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Carbon Emissions from Different Energy Source in China

€ CO2 emissions in Chine are mainly from coal: ~ 80%
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€ CO2 emissions are around 9.5 billion tons in 2018 , account for 28% of
total gIObaI eMISSIons 1. Electricity and heat
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Industries with the largest carbon emissions in China in 2018: 3
thermal power, oil and gas, steel, and cement Source: EA




Coal-Based Energy and Carbon-neutral Target in China

CO, emissions and carbon intensity Energy-related issues in China
in the power sector in selected regions
(IEA, World Energy Outlook 2020) » Background: Coal is the main energy source (50~60%b)
. Cemisons  cnisorsimensty » Demands: High-efficiency, low-pollution, carbon-neutral

power generation

» Possible solution: New energy conversion technology

Solid Oxide Fuel Cell (SOFC)
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China aims to have CO, emissions peak before
2030 and achieve carbon neutrality before 2060

* High efficiency (40-65% LHV)

*  Fuel flexibility

* Low emission (CO,, NO,, etc.)

* Combined heat and power (CHP)

Chinese President Xi Jinping addresses the General Debate of the 75th session of the United Nations General oo
Assembly via video, September 22, 2020. /Xinhua 4



o730 121" “Five-Year Plan”——973 Program

Fundamental Research on Carbon-Based SOFC System

2012-2016, 2012CB215400
2.Carbon Scientific issues

fuel and . Electrons and ion transport mechanisms in
reaction at multiphase system

anode . Evolution of SOFC multiphase interface
characteristics

Coupled mechanism of multi-physics and

1.SOF_C 4.Cell = soEe multi-scale in SOFC

materials ant design and e s Research content

conduction Modeling . Composition and structure of key materials
mechanis as well as Electrons and ion transport
mechanisms

Mechanism of electrode catalytic processes

stability

6. Carbon- . Interface optimization and Structural

Fuel SOFC Stability
3.Cathode Optimization calculation, structural design
structure ang and system simulation of SOFC stack

performang Achievements

1. Carbon-based Fuel

Chief Scientist: Prof. Minfang Han 2. Interface Stability issues
3. Conduction mechanism and theoreticaksystem



Powder

SOFC: From ‘powder’to ‘power’
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Scientific issues

100 m

1. Formation and evolution of 2PB and 3PB
2. 2PB and 3PB in tri-layer SOFC electrode
3. Stability under electric field

4. Mechanical model of thermal cycling




13th “Five-Year Plan”——National R&D Key Project

Degradation Mechanism and Long Life Strategy of High Efficiency SOFCs
R i B A DR b e SR AL B K SE 55 SREBE I )

2019-2023, 2018YFB1502200

Scientific issues SOFC cells ‘ SOFC stacks
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Chief Scientist: Prof. Minfang Han (Tsinghua University) 7



13th “Five-Year Plan”——National R&D Key Project

Coal Gasification Power System with Near Zero CO, Emission

(COIEFHBHIB AR BB

2017-2022, 2017YFB0601900

Key scientific issues

Air Separation & Coal Gasification H-T Oxy-combustion e
Purification & Partial WGS Fuel Cell ST, HRSG ‘ e
i § » The carbon transport
E,- pathway and energy
oJi # conversion mechanism in
-
:{ KA }'@n 5 5 IGFC system
o i _ .
B i ?1 » The key equipment, reaction

and pollutant generation

2 % s m rules in IGFC system
Bkl S Rl ek SR > Synergistic reaction
> - wu  WIF& SOEC mechanism of CO, capture
' No+Op LA i and energy conversion
Desired achievements GFC-Integrated Gasification Fuel Cell Process

1) 100kW class H-T fuel cell power generation with efficiency >50%

2) Demonstration of MW-scale IGFC system with CO, capture >91%

3) Schematic design and technological packages for 100 MW-scale IGFC system,
with CO, capture>91% and power generation efficiency>47%



Target——IGFC system combined with CO, utilization

CO,+H,0

‘ Chemica
Products

Heat
Utilization
CH, =ssssspls o “Gasifier| Desu
e Ifura
Cryo O, tion
ASU
H,0 s Pressured Atmosphere
SOFC SOFC
h; -
Sulfur
Recovery
H,0 Water Recycle

Compressors

SOFC: Solid Oxide Fuel Cell;
SOEC: Solid oxide electrolysis cell; .
OTM: Oxygen transport membrane; SO FC Related T@Chn0|og|es

IGFC : Integrated Gasification Fuel Cell




14th “Five-Year Plan” New National Key R&D Program

& 20215, “HEEHAR” EAEFM Hydrogen Energy Technology

—3.4 B EEF R i B BT KRR IR (GEHSCREIARRD

Key technologies of tubular solid oxide fuel cell and stack

—3.5 TREEEEANRE it R R G LR R RHESCREAR ( FEEREEARD

Kilowatt-level solid oxide fuel cell power generation system and key technologies for
highly reliable stacks

€ 20215, “HFELIRIRE” ERET New Energy Vehicles

—1.3 R B AR Bt B ERTT R (BT

Key technologies of solid oxide fuel cells for vehicles

The total amount of state-funded budget for SOFC

is nearly 150 million Yuan in 2021



Co-electrolysis of CO, and H,0O in SOEC

Co-electrolysis of CO, and H,O in SOEC provides opportunities to
reduce CO, in a highly efficient and environmentally sustainable way
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Hauch et al. Vol 370(6513) Oct. 9, 2020, Science



RSOC helps power storage and carbon emission reduction

SOFC
Fuel #8¥l == Electricity B

SOEC
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€ Steam electrolysis: Hydrogen is produced to store electric energy, which is conducive to the smooth operation

of the power grid.
Bk MeER R fEFr e, Nt ARG “BIEHA HER

€ Co-electrolysis of H,0 and CO,: Reduce carbon emissions through CO, utilization.
HEMAKMCO,: SLHCOFELFA, “AMRKAR

€ Utilization of industrial waste heat: Improve energy utilization and reduce carbon emissions.

FZEEETVERAFAREERER, HLIBRHE.

12



Collaborative Research Project (NSFC-RGC)

Renewable power
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Coupling Hydrogen Production by High Temperature Electrolysis with Iron-and-

Steel Works to Recover Industrial Waste-Heat for Low-Carbon Metallurgy THE HONG KONG
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€ Renewable surplus power and steelmaking waste heat are used to supply electrolytic water to produce H, in high
temperature SOEC system.
REFIATHEREERBESN (FAR) NMERIERRERHALTRESOECRARB/KEISE;

€ H,isused iniron and steel smelting to replace coal widely used in traditional processes.

RENESHTREAED, BREAIZHXREFANER, BEHEEASEARLR, BRFEREEREBKYE;

€ SOFC uses stored H, for power generation as standby power supply. 13
EUBERFERNTRR, USOFCHEXTH, REFNESARKBIENBOINT, BRBINTFEREHS.



Carbon neutral distributed energy conversion and storage system
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Progress in Industrialization

SOFC Technologies Development
From powder to power

Materials mp Cells mp Integration modulemp System mp Users

Set up the SOFC chain for pilot plant

: m Suzhou Huatsing Jingkun Power System Co., Ltd

15
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SOFC Industrial Standards In China

SRR R E— el

The Fuel cell Committee of China
Energy Research Society (CERS)
was established in 2016.

Minfang Han serves as vice

chairman and secretary-general.

The Technical Committee of High
Temperature Fuel Cell
Standardization was established in
2017.

Minfang Han serves as Chairman.

EP?EH’ﬁ‘a*‘é '5%*4%&?321%']?&#&&3&55%
The China Z-park Hydrogen & ’

Fuel Cell Industry Alliance
(ZHFCA) was established in 2021.
Minfang Han serves as executive
vice chairman.
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SOFC Industrial Standards In China

Standard title

Solid oxide fuel cell—Terminology

& R | AR Bt RiE

Solid oxide fuel cell—Single cell test method

B A F A AE B B R IR T 0k

Solid oxide fuel cell—Stack performance test method

& R AR Bt R 75 0%

Solid oxide fuel cell—Small stationary power system—Safety
EfERARE R N EEXLBRR BARZERAZN

Solid oxide fuel cell—Test method for electrolytes membrane—Part 1:

Self-supporting membrane

E B E R BRI T A Bl BUER

Solid oxide fuel cell—Modules—Safety

B R | AR R B #RER B R 2 RRS N

Solid oxide fuel cell—Small stationary power system—Installation
EEEARAR B NEERLZBRES R

Solid oxide fuel cell—Stationary power system—Performance test
method

B Reiet BEXLBRSE MHeeiXE A

Solid oxide fuel cell—Planar metal interconnector test method

B RS R R R R X € B ERE NI T A

Solid oxide fuel cell—Stack—Gas tightness test method

B R AR Bt B S| T 0%

Status

STANDARD NO.
NB/T 10193-2019

STANDARD NO.
NB/T 10829-2021

STANDARD NO.
NB/T 10830-2021

STANDARD NO.
NB/T 10831-2021

Submitted for approval

Submitted for approval

Consultation

Consultation

Draft preparation

Draft preparation
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