiforetagen Sverige
Anders Petterson Energiforetagen Sverige

Olle Johansson PowerCircle

Susanne Olausson  Energiforsk

Karin Widegren Energimarknadsinspektionen EI
Karin Alvehag Energimarknadsinspektionen EI

Sweden has a strong but somewhat dated electric grid. The reason it is considered strong is 1)
it is designed for electric heating which requires a lot of energy and 2) the backbone is
hydropower, which provides the ability to regulate production in a flexible way.
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When compared to Germany, their system has a weaker basic grid, it has no hydropower and
has a higher concentration of renewables both solar and wind. For that reason Germany is
way ahead in developing grid services and energy storage to balance and regulate the grid.

Having said that, the Swedish Network led by Svenska Kraftnit is looking at developing
‘System Tjénster’, Grid Services that support the network as it is expected that the demands
on the network will grow from increased local production and more local requirements for
charging Electric Vehicles.

According to Karin Widegren the Nétnytta for wind power is well regulated in the law.
There are 3 types of Grid Companies in Sweden:

National — Svenska Kraftnét

Regional — E.ON, Vattenfall and Ellevio (ex Fortum) + Jamtkraft och Skallefted Kraft
Local — 160 local companies (they all meet annually in November)

The local grid companies set their rates independently. There is today at least one company
that has started charging time of day rates. But this is not common yet.

When it comes to Nitnytta (Grid Value/Usefulness) there is already a law in place for
Production. What is just being pushed now is to look at the Grid Value for STORAGE and
CONSUMPTION. This is exactly where Liquid Wind would fit in.

Another proposal currently with the Government is that EI (Swedish Energy Market
Inspectorate) will be able to run Pilot projects and test different solutions. The person in
charge of this Karin Alvehag has been invited to the final presentation of Liquid Wind on
February 23™. The term in Swedish is *’Efterfrigeflexibilitet”’

While the changes initiated from the EU are very positive it will likely be till 2020 before we
will see any practical implementation. Until then the options for Liquid Wind, appear to be:

1) find a Grid company that we can complement in terms of their short term needs. If
there is a fit they can create a new rate (which by law has to be offered to anyone).

2) Find a large producer and produce the power inside the fence (self consumption) or

3) Find a large user that already has a large connection and will therefore have a lower
tax rate and grid fee.

A small Smart Grid project is being tested on the island of Gotland. Funding for this project is
from Energiforsk and the person in charge is Susanne Olausson.

An interesting aspect about energy storage in Sweden is that energy storage companies today
will pay 2 x the grid fee. The reason is that they are required to pay the fee on both the
charging cycle and the discharge cycle. This does not exactly motivate companies to innovate
and there are discussion about how to remove the double fee. The only company today that
has tested battery storage of some scale is Falbygdens Energi in Falkoping.

The government recently set up a Forum for Smart Grid, to review the situation and propose
new solutions. The Forum which consists of a number of senior people in energi Sweden is,
as far as we know, still evaluating different options.
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Work Package 5 — Regulations & Tax

Energy and CO2 tax on renewable fuel. Is there a way to get tax treatment from Sweden.
How does it work in other countries if the methanol is exported. What are the implications if
methanol is sold as a chemical, would a renewable methanol be regulated differently:

The issues that were initially identified for this work package has been covered in Wp 1 and
Wp 4. Renewable methanol produced in Sweden from renewable energy with CO2 from
biomass sources will be considered renewable. This means if used as a fuel it will be exempt
from CO2 tax and energy tax. This methanol can be blended into gasoline or used to produce
FAME for diesel.

If this renewable methanol is used as a chemical in other products it will be considered green
and treated as other green input components.

In the remainder of this work package our team member has reviewed the new renewable
energy directive RED 2.

EU Renewable Energy Directive

The draft proposal for a new EU Renewable Energy Directive which is supposed to take
effect in 2021, commonly referred to as RED 11, is part of a larger collection of documents
released in November 2016, called the 'winter package', which will provide a framework for
energy policies in Europe up to 2030. The winter package touches upon subjects including
coal subsidies, bioenergy, grid access and rights for individual energy producers. These new
rules will influence how the EU member states meet 2030 climate goals as well as developing
a common energy system, known as the Energy Union.

RED II cements the change made in the 2015 amendment of the RED (a.k.a. the ILUC
amendment), where transport fuels from Carbon Capture and Utilisation (CCU) and
renewable transport fuels from non-biological energy (i.e. electricity) were more clearly
defined. RED II also introduces a new category of sustainable fuels, so-called 'waste-based
fossil fuels' which are liquid and gaseous fuels produced from waste streams of non-
renewable origin, including waste processing gases and exhaust gases; this opens up the
opportunity to use, for example, coke-oven gas and blast-oven furnace gas which is rich in
energy in the form of hydrogen, carbon monoxide and methane as building blocks for lower-
carbon intensity fuel production.

In the context of of CCU for transport, and of transformation of electricity into fuels, RED II
represents an evolution of the framework created by the first Renewable Energy Directive
with subsequent amendments and the Fuel Quality Directive (a separate directive which will
not be reissued for the post 2020 era). The proposal includes an EU-level obligation for fuel
suppliers to provide a certain share (6.8% of transport fuels by energy in 2030) of low carbon
intensity and renewable fuels, including renewable electricity and advanced biofuels, in order
to stimulate decarbonisation and energy diversification and to ensure a cost-efficient
contribution of the sector to the overall target achievement.
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RED II does not strengthen the EU mandate that 10% of energy in fuels must be be from
renewable energy by 2020, which applies to fuel distributors. Instead it imposes a lower cap
on first generation biofuels, which are produced from crops, while favouring advanced
renewable fuels, which are produced from waste materials, from CCU and electricity. In
essence the cap previously imposed on first generation biofuels will get progressively lower
year by year until 2030, while member states are expected to introduce progressively higher
minimum blending limits for more advanced renewable or low carbon intensity fuels.

The RED II draft also clearly states that producers of renewable transport fuels from
electricity (which would include hydrogen, synthetic methane and renewable methanol etc.)
must choose between two modes of accounting: if the fuel manufacturing plant is connected
to a power plant generating renewable power which is not connected to the transmission grid
and was commissioned at the same time as the fuel plant or at a later date, the entire
production volume can be considered to be from renewable energy; otherwise, if the power
plant is connected to the transmission grid only a percentage of the fuel equal to the
percentage of renewable power on the national grid, on an annual basis, will be recognised as
of renewable origin.

Paradoxically, according to RED II, the fuel producer must acquire and cancel guarantees of
origin for electricity for each MWh consumed by the production process but is not allowed to
acquire additional guarantees of origin for renewable electricity to increase the production
volume recognised as being from renewable sources. A more consistent approach would
allow the use of guarantees of origin by fuel producers, as many industrial manufacturers in
fact already use guarantees of origin as they were intended, to certify that their energy mix is
of renewable origin.

RED II does eliminate so-called double counting but introduces sub-targets for more
advanced fuels instead. Member states should mandate that an increasing share of the overall
blending target is achieved by using fuels listed in Annex IX to the directive, according to
schedules defined in Annex X. This increasing target for advanced fuels is complemented by
the decreasing share of first generation biofuels, s.t. by the end of the decade 6.8% of energy
in transport should be provided by advanced fuels and only 3.8% by first generation biofuels.
The minimum share of advanced fuels should be 1.5% in 2021 and increased gradually year-
by-year until 2030, while the maximum share of biofuels should be 7% in 2021 and reduced
to 3.8% by the 2030. Member states are also allowed to set lower limits for first generation
biofuels, such as biodiesel from vegetable oil which is from crops harvested from vulnerable
areas.

The 6.8% sub-target for advanced fuels is further subdivided into a sub-sub-target for
advanced biofuels and biogas produced from feedstock listed in part A of Annex IX: these
fuels should contribute 0.5% of the aggregate target in 2021, rising gradually to at least 3.6%
in 2030. This sub-sub-target, which therefore constitutes at least half of the sub-target,
excludes renewable transport fuels from non-biological sources (e.g. electricity) and waste-
based fossil fuels, as well as biodiesel from used cooking oil (UCOME) and animal fats
(TME). If the sub-targets have a significant effect on the market value of advanced fuels,
which can happen if supply is inelastic and penalties for non-compliance are sufficiently
large, we could see a differentiation between fuels which qualify for the sub-sub-target and
those who do not. In the beginning, supply of fuels which qualify for the sub-sub-target will
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be inelastic and prices therefore likely to be pushed higher. Fuels from electricity and waste-
based fossil fuels will compete with UCOME and TME, where supply is more elastic and
prices could be pushed lower. It remains to be seen how the market will further differentiate
in price between fuels which qualify for either of the sub-targets and first generation biofuels.

As well as introducing a cap on first generation fuels and a sub-target for more advanced
biofuels, renewable transport fuels from non-biological sources and waste-based fossil fuels,
the RED II also sets a higher threshold of ‘sustainability’ for biofuels from plants which
commence operation on or after January 1 2021. The current criteria for biofuels from new
production plants is that they need to show 60% reduction of life-cycle CO2 emissions
compared to the fossil fuel comparator (i.e. life-cycle emissions of gasoline and diesel per unit
energy), while installations which came into operation before October 2015 must only show a
50% reduction. After January 1 2021, fuel from any new plant must show a 70% reduction of
emissions.

The fossil fuel comparator, i.e. the baseline value for life-cycle emissions from production and
use of gasoline and diesel, also increases to 94 gCO2eq/MJ after 2020, but is 83.8
gC0O2eq/MJ in the current RED. This should in theory make life easier for producers to reach
the 50%, 60% or 70% thresholds as a higher value for the denominator increases the GHG
savings achieved for any given nominator value.

According to the language of the RED II, the 70% threshold only applies to advanced biofuels
and other biofuels and biogas, and hence does not apply to renewable fuels from non-
biological sources and waste-based fossil fuels although they can be counted under the sub-
target. The absence of sustainability criteria continues the practice introduced by the he
current RED/FQD system. Only biofuels are subject to sustainability criteria and verifications
of sustainability which are performed by independent accounting firms according to so-called
voluntary certification schemes, such as the International Sustainability and Carbon
Certification (ISCC), REDcert or Roundtable of Sustainable Biofuels (RSB EU RED). In
theory, as the RED/FQD does not explicitly require it, CCU fuels and fuels from electricity
have not been subject to these sustainability criteria.

According to the latest amendment to the RED the Commission was empowered to issue a
directive defining 'default emission values' for renewable transport fuels from non-biological
sources and CCU fuels. Work by the Commission on defining the default emission values is
ongoing and the directive should be published by the end of 2017. RED II also empowers the
Commission to adopt future delegated acts to specify the methodology for assessing
greenhouse gas emission savings from renewable liquid and gaseous transport fuels of non-
biological origin and waste-based fossil fuels and to determine minimum greenhouse gas
emission savings required for these fuels.

It remains to be seen whether the Commission adopts a similar approach for certifications of
sustainability as for biofuels, where CO2 footprint is usually calculated according to
transparent formulae, or continues down the path of applying default emission values for
categories of products. The second approach would seem to be a step backwards, as some
member states now demand emission values calculated explicitly for each producer and no
longer accept the default values issued by the Commission in the original RED/FQD
directives.
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Importantly, the system created by the RED/FQD is very focused on origins of feedstocks and
energy, but less so on the CO2 emission reduction achieved. In other words, the sustainability
criteria as defined by the existing RED and the new proposed directive do not translate into a
direct relationship between market prices for renewable fuels and their carbon footprint. As
the system is based on threshold values, any product that meets the minimum sustainability
criteria (for first generation biofuels or advanced biofuels, respectively) has an equivalent
value to the blender (other things being equal, see the previous discussion about sub-targets).
A producer which is able to reach levels well above the minimum threshold, has no ability to
monetize these reduction in CO2 footprint. However, experience has shown that member
states do have some flexibility in implementing more “emission centric”’ mandates, for
example Germany recently introduced a mandate which is expressed in terms of mandatory
levels of aggregate emission reductions and the German transport fuel market has in fact
responded by placing a price on each ton of CO2 saved.
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Work Packages — Cluster; Production

Work package 4 — CO2 & water supply

Overall objective with the project

Is it possible and feasible to produce renewable methanol on small and medium scale in
western Sweden?

What does the word renewable implicate in this study?

Does it mean sustainable biofuel, fuel according to RED (Renewable energy directive
2009/28/EG) and the Fuel Quality Directive (FQD)? The directives have been transposed to
Swedish legislation through Act (SFS 2010:598) concerning sustainability criteria for
biofuels and bio-liquids (in Swedish Héllbarhetslagen) and the Fuel Quality Act (SFS
2011:319).

Objectives of the work package CO2 & water supply

This work package will answer the following questions:

Overall aim to investigate: Which location will deliver lower cost considering CO2 from
source into methanol plant? Including capturing, transport, storage and intake; both demo
plant (2.5 MW) and full size plant (25 MW) will be covered.

What purity of CO2-gas is required and which impurities are destructive for the process in
the plant?

There is no requirement specification but sulphur and ashes are no good for the
process. CO-gas is ok in the process. Virtually any impurity can be handled by
installing appropriate additional processing stages and equipment.

Further analysis of the CO2 from the extraction process needs to be done prior to final
design of the process.

Water requirements

Demineralised water is needed in the process, since a demin unit is included in WP7
and therefore the costs for tap water is included here.

Water consumption on a yearly basis and per 24-hour full production
1.5 ton water/tonne methanol. 1500 tons methanol * 1,5 =2 250 tonnes

For a production scale plant the water consumption will be 1,5 x 40,000 tons = 60,000
tons of water.

Should the CO2 be transported in pipeline or by trailer?

CO2 is transported by trailer in liquefied phase, therefore the CO2 needs to be cooled

down to at least -57 degrees and compressed to at least 518 kPa. The conventional CO2

liquefaction process employs either an external coolant or liquid expansion followed by
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multistage compression to obtain liquefied CO2 at low pressure. However, these
processes consume considerable amounts of energy, which presents an obstacle to
commercialization. / Carbon Dioxide Liquefaction Process for Ship Transportation Ung
Leet et al

CO2 transported by pipeline needs to be compressed to approximately 8 MPa or 80 bar.

Evaluated sites

In the project, within the work packages, different sites will be evaluated with various
characteristics.

Lillesjoverken

Uddevalla Energi’s waste incineration plant, a combined heat and power plant (CHP).
Approximately 70 percent of CO2 has biogen origin and 30 percent fossil origin. A
separate extraction facility is needed in order to extract CO2 from the flue gas.

Gasendal

Goteborg Energi’s plant where raw gas from the sewage treatment plant (Gryaab) is
reprocessed to methane. The gas runs through an active carbon filter where sulphur and
other impurities are captured before CO2 is extracted with an amine absorption process.
CO2 is extracted with a capacity of approximately 600-1200 kg/h which gives some 8 000
tons per year. It is not evaluated which residues that are present. As the CO2
outlet/exhaust is placed on the roof of the building it is fairly easy to take a sample and
analyse the content.

Gobigas

Goteborg Energi’s gasification plant, where biofuel is gasified and processed to methane
and put into the gas grid. CO2 is extracted with an amine absorption process, and used as
an inert gas in different units in the plant.

The CO?2 is very clean as it is utilized as an inert gas, but the excess stream varied in flow

depending on the operation of the plant and therefore CO2 from Gobigas is not an optimal
solution. The total annual volume in 2016 was approximately..... Due to the varied flow,

CO2 from Gobigas has not been evaluated further.

Torp wind farm

Wallenstam/Svensk NaturEnergi’s wind farm, close to the source of electricity and
approximately 30 km from Lillesj6. For a demo facility transporting CO2 by truck it is
probably the best option. For a full size facility piping CO2 from Lillesjo to Torp wind
farm might be an option worth considering.
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Site specific issues

Where can we get access to CO2 and under which circumstances?

Consumption: Will the CO2 source deliver enough CO2 needed on a yearly basis and per 24h
full production, for a demo plant and for full size plant?

The demo plant needs 2 000 tonnes of CO2, full size plant approximately 20 000
tonnes of CO2. The trailer holds 20 or 29 tonnes of compressed CO2. Some kind of
buffer tank is needed

Does the CO2 need to undergo purification, what kind of purification? Compression of the
gas?

Transport; volume per delivery, delivery frequency, storage tank at the plant (volume)
Costs including capturing, purification (if needed), transport, storage and intake
Other practical issues considering the above

Risks: project risks

CO2 extraction at Lillesjo

In order to assess the option using Lillesjo as a CO2 source, an inquiry was sent to Aker
Solutions to budget a CO2 capture plant placed at the site.

Aker Solution has made a suggestion with preliminary design and cost of a CO2 capture
plant, extracting CO2 from flue gas at Lillesjo power plant.

It is assumed that power (400V), cooling water and instrument air are available. For steam
supply a 5 MW electro boiler is included, with this configuration the CO2 capture plant’s total
electricity demand will increase to about 4.5 MW during full operation. Alternatively steam
may be provided from Lillesjoverken which is likely a more cost effective solution.

The CO2 extraction unit consist of the following items:
Direct contact cooler (DCC)
Gas purification (removing SO2 and HCI)
Absorber and desorber
Other utility systems such as pumps, reboiler, IBC storage etc

Two sizes of extraction units have been assessed; 2000 tpa CO2 and 20 000 tpa. The CO2
extraction unit will be able to capture 20 000 tpa in 4000-5000 operating hours per year.
Therefore, the proposed capture plant has been designed for a CO2-capture capacity of 500
kg/hour and 5000 kg/hour. The unit design life is 25 years.
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Results

Source of CO2 | Lillesjoverken Gasendal
Volume available 20 000 ton biogenic 8 000 ton biogenic
Flow CO; after 500 or 5 000 kg/h 800-1 200 kg/h
extraction

Extra CO,— Yes No, included at
extraction Gasendal
Temperature (C°) 30 20-27

Purification needed | Included in extraction | 99 % CO,

unit. After
extraction > 99,9 %

Carbon filter before
CO2 extraction at

purity on dry basis Gkl
though saturated with
H,O0.
Pressure after 1,8 bar 1 bar
extraction
Compression (bar) | Pipeline: Pipeline:
Truck: Truck:

Buffer tank
(pressure and vol)
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Cost and Lillesjoverken | Lillesjoverken | Gasendal
prices 20000 tpa 2 000 tpa
CO2-extraction 10,1 M € £ 50 % 22M€+50% N/A

(investment total
cost)

CO2-extraction 201 100 € 44 000 €

maintenance €/year

CO2-extraction

utility consumption

(variable[Hw1] /year)

Compressor

(investment)

Compressor

(variable[Hw2])

Transport truck 1,8-1,9 € (per 1,8-1,9 € (per
ton?)/km ton?)/km

Transport pipeline DN20 pipe is DN20 pipe is DN20 pipe is
approx. 60-65€ approx. 60-65€ approx. 60-
/meter /meter 65€ /meter

Buffer tank

CO2-cost EU ETS N/A N/A

Water fixed 4 100 kr/ar 6 300[HwW3]

kr/ar

Water variable 11 kr/m3 6 kr/m3[HW4]

Water 2250 m3 25000 kr 13 500 kr/ar

Water cost kr/m3 ca 13 kr/m3 ca 9 kr/m3

Table 2. Costs related to CO2 capture
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Figure 3. CO2 supply and logistics process

Conclusions

Extracting CO2 from flue gas in order to serve the demo plant will be relatively costly
compared to the full size plant. Compression is fairly expensive, both investment cost and
variable cost (electricity). Is it necessary to compress the CO2 prior to pipelining? The
location of the liquid wind plant is crucial in order to minimize costs.

Remaining work:

Compressor: compression to liquid, minor compression prior to pipe or no compression?
Investment and variable cost. Pressure when piping?

Calculate CO2 extraction utility consumption
Pumps?

Buffer tank: size, type (if liquefied PUR or kryo)

mwijInvestment El och uppvarmning 20-65 €/year
Hw21el
w3]Goteborg stad for en liten vattenmaitare qn 2,5 exkl moms

w4 Kostnad for vatten dr 9 kr/m3 berdknat pa fast och rorlig kostnad.
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Work Package 6 — Health, Safety & Environment

Issues to investigate

The scope of this work package was to identify and investigate hazards to life, property and
environment, particularly with regards to potential effects on direct and indirect costs of the
plant. The following questions were used as starting point for the investigations:

What hazards are present in the processes?

Deliverables and answers

Are any hazards introduced other than those in a conventional process industry?
What safety measures need to be taken for the plant?

Do some regulations need to be discussed with regards to HSE?
Should the plant be independent or integrated to feedstock plant?

Do we need to have people on site 24/7 or can the plant be run unmanned?
Is the plant approved for staff in accordance with regulations?
Is documentation available to operate in other countries?

With regards to the hazards present in the plant processes, the schematic process illustrated in

Figure 4 was used as starting point.

Electricity

Transformer

Water [ Carbon dioxide ]

Oxygen ~ Electrolyser

[ Hydrogen storage ]

Compressor

| Heat

Compressor

Methanol synthesis

| Heat

Distillation

[ Methanol storage]

Figure 4. Process used as starting point for WP 6.

Storages of some sort are marked red in Figure 4, whilst the different processes are black. The
transformer is required since the electrolysis runs on direct current. It presents a high voltage
electrical hazard. The electrolyser itself is a hazardous process and requires cooling (produces
low-grade heat). Management of hydrogen (and oxygen, which is also produced in the
electrolysis) is a hazardous process, due to the reactiveness of the molecule (e.g. explosive).
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The hydrogen storage would be of a quite moderate size, if present at all (not present if the
methanol synthesis can be run with direct input from the electrolysis — this requires a reliable
and consistent production of hydrogen).

The carbon dioxide is toxic and poses a hazard to life, in particular in an enclosed space. Both
the hydrogen and the carbon dioxide could require compression before the methanol
synthesis. Compressors (< 100 bar) pose a general work hazard due to noise, in addition to the
hazards associated with management of the substances (particularly hydrogen).

The methanol synthesis is a catalytic process managed by pressure, substance relationship and
temperature. Except from methanol and water, high-grade heat is produced (marked orange in
Figure 4) and managed by water cooling. Distillation/Condensation would be necessary if
production of neat methanol is intended (or with a water content of less than about 30%).

Screening of the main hazards that are present in the different steps of processes concludes
that there are several important hazards for life, property and the environment, in particular:

use and storage of dangerous chemicals;
high voltage;

high temperatures; and

high pressures.

However the identified hazards are not different from those found in many conventional
chemical industrial processes. The hazards are managed in a number of different legal areas
and thus several national authorities are concerned and may issue regulations that are relevant,
in Sweden they include Arbetsmiljoverket, MSB, Naturvardsverket, Sprangdmnes-
inspektionen, and Elsdkerhetsverket. Some examples of relevant regulations [primarily
governed by Plan- och bygglagen (2010:900), Lagen (2010:1011) om brandfarliga och
explosiva varor, Lagen (2003:778) om skydd mot olyckor, and Miljobalken (1998:808)], are:

AFS 1999:4 Tryckbdrande anordningar
AFS 2003:3 Arbete 1 explosionsfarlig miljo.
AFS 2016:4 Arbetsmiljoverkets foreskrifter om utrustning for potentiellt explosiva
atmosfarer

e ELSAK-FS 1995:6 Elsikerhetsverkets foreskrifter om elektriska utrustningar for
explosionsfarlig miljo
ELSAK-FS 1999:5 Starkstromsforeskrifterna
MSBFS 2010:4 Foreskrifter om vilka varor som ska anses utgora brandfarliga eller
explosiva varor

e MSBFS 2015:8 Foreskrifter om atgirder for att forebygga och begriansa foljderna av
allvarliga kemikalieolyckor

e SAIFS 1995:3 Foreskrifter och allménna rdd om tillstind till hantering av brandfarliga
gaser och vétskor
SAIFS 1998:7 Foreskrifter om brandfarlig gas i 16s behallare
SAIFS 2000:4 Foreskrifter om cisterner, gasklockor, bergrum och rorledningar for
brandfarlig gas
SFS 1977:1166 Arbetsmiljoforordningen
SFS 1998:899 Forordning om miljofarlig verksamhet och halsoskydd
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SFS 1998:901 Forordning om verksamhetsutdvarens egenkontroll

SFS 2003:789 Forordning om skydd mot olyckor

SFS 2010:1075 Forordning om brandfarliga och explosiva varor

SFS 2011:13 Forordning om tillsyn enligt miljobalken

SFS 2013:251 Forordning om miljéprévning

SFS 2015:236 Forordning om atgirder for att forebygga och begransa foljderna av
allvarliga kemikalieolyckor

e SRVEFS 2004:7 Foreskrifter om explosionsfarlig miljo vid hantering av brandfarliga
gaser och vétskor

The regulations have been reviewed and the plant processes have been discussed with project
partners and with external parties. The general conclusion is that none of the processes or
hazards are outside the scope of current regulations, and the same conclusion can be drawn
regardless of the European country in which the plant is located. It is also likely that most of
the documentation for the current George Olah plant is applicable also to other EU countries,
since national regulations generally reinforce the same European regulations.

Some regulations could still be relevant to discuss due to their direct or indirect impacts on
costs or the design of a plant. For example, a large indirect cost can be associated with
requirements on large safety distances, which can invoke localization in a non-urban
environment.

Permits

A number or regulations require permits. Fire safety regulations for example require permits
for management of flammable liquids and the SEVESO regulations require permits for
management of chemicals. Furthermore, an environmental permit can be required depending
on the amounts and chemicals managed. It should be noted that there can also be local
requirements from the municipality or county government (Léansstyrelsen) with regards to
management of chemicals. These permits can take significant time to process, depending on
the chemicals and amounts managed.

With regards to fire safety regulations, in accordance with SAIFS 1995:3, a permit is required
to manage flammable gases and liquids. If managing more than 250 1 of gas (hydrogen) or
more than 500 1 of flammable liquid (methanol) indoors, it is required to have a permit. This
will hence be required for any of the considered facilities.

The environmental regulations (e.g. SFS 1998:899 and SFS 2013:251) require that industrial
facilities are classified. Electro fuel production is a new area and therefore the regulations are
not fully applicable. However, it is likely that a small plant would require notification, which
should be done at least six weeks before the plant is active. For a full size plant, permit
requirement A could be relevant. Such permit is a long process and it is not unusual that it
takes a couple of years. In any case it is important with an early dialog with the
permit/controlling agency.

The SEVESO regulations (SFS 2015:236) example have significantly higher requirements
for facilities handling more than 5000 tons of methanol or 50 tons of hydrogen (at any
given time). It is not unusual that such a permit application process takes more than 2 years. If
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more than 500 tons of methanol or more than 5 tons of hydrogen is managed in the facility,
this needs to be notified to the authorities but this process is not as time consuming. The
amounts of chemicals need to be summed up, but it is not likely that a standalone plant will
even reach amounts which need to be notified to authorities (small plant: about 40 tons of
methanol and 100 kg hydrogen; medium plant: about 400 tons methanol and 400 kg
hydrogen). However, it is common that existing industries adapt their processes to keep under
the lower limits. Integration of the electrolysis and methanol synthesis processes could
therefore imply that these limits would be superseded and that new permits would be required.

With regards to local requirements, these need to be considered for each site. In localization
of a chemical plant, consideration should particularly be given to the zoning of the area (rural,
natural, urban, industrial, etc.) and whether it is a water protection area, since this can affect
the possibilities of a permit. It is suggested that discussions are initiated as soon as possible
with authorities accepting permits and the acceptability of constructing an industrial facility.

ATEX classification

Management of flammable gases and liquids requires significant technical and organizational
safety measures to prevent explosion. Risk assessments, calculations and zone classifications
are inputs to the required explosion safety documentation, which is a rigorous and costly
exercise in itself. Furthermore, large costs can be associated with adapting equipment in the
defined zones (to an explosive environment). This includes not only electrical equipment, but
also tanks, pipes, valves, control equipment, ventilation, and other surrounding conditions.

Storage and safety distances

Use and limited storage of flammable liquids and gases can require safety distances to certain
equipment, depending on the particular gas/liquid, quantity, pressure, potential leakage
sources, ventilation, etc. and is governed by the explosive zone classification. For large
storages, safety distances can be required to the chemical processes. This depends on the
gas/liquid, stored quantity, and whether it is stored outside or indoors.

The storage tank must be adapted to the content and should be a protected to avoid release to
the environment. Unlike diesel, methanol is more corrosive and requires other materials in the
storage tank for sufficient durability. The tank should be placed on an even, load-bearing and
non-flammable surface and protected with bumpers. Outside water protection areas, storage of
over 1 m3 of flammable liquid Class 1 requires embankment, which means that methanol is
covered but for example not diesel (within water protection areas, the limit is 250 liters).

Methanol storage also requires a greater safety distance from other objects, e.g. buildings.
These distances should be determined based on a risk assessment, but general distances are
found in advisory documents to SAIFS 2000:2. They recommend a safety distance between
an object and a storage tank of flammable liquid (>100 m3) of up to 50 m! For flammable gas
storage tanks, the corresponding safety distance is 100 m, but this can be avoided if it is
separated/fire protected by an EI 60 division. Distances between ATEX classified areas and
electrical power cables is regulated in ELSAK-FS 1999:5, which gives the following:
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Construction voltage (kV) Least distance to classified area (m)

420 60
245 45
170 30
84 30
72 15
12 15

This can be relevant for the incoming electricity and in particular for the transformer.
Integration with feedstock or independent plant?

Integration with a current industry providing carbon dioxide, hydrogen or electricity could be
beneficial from many points of view. Except from available hydrogen, carbon dioxide or
electricity, there could be a possibility of reduced manning. Furthermore, such plants typically
already have ATEX classified areas, safety systems implemented, and manage storage tanks
of different sorts. Hence, integration of the electrolysis and methanol synthesis processes into
current feedstock can be possible without excessive engineering rigor and permits.

With regards to manning, the processes require supervision but quite some automation can
be obtained with additional design work. One operator would be enough for monitoring
equipment, but at George Olah there are currently 2 operators on shift 24/7 since it is at an
independently operated plant. If integrated into an existing plant, the supervision could likely
be efficiently integrated with current operations.

Numeric answers / Calculations
Cost of explosion safety classification and documentation has not been estimated. [estimation
could be acquired from a design consultancy office]

Cost of adaptation of equipment to ATEX classification. [estimation compared to baseline
could be acquired from a design consultancy office, and should be considered in the
investment estimation]
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Work Package 7 — Production Process

Electrolysis / methanol process

Reducing CO2 emissions is one of the biggest challenges in our time. Everywhere ideas or
visions of how this could be achieved are arising. Looking at some very common processes,
CO2 reduction, sometimes is not rocket science, but only a change in using resources.

One great CO2 submitter is currently the industrial hydrogen production process. It is about
splitting methane (CH4) into hydrogen (H2) and carbon dioxide (CO2), by using energy. This
process is called “gas steam reforming process”. About 95% of the global hydrogen demand
is produced with this process nowadays.

On the other hand, we install more and more renewable energy technology (RE), such as wind
power, photovoltaic or (pumped) hydropower. In some regions in Europe, the portion of RE
has already reached more than 80% of the total energy generation. In times when wind is
strong, it does already happens, that the generated energy could not be used. The grids are
“full”, the demand is not big enough at this time, and without proper storage solutions. The
alternative is curtailment.

In some European regions (e.g. Schleswig-Holstein), this curtailment percentage is about 85%
and higher. Using RE and if possible mainly the excess power is one of the drivers of the
Liquid Wind project. In the first step, it is roughly speaking about using RE to operate a water
electrolysis system to convert water (H20) into hydrogen (H2) and oxygen (02).

The electrolysis process can be done with three main technologies, PEM, Alkaline and Solid
Oxide. Each of the systems have different advantages and therefore different applications. In
Liquid Wind the focus has been to look at rapid response time, high efficiency and capital
cost as the main factors. For rapid response time PEM is the best solution. However as the
project has developed the criteria has shifted towards a stronger emphasis on efficiency and
capital cost. The reason being that there is not yet an active market for net services in Sweden
and the electrolyser will likely run in a continuous manner. Having said that the project team
believes that Sweden as a country will gradually see a more fluctuating production cycle.

To be able to work with the very fluctuating energy sources like wind power, the electrolysis
technology has to be as dynamic as possible to be able to follow any wind profile within
seconds.

This is exactly one of the biggest advantages with the so called “proton exchange membrane”
(PEM) technology. It delivers a start-up time of 10 seconds (for any size; 1, 5 or 50
Megawatt) and also follows the steepest gradients in those wind profiles. Additionally a PEM
system (like Siemens’ SILYZER) does not require a pre-heating phase or a specific operating
temperature. It can be switched on and off like the lights in your kitchen.

The core part is the so called “membrane electrode assembly” (MEA), which together with
the gas diffusion layer (GDL) and the bipolar plates comprise one cell of a stack. Depending
on the material used in the electrodes, the mixture and thickness, the lifetime of such a stack is
determined. In contrast to other technologies (like an alkaline system) the solid membrane of
the PEM prevents the gases from recombining — which is known as the oxyhydrogen gas.
Production of hydrogen with a PEM system is safe, the SILYZER system does not require a
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specific location or zoning (ExZones) and supplies both gases (Hydrogen and Oxygen) at 35
bar.

Five Megawatt of such a system produces approx. 80 to 85 kg of hydrogen, or about 950
normal cubic meter (Nm?). For the process a purified water is mandatory, roughly 0.9 liter of
purified water per Nm?* of hydrogen.

Oxygen has a value too and could be used easily in any process (e.g. as “oxy fuel”) if existing.
Also heat is a side product. The overall efficiency is about 65% - this includes water
treatment, electrolysis, cooling, storage and even a compression, if needed.

Once hydrogen is produced, a very efficient and long-lasting energy storage has been created.
The electrochemical conversion of energy (“Power-to-Gas™) is a good alternative if you want
to store a big amount of energy for mid- or long-term. Unlike battery storage solutions which
can only be operated in the “electricity in — electricity out”-mode, hydrogen could be used for
a few different applications, such as:

— flat glass production, metals industry, food & beverage and chemicals.

The chemical path is very interesting: hydrogen is the base for a lot of other compounds: like
ammonia, as the base for fertilizer and methanol, as a liquid fuel.

The production of “Renewable methanol” based on “Renewable hydrogen” (= produced with
RE with a water electrolysis system and CO?2 is the core idea of Liquid Wind project.
Hydrogen will come out of the electrolysis process with a purity of 99.9% (3.0), 35 bar and
humid — and in accordance to the different operating behaviors (SILYZER: highly dynamic
and flexible; Methanol production: steady state, no ramps, no switch on/off within seconds), a
buffer tank for hydrogen is needed.

Together with pure carbon dioxide, which has to be cleaned up to a very high level, hydrogen
would be injected into a reactor. Cleaning up CO2 is sometimes underestimated, because it is
a rather complex process and also rather expensive. The methanol is then “carbon neutral”,
because the hydrogen is carbon free and by firing/burning the methanol in an engine, the CO2
emission is only as high as the initially captured and used CO2. This methanol could now be
used for any application to reduce CO2 emission.

The technologies are available, the efficiency is promising and the motivation is there to move
forward.
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Work Packages — Cluster, Cross Functional

Work Package 8 — Calculations

The overall cost calculation has been done by bringing in data from the different work
packages above and combining them with additional data from Maria Grahn’s study on cost
of methanol, as well as input from Siemens and CRI. Input has also been taken from SPBI
(Svenska Petroleum och Biodrivmedel Institutet).

For the calculations an IRR of 5% has been used and straight depreciation, if nothing else has
been separately mentioned. The technical lifetime is 25 years which does require a
replacement of cells for the electrolyser after the first 10 years.

All the data conversions are mentioned in the calculation file. The calculations are done in
two main files, one that calculates the cost per methanol on €/ MWh basis for two different
plant sizes. The other file compares different existing fuels and presents a graph with
comparisons to production costs given different plant size and electricity cost. For further
details on the calculations kindly kontakt the leader of Wp 8.

See appendix 1 for calculations.

Work Package 9 — Project Management

The project management team worked diligently to ensure that the project progressed
according to the plans made and expectations set. The team also ensured the finances were
handled in accordance with local rules related to funded projects. In addition the PM team
coordinated meetings with the Formage project team based in Skane/Goteborg.

The management team also organized the final presentation and workshop. This involved
planning and inviting speakers as well as setting up the agenda and sending out invitations.
The seminar gathered some 50 people that came from Lulea, Skane, Iceland and anywhere in
between. The event was very well received and has opened the door for continuing the
project.

As the team closes the project and feasibility study they would like to express their gratitude
for having the opportunity to work on the Liquid Wind opportunity. It is the team collective
desire that Liquid Wind will become a reality and Sweden will be the first country to produce
renewable electrofuels on a large scale in the form of methanol.
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Analysis

The extensive research done by the project team has provided new understanding and insights.
The analysis required to reach a consensus for the next steps in the project, were done at a full
day project meeting in January, followed by continued dialogue in various subgroups.

The key factors have been identified to be energy price and grid fees, as well as suitable,
access to high voltage energy. Other important factors were size of plant and the requirement
for a large capacity plant in order to be reach critical scale and thereby be financially viable.
With a large size plant comes the challenge of finding a suitable location while also keeping
environmental permitting time short and the ability to access sufficient clean CO2 within a
reasonable radius.

As we progressed through the analysis the team shifted form evaluating a 2.5 MW and 25
MW plant to instead focus on two larger sizes, namely 5 MW and 50 MW. One of the reasons
for the shift to a larger size is that essentially all costs remain the same and the same effort is
required to make it happen, however with a bigger throughput comes a bigger return.

The inputs from the research gave us the following two matrices that guided the team’s
thinking from then on.

In the tables, the green represents a positive conclusion, red a concern and yellow a need to
investigate further.

Pros and Cons for different locations
Based on 5 MW/(5600 tons CO,) plant

Svensk NaturEnergi Goteborg Eneregi Uddevalla Energi
Wind farm with 20 MW Gas upgrading site. Waste 2 Energy plant.
capacity Separates CH4 and CO, Produces power and heat
CO, to be trucked in CO, available 5-6000 tons  CO, potentially available
Enough for small plant 110 000 tons / costly
No staff on site Staff on call 24/7 staff
Energy on site self- Goteborg Energy grid Energy available? self
production 4-6 MW production 4-6 MW
Enough for small plant Enough for small plant
Factory in forest, Enviro permits in place, Enviro permits in place,
may be challenging space limited space available

Table 3. Comparison of different locations for pilot plant where green indicate advantages,
red disadvantages and yellow something in between.
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Two options...for 50 MW plant
industrial site or floating plant

Industrial Floating Open option

Chemical industrial park Off shore wind Good for project
Produces fuels & Chemicals Wind Energy Generation Caution for project
CO, available No CO, Concern for project
May have waste heat CO, arrives by tanker Needs further investigation
Would like to purchase 02  Methanol shipped with

tanker
Staff on site Technical staff available

daily
No energy production Energy available, large
Large connection volume low cost

Self-production

Environmental permits in Fewer permits required
place If building offshore

Table 4.Comparison of different locations for production plant where green indicate
advantages, red disadvantages and yellow something in between. Cells marked in purple
require further investigation.

As can be seen from these tables there is no one clear site/location that will be most suitable
for a plant location. Each one of them have some pros and some concerns and perhaps there is
a better option in a different location altogether.

In parallel, different energy costs were evaluated in order to determine if renewable methanol
could be a possible replacement for other fuels based on cost and CO2 benefits. Another
aspect to investigate was if renewable methanol can replace regular methanol and if the
premium cost could be justified by CO2 neutrality.

In order to bring all answers to a comparable basis all fuel prices were normalised around a
cost per MWh of fuel. To create meaningful comparisons the fuels had to be compared using
the same reference to energy tax, CO2 tax and VAT/Moms.

The following graph shows a collection of fuels and their respective cost/ MWh. Liquid Wind
has used the term ReMe as an acronym for renewable methanol in the graph. The team has
also put in the theoretical value of ReMe based on the CO2 premium known in the market
today.

The CO2 premium is based on 1,5 tons of CO2 per ton of Methanol. The value of not
releasing fossil CO2 is currently $250/ton. This means the premium value for a renewable
methanol could be $375 for a ton of methanol. (See appendix 4 for further details) As black
methanol has a market price of $355 in Europe in Feb 2017, this is a significant premium.

36/39



Team has focused on two options

5 MW 50 MW

M Jutput
CO2 utilised

40,000 tons/vear

56,000 tons/year

4,000 tons/year

v

5,600 tons/year

AN

Reactor and B.o.P 6,800,000 Euro 25,600,000 Euro

Operational condition With or without Grid Fee | With or without Grid Fee

Table 5. Plant sizes reviewed and the respective cost for these plants.

Locally produced ReMe can
compete with some regular fuel

180€/MWh

160

140

120

100
B 02 Premium

80
B VAT/Moms

50 Vertical (Value) Axis M CO2 Tax
P W Energy Tax
u £/ MWh
20
R

Figure 5. Production costs compared to fuel prices Feb 2017. Acronym used: ReMe for
Renewable Methanol.
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As the graph shows it is possible to produce ReMe at a cost that is comparable to bio ethanol
if the larger production unit is developed. If grid fees can be eliminated (production next to a
windfarm) then methanol can be produced at a cost that is approaching black methanol in
price.

When technology develops further it is likely that we will see prices lowered further. As
prices evolve ReMe has the potential to become a long-term stable carrier of energy at a price
that will be set by the local cost to produce renewable electricity. When this happens fuel
prices will be decoupled from the reliance on the global oil price.

Based on the findings during the study the project team is convinced that it is possible and
feasible to produce renewable methanol in western Sweden. While a larger plant will be
challenging to finance (identify initial investors) it will have many benefits in terms of lower
cost, higher revenues and a better global reference. For these reasons and more the team
suggests that the next step should be to move towards building a large scale plant somewhere
in Sweden. Should it prove not possible, because financiers consider it too early to build the
large scale plant, then an alternative will be to build a smaller pilot plant and later build one or
many production plants.

Conclusions and Next Steps

Having completed the feasibility study with a conclusion that clearly shows that it is indeed
possible to produce methanol in western Sweden, if the power price is right, it’s now time to
make it happen.

Liquid Wind, Take 2, will get started right away with the objective of securing financing to:
build a Production plant and if practical to collaborate in finalizing a Pilot plant with other
organisations in the energy community in Sweden. This dual approach will provide the best of
both worlds, testing and verifying on a smaller scale research led plant, while staying focused
on financing, engineering and building the full-scale Production plant.
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Appendices

Appendix 1: Copies of spreadsheets:

1) Fuel Cost summary.pdf
2) Liquid Wind overall calculation March 19.pdf

Appendix 2:

List of people interviewed and articles reviewed

Appendix 3: Recommended reading:

‘Methanol as a marine fuel’. Karin Andersson, London FCBI Energy

Brynolf S, Taljegdrd M, Grahn M, Hansson J. (2017). Electrofuels for the transport sector: a
review of production costs. Submitted to Renewable & Sustainable Energy Reviews.

Hansson J, Hackl R, Taljegard M, Brynolf S and Grahn M (2017). The potential for
electrofuels production in Sweden utilizing fossil and biogenic CO2 point sources. Frontiers
in Energy Research 5:4. doi: 10.3389/fenrg.2017.00004
http://journal.frontiersin.org/article/10.3389/fenrg.2017.00004/full

Appendix 4: Copies of presentations:

All presentations from the Liquid Wind seminar on February 23, 2017 can be found here:
https://www.innovatum.se/liquid-wind-slutseminarium/
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Data Sources Related to CO2 transportation and storage

https://en.wikipedia.org/wiki/Carbon dioxide
http://www.greenfacts.org/en/co2-capture-storage/l-3/4-transport-carbon-dioxide.htm

[1] http://unfccc.int/2860.php
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