Hydrogen fuel cell
technology is an
important piece of the
puzzle in an electric
future of mobility

Identification of opportunities
for early-stage applications of
hydrogen technology

e
&

Tom Hesselink MSc Stijn de Groen MSc

is a partner at the KPMG Global is associate director at the KPMG
Strategy Group. Global Strategy Group.
hesselink.tom@kpmg.nl degroen.stijn@kpmg.nl

In recent years, much emphasis in the climate change debate has been placed on
renewable electricity and the transition to electrified houses, industry and mobility. In
itself, very positive developments to move away from fossil fuels, but we still face several
challenges in making society and economy more sustainable. Energy carriers like wind and
solar include high volatility of generation (imagine the impact on a windless or cloudy day).
On the other hand, the demand for electricity is also characterized by volatility due to
specific patterns during the day. As a result, moving towards fully sustainable energy
production is a comprehensive transformation with many associated challenges. Moreover,

these challenges also mark opportunities for hydrogen, which could be a potential problem
solver for such arising challenges as a new, sustainable era is dawning.

In this article, we examine the potential for hydrogen to play a significant role in the low-car-
bon economy of the future and, in particular, as part of the future mobility landscape.
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CHALLENGES OF THE CURRENT
GENERATION OF BATTERY ELECTRIC
VEHICLES (BEV)

Today, electrification is undoubtedly at the top of OEMs’
agendas. Almost every major automaker has pledged
significant investments in electric technology. OEMs are
striving to expand their EV development and production
as quickly as possible. However, there are several signifi-
cant challenges involved with the large-scale electrifica-
tion of mobility.

Financial challenges

The investment costs involved in replacing current fossil
fuel-oriented infrastructure with electrical infrastruc-
ture are significant. A major component is the cost of
developing a sufficient public and private charging infra-
structure to support mass usage. The electricity distribu-
tion network in Europe will not be able to support mass
(battery) electrification without extensive investment,
as demand for electricity will approximately double if
all passenger vehicles move to BEVs. For the automotive
industry, hefty costs will be involved in developing new
electric drivetrains and in obtaining the scarce raw mate-
rials needed for batteries. Meanwhile, for individuals the
total cost of ownership (TCO) of a BEV is likely to remain

Figure 1. Electrification of consumption, challenges analysis.
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relatively high compared to ICEs given the high price of
BEVs themselves. On top of which come the costs of the
energy needed to actually power these vehicles, as well
as associated taxes for usage (although these additional
costs are currently limited due to zero-emission incen-
tive programs).

Technical challenges

The transition to a lower-emission economy is, in some
circumstances and parts of the world, technically very
difficult. Primarily because the ratio between energy
storage capacity and associated mass of batteries is lim-
ited. BEVs are still hampered by technical limitations for
which solutions will need to be found. These include the
time currently needed to recharge/refuel (one or more
hours) and the range currently possible on a single full
charge (400 km for a passenger car, but only 200 km for a
truck). Additionally, the scarce raw materials required for
mass adoption could be a bottleneck for electrification.

Socio-economic challenges

In order to replace fossil fuel alternatives, an enormous
amount of technically skilled labor will be needed. But
these skills are scarce within the workforce, which could
be a serious limitation to achieving a transition within
the planned timescale. This matters because in order
tomeet CO, reduction targets, it is crucial to tackle all
challenges on time. Another barrier may include per-
suading all individuals or companies to shift away from
fossil fuels. Financial incentives may be needed, as well
as effective communication and education to overcome
issues such as “range anxiety” — which is known as the
anxiety that users of battery electric vehicles experience
when battery range is fairly limited. Without widespread
and rapid adoption, there is a high risk of targets not
being met.

HYDROGEN AS APOTENTIAL SOLUTION IN
SPECIFIC SEGMENTS

Given the financial andtiming constraints of invest-
ments to support BEVs, focus on battery electrification
only will hamper reaching the greenhouse goals that
have been set.

In particular, commercial vehicles such as LCVs, HGVs
and buses face significant limitations with the current
generation of BEV technology, such as the associated
weight of batteries for a sufficiently long range. Techni-
cally and financially, heavier vehicles face more problems
with (battery) electrification than passenger vehicles as
can be seen in Figure 1.
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Thatis why other powertrains must be developed in
conjunction with electric batteries —and hydrogen-based
fuel cell electric vehicles (FCEVs) could hold a significant
part of the answer. Globally, around 25,000 FCEVs were
out on the roads ([KPMG20a]) in 2019. Currently, a small
but growing number of hydrogen stations are in opera-
tion. In Europe, around 100 hydrogen stations are availa-
ble in Germany, for example. The EU has the ambition to
achieve around 3,700 hydrogen refueling stations across
Europe by 2030.

The FCEV market is only in its infancy but shows incred-
ible potential and appears a key component of a green-
house emission-free mobility model. In 10 to 15 years’
time, the picture may look very different from today,
with the number of FCEVs moving from the tens of thou-
sands to the tens of millions.

An FCEV/hydrogen fuel cell vehicle is a type of vehicle
that uses a hydrogen fuel cell to power its on-board
electric motor. It does not release any greenhouse gas
(GHG) emissions during vehicle operation — only water
vapor and warm air — unlike diesel and gasoline powered
vehicles.

To identify where hydrogen can be a success, these three
main areas need to be observed (see Figure 2).

Figure 2. The three pillars of Hydrogen success.
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To enable true CO,-free mobility, greenhouse gas emis-
sions should not only need to be reduced to zero during
vehicle operation, but also during energy production.
Consequently, without green energy sources, green
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to deliver. This means that electrification requires
renewable sources, be it renewable electricity for BEV or
green hydrogen based on renewable electricity for FCEV.
Luckily, renewable electricity has so far been the corner-
stone in the energy transition. Production in Europe is
expected to be seriously ramped up over the course of the
next decade.

THE THREE PILLARS TO MAKE HYDROGEN
A SUCCESS

To overcome the challenges and to stimulate hydrogen
adoption, there are three key pillars that we will examine
in turn: production, supply and utilization. Each of these
must support and reinforce each other if FCEVs are to
reach their full potential over the coming years.

Pillar 1: Hydrogen generation

Aswe already have outlined, the usage of renewable
energies seems crucial for a climate-friendly transition
from internal combustion vehicles to electrified mobil-
ity. The uptake of renewable electricity generation forms,
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particularly wind and solar, is resulting in temporary
oversupply. Consequently, in order not to lose electricity
that has been produced, this electricity needs to be stored
temporarily. Hydrogen is considered to be the most
effective and versatile means for medium and long-term
storage of electricity (> 1 day): even though the energy
efficiency is lower than with batteries (25% — 35% vs.
70— 90%) due to energy losses in the electrolysis process
([Volk20]). In addition, the ability to scale is less depend-
ent on scare resources as resources for hydrogen (water)
are nearly infinite, while batteries require scarce metals
(see Figure 3).

Regions with high volatility in supply and demand of
electricity will therefore have a better business case for
efficient (green) hydrogen production. High volatility
produces higher storage needs. In addition, hydrogen is
expected to become more cost-effective in the coming
decade (compared to its gas equivalent) as a result of
improved hydrogen production technologies and the
supply of renewable energies.

In Europe, Germany, the United Kingdom and the Neth-
erlands have an interesting energy mix composition with
arelatively large share of solar and wind energy. There-
fore, these countries could profit at an earlier stage from
hydrogen applications as can been derived from the exist-
ing capacity of renewable energy sources published by
the International Renewable Energy Agency ([IREN20]).
Generally, countries with a high share of renewables
simultaneously face higher production volatility. This is
particularly experienced with significant shares of wind
and solar energy, which therefore also require a higher
storage/balancing capacity.

~25-35% Overall efficiency rate

Pillar 2: Supply chain

The generation of electricity is transforming from conven-
tional centralized sources to a decentralized model with
renewables. But this electricity supply is volatile, as it is
heavily affected by the prevailing weather conditions.

Asthe share of EVs and the number of charging point
locations are expected to grow exponentially in the com-
ing decade, capacity problems on the grid will arise and
potentially become acute. In the Netherlands, for exam-
ple, we already see variations between local grids — capac-
ity issues are very much a localized issue, with each grid
needing to manage its own demand and supply. Capacity
problems are already arising, such asin the north of

the country where some solar parks ((NOS19)) are only
able to connect to the grid at certain times and where 20
completed solar parks are not able to be connected at all.
The current infrastructure is unable to transport suffi-
cient amounts of renewable energy to areas where it is
needed. Elsewhere, some corporates with large car fleets
are already at the capacity limits of how many cars can
maximally be charged during the day. This implies that
if additional EVs are added to their fleets, simultaneous
charging of the entire fleet will not be possible anymore.

For this reason, it is essential for electricity to be gener-
ated (locally), distributed and/or consumed in a smarter
way. Again, hydrogen can provide an advantage, as it
not only allows for effective energy storage, but also for
efficient and effective transport, by passing the electric-
ity grid. Both financially and technically, with some
changes, existing gas pipelines could be used to distrib-
ute hydrogen. Indeed, the Netherlands and Germany are
currently studying the feasibility and best way of doing
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this. By re-using existing gas pipelines and gas infrastruc-
ture (including existing salt caverns and empty gas fields
for storage), hydrogen can prevent existing infrastructure
becoming obsolete (stranded assets) as a result of the
energy transition away from gas. Shell, Gasunie and the
EU are commencing initiatives in this area ([Shel20]).

Allin all, the issue of temporary oversupply of electricity,
combined with the ability to re-use existing infrastruc-
ture at risk of becoming obsolete, is expected to make
hydrogen cost-competitive in the mobility domain
within the coming decade.

Pillar 3: Utilization

The global FCEV market is currently at a nascent stage,
accounting for only o.01 percent of total vehicle salesin
2019. However, according to the International Energy
Agency ([IEA20]), this share is expected to reach 17 per-
cent by 2050, with 35 million annual unit sales. Key
factors that would drive this growth include rising envi-
ronmental concerns and supportive government policies
in various countries, to increase the use of eco-friendly
vehicles.

In addition, a focus on developing the required infra-
structure such as hydrogen refueling stationsis also
likely to drive penetration of FCEVs and push vehicle
manufacturers to develop more hydrogen-powered vehi-
cles. Efforts and attention in the nascent FCEV market
are currently primarily focused on passenger vehicles,
but commercial vehicles are expected to catch up.In
China for instance, commercial vehicles such as buses,
trucks and vans constitute more than 99 percent of exist-
ing FCEV sales. In Europe, truck manufacturer Daimler
recently announced that hydrogen-based fuel cell trucks
are a key part of its electrification strategy ([Daim20]).
Key countries expected to drive the growth of the FCEV
market include the US, UK, South Korea, Japan, China,
Germany and France.

Itis expected that when FCEVs become more widespread,
the balance will move decisively to long distance and
heavy-duty transport such as HGVs and public transport,
where the size and weight of the vehicles mean that
hydrogen fuel cells are a significantly more attractive and
practical proposition than electric batteries.

GOVERNMENT INCENTIVES AND
REGULATION

While deployment of FCEVs is low compared with
plug-in hybrids (PHEVs) and BEVs, several countries have
announced ambitious targets towards 2030, amounting
to over 7 million FCEVs and 12,000 refueling stations.
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The US has been the frontrunner in the adoption of
hydrogen as an alternative fuel and has formulated
various laws and policies. However, Europe and other
countries like China and Japan have also come up with
hydrogen strategies.

These initiatives —along with incentives to promote the
purchase of FCEVs and to stimulate further research
and development of the technology — will be important
catalyzing factors in the growth of FCEVs.

Similar to the introduction of PHEV and BEV are govern-
mental incentives in the form of subsidies or tax benefits
—these are expected to become an important driver of
the FCEV ramp-up. We can expect thisin particular in
countries where BEVs are expected to face significant
challenges, countries where volatile renewable electricity
production will be a large part of the electricity mix, and
those with an advanced established gas infrastructure.

All aboard the hydrogen bus

Transit buses do not require an extensive
refueling infrastructure as they operate within
city limits and can refuel at a central location.
This makes fuel cell buses well-suited for the
present situation (relatively few refueling
stations), leading to their rapid adoption across
the globe. The Hydrogen Council, a global
industry body set up in 2017, has set a target

to manufacture and sell 50,000 fuel cell buses
globally. H2Bus, an industry consortium, plans to
deploy 1,000 fuel cell buses in Europe including
the first 600 across the UK, Latvia and Denmark
by 2023. Transit agencies in the US have also
started operating fuel cell buses in the last
couple of years.

Mobility 2030
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COMMERCIAL APPLICATIONS ARE BEING
INTRODUCED

Anincreasing number of OEMs are actively producing
FCEVs today, with Toyota and Hyundai currently being
the clear market leaders. We can already add names such
as Honda, Renault, Maxus (SAIC) and, on the commercial
side, manufacturers such as Yutong, Foton and Dong-
feng. A growing list of other major OEMs —including

investing heavily in either developing their own fuel cell
technology or acquiring companies that already have a
presence in the FCEV value chain. A race is developing,
with a growing number of mergers & acquisitions (M&A)
asaresult. In addition, partnerships are proliferating,
mostly aimed at sharing knowledge, reducing the cost of
developing required infrastructure, and obtaining data
for research and validation. Partnerships are also being
developed on aregional level —such as the consortium

Mercedes Benz, BMW, Audi and Kia — have FCEVs in
testing or in concept development stage. Alongside this,
anumber of major players in the automotive sector are

that has been initiated to create a hydrogen valley in the
North of the Netherlands ((Rotm20]).

Benefits and advantages of FCEVs

Some of the key benefits offered by FCEVs over other vehicles are faster refueling times, longer drive ranges, ease of
scalability, lower space requirements for energy storage, lower vehicle weight as a result of not having large batteries on
board, and environmental friendliness:

Sustainabi-
lity

Refueling/
drive range

Energy
storage

Scalability

FCEVs rank high on sustainability, as they emit no greenhouse gases while the vehicle is running. The batteries used in FCEVs are
also smaller than those in BEVs. FCEVs therefore have a lower environmental impact in terms of heavy metals than is the case in the
manufacture of lithium-ion battery packs and use of fewer scarce raw materials.

With specific charging stations, only a few minutes are needed to refill a hydrogen tank compared to the longer duration expected
to recharge BEVs. The current generation of FCEVs already have a driving range of more than 450 km, making them commercially
attractive. In the future, they will be better able to support long drive ranges than battery electric vehicles.

Hydrogen requires less weight and volume for energy storage to enable the same distance range as batteries for electric vehicles. As
a comparison, a lithium-ion battery system would require about six times more weight and twice the volume to allow the same driving
range as an FCEV.

FCEVs offer a vast range of scalability options. To obtain the desired electricity to power a vehicle, individual fuel cells can be
combined in series to make a fuel cell stack. This characteristic makes it a feasible choice for heavy transport applications, where
high amounts of power are needed.

Challenges and (current) limitations

However, while the above advantages may seem compelling, at the same time there are a number of limitations and
obstacles that will need to be overcome for the deployment of FCEVs to take off at scale:

Fuel efficiency

Lack of
adequate
refueling
infrastructure

High cost of
procurement

Carbon
footprint of H2
production

Safety con-
cerns
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Although FCEVs are more energy-efficient than gasoline-powered vehicles, the current production process of hydrogen has still
many inefficiencies. BEVs currently offer significantly higher efficiencies, which use about 70 to 90 percent of the energy available
from batteries.

Hydrogen refueling infrastructure is lacking in almost all countries and poses a serious challenge to FCEV growth. The US has a total
of just 40 refueling stations available for public use — and 39 of those are in California, deterring customers and transit agencies in
other states from purchasing hydrogen vehicles. The EU has a total of 125 refueling stations, compared with 170,000 EV charging
points and over 90,000 petrol pumps across the continent. China and Japan aim to set up 100 and 160 hydrogen refueling stations,
respectively, by the end of 2020. Nevertheless, large challenges lie ahead to construct an effective hydrogen infrastructure, which is
an important boundary condition for FCEV-adoption.

Despite the drop in prices in recent years, hydrogen FCEVs are still expensive compared with their battery and gasoline powered
counterparts. The average conventional 40 ft diesel bus in the US costs US$ 460,000 — 490,000 while a CNG bus costs US$ 560,000
—580,000. In contrast, a hydrogen fuel cell bus costs about US$ 1.3 million. In the passenger car segment, one of the early models
—a Toyota Mirai — costs about US$ 46,200 (after subsidies) in China. This amounts to around 1.5 times the cost of a Toyota Camry
(US$ 24,500) — one of the world’s most sold gasoline-powered sedans.

Hydrogen vehicles do not emit carbon directly; however, the production and compression of hydrogen for the fuel cell using energy
from the grid leads to carbon emission, which is higher than that required for charging a BEV. The bulk of hydrogen production today
is via steam-methane reforming, which produces C0,. Emissions from hydrogen production and compression can be as high as 2.5 to
3times the emissions from producing electricity for charging a battery.

Hydrogen is an inflammable liquid that has led to a number of tragic accidents across the globe, raising concerns among some
prospective buyers of FCEVs. For example, Toyota and Hyundai stopped the sale of FCEVs in Norway after an explosion at a refueling
station in 2019 which injured two people. Fires at hydrogen plants and in transport trucks have also triggered discussions on the
safety of adopting hydrogen as a major alternative fuel.
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CONCLUSION

The drive for low carbon mobility and transportation
requires an accelerated transition to electrified vehicles.
However, there are still some major limitations that
hamper the implementation of BEVs at scale, especially
for long distance and heavy-duty transport. FCEVs are an
important piece of the puzzle.

The FCEV market is only in its infancy but shows incred-
ible potential and appears a key component of a green-
house emission-free mobility model. In 10 to 15 years’
time, the picture may look very different from today,
with the number of FCEVs moving from the tens of thou-
sands to the tens of millions.

The combination of the technical challenges of BEVs,
primarily in commercial vehicles, the challenges faced
by many countries’ electricity grid networks to cope with
more volatile electricity production and the need to meet
mass BEV charging demands, will drive demand for alter-
native solutions for energy storage and distribution. In
addition, with the risk of gas networks becoming obso-
lete —and major oil and gas companies investing heavily
in hydrogen technologies — there are powerful commer-
cial and public incentives to maximize the adoption of
fuel cell technology as part of the mix. It is in meeting
the strains caused by the above-mentioned combination
of factors where hydrogen has its greatest potential for
the future.

Countries that can reuse their existing assets, such as gas
pipelines to transport hydrogen produced from renewa-
ble energy generation (e.g. wind and solar), could create a
strong advantage. Such countries include Germany, the
Netherlands and the UK.

We expect these countries, and others in Europe includ-
ing France, to see the highest growth in FCEVs alongside
China, Japan, South Korea and the US. These are likely
to be the jurisdictions that lead the way with hydrogen
FCEVs, primarily (or at least initially) for commercial
vehicles and public transport modes.

Aswith the future of mobility, there still is enough room
for play in the FCEV space — we have an exciting journey
ahead of us.

Watch this KPMG video about the role of
hydrogen for industry, housing and mobility in
the transition towards renewable energy: https:/
vimeo.com/user112272715/review/477511673/
dc8c4e3059
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