0
%)

0
0

(/

()
4%

/)
)
"

o
o

f,

)

f

/

Hydrogen Infrastructure for Heavy Duty Vehicles

Northeast Diesel Collaborative (NEDC) 2019 Partners Meeting

idence, Rl

Prov
July 11

2019

Vi

Number one by nature

Everett Anderson

P, Advanced Product Development

Vv


Presenter
Presentation Notes
Welcome everyone…live or if you are watching the re-run
As normal, we will take questions both here in the room and through the web, Bjørn is sitting standby to receive your questions already now



Who |S Nel Hydrogen? NEDC 2019 Partners Mtg

Public Company, Pure H, Play

* 3 Manufacturing Sites a1
Norway (Notodden) Denmnh@rmng)

e 250+ Employees Alkaline Electrolyzers H2 uelngmdns
e 3,500+ Electrolyzers Installed
* 40+ H, Fueling Stations g, A

2o
* 90+ Years Experience s 5 A—1H .

[S Hydrogen Electrolysers Hydrogen Fueling Hydrogen Solutions

Our Technology Our Markets

Electricity + Water = Pure Hydrogen | .
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NEDC 2019 Partners Mtg
Heavy duty market is poised to accelerate... and the promise of fuel cells is finally being realized
Freight activity / heavy duty transport projected to double by 2050

* Heavy duty vehicles responsible for 47% of CO, Fuel cell electric mobility is now the
emissions from land-based mobility and ~8% #1 trend until 2025
of total global CO, emissions

" @ Fuel cell electric mobility
* Freight activity (ton-km) projected to double
b #2 Connectivity & digitalization
#3 Battery electric mobility
* Hydrogen most promising zero-emission fuel "
Hybrid electric mobility
for heavy trucks .
#3 Market growth in emerging markets
30
E #a Creating value out of big data
5
£ # Mobility-as-a-service
-
g 20
s i
= #E Autonomous & self-driving vehicles
z
s 4 Platform strategies and standardization
S modules
2 10
L
'% #10 Downsizing of internal combustion eng
= {ICE)
#11 Rationalization of production in Weste
0 Europe
2015 2020 2025 2030 2035 2040 2045 2050
M Light commercial truck activity B Medium truck activity e e o 2 A
B Heavy truck activity KPMG Global Automotive Executive Survey is the compound input from 1000 executives from the automotive industry

®
n e l source: Miller, 1., & Faganha, C. (2014, August). The state of clean transport policy, ICCT



Hydrogen fuel cost parity with diesel/CNG for buses: within reach today...

NEDC 2019 Partners Mtg

nel:

Achieving hydrogen price parity with diesel/hybrid and CNG will be important for the TCO experienced by Transit Agencies.
FCEB consumption ranging from 0.13 — 0.16 kg/mile results in the following fossil parity price with Diesel/Hybrid and CNG:

o Diesel:

» Diesel hybrid:

& (CNG:

54.5 - 55.6 per kg hydrogen
53.6 - 54.5 per kg hydrogen
53.5 - 54.3 per kg hydrogen

Price parity with diesel is within reach today.

Diesel hybrid and CNG price parity requires scale.

Hydrogen price parity with diesel/CNG for busses in California

Fuel Diesel |Unit Diesel Hybrid |[Unit CNG Unit
Fuel consumption 3.87 miles/DGE |4.84 miles/DGE [2.91 miles/DGE
Fuel price (incl. O&M) |$2.79 |/DGE $2.79 /DGE 51.62 |/DGE
IFueI cost per distance |50.7  |/mile 50.6 Jmile .SD.E Jmile
H2 parity price - 1 $5.6 |/kg 54.5 [kg $4.3  |/kg
H2 pariy price - 2 $4.5 |/kg $3.6 Jkg $3.5 |/kg
'Hydrogen 1 2 Unit
8.00 9.85 kg/100km Data based on ARB:
“Innovative Clean
Fuel consumption 0.08 0.10 kg/1km Transit - Cost Data and
0.13 0.16 kg/mile Sources - Update on
177 6.308 |mile/kg 6/26/2017"




NEDC 2019 Partners Mtg

Hydrogen infrastructure scales at a low incremental cost with increasing fleet size...

4 HDV’s consume much more hydrogen than LDV’s and
fleet operation enables high fueling equipment

o BEB utilization.

Effort and Cost

>
Fleet Size c00 000
H2 price: 8.5 EUR/kg H2 price: 6 EUR/kg H2 price: 5 EUR/kg trucks buses
L.::—: D

\ ; J Low fueling equipment
utilization (network)

High fueling equipment
utilization (fleet)

& % i -

Price examples for different fleet sizes*

* Prices are dependent on local factors

nel:



A scalable model for Europe...

NEDC 2019 Partners Mtg

Y o W W)
" Renewables

nel:

Central large scale production, distribution, fueling,

services

Efficient Hydrogen distribution:
+ 1.500kg pr. truck
* Container swap or dump-off

Produced locally on 100% renewable basis:

* Bus depot capacity can easily be added or
expanded

* Fuel with 100% renewable hydrogen at attractive

price

i |

Helsinki

Helsingfors. Canxr-lere

& StPeters!
3

HZBJ;EuropeW-m o
Objective: 1000 fuel cell city bus

supporting infrastr on the road e
Edinburgh 3
o y ,
~__Fir ject: 600 s i? UK, Denmark, Latvia.

_j public fund by 6%, ~ *°

-
Warszawa

4

~

“ " .  Deutschland

‘\’\\ Belgié Germany ) . 200k :21
8 g i . Praha N radius
e ) Siefrad Cesko )
Czechia : Yk
Paris 2
- / Slovensko /' 500km radius Uk

= ===cl

Electrolysis Distribution Dispensing Fossil parity
® > > > 9
Large scale High capacity Down to 5_"”” f”_l
_ central production distribution redundant dispensing ~$5/kg
40-80 bus station
+10MW +1.000 kg / truck

99.9% availability



Hydrogen Infrastructure for Bus Fueling

Large bus depot solution: 150 buses, 200 m2 area

NEDC 2019 Partners Mtg

Nel Hydrogen H2 bus refueling station, 700 bar in 20 ft container

 Arriving (full) swap storage is parked and connected
* Truck driver then leaves with empty trailer

* Scalable and efficient solution, also applicable

for other HD segments

9m

nel*
'
Trench pipelines
to HD dispenser(s)
{up to 100m dist.)
Station footprint: H2Station®
58,5m2
" HD Module
Fueling capacity per full swap:
H . - * .
1x 70MPa trailer: 25-30 busses (Fle)uble

(780kg H2 rating per trailer) )
location)

Recommended for:
Small to medium fleets.

Single lane design saves space,
but imply longer swap-time.

* avg. at 20kg per bus fueling
# swap’s per day to be specified

nel:

Drive-thru lane for
H2 storage parking

35m

Trench pipelines
to HD dispenser(s)
(up to 100m dist.)

Station footprint:
200 m2

Fueling capacity per full swap:

1x70MPa trailer: 100-150
busses*
(1.560kg H2 rating per trailer)

Recommended for:
Large fleets.

H2 parked via free drive-thru,

before attaching empty trailer.
Two trailers parked at all time.

*avg. at 20kg per bus fueling
#swap’s per day to be specified

16m

W

H2Station®
HD Module

(Flexible
location)

Drive-thru lane for
H2 storage parking

35m

Drive-thru lane for
H2 storage parking

Drive-thru lane for
H2 storage parking

12,5m



Initial market activity for long-haul transit R

Recent announcements of efforts at scale to reduce overall cost of hydrogen-based fuel cell vehicles

* Partnership with Nikola Motors fueling infrastructure ¢ Partnership with H2 Energy for fuel production

NIKOLASTWO"

QVER 8,000 TRUCKS
ON ORDER

800 TRUCK ORDERS
FROM ANHEUSER-
BUSCH INBEV
TRUCKS ARE LEASED
ACCORDING TO
MILEAGE WITH ALL
FUEL INCLUDED

AN i

| ! .-—""_ A lAEEE
[ - - R ST
Lt v RS 5 ey AU o

NIKOLA'S PLANNED USA 400+ HYDROGEN STATION NETWORK
FOR BOTH LD & HD FCVS TO SUPPORT H2@SCALE ROLL OUT

& HYUNDAI (}‘,}nergy

Hyundai Motor and H,Energy
AND SO T REGS announce 1600 fuel cell trucks
for European market

n e l ® Source: Nikola



Thank youl!

Everett Anderson

eanderson@nelhydrogen.com n e l

number one by nature™


http://www.nelhydrogen.com/
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