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Artificial Intelligence Al role in 4t revolution
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* Smart grid based on control theory
* Internet of Energy powered by data

* Integration of four networks driven by

knowledge and intelligence
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Integration of Four Nets and Four Flows ---
The Driving Force of the Fourth Industrial Revolution -

* The core of fourth industrial revolution is artificial intelligence.

Various Energy
C.C. Chan 2012

* Digital economy is to achieve high-quality economic development through
digitalized knowledge and information.

* The fourth industrial revolution will disruptively change the lives of us and
future generations, and recreate the economy, society, culture and
environment on which mankind depends.

* It requires disruptive strategic holistic thinking and breaks through traditional
linear thinking.

* The integration of four nets and four flows is a breakthrough holistic thinking
that replaces linear thinking. It links the energy revolution, information
revolution, and automobile (mobility) revolution, and integrates the humanity
net of the superstructure with the energy net, information net, and
transportation net of the economic foundation. Hence to achieve disruptive
economic and ecological benefits.



Innovation Driven



Innovation Sources & Environment

* Conceive is the soul of innovation

* Creativity is the source of innovation

e Talent is the basis of innovation.

Innovation ecology and environment is

the key to success :

W nNoe

Freedom, openness, cooperation, tolerance;
Fair market competition;
IPR Protection;

Network and big data support.



Freedom of Enquiry
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The splrlt of Raphael S School of Athens and the prlnC|pIe
“I love my teacher, but trust the truth more”.



The beginning of the cultural movement of
the Renaissance

Leonardo da Vinci's Vitruvian Man, an
example of the blend of art and science
during the renaissance

David, by Michelangelo, an example of high
renaissance art



Multi Dimensions Thinking

Holistic Thinking

Mathematic Model & Big Data
Causal & Related Relationships
Closed Loop Thinking

Cycle Thinking




Characteristics of innovation

*Foresight
*Uniqueness
*Cutting Edge

*How to industrialize
innovation achievements



Science, Engineering, Technology

» Science seeking the truth. WHY?

» Engineering is Integration of Science,

Technology & Management. HOW?

» Technology is skill —
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Engineering Philosophy

1) Objectives

System Integration 2) Holistic Thinking
3) Creative Thinking

4) Divide and Conquer, Combine and Rule

5) Human Factors
6) Team Work

Objectives, Thought, Methodology, Implementation
Engineering = Science + Technology + Management

Experience & Practice



From Research to Commodity

Science > Technology > Product Commodity

Due to different cognition and value orientation, there are
barriers in the above each transition

Key of success: Technology, Talent + Policy + Industry, Market

+ Finance
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Characters of Science & Technology

» Science without National Boundarys
e Scientist has motherland
« Science Is endless

 Science is easy to reach consensus {\ :




Market & Technology

» Core technology cannot be bought in the market
»Market Exchange & Technology Exchange

»Focus on both core technologies, industries, and

domestic and international trades

Importance of Trading

« Fair and open

« Compliance with WTO

« Compliance with ISO9000 standard




C.C.Chan Academician Science

~AcadermieiariseInnovation Centres in Germany, Sweden, Canada and Korea

C £ vrsminaso

: Academicians Innovation Centre in Sweden with Chinese
Academicians Innovation Centre in Germany activities, Chinese  Ambassador H.E. Gui Congyou and Academician C.C. Chan
Minister of Science and Technology H.E. Mr. Wang Zhigang and  with the Swedish Minister of Enterprise and Innovation H.E.

Academician C.C. Chan with German and Chinese Scientists 2018 |brahim Baylan 2019

: Inaugural of Academ|C|ans Innovation Centre in Korea
Inaugural of Academicians Innovation Centre in Canada, Academician C.C. visor of President

Academician CC. Chan with Canadian Officers and Scientists 2018 Moon Jae-In, Prof. Kim Se Ok and tists 2017




The Integration of
3 Revolutions: Energy, Automobile and Information
4 Networks and 4 Flows

3R4|

Four Networks: 4N Four Flows: 4F

* Energy Network * Energy Flow

* Information Network * Information Flow
* Transportation Network « Material Flow

« Humanity Network * Value Flow



Preface of Integration of 4 Nets 4 Flows
White Paper by C.C.Chan

Prof. C.C.Chan .
Academician, China Academy of Engineering
Fellow, Royal Academy of Engineering, U.K.
Founder, World Electric Vehicle Association
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Digital productivity is a typical feature that distinguishes the fourth industrial revolution from
the previous three industrial revolutions. It needs to be supported by the economic foundation
and superstructure.

Energy network, information network, and transportation network are the three pillars of the
economic foundation, while the humanistic network is an important part of the superstructure.

Through the integration of four networks (energy network, information network, transportation
network, humanities network) and four flows (energy flow, information flow, material flow,
value flow), the proactive initiative of human can be combined with energy revolution,
information revolution, and transportation (mobility) revolution.

Through establishing a new production relationship formed by the human-machine-physical
system, the huge productivity from big data of the fourth industrial revolution can be further
explored, which grows exponentially upon the sum of the total productivity of the previous
three industrial revolutions.

The fourth industrial revolution will disruptively change the lives of us and future generations,
and reshape the economy, society, culture and environment on which mankind relies. We need
use groundbreaking strategy to deal with the fourth industrial revolution by going beyond
traditional linear thinking. The fusion of four networks and four flows is a breakthrough of using
circular thinking to replace linear thinking.



Definition of Fusion for Four Nets and Four Flows

Four Nets

Four Flows

Energy Information

éh h% /
5 W Value
Flow Flow \

« Definition : Via merging into one, have more gain than adding (1+i>2 )

« Mechanism : Via coupling and sharing, increase utilization of energy & assets
« Keys : Via Humanistic network, show dynamic causality and complex logic (disruptive)

« Benefits : Via Value flow, evolve technology, industry and eco-system (economic )

19



The Integration of 4 Nets 4 Flows - Driver of 4th Industrial Revolution

Human Behavior Driven

Customized Product & Service
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Hydrogen plays unique role in the integration of 4 Nets 4 Flows, since: 20
1. Hydrogen is able to couple electric energy & chemical energy
2. Hydrogen possess both property of energy & substance, as well as fuel & material




Energy Revolution

) Low Carbonize

ENERGY/i

~_
REVOLUTION

> Intelligent Smart Energy

We balance travel miles
with renewable
energy

) Electrification & Hydrogen in End
Yy Users



Energy Consumption per Capita by Countries
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Intelligent Energy System: Convert Waste Energy into Useful Energy
Approach: Coordinating Energy Flow, Information Flow, Material Flow, Value Flow

4F Principle: ( ) .
P wer
Energy Flow o Water :I
. o
Information Flow P2P | goveen
Material Flow | Optional Refueling | |
A Hydrogen Stations
Value Flow | Storage AN —
Use 4-Flows integration principle
Overcome 4 key conflicts
Gap P2C

Petroleum
Fossil /Renewable Carbon Neutral 202 | | —l 02 -~ Products
Centralized /Distributed — Carbon Capture
: c2p
Primary / Second

Power / Chemical Eco-system

EAANGEE  Coupling of E-flow & M-flow Carbon Neutral Smart Energy Eco-system

Coal-
Oth
|—— H2 Chemical Chemei(:al

H2 Injection




Carrier and Network of 4AN4F

Commercial Facilities )lic Building

¥
Residenti . /% I g ;

Substation

Cold, Heat—

& Energy Network Microgrid

Storage of

Heating and Control Center of Smart Energy
Cooling
Control method: ds<0  Strategy: Entropy minimization

Entropy Self- Intelligent
Reduction » » System

Distributed Ene Wind Power




The Information Revolution

® The information revolution has entered a new era
of artificial intelligence, which Is a disruptive
technology.

® The revival of artificial intelligence marks a new
stage. The information evolution will go through
several stages such as digitalization, networking,
and intelligence.



AUTOMOBILE REVOLUTION

* Electrification
* Intelligent
* Connected and Sharing
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Historical Document Signed at EVS.9
Committing Support to Formation of World Electric Vehicle Association
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Participants from Top left: B. Fijalkowski (Poland), R. Atanassov (Bulgaria), H. Payot (France), C. Hayden (U.S.), Z. Feng (China),
W.A. Adams (Canada), Bottom left: M. Chiogioji (US). R. Leembruggen (Australia), J. Lea (Korea), L. Secord (Canada), C.C.
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memorandum of agreement for the formation of a World Electric Vehicle Association during EVS.9 last November. Cliff Hayden
(US). Ferdinand Dierkens (Europe) and Dr. C. Chan (Asia) have been appointed a steering committee.




Automobile Revolution

“ Video Clip on Automobile Revolution
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Development of

Hydrogen Technology
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« Gray — made with fossil fuels
* Pink — from nuclear energy and biomass

* Green — made with renewables
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Five Uses of Hydrogen &S i FL K i
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» 1. Power Generation and Grid Balancing. Centralized and Distributed PBWér\
Grid. LN

» 2. Transportation Fuel. Heavy & Light Duty Vehicles, Fleets, Rails, Ships, s
Airplanes. LAY

3. Fuel for Residential and Commercial Buildings.

4. Feedstock for Industry (Ammonia, Methanol, Refineries, Steel) and

Aviation, Marine. '
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Characteristics of Hydrogen Energy

Hydrologic cycle: Provide or consume energy, but without any pollutions

0-0—Q:C

Hydrogen Oxygen Energy Water

] Zero
ess

A carbon
i ":‘“—D carbon

carbon

g
=

Hydrogen
Gas Carbon: 0%
Carbon: 75% Hydrogen: 100%
Coal Carbon: 87-90% Hydrogen: 25%
Carbon: 85-90% Hydrogen: 10-13%

©SPIC 2018.
Hydrogen: 5-6%



Characteristics of Hydrogen Energy

;‘grhgy Multi energy carrier
density MtIJEItl energy carrier Energy density
| nergy storage
Ve /NET Unlt . 120
MJ/kg |
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Energy Storage 70MPa Hydrogen with high pressure storage,
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Electric Hydrogen System for Future Energy
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electricity, hydrogen and heat. Theg
electricity and hydrogen are the:

L~ S

main source. : S ~

QO The electric and hydrogen source : I\ @ ek I"I"I
are separated and in complementary. : . |i|.T_

0 Heat energy is mainly geothermal : transp(')tr),'cation * ? :
and solar heat. RSOSSN ;
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Hydrogen Application in Smart City

Using H2/Electricity to couple City Building Network
(Energy/Information/Humanity) and City Transportation
(mobility) network, is defined as integration of Four Networks.

1-Soal-Peak, 2-Solar-Storage, 3-Storage-Peak, 4-Storage-Backup, 5-Storage-Charging,
6-EV-2-Grid, 7-Solar-Charging, 8-Storage-H2, 9-H2-Backup, 10-H2-Refueling

$ Smart City Connected Building Network
. Stationary
m CEp i el Energy terminal

El
‘ 4 5 6 7 8‘ 9 10
ritica
- Mobile
Energy terminal

Smart City Transportation Network

. Solar-Storage
Bl‘”ldmg -H2-Charging




Hydrogen Application in Waste Water Management
By changing waste water / city waste into useful resources via H2,
Energy management (information flow) will create added values
(value flow) via coupling of energy flow and material flow, as

defined as Four Flows.

CHP for building &
- Data Centre

Waste-2-Hydrogen
(W2H)

Cleaned Water

\ ) Waste Water
iSO

City Waste
|
|
| Battery
| Storage
|




SOFC Features EZSSE (YA BBt 45

Suitable For Power Generation & Grid Balancing
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SOFC Principles [E7ZSS L ¥RAR B jth R HR

SOFC: Solid Oxide Fuel Cell——% 5, RN
SOEC: Solid Oxide Electrolysis Cell B fif
BREME (Fuel electrode)

, . SOEC / _
H,0(lg)+2¢ =——H,(g)+0’

+

& »
« >

_—
y

Col[g}ﬂe'%m(g}m}

S S #% (Oxygen electrode)

3 S0EC \ ) _
O° {WDE 'g]l+2f.‘

ISGINYE ¥

Fuel electrode

Oxygen Fuel electrode Oxygen
electrode electrode

. SOEC . 1
SOFC SOEC H.0(lg) e Ha (2) 750,

> High efficiency; €O, (2) e €O (2)+ =0, (2)

» H, production; o
» CO, conversion.

L E f#H,0MCO, HAR——SC L B RER BB E F FICRUHE
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PEM Fuel Cell Principles & A2 # FE AR} H it 7 2

Suitable For Transportation: Vehicles, Trains, Ships, Airplanes

High
efficiency
No
pollution
Hydrogen Oxygen'
From air
fuel
Heat (85C)

Water or air cooling

Hydrogen fuel
Recycle

Air and steam

Gas diffusion electrode (Positive) Gas diffusion electrode (Negative)

Catalyst lon-exchange Catalyst
membrane

The efficiency of hydrogen fuel cells can reach 50-80%, which is much
higher than that of internal combustion engines.

©SPIC 2018. All Rights Reserved.



PEM Fuel Cell Progress

Complete

1 Hydrogen fuel cell: Independent R&D

In plan
Catalyst « Stack design
Proton- « Assembly process
Exchange * Sealing
membrane ¢ Quick activation
Gas diffusion B VR reees
Electrode electrode
, .. . + System control
: K}g&ﬁ:rh «  Bump of hydrogen
«  Forming Air compressor
«  Anti-corrosion Tl'itaniu; «  System packaging
coating

bipolar plate

©SPIC 2018. All Rights Reserved.



PEM Fuel Cell Progress

Hydrogen fuel cell R&D: Low cost

15000 * Price in China : 15000 CNY/kW
; ]
<
> i
& 6000
~ 3500 CNY/kW
T 4000
= 1500 CNY/kW
2000 \‘ 350 CNY/kW
2019 2020 2025 2035 .

Time

©SPIC 2018. All Rights Reserved. 42



PEM Fuel Cell Progress

Parameters

Japan

Power density

(kW/L)
Platinum ( g/kW ) 0.25 0.3 0.3
Power level ( kW) 50-100 114 60,90, 120
Start terI\perature 230 230 .30
(°C)
Lifetime 5000-10000 >5000 10000

©SPIC 2018. All Rights Reserved. 43



PEM Fuel Cell Progress- Key Materials and Components
e

Catalyst

800
700
600
500
400
300
20
100

0

o

EAXAFTER KEIATEER BEATARER

Main items:

1. Corrosion-resistant, easy-to-load carbon-based carrier.

2. Muulti-element alloy catalyst with high quality activity

and low Pt loading.

3. Mass production process, equipment and production

line R&D.

The quality and activity of the catalyst are better than

the commercial catalysts, and the durability
performance is better.

The pilot production line has been completed and has

production capacity of 10 kg/Lot.
Jifi it L V& P (mA/mg *Pt)

H M HAETaméase

Mass Activity

©SPIC 2018. All Rights Reserved.
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PEM Fuel Cell Progress- Key Materials and Components
B

Proton exchange membrane
=

Main items:

1.Resin dispersion and infiltration technologies.

2. High conductivity, high durability, low swelling.

3. Mass production process, equipment and
production line R&D.

» Complete the exploration of the staged laboratory
classification process conditions.

» Completed the preliminary verification of 20-50 m2 pilot
test process.

» Completed the pilot-level verification product
performance evaluation. No humidification performance
index exceeds similar products of international
companies.

» The construction of the pilot production line is in progress.

©SPIC 2018. All Rights Reserved. 45



PEM Fuel Cell Progress- Key Materials and Components

Proton exchange membrane

Test performances

e | i overcomir

Thickness (8-12) +1um 15+1um
Resistance 1.4-1.8mQ 1.7mQ

Hydrogen

permeation 2-4mA/cm? 2-4mA/cm?

Swelling MD<2%, TD<5% MD<1%, TD<7%
Mechanical

> 5
ctrength 60Mpa #£340Mpa

» Performance parameters are basically consistent
with other products.

» Membrane electrode performance is better than
other products under low humidity.

©SPIC 2018. All Rights Reserved.

Cell Voltage (V)
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PEM Fuel Cell Progress - Key Materials and Components
R

Diffusion layer

Main items:

1. Focus on composition and structure design of the gas diffusion layer, microporous layer
composition, and realize high temperature operation and current density.

2.Influence analysis of the process parameters such as the formation of the gas diffusion
layer, and the design of the mechanized production line.

1.0 — E 2:}3" 7 — 1200
0.9 I~ ey 5.53552;;;:8:&._: 10000
0.8/ A 500 =
» Mass transfer performance at high current 0.7 g
density exceeds commercial products. 600 §
> 50x50cm size gas diffusion layer 0.61 | 400 é
(production 1000 piece/day). 0.5- E
200 &

0.4- (/
0 400 S0 1200 1600 2000 2400

Current density (mAfcmz)
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PEM Fuel Cell Progress- Key Materials and Components
N

Membrane electrode

Main items:

1. Using independent-developed catalyst and gas diffusion layer, focus on slurry composition
and structure, and coating process to realize low Pt loading, high performance and long-
life membrane electrode.

2. Automated process development and production line.

1.2 2000
H,/Air=1.5/2.5sto, RH=40%/55%
100/100kPa(out), 5x5cm?

— 1800

In progress 1600

1400

o

» Complete 1.2W/cm2 for 300cm?2.

1200 | e

» Automated process development 1000

-~ -
- -
----_.
-
-
~

Sa 800 NS

and production line
600

(2000piece/day max).

400

Comparison between different electrodes 200

0 Production workshop
performance membrane 0 500 1000 1500 2000 2500 3000 3500 4000
- ] EE e 5 FIPL/C a7 MY P/C i [ | 5 G e [ 5]PY/C a7 M PE/C

» Developing alloy catalyst high

electrode 1800mW/cm?2.
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PEM Fuel Cell Progress- Key Materials and Components

.

Metal bipolar plate

Surface treatment process comparison

Main |tems_ : | Vateria cource sm;:el::sutm :';‘;c;nz)
1. Fuel cell bipolar plate design. N6LRE R e —
2.Dense feature and sealing welding process of titanium 316L/DLCRE st 9.66 19.20
bipolar plate. 316L/BERE  BE 16.78 2,50
AR BHR 0.67 430

3.Plate surface treatment. Ti/DLC e = ==
4. Pilot production line design and implementation Ti/RERE — BE 0.60 3.40

Ti/BfRIZ =[] 0.30 3.70

In progress

» Complete 20 patents on simulation, forming,
welding, etc.

» Complete mass production (30000 piece/mon).

» Pilot production of coating

» Automated welding production line

) N N

o Ty 8
NN A TN
SNSRRNR A N

Cut surface analysis
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PEM Fuel Cell Progress- Key Materials and Components

Metal bipolar plate

Completed all equipment installation, single debugging, joint debugging, and
achieved 2000 sets of components offline

. Surface Product
.\‘f; .' :-,‘]
[ e
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PEM Fuel Cell Progress- Pilot Line

Stack design and assembly

Main items:

1. High performance, electrochemistry-flow Field, structure.
2.Simulation analysis of full cell stack.

3. High accuracy packaging and sealing.

4. High power full cell assembly.

SPIC-80kW stack R&D

2020.01 2020.03 2020.05 2020.06 2020.10
single stack single stack assembl integration inspection
Key progress C147-C300

Measured performance

Rated power
85.8KW@0.6V/cell

Peak power
95kW@0.55V/cell
( 3.0kw/L)

Ningbo Automatic assembly

80 kW stack prototype C147-C300 line (300 set/mon)

Cph-7 polarization curve
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PEM Fuel Cell Progress- Pilot Line

e
Testing & Activation

Main items:

1. Build a test platform for fuel cell and stack.

2.Comprehensive test methods for fuel cell and stack.

3.Research on the activation method for high power fuel cell.

4.Comprehensive performance test and evaluation: polarization, electrochemistry,
impedance, sealing, insulation, flow and resistance, low temperature storage.

In progress

» Complete the test platform for 100W,
500W, 1kW, 2kw, 6kW, 60kW, 120kW,
150kW, next, activation and polarization
performance test for membrane electrode
and stack.

» Have the ability to evaluate membrane
electrode and stack standards.

Activation test platform
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PEM Fuel Cell Progress- Auxiliary System

.

Auxiliary system
R&D

Integration & Control:
Verify key
components;

Compact system;
Control and simulation

System performance:
Cold and hot start test;
Stable and dynamic test;
Safety monitoring and
identification;

Core device R&D, Inspection:
Air compressor;

Hydrogen cycling;

Core controller and actuator;

—-'-"'-'-----~
' \

,'
. /

N,

Progress

100kW system DCDC. compressor 10kW fuel cell Verification of control
integration and test ’ P for UAV and simulation
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PEM Fuel Cell Progress- Application

.

Products in different applications

Car
e r
: Power :
““““““ "
! Cooling !
[ e r
! Area !
oo 1
o -
: Power density :
e .
E Bipolar plate E
____________ 1
|
E
|
Current |
1
Progress |
1
i
1
F
E December,
Schedule | complete
[ .
' inspection, ready
. forsale

Aerospace

October, complete
sample for fixed
and spiral wings

" 'Min. 30kW !

cccbeocdee ek oed
- - -

' June 2021, E E
i complete i Parameter !
! integration of high | customization !
E power stack E E
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Exciting Innovation from

HK Innovative Company



Metamorphosis of The Hydrogen Economy

Red = Problematic

Deep Green
Hydrogen Hydrogen Hydrogen
Economy Economy Economy
1.0 L1 2.0
~2010 <2020 2025 - 2030
é ) ( N N ) ( )
H2
H- Suppl H, Economy
2 2Upply SMR or Nuclear 1.0 +Biomass Economy
\ y \ J \\ J \\ J \\ 2.0 y,
( R ( N [ N N [
£00 stati Full coverage of
— <50 H, stations <6UU stations Modularized H
Accessibility globally worldwide stations 2
. J . J \\ J J y
(~ ) (~ N\ _ N\ N\ )
Market Establishment of Collaboration Complete
Coverage Zero Usage Dominant Market and Transformation
L ) L ) L Players )  Consolidation ) y

Blue = work in progress

= initial success
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Deep Green = Success



Silicon Energy Revolution — by Epro Advance
Technology ® (EAT)

* EAT is a company with HQ in Hong Kong Yuen b ‘ s

Long Industrial Estate -
* EAT Si — the key to
*Science:

EAT Si+ 2H,0 - SiO, + 2H, (1)
EAT SiO, +2NaOH + H,0 = Na,SiO, + 2H, (2)

Just add water!



Particulars of EAT Si

RLRESM 5 B

*D1po@~30 pum vs nano Si
* 14 weight % H, capacity
* Scalable production process

-

_oom-pcnoao

{43 43 i (%)

* Simple and controllable release mechanisms feizm)
e Safe, transportable on-demand H, generation

100  anuEEREEEEEEE
1 |

80+
60
40-

20

04 IIIIIIJ

T T T T T

0 30 60 90 120 150
Time (min)

H, generating efficiency (%)

The beauty and secret is combining chemical reaction, metallurgy,
physics and mechanical process. To achieve mm/um scale of
silicon, but behaves as nm of silicon!

1000

100
80

- 60
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Engineering and Innovation Potentials

* Creating the perfect solution for grid storage

* Creation of H, reactor modules that serves as on-
board H, generators for transportation vehicles,

micro grids, H, Gas Stations

e Optimization and adoption of these breakthrough

technologies to promote Carbon Neutrality



Way Forward

If we want to make hydrogen happen, for example, it is not
going to be by just building the infrastructure and seeing what
happens next. It is going to be by working with decision makers
and policy makers so we can find ways forward: what legislation
and standards need to be put in place, what bottlenecks need to
be cleared. We cannot just be quiet. If we stay quiet we risk
ending up saying: “Well, | am sorry, it didn’t happen because we
failed to speak up.” We have to be proactive and help things

happen.

— Ben Van Baurden, CEO Royal Dutch Shell



Concluding remarks

Features of Hydrogen Energy :

« Clean

« Low Carbon

« Coupling Electric Energy and Chemical Energy

« Contribution to Energy Revolution, Mobility
Revolution and Smart City

« Contribution to Fourth Industrial Revolution

Human---Machine---Environment Three in One

Eco-innovation is the key for smart energy o
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Creating enriched and comfortable car Optimizing energy use for the entire society and e
utilization experiences for customers by J realizing stress-free and environmentally considerate [&jppm o Enerw_e:fgc'lem lifestyieJ
providing a range of services that address I living with a high quality of life

varioufs ggving iR e ey e —
situations i e generation system
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Vehicle-to-vehicle |
communication system

.................. " CONVENIENCE

SAFETY /Tt
S SesesBicReRs 0 et .
Toward the realization of Toyota's ultimate goal: Building a stress-free traffic
zero casualties from traffic accidents environment where everyone can move

J— around smoothly, exactly as they wish



