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Methanol Reformed Fuel Cell in China




Contents

€ 1. New Energy Vehicle
development in China

€ 2. Energy Safety/Structure
€ 3. Methanol as Liquid fuel
€4 4. Methanol Fuel Cell

€ 5. Methanol Renewable

&Palcan




New Energy Vehicle development in China

2013 -2018 New Energy Vehicle in China
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1.2 Million new Energy Vehicle sold in 2018 !
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New Energy Vehicle development in China

2018 December sold new energy vehicle
Unit: thousand pcs

Commercial vehicle
35 [
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m Personal Car Pure EV Personal Car PHEV

® Commercial Truck Pure EV ®m Commercial Truck PHEV
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New Energy Vehicle development in China

B Limitations of batteries
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New Energy Vehicle development in China

2018 in China 1619 vehicles were manufactured

FC-Truck FC-Bus
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EJ Energy Safety/Structure
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EJ Energy Safety/Structure

Fueling station in China/ Gasoline,
Diesel, natural gas
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EJ Energy Safety/Structure
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EJ Energy Safety/Structure

Public Charge Station for E-Vehicle
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Anhui, 11003

Hebei, 11289

Total around
300 000 stations

Tianjing, 11644
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EJ Energy Safety/Structure

Blue Sky action: public
transportation switch to E-Vehicle
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EJ Energy Safety/Structure

Hybrid is the
Tendency!




B} Methanol as liquid fuel
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B} Methanol as liquid fuel

Global methanol productivity distribution

Capacity

“ others, 19.42%

" |ran, 4.31% x

® Russia, 4.51% 1,246,000 t

" Trinidad, 5.42% ™ China, 60.45%

¥ Saudi Arabia,

2016 data 5.89%

m China ®m Saudi Arabia = Trinidad ® Russia ®lran = others
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B} Methanol as liquid fuel

Projected Methanol Demand Growth, by Product & Region
2017- 2027E

China
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B} Methanol as liquid fuel

® Methanol as “Clean Energy”

M100 Motor
Direct
Burning M5, I\/|15

M85 Mixture
forming
Indirect Fuel
processing DMEC
Electro-
Chemical ]
Reforming +
Fuel Cell
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B} Methanol as liquid fuel

M Transport industry chain Technology maturity
2000 stations (Sinopec Group)




B} Methanol as liquid fuel

¥ Widespread use of methanol

With more than 10 years push from
Geely, there are hundreds M100
cars as taxis running in China. To
refill is not a difficult issue.




| B Methanol as liquid fuel

Geely, car manufacturer,
Spent more than 10 years
on research and developing
methanol combustion
engine and has now mature
product on the market as
Taxis etc.
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B} Methanol as liquid fuel

Pure Methanol Fuel
(99.99%)

For Hot-Pot, car,

Motocycle, etc.

Not for drink!

Price: 12 RMB/4L

The distribution nets are already In compare to natural gas, the
well developed for the consumers. cost saved could up to 30%!

\

1.6 Euro/ 4L,
0.4 Euro/L
0.5 Euro/ kg

R i
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Bl Methanol Fuel Cell

B Methanol reformer
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Bl Methanol Fuel Cell

B Methanol reformer
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B Methanol Fuel Cell




Bl Methanol Fuel Cell

Evaporator

H20 Mixed steam of methanol and water

Heat

Me = High temperature

CH,0+H,0 > CO,+3H,

Reformer

DC- fuel stacks

The output is DC current, it
is connected to the battery Rest of H, and CO,

Heat

Exhaust

Flameless
combustion R

No hydrogen storage, safe and reliable!
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Bl Methanol Fuel Cell

Power : 5 kW Power : 300 W
Weight : 80kg Weight : 12 kg

&=Palcan



Bl Methanol Fuel Cell

CO, Emissions per 1kwh

BHT1KWhEEE NN ACO2EME
(521U : kg/kWh)
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petrol diesel coal natural gas battery methanol

»CO, emission is lower than current pure electric emission!

To make the current level of electricity average emission reach the level of

methanol, it needs to reduce the proportion of coal thermal power
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B Methanol Fuel Cell

US Department of Energy - Comparison of Energy Safety

DANGER PETROL DIESEL METHANAL LPG
Leakage 3 1 2

Evaporation 3 1 2 4

Released to the
atmosphere
Released in a
closed room
Automatic ignition

5 6 3

D

N N

Spark ignition

Flame
propagation
Flash fire

Radiation from the
flame
Health effects
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Total 41 34 36

Relative risk of several fuels
Divided in seven levels (1=low, 7=high)

0
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Bl Methanol Fuel Cell

Take Dongfeng T7 for example , the MFC operation costs are lowest!

1 USD =6.9 CNY, 1CNY =16.3 JPY
Price Methanol 2018.07

X W0SRE BSRE  ITSTH 05
R 675 (R89) 748 (R92) 797 (395 717
L&t 662 (789) 745 (792) 792 (iP95) 71
;i 6.66 746

793
Petrol/Diesel (Hybrid) :

2.36 CNY/kWh, 3kWh/L Diesel
18 L/100km, 129 CNY/100km

In China,

Public electricity price is higher than
private home-use price.

Public electricity is 0.8 — 1.1 RMB/kWh
For Charge station:

Charging service fee is: 0.6 — 0.9 RMB/kWh

Pure Battery :
1.6 CNY/kWh 50 kWh/100KM
80 CNY/100KM

MFC:
1.28 CNY /kWh 2.1 kWh/kg
50 kWh/ 100km 62.4 CNY/100 km

High pressure hydrogen FC:
2.8 CNY/ kWh, 40 CNY/kg, 14.2kWh/kg)
3.5kg H2/100 km 140 CNY/100KM
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Bl Methanol Fuel Cell

W Application

Passenger Transportation |

Logistic Truck
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B}l Methanol Renewable

1.Step:
Convert the carbon-hydrogen to liquid fuel

steel mill gases
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B}l Methanol Renewable

Carbon Recycling International




B}l Methanol Renewable

3.Step:
From biomass/city waste to liquid fuel




B}l Methanol Renewable

4.Step:

CO2 from air/water etc, pure sustainable solution

m Calciner (3)
CaC%(s,

178.3 k3/mol CO,
‘ Air Contactor (1) Pellet Reactor (2)
COy(g) + 2KOH 4q) 2KOH(5q) + CaCOys)
H20(|) + K2C03(aq) K2C03(aq) + Ca(OH)Z(s)

-95.8 kJ/mol -5.8 kJ/mol
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Thanks for your attention

Cooperate sincerely, development mutually




