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South Korea Invests in Fuel Cells

Green growth and little carbon
Global Market

Since 2008, South Korea has aggressively pushed the development of the fuel

cell markets for stationary and mobile use. The driving factor behind the
government 6s decision was the global economi
painful economic downturn in Asia. In the country officially called the Republic

of Korea, it awakened dark memories of the Asian economic crisis at the end of

the 1990s, as this one had just occurred a decade ago and had forced the

republic to instigate sweeping changes in the financial and economic sector in

order to avoid a sovereign default. Wi th 200
program, the government again paved the way for a structural change of the
economy, this time toward figreeno technol ogi

the world leaders in the IT, shipbuilding and automotive industry.

Fig. 1: 400 kW modules by Doosan Fuel Cell to generate electricity at the Korea
South-East Power Company

Natuiral Gas

Source: Doosan Fuel Cell Korea

As one could guess from the name of the program, the country has since pushed
forward the expansion of renewable energies and alternative energy technologies,
especially for power generation and transport. The new and renewable energies
(NRE) entail PV and solar thermal, wind, water and wave energy, geothermal and
biomass, and alternative energy technologies, such as fuel cells and hydrogen as
well as the liquefaction and gasification of coal. Besides the aim of creating new,



September 2016

high-growth business fields and, consequently, jobs by
focusing on these new energy technologies, South Korea
also intends to reduce its imports of the fossil fuels oil
and coal with it (the country does not have any resources
of either) and, at the same time, combat climate change.
The country ratified the Kyoto Protocol in 2002 and has
since had to find a sustainable path to lower GHG
emissions.

When the government program was passed, the share of
renewable energies was around just two percent. By
2020, this share is to increase to eleven and by 2050, to
20%. Today, it is close to 3.5 percent, according to the
Korean Ministry of Trade, Industry and Energy. This
means that South Korea lags far behind the renewable
energy expansion targets of Germany or the EU (D: 35%
by 2020, 55-60% by 2035 and 80% by 2050 i EU: 20%
by 2020, 27% by 2030) .
nuclear power is around 25 percent in total electricity
generation. And that may only change under very
specific circumstances, since South Korea is still a strong
proponent of the technology.

Large fuel cell plants

To meet the NRE expansion targets as specified in the
government program, South Korea has created various
subsidy or incentive programs for the power industry and
for building and transportation since 2011. Fuel cells play
an important role in generating electricity. By the end of
2014, South Korea had installed large fuel cell plants with
a total capacity of 177 MW, of which 43 MW were
produced in the power industry. In South Korea, fuel cells
have been so popular because the installation of large-
capacity plants requires considerably smaller plots than,
say, PV systems. This is an immensely important factor
in a country which has one
population densities. Besides power generation, fuel cell
plants have become a crucial part of decentralized
energy supply, especially in buildings.

Building energy supply is divided into private
(apartments, industry) and public use (administrative,
school buildings, public institutions, such as residential
homes and hospitals). The South Korean government
provided USD 554 million in 2015 for the further
expansion of fuel cell plants. But since the NRE program
was introduced in 2011, incentives have decreased
continually.

These are the currently running subsidy programs:
A 1 Million

Green Homes Pr
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This subsidy program aims at equipping 10% of the altogether around 22 million
South Korean households with NRE systems by 2020. So far, it has supported the
installation of 2,249 fuel cell units with a total electrical capacity of 1,498 kW.

A Ilnstallation of NRE Technologies in Large
and office buildings, as well as hotels)

Since 2009, NRE systems with a total capacity of 920 kW have been installed at 80
newbuilds. Thirteen of these buildings were equipped with fuel cell systems (total
capacity: 168 kW).

A F eneTdriff FIT for power from NRE systems (discontinued)

From 2001 to 2011, the country paid the difference between the market price of
electricity (set by the government) and the marginal cost of NRE systems for 15 to 20
years. During those ten years, the program prompted the installation of 2,089 plants
with a total capacity of 1,030 MW. The figure includes 20 fuel cell systems of
altogether 50.5 MW.

A Renewable Portfolio Standard (RPS)

Seventeen energy suppliers which generate at least 500 MW per year have so far
been subjected to this standard, which requires them to produce part of their
electricity by NREs (the 2016 share is 3.5%; by 2022, it is planned to increase to
10%). Within two years, the program achieved 1.7 times the installed capacity of the
decade-long FIT program. The main goal of the RPS is to increase the number of PV
systems, but it also led to the installation of 26 fuel cell systems with a total capacity
of 163 MW until the end of 2015.

A Program for Technology Devel opment and Cos

This program is primarily based on the Hydrogen City Ulsan project. The aim has

been to design a decentralized energy supply system for an entire part of a city

based on hydrogen and fuel cell technology. The hydrogen required for it is available

as a byproduct of the chemical plants located in Ulsan and is being distributed

through a network of pipes. The households as well as various private and public

buildings that have a fuel cell system installed have been connected to the piping,

while the byproduct (hydrogen) is also delivered after processing to Hz stations in the

suburb for electric car refills and used by the energy providers participating in the

RPS program (Hyundai 6s factory, which manuf a
markets worldwide, is also based in Ulsan.).

Fuel cells in transportation

Besides the market introduction of fuel cell vehicles, the primary goal in

transportation in South Korea i as almost everywhere else i is to set up Hz filling

stations and the related infrastructure for creating, supplying and distributing

hydrogen. The vehicles are all from South Ko
has been researching and developing fuel cell engines since 1998. By its own

account, Hyundai had so far manufactured more than 600 SUVs and buses and

demonstrated the potential of the engine technology. Between 2009 and 2013, the

company tested a small series of 100 Tucson fuel cell models in South Korea. The

trial run experiences were used as a basis f
official fuel cell model, the ix35 Fuel Cell, which Hyundai presented to a global
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audience in February 2013 and which it has since offered to customers for leasing,
especially in the US and Europe.

The South Korean government allocated around nine million US dollars in 2015 to

establish an Hz infrastructure. It also decided to support the expansion of a

sustainable domestic market for vehicles and a change in the current automotive
environment as part of its Atfhnirenglryygream dlo
(runs from 2016-2020). The aim is to put 9,000 fuel cell cars on the road during the

program run. Thus, the government supports investments in fuel cell-electric vehicle

technologies, the expansion of the related H2 infrastructure and awareness-raising

among the public, while also aligning the relevant legislation with these goals.

Establishing a national fuel cell industry

South Korea has shown great interest in building up its own industry for fuel cell
systems, including development, manufacturing and installation. The strong growth of
the South Korean fuel cell market over the past years has primarily been a result of
acquisitions of or joint ventures with North American fuel cell companies. The first
company that deserves a mention here is South Korean conglomerate Doosan,
which took over US fuel cell manufacturer ClearEdge Power (formerly, UTC Power)
in 2014. In 2012, South Korean electronics corporation LG acquired a 51% stake in
American Rolls-Royce Fuel Cell Systems. Together, the two companies have been
developing SOFC systems for power generation, which are said to be used for the
first time in South Korea in 2017. And since 2007, US fuel cell producer FuelCell
Energy has been in close collaboration with one of the largest private energy
providers in the country, Posco Energy.

Canadian fuel cell manufacturer Hydrogenics founded a joint venture together with
South Korean energy utility Kolon Water & Energy in 2014, in order to install and
operate PEM-based systems in Korea. During the same year, American fuel cell
company Plug Power and South Korean steel corporation Hyundai Hysco signed a
declaration of intent to jointly develop and distribute fuel cells on the Asian markets
during a five-year partnership.

Author: Alexandra Huss
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Hydrogenics, Alstom and Hz Trains

If one takes into account order bookings, collaborations, product
developments and prospective markets, buying shares of fuel cell companies
looks ever more promising. But the capitalization of the market leaders in fuel
cells described in this article amount to a mere USD 750 million i a stark
contrast to Tesla, the electric car pioneer, which has a market cap of USD 34
billion. These companies may very well get closer over the coming years, if
Tesla gradually loses in value while fuel cell shares increase considerably in
price. This can happen as soon as people become increasingly aware of the
fact that fuel cellscombi ned with fAgreen hydrogeno
growing competition to battery-only systems.

Fig. 1. Share price development of the five companies quoted on the stock market
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Historical prices from June 15, 2016, © www.wallstreet-online.de
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Hydrogenics partner Alstom announced that it considered itself a frontrunner in
hydrogen-driven railway vehicles and that it would present a world novelty at a

German industrial trade show over the coming months. Additionally, the company

had actual bookings in the pipeline (in the German state of Lower Saxony). Has

Al st omé6s management not been aware of Ball
in China? Doesndét matter. Al l in all, It 0s
train design will likely require their fuel cell know-how. And: The Canadian section of
professional service firm PriceWaterhouseCoopers presented Hydrogenics with the

Vision to Reality Innovator of the Year Award for its highly innovative technological
developments. Definitely a good sign!

The company has additionally received an order from SinoHytec (years-long

collaboration) with a total contract value of USD 13.5 million. The sum is for supplying

the companyo6s Chinese partner with l6anél cel |
2017. Over the next five years, the volume is expected to increase to USD 100

million.

Risk warning

Investors must understand that buying and selling shares is done at their own risk.

Consider spreading the risk as a sensible precaution. The fuel cell companies

mentioned in this article are small and mid-cap ones, i.e., they do not represent

stakes in big companies and the volatility is significantly higher. This article is not to

be taken as a recommendation of what shares to buy or sell i it comes without any

explicit or implicit guarantee or warranty. All information is based on publicly available

sources and the assessments put forth in this article represent exclusively the

aut hordéds own opini on. -Brmias loagrtarm perspectifeo c us es O
and not short-term profit. The author may own shares in any of the companies

mentioned in this article.

Author: Sven Joésting

FuelCell Energy Teams Up with ExxonMobil

Who would have thought that the worldds | arg
company is having a change of heart? In May this year, ExxonMobil concluded a

research agreement with FCEL to develop the carbon capture technology into

something thatcreate d a A more economical pat hway. o Car
and coal plants is said to be added together with hydrogen to produce methane,

which would then be converted at high efficiency into electricity and heat. What is

most important here isthetechno |l ogy 6s economic benef2t: The
capture could lead to a notably greater energy production volume, increasing

revenues in the process.

Exxon has so far been one of the companies that most fervently negated climate
change; rumors even had it that the corporation was financing certain lobbies to that
effect. The widely reported decision of the Rockefeller family, who founded Exxon, to
eliminate Exxon shares from several of its foundations might have convinced the
executive board to rethink its business strategy. Concluding the agreement with
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FCEL seems like a very positive sign, since Exxon will certainly have investigated
with whom it entered into a contract.

FCEL, on the other hand, will benefit from the agreement through higher media

exposure and could retain Exxon as a large customer over the medium and long

term. Last but not | east, Exxonds research
for FCEL technologies: A perfect win-win situation that the stock exchange seems not

yet ready to appreciate fully.

After hearing about the order for a 20 MW fuel cell plant in South Korea, the stock
market is now waiting for the final decision in the Beacon Falls project (above 64
MW), which is said to amount to USD 500 million in total. The discussions about
contractor selection are still ongoing.

Fig. 1: Carbon capture technology combined with fuel cells

The fuel cells are deployed at
the powerplant;where they
capture carbon in the exhaust
stream while providing power
utilizing hydrogen derived from
natural gas. The majority of the
carbon dioxide will be removed
from the exhaust stream and
collected for storage.

Since the fuel cells are modular,
they.can be more easily deployed
at a wide range of locations.

Compressed carbon dioxide is
safely piped into the ground for
permanent storage.

Source: ExxonMobil

Quarterly figures and highlights

The net loss attributable to common shareholders for the second quarter as of April
30, 2016, was around USD 16 million. The company said that this figure included

f
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many items that were incurred periodically,
normal business operations, and costs for bids, as the company had applied for

many large projects. | will focus on the overall outlook and some potential avenues

and will name a few highlights that are of great importance for growing the company:

- Contract with ExxonMobil on R&D for carbon capture research expands global
potential

- Decisions (orders?) on projects totaling 125 MW will be made in the near
future

- Order backlog has exceeded USD 400 million

Additionally, the cash on hand at the end of the quarter has risen to above USD 82
million (plus 34.7 million of restricted cash). And besides the credit line by NRG
Energy (USD 29 million), there is another one from PNC Energy amounting to USD
23.1 million.

Risk warning: see below
Author: Sven Jésting

Eco-Power for Orkney Islands
Energy Storage
Electric car with range extender

© Symbio Fcell

An energy self-sufficiency project is set to be tested on the Orkney Islands, UK:
Hydrogen from wind power will be used for fuel cell range extenders integrated into
electric vans to offer clean transportation. In April 2016, twelve partner companies
from six EU countries were awarded the contract for this project, which will be
subsidized by the European Union with EUR 5 million. British ITM Power is said to
install a 1.5 MW electrolysis system, which will then be fed with clean electricity from

10
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thecommuni t yé6s wind power plants on Shapinsay ai
these systems because of excess capacities, as is currently done in 30% of all cases,
they are to be used for hydrogen creation in the future.

The Scottish Orkney Islands have so far been supplied by wind, wave and tidal

power plants totaling 50 MW of capacity and producing 46 GWh of green electricity

each year. To be able to store the electrical energy, the Fuel Cells and Hydrogen

Joint Undertaking chose the five-year project BIG HIT (Building Innovative Green

Hydrogen systems in an | solated Territory),
hydrogen system in an i sgedemtior dshduldalssequipn. 0 Be
ten electric vans with a Symbio FCell range extender. Graham Cooley, CEO of ITM

Power, was | ooking forward to the project: i
Orkney I slands into a genuine hydrogen terr.i

BIG HIT is based on the already existing Surf-'n'-Turf initiative, which utilizes wind
and tidal energy in a similar fashion to create hydrogen and use it for a fuel cell in
Kirkwall. The Scottish government has been supporting this measure with GBP 1.35
million.

Magna Goes Fuel Cell
Electric Transportation
Demonstrator of an electric van with fuel cell range extender

ZERO EMISSION

HYDROGEN BATTERYE LECTRICVEHICLE

Source: Magna

The idea to use fuel cells as range extenders for electric cars is gaining in popularity.
Now, Magna International presented its own approach during the 37th International

11



H 2 international
Septem ber 2016 E-JOURNAL ON HYDROGEN AND FUEL CELLS

Motor Symposium in Vienna, Austria, at the end of April. As a base component, the
Austrian automotive supplier uses a medium-size van, which can go 90 kilometers
(56 miles) on electricity alone. But when the battery charge drops below a certain
threshold, the fuel cell is turned on to regenerate the power storage and increase the
range to as much as 500 kilometers (311 miles) in hybrid mode. The company
responsible for the retrofit of the demonstrator is Magna Steyr, a subsidiary of Magna
International. Additional support for the national development project comes from the
Institute for Powertrains and Automotive Technology (IFA) of the Vienna University of
Technology, the Hydrogen Center Austria (HyCentA) as well as Proton Motor.
According to Karl-Friedrich Stracke, president of vehicle technology and engineering
at Magna Steyr, this collaboration was proof
accepted the challenge of developing alternative zero-emission powertrain systems
and vehicles. o

H2 MOBILITY Under New Leadership

Shell Hydrogen Increases Involvement in Joint Venture
Electric Transportation

Fig. 1: Nikolas Iwan
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On May 1, 2016, Nikolas Iwan became the new CEO of H2 MOBILITY Germany.
lwan had previously worked for eight years in different management positions
at Shell. His predecessor, Frank Sreball, who has had his own consultancy for

12
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management and interim management since 2005, had been the one originally

settingup H2.MOBI1 LI TY on his own. At that ti me, it
that this was only a temporary assignment for the physicist engineer. The

decision to replace him by Iwan came as a surprise to many market

stakeholders. Officially, Sreball remains as a consultant on the project.

Much confusion arose when Oliver Bishop, a Shell manager, showed up at the
H2Mobility Conference in Berlin in mid-April instead of Sreball. There, Bishop spoke
in his capacity as general manager of Shell Hydrogen as well as for H2 MOBILITY
Germany and mingled Shell and H2 MOBILITY activities in his speech, but did not
say one word about the upcoming change in personnel, which was officially
announced no earlier than April 22.

So far, both the Clean Energy Partnership (CEP) and NOW have been in charge of

setting up locations for demo projects. At the beginning of 2017, the responsibility for

it is to be transferred to H2 MOBILITY, introducing the startup to a new project stage,

as the company said. After the joint venture had acted as a business initiative

between the time of the merger and the establishment of the organization at the

beginning of 2015, it will now be in charge of developing the Hz infrastructure. But

because of antitrust laws, H2 MOBILITY can only be in business up to 2023; then, it

has to be disbanded. Thomas Bystry, chair of the Clean Energy Partnership, has

recently told the Hhhatwe&lows today wetexpeciitBeeesvdd d o n

be a commercially viable hydrogen mar ket bey

Bystry, who as project managexbusmeseatidtiteo be i n
introduction of project methodology in the New Energies division, was unanimously
voted in as the new CEP chair at the end of 2015 (see HZwei issue from February
2016), after Patrick Schnell had asked to leave the government-supported initiative
under the auspices of the federal transportation ministry. Asked why a central
position in the Hz infrastructure division was filled by another manager from the Shell
oil corporation, Bystry responded that the H2 MOBILITY joint venture was a startup
which Sreball headed only as interim manager (see H2 Mobility Officially Launched).
At the beginning of 2015, the company had started to look for a suitable replacement
outside the venture, and lwan responded to the job advertisement that the company
had posted.

Hz filling stations for UIm and Wuppertal

Regarding infrastructure expansion, NOW chair Klaus Bonhoff said in April 2016 that
so far, 20 filling stations had gone online. Guillaume Larroque, Director Service
Stations Total Germany, also announced during the H2Mobility conference in Berlin
that with some delay, the Hz filling station in UIm had been inaugurated at the
beginning of April. Since there were regulatory limitations, the station would initially
be operated as a research system. Another unit went online on June 15, 2016, at a
shell gas station in Wuppertal.

2016 or 2017

The carmakers said during this yearos Hannov
H2 filling stations, which were supposed to have been installed by the end of 2015,
will be completed by the end of this year i or the next one. Asked by HZwei what
prompted the delays, Thorsten Herbert from N

13
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Connected i Autonomous i Emission-Free

BMVI 6s H2Mobility Conference in Berlir
Electric Transportation

FigHahdshake Tamrgi ndt

2% it it - . - Oche. |

Many prominent figures from politics and business showed up to the
H2Mobility conference in Berlin, Germany, in order to re-assure each other of
the promises they had already made. Alexander Dobrindt kicked off the event
held on the premises of his government department, the Federal Ministry of
Transport and Digital Infrastructure (BMVI), before the Chinese transportation
minister, Wan Gang, addressed the audience. Several company heads followed
up with their own speeches touting the advancements they had made in
developing hydrogen technology. Although there was hardly anything new to
report, they all agreed that electric transportation was the technology of the
future.

During the conference, astuibotni thlye dF ufeH| eCetlrli,co T
Dobrindt officially announcfdeditsr aesspd@iSt atat
hydrogen. 0o He went on to explain that his ap

have made more investments fthas eoeVvereshabdi s h
charging point infrastructure for nationwi de
promoting innovative ideas. 0

The fiinvestmentsin to which he referred consi
has al | ogtartaends poor tHahi @0 1betbbwd 2018 and which
Rai ner Bomba had already announced in Berlin
assembly of the National l nnovation Program

14
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power installed across the country is currently at 129 GW (33 GW added in 2016). By
2020, it is said to increase to 200 GW of wind and 150 GW of PV power.

Reinventing the automobile

The carmaker repr-aséntmedvebeitoopmmet ment t
transportation. First and foremost it was pr
at Dai mler ,t hwéhto idn dr esaasyi ng t he r adrgiev éore yoaird
model s was still a firm goal. But he al so st
Asi multaneously developing the fuel cell . 1Tt
addi ng: AThe f ueilnesed liéss mmoatr ktete riesasdue. Thi s

enjoyed tremendous support.o

Weber, who wil!/ be succeeded on dthet rxeend i o
the year, explained during the conference: i
needs to be connected, -farud @.n® Modudsr easnsdi regni tstsd
directly, he continued: Al éd | iék]e Tthoi st ewill ly oc
work i f we work together.o However, he seeme
such calls to action rather had to be direct
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2016: The transitional year
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