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Potential Impact and exploitation of results

During the course of this project new areas have been identified, where additional R&D activities are needed
to secure a successful commercialization of the individual applications. The three applications in this project
are each at very different maturity levels at the end of the Liquid Power project. Whereas Back-up Power
products are closest to a commercial market , the Material Handling platform still has ways to go, and the
Fuel Processing System is still quite far from the commercial market.

On-site hydrogen production can be one important step in the transition to a hydrogen-based infrastructure.
Presently, the most cost-efficient way to produce hydrogen is via large-scale natural gas steam reforming
plants. There is a large interest in the future for local production near to the end-users and with various feed
stocks including methanol. The capacity of small-scale production unit’s range from about 25 to 500 Nm3/h
of pure hydrogen. Capacities above 500 Nm3/h can be met by conventional available systems.

The functionality of the developed and evaluated methanol fuel processor system has been demonstrated
successfully. The evaluation of the results shows plausibility with theory. The technology readiness level of
the reformer system has been rated to TRL5 and for the PSA system to TRL 4, respectively. The full potential
of the developed technology can be reached after further optimization of the system. The system can in the
future fill the present technology gap between laboratory-scale systems and commercial available large-
scale systems. This can be of the important steps for introduction of hydrogen-based infrastructure near to
local end-users.

No patents are applied for the developed technologies in the project. PSA technology is a commercial
available technology but mainly used in large-scale applications. The development and challenge in this
project have been to design a small compact unit. We can’t see any possibilities to apply a patent for the
developed PSA unit. The pressurized reformer system is based on an atmospheric reformer concept. The
main challenge has been to redesign the system from an atmospheric system to a pressurized system and to
use methanol as a fuel. Catator already have some patents covering the use of mesh-based catalysts. These
patents indirectly prevent competitors to use similar design solutions in the reformer and burner.

Patenting opportunities have been investigated in this project for the developed technologies in WP3, WP4
and WP5. All technologies have been found to be commercially available technologies. The development and
challenge in this project have been to design or re-design a more robust, more reliable, more customer
specific unit or product. No patenting opportunities have been identified.

Fuel cell based back-up power products are commercially up against current mature back-up power products
on batteries or diesel generators. In certain market segments these current technologies used today have
their shortcomings — batteries on short backup availability, short lifetime and environmental concerns
regarding lead pollution and diesel generators being unreliable, requiring significant maintenance and
generating both noise and heat and polluting emissions.

The following figure illustrates the commercial field where small stationary fuel cell systems are playing a
competitive role, when these are used from backup power up to continuous power.
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Small stationary solutions; grid quality vs. back-up time
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The customer segments with immediate relevance for fuel cell back-up power are:

* Telecommunication — the need for reliable communication, especially for segments with users having
special requirements (government, hospitals, banks etc.)

e Fiber broadband — the Fiber to The Home (FTTH) and Fiber to The Business (FTTB) segment where
demands from the users can be very high

e Tetra — the special encrypted networks usually used by police, ambulance services, fire departments etc.
¢ Railways — the communication network along railways which is backbone for both data, cell phone
network and lately also signaling

With marketing plans at hand for these early customers and the production facilities in place, the
Scandinavian market is the first area, where the back-up power products of this project are introduced to
customers and demonstrated in smaller trial projects for customer testing.

The material handling platform is targeting the following applications, where more and more electrified
transport solutions for specialized services, reliable, robust and cost-efficient solutions are needed:

* Indoor material handling

* Urban material vehicles

e Underground vehicles

* Range extension to battery electric vehicles
e Airport vehicles

For these purposes the current technologies used today have their shortcomings — batteries on availability,
short lifetime and environmental concerns regarding lead pollution and diesel engines generating both noise
and polluting emissions, along with high temperatures.

The Small Motive segment is broken down into daily “Drive cycle”. The daily drive cycle tells about the
hydrogen logistics challenge — the higher the use gets, the more critical the hydrogen logistics gets. On the
other hand, the higher the use of hydrogen, the higher is the potential for CO2 savings.
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For fork lift trucks and tow tractors, the main focus is cost savings, and as such the most relevant
applications are high daily use in areas with restricted exhaust emissions, where batteries have challenges.
For city vehicles and APU’s, the main driver is often CO2 and in general emission reductions that are in focus,
so these applications can be just as relevant for low and for high usage applications.

The first segment, where sales expectations are getting clear and concrete, is within the fork lift truck
segment, where there is a good foothold with prototypes since 2010. Due to the need for technology
improvements and cost reductions, and due to long sales cycles within this segment, the sales are expected
to take off around in early 2018. This timeline also allows for more cost reductions also in the fueling
infrastructure, which are of vital importance for the success of this product.

In Scandinavia meetings have been held with the biggest telecom and broadband industrial players, where
the back-up power product and project results have been presented. These industrial customers are large
and the decision process to change to a new technology of such strategic importance as back-up power
supply takes a long time. Therefore, several visits are needed and products are offered for customer testing.

Similar activities have been conducted for Material handling systems. However, the target group is vehicle
manufacturers and not end users, as is with back-up power products. The most relevant European based
material handling manufacturing companies have been approached. The project results have been
presented and good contacts have been established for further dialogue on how to proceed towards further
cost reduction and optimization of fueling infrastructure. The cost challenges of the latter seem to constitute
a general barrier for customers interested in fuel cell based material handling technologies. This is reflected
in the vehicle manufacturer’s interest in the technology only, if the fueling infrastructure can be solved cost
effectively for the end customer.

Dissemination

The dissemination activity in the Liquid Power project was pursued through scientific publications in the
form of articles, presentation, posters and brochures and through market focused networking and
commercial customer oriented business meetings.
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For the commercially most mature products of Back-up Power and early Material Handling systems, the
results of this project have been disseminated through the product marketing material (data-sheet) and
presented at national at international fairs targeting these particular applications (telecom and material
handling).

BALLARD

Introducing the new product and the new characteristics of cold climate endurance to existing and new
commercial customers of back-up power products in cold climate areas targeted the Scandianvian market
for Telecom Back-up power products. In this context several meetings in the form of networking were held
with major Scandinavian stakeholder in the Telecom infrastructure segment with different commercial focus
areas:

- Raising awareness of fuel cell performance in cold climate

- Pro-moting the new features in the product

- Sharing early customer experience with basic products through field demonstration in DK
Networking
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In the FCH-JU Programme review days 2013, 2014, 2015 and 2016 the projects activities were presented in
the poster sessions. Below is the poster from 2015.

Towards the end of the project, the results and early commercialization activities drawing special attention
also from the Danish Minister of Energy and Climate Mr. Lars Christian Lilholt, who visited the project with a
delegation in april 2016.

Project results were presented during the following national and international events:

- Hydrogen Transportation Day 2016, September 2016, Copenhagen
- Danish Conference on Renewables and Energy storage, October 2016, Aalborg
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Danish conference on Fuel cell MH vehicles for Harbors, Aalborg Habour, February 2016.
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To disseminate the scientific knowledge along the project, one article has been published:

AR B ’

Fuel cell systems and hydrogen
supply for early markets

nTRCQUCTICN
The Gasapman T Pave s

afths iocta b . danemi 312
0

anllyatana far backayp p.
ad by I

kg, which nabo a0k b fora oite
Fom | wfa it g,

2aunlla deve b yleg swal savathe

B

The pmaust mpa ¢ llkababm the
duvala pnmstofs s latag oind fum |

phab bawn
tpialastya af s pta 100,00 rh
af pum bydwge s S rallta nadis n
piadatian phataie e

o ] "y

Fe

Wdwgus pudattarts faalaal
Antana lnths pupet Cata b

dftms ek is bpdwges puityar
by snjbyveyaath mina b
In =]

dulvmiyaftie peossimd Fryten

rmnbadlib it b ust b1t

e
3ud dubm yaftin Azt
22 unmllaa fa b latmg oo 3ad

e

The s lige 61t

walndiasdf hath Frasd r5d ot the P24 b
Casthe i Fave i3

[ 3k 154 B ’

B bk Tiswriol
brdlg vebicho. apadiyiales oageaf 10 ey @0

4

W prm ndugurasdthe dmigs
b i

ety pun b bmsdwubynd i
Hupopct

ams pudatian Tha FGacasbin
canrmuh hwalbbhcanpasmb,
ardtimapten duolgs mbnat

anchavoy tiatith s b is sarnial
antpt pawm Fan 1.4 KVEs SOKY.
Aba, thuayte n o be nadfiad wib
anadd-ar oy ubich

YR

PaCialialas Theapplaar

af bath e kackm v Ol mtive aad the

Puznem G el e O mctive s ks
J

Ihnnchof the P20

buanbinstis npuistems <0 dugim
Cablaz,

CODTE FUR PROCESICR SYSTER
-

SOOI WoRme
The pmomstuaitizfocond ar
canmadaringasd malnd x the

Ramclly afPrmnucm Beng Adsaghan
Iratww [aghh By Phahaacagh: e,



* * ok
Potential impact, exploitation of results and dissemination activities L‘ « d
[01.11.2016 | Ic{m



