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1.1 FCF - Working machines

SANDVIK
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1.2 Committee members

o Jorma Nurmi, Cargotec Kalmar Industries
« Cont. handling equipment
 Mikko Kouvo, Sandvik Mining and Construction Oy
* Mining loaders
* Arvo Kivela, Patria Vehicles Oy
« Defence equipment industry
 Hannu Lindfors, Konecranes Qyj
 Cranes
 Pekka Seppéala, MSc Electronics Oy
« Power electronics
 Rolf Rosenberg, VTT
e Fuel cell research
o Jussi Suomela, TKKFuel cell and hybrid system research
» Fuel cell and hybrid system research
o Juha Pyrhonen, LTY
» Electric dirve system research
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1.3 Participants &

Working machines

University Research Institute Companies Organisations Other
— TKK VTT — Sandvik — Teknologiateollisuus
— LTY — Patria — TEKES
— — Kalmar —
— MSc
— Konecranes
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1.4 Background and drivers

The Companies and Research Institutes belonging to the Committee have lots
of common interests in the area of Mobile working machinery development.
This is in particular concerning power generation, drive line and also energy
storage technology area.

Strong drivers in the future development of power generation technology are:
« Commitment into sustainable technology in__ environmental issues
« Target to be in leading position concerning technology development in the branch

« Target to secure and maintain competitive position of the Finnish working
machinery industry in global competition also in future

« Common interest into future fuel cell technology research and utilization in practice

« Target to combine the resources of different parties in this most challenging and
complex technology development

The power requirement of mobile working machinery is partly in the same area
as urban city busses, but also partly it is question of bigger power needs.
Often the working machinery requirements are higher, for ex. concerning
environmental stressing and also short term extreme loading needs
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1.5 Development road map, summasy

 Basic research:
1. Hybrid technology in working machines, power 100...400 kW 2007..10
2. FC power source research and development 20..200 kW 2008..13
3. FC technology in production phase, research 2012..16

* Application research:
1. Hybrid technology applications in working machinery ...400 kW .2012
2. FC technology applications in working machines ..200 kW 2010..13
2. FC technology applications in production phase, research 2013..16

Product development:

1. R&D of hybrid vehicles with electric drive ..2012

2. R&D of FC installations , power 50...200 kW . 2012..15

3. Commercialization phase of FC vehicles 2015..
Teknologia
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2. Industry Development Status ’

2.1 RTG Cranes

2.2 Straddle carriers

2.3 Terminal tractors

2.4 Counter weight trucks
2.5 Mining loaders

2.6 Military AMV

2.7 FC Penetration estimates
2.8 CO2 Emission reduction
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2.1 Modern RTG crane technolog-

« All electric design is often a standard
structure. SmartRail used.

A number of different energy saving and
environmental friendly alternatives are
available.

» Variable speed technology (VSG) in energy
generation is reducing fuel consumption
15...20 % into a level of 13 I/h

* Hybrid technology including energy
recirculation (energy storage, smaller diesel
generator) is reducing fuel consumption
30...40 % into a level of 10 I/h. Equipment
available in near future.

SMARTRAIL®
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2.1 Modern RTG crane technolog- S

o Zero emission levelis reached with RTG ZE-model, where energy is
supplied via cable reel from mains network. Here additionally AFE
technology is used in order to minimize energy consumption.

* Might be potential for fuel cell application in future. Depends on
energy cost levels a lot
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2.2 Modern Straddle carrier techn

» Electric AC drive technology is
available in Straddle Carriers (50 %
new machine sales).

» Also electric spreader is available in
near future, meaning that in addition to
now existing drive and hoist
movements also spreader movements
are electric.

« Minimal amount of hydraulics is used
only for steering and braking systems.

» Electric AC drive is to be developed
also for Shuttle carrier.

KALMAR EDRIVE® TECHNOLOGY
TAKES ONE STEP FURTHER
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2.2 Modern Straddle carrier technology

New energy saving alternatives at the

moment and in near future;:

Variable speed generator technology is
reducing fuel consumption appr. 10 %.

Diesel Hybrid technology with energy
storage and energy recirculation is
reducing fuel consumption appr. 25 %.
This means reaching a level of 15...16 I/h
In normal operation and a year level saving
of appr. 20.000 litres of fuel and CO2
reduction of appr. 53 ton/ year.

Potential longer term

A Fuel Cell Hybrid instead of Diesel hybrid

Should be heavy hybridized with battery
technology

Only an approx. 75 kW FC-system for
battery loading might be OK
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2.2 Modern Straddle carrier technology
( Diesel Electric Hybrid)
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2.3 Terminal tractor technology

« Terminal tractors are following the
diesel engine emission
development

 Also blend of Bio-diesel fuel is
used mote In future

« Diesel hybrid technology is
developed in next coming years.

* One concept is all electric drive,
which is in pilot phase
 FEC potential: > supposed to be far

away in future, due to high FC
investment costs
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2.4 Counter weight trucks

Status at the moment

 Only up to 9 ton battery driven
available on market

 Bigger ones mechanically driven
Future potential for FC hybrid

e To start in small trucks:
demonstrators based on battery
replacement with FC hybrid
solution

» Bigger trucks:
road map approach
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2.5 Sandvik
Mining and Construction

Develops and manufactures various mining vehicles and equipment
concerning drilling, breaking, mechanical cutting, loading & hauling,
conveying, crushing and screening

Among the first with Electric Loaders
» Connected to the supply grid

Driving forces for Fuel Cells:
 Ventilation benefit in mines
e Less heat and noise

Issues with Fuel Cells:
« Underground hydrogen storing
« Sufficient power needed
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FC — Technology (2010 — 2013)

APU - PEM/SOFC FC ( ~ 10 kw)
“Off the self” system
Test bed - HEV

Aim to
Replace existing aggregate unit
(system platform)

HEV Technology demonstrator (2006 — 2010)

Electric Power Production
Diesel Engine/Generators (360 kW)
Electric Power Storage
Batteries (Li-polymer)
Supercapasitors
Traction system
Eight traction motors in the chassis
X-By-Wire
Drive-By-Wire
Steer-By-Wire
Control Systems
Diagnostic and monitoring systems
Networks (CANopen,FlexRay)

(HEV) Vehicle test program is ongoing
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2.7 FC Penetration estimates

Personal estimate on port equipment  JN 2009:
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2.8 CO2 Emission Reduction

Example Kalmar Equipment:

Penetration average Fuel liters CO2 ton
Status 2009 1.65 trillion 4.32 million
FC penetration 20 % -0.33 trillion -0.86 million

FC penetration 50 % -0.82 trillion -2.18 million
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3. Working PEM — TEKES Project

3.1 PEFC in Working machines
3.2 Working PEM — Overview
3.3 PEM System development
3.4 PEM Stack — Nedstack

3.5 Working PEM — Demo

3.6 Working PEM — Conclusions
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3.1 PEFC in Working machines

FCF/JN 28.05.2009 22



3.2 Working PEM — Overview
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3.3 PEM System development
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3.3 PEM System development
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3.4 PEM Stack - Nedstack
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3.4 PEM Stack - Nedstack
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3.5 Working PEM — Demo
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3.5 Working PEM — Demo

FCF /JN 28.05.2009 29



3.5 Working PEM — Demo
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3.6 Working PEM — Conclusions
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4.0 Summary

1) Fuel cells are not in use yet in heavy port and
utility vehicles, due to several reasons

2) But a road map approach paving the way for
Future Fuel Cell hybrid applications

3) Application demonstration starting 2009
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Thank You Everybody !



