CCSU Development in Taiwan

Green Energy and Environment Laboratories
Industrial Technology Research Institute, Taiwan

¢ Taiwan emitted 250.3 million tons of
CO, in 2013.

— Emission by sector: Energy(162.6Mt,
64.96%), Industrials(43.4Mt, 17.33%),
Transportation(34.5Mt, 13.77%),
Residential(4.7Mt, 1.87%),
Services(4.2Mt, 1.67%),

Agriculture (1Mt, 0.4%)

* Represented 0.81% of global CO,
emissions, ranking 24 of emissions
and ranking 20 of emissions per
capital by countries in 2012.

¢ Annual growth rate of CO, emissions

from 3.66% in 1990~2013 decrease
to 1.38% in 2000~2013.

Tons CO, Per Capita

1200
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Nationally Appropriate Mitigation Actions
O 277 Mt CO, reduction is required to reach reduction goal in 2025 as compared to BAU
scenario.
O Energy efficiency can account for 17% of CO, reduction based on ITRI’s bottom-up (MACC)
approach.
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Use of low-carbon technologies to fill the gap
Accelerate the implementation of mature e CCS will play an important role
technologies through regulation adjustment and <:| ¢ Accelerate R&D, reduce installation cost, increase
incentive policies capability of carbon reduction
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CO, Capture Technology Approach-ITRI

W Post-combustion i® Calc1u'm loopin .
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@ Gasification
e PBI: polybenzimidazole ® CAR: Ceramic Autothermal Recovery E . . .
© ITM: ion transport membrane e OTM: oxygen transport membrane : — Coal and Biomass co-gasification
® MOF: metal organic framework ® MSP: mesoporous silica-based particles E _ Integrated (:O2 Capture to zero

H emission i
Ref: Advances in CO, capture technology — The U.S. Department of Energy’s Carbon SeqUestration =***""" s rrrrmsssrrrmmssssrsmassmrmmassmrmmassssrssasses

Program,” International Journal of Greenhouse Gas Control 2, (2008) 9 ~ 20.
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Carbon Storage Potential in Taiwan

Estimated CO, storage capacity in the
western part of Taiwan: Taoyuan Saline Aquifer—!
U 14 onshore oil and gas structures: YHS Gas Field (CPC) !
2.8 Gtons - CPC

U Coastal and offshore deep saline aquifers:
(NW 6 ~11.2 ~ 43.6 Gtons)

TCS Gas Field (CPC) —

CB Industrial Park (TPC)

(SW: 3~ 5.8~ 24.4 Gtons) - ITRI P Corvreee \ &
U Costal and offshore deep saline aquifers: NW :
30.6 and SW 10.3 Gtons - NEP PN }

Most power plants and
industrial parks are located in
the western part of Taiwan,
where suitable sedimentary
basins and rock formations for
CO, storage are available.
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Proposed CCS Development Roadmap

MOEA has established a CCS R&D Alliance since 2010/01/18
Strategy 1: Focus on large CO, emitters

B 1st priority : Fossil fuels-fired power plants ommercial Operation of

(amounted to 64.96% of total CO, emission 2013)

priority : Cement, Petroleum & Steel Ind : -
(Industrials sector amounted to 17.33% of total CO : i‘ L
) e _,.oll

Strategy 2: Stepwise approach o ‘

eFull-Scale Commercial apture Plant Design
®Large-scale CO, Injection Deployment

6-18

® 10~30 MW post-combustion CO, capture demo plant

® Medium-scale CGS pilot test site (10~100 kt CO,/year)

® 1 ~3 MW post-combustion CO, capture pilot plant
_,ale CGS pilot test site (1~10 kt CO /yen

ITRI — R&D Activities(1/4)

B Calcium Looping CO, Capture Technology
* Currently the world's largest pilot plant for carbon
dioxide capture using calcium looping in 2013
v’ Cooperation with the Taiwan Cement Company, has
installed the test facility at Ho-Ping cement plant in
Hualien

v’ Scale: ~ 1.9 MWt (flue gas: 3.1 t/hr, capture rate:
1ton CO,/hr)

v Completed continuous testing, the CO, capture
efficiency was more than 90%

* Integration of Hydration Reaction into Calcium-
Looping Process
v" Built up 20kWt Bench scale test facility

v’ Steam hydration (Slaking process) is used to
improve the reaction activity of the sorbent

v/ Cascade cyclones to increase efficiency and
reduce heat lost

* Won 2014 R&D100 Awards and ITRI’s Excellent — :
Research Gold Medal [ Winner SR Ol Bérich Scale
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ITRI — R&D Activities(2/4)
B Business Model for Commercialization
* The primary stage of application is targeted from cement industry and move forward
to Mainland China, Southeast Asia and North America.

* Total plant module to reduce carbon for coal-fired power plant and industry furnace.

» To initiate a new venture in 2015

> To built up a 30~50MWt demo plant in 2017

» To establish the commercial technology in 2020

* Integrate EOR with 50MW co-generation plant to develop a commercial zero-emission
plant

Government International

Research cooperation
Institute

Engineering
Company \ y
Cement, Steel COZ
Industry —* Capture

Mechanical, Industry
Chemical & Gas p"| Alliance
Industry

*EOR, EGR

*Geologic storage

*CO, reutilization

*Light CaCO,
byproduct

Joint
venture
company

Power, Co-gen
Industry

Boiler, Furnace
Industry

ITRI — R&D Activities(3/4)

B Chemical Looping Process for CO, Capture and H, Generation

* Setup a 30 kWt Chemical Looping System
v’ Consists of reducer, oxidizer and combustor
v" Counter-current moving bed for oxygen carrier

v’ ~99% CO, was generated from the reducer, while methane was
completely consumed by oxygen carrier.

v’ ~94% H, was generated from the oxidizer

B Amine-Functionalized Mesoporous Silica Particles
(MSP) Adsorption

* Development of various modification technology, the
adsorption capacity more than 120mg CO,/g
* Establish a Pilot-scale spray drying manufacture system,
Production rate of MSP is 1 kg /h
* Setup a Bench-scale fixed-bed adsorption system
v’ Gas Flow rate : 100 L/min, Loading: 200 g~1 kg of MSP
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ITRI — R&D Activities(4/4)

Regional Baseline Data

B Carbon Storage Research

* CPC YHS potential storage/EGR site
in northeastern Taiwan

v’ Baseline data collection
v" Technology validation platform

Real-time Monitoring
Station

Groundwater

* International collaboration with
U.S.DOE National Energy
Technology Laboratory

v Monitoring:
Surface monitoring (PFC tracers,
fiber optics for leakage detection) _PTC
v" Risk Assessment: : Concenration

Shallow aquifer CO, / PFC
tracer test with
PTCH and PMCP

Quantitative risk assessment g [T
framework g™
. o 1
v’ Site Characterization: | CO2PENS Risk Assessment

Review of potential storage sites " freliming CasesStucy

data, borehole core experiment N -

Numerical Simulation

£ ez TaiPower— R&D Activities

Tai-hsi Basin +2012/Jul/25 Drilling Start
b Deep Sallne Aquifer +2012/Aug/03 Reach 1500 m (Cutting)
C . 3000m Deep ©2012/Aug/11-12 First Round Open-hole Logging (SLB)

o)
e +2012/September PQ Core Drilling
1500-3000m Start-up

+2013/Nov/14 down to 3005m
»Will Become one of the monitoring wells

- Site - Site - Drilling

- Monitoring well + Injection test
screening characterization - Core sampling - Geological analysis + Monitoring
- Core analysis - Injection well
- Geological analysis - Geological analysis
- Advanced CO, - Technology assessment(PC; Test platform - Flexible + Monitoring - Solvent
capture NGCC, Oxy...) - CoE impact operation instrument emission
technology + Cost analysis - Solvent control
- Heat lost and thermal emission + Load tracking
integration monitoring
- Investment risk analysis
HZNCHZCHZOH CEEELTTEr! =
2-aminoethanol
X NH,
ggz 3222:,2:;2: : ic;c;rg:gmp. Arvl ami ® Low temperature CO, capture technology
2 rylamine ® Waste heat integration
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China Steel Corp. — R&D Activities

Chemical Absorption 4 v v
Physical Absorption v
Molecular sieve v
Mineral v

sequestration

Algae (bio-fixiation) v v

Calcium Looping

Other

Export
gas

co,

Burner

Fuel

e

A
Oxyge "Lg

Top Gas Recycling Blast Furnace
- CO, separation and
recirculation

f

N - RN

N

€O, :
H0

! Energy-efficient

: {Chemical Absorption)

Resource Integration:
Waste heat and water, Slag, etc.

Process Integration:

Aqueous NH; produced from coke oven by-
product

CO; Capture

l

L=

Flue gas recirculation :
{mainly CO,;, H;0)

CO, Concentrationt :

~

)19

Researchinstitute

CO, Storage and EGR - CPC Pilot Test

Phase | —Pilot Test (2012/10~2013/12)
—CO, injected: 1000 tons
— Objectives: trial injection, baseline
monitoring, risk analysis and warning
system
Phase Il — Full Operation(2014~2017)
— CO, injected: 10,000~300,000 t/y
— Objectives: evaluate monitoring
techniques, accumulate CCS
demonstration experience, explore the
storage capacity in overlying aquifers
Phase Il — Scale up (2018~2020)
— Injection scale : 500,000~1,000,000 t/y
— Objectives: EOR/EGR application,
promotion of CO, storage in upper saline
aquifers

Phase IV — Commercialization (2021~)
— Injection scale: 1Mt/y and up

— Objective: commercial operation of CO,
storage and monitoring

Y-COORDINATE (m)

240000 = :‘l!l’ﬂﬂ :
X-DOORDINATE (m)
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¥" Commissioning of core test facilities, for verification tests under quasi-industrial conditions
v Design and setup of pilot systems, for bridging key technologies to industrial applications
Institute of Nuclear Energy Research YPC | CaSE 2k15- 0

[ National Energy Program-Phase Il

Carbon Reduction and Clean Coal Focus Center

B Mission
1. Development of advanced combustion systems.
2. Development of CCSU technologies.
3. Cooperation among industry, academia and research institute to build up pilot plants at large CO, emission
sites and establishment of CCSU industries.
4. Promotion of international collaboration.

Development of CO, capture technologies

v'One CO, capture demonstration plant using chemical absorption in RPB and PB (1 ton/day) is under
construction at Formosa Petrochemical (technology is transferred from NTHU).

v The research of CO, capture using chemical absorption and adsorption by mesoporous adsorbents grafted with
amines is being carried out by ChangChun Petrochemical Group and NTHU.

Development of CO, utilization technologies

v'One demonstration plant for cultivation of microalgae using the captured CO, has been built and in operation at
Greenyn Biotechnology (technology is transferred from NCKU).

v'The research is being carried out by ChangChun Petrochemical Group and NTHU.

Development of CO, storage technologies
v'Several universities, TTRI and China Petroleum Corp are integrated to explore the CO, storage potential sites and
storage capacity as well as to establish the monitoring technology.

Development of advanced combustion systems

v 1 kW moving-bed CLP (NTUST) have been built.

v'2.5 kW oxy-fuel combustion furnace has tested using multiple feedstock. 100 kW is under construction (NCKU).
v 1 kW solid oxide fuel cell (SOFC) system is under construction (NCKU).

v'The establishment of MW gasification plant in Coastal Industrial Park is being assessed.
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Post-combustion capture
v One CO, capture demonstration plant (0.27 ton/day) using

chemical absorption and adsorption in rotating packed
bed (RPB) and packed bed (PB) is in operation at China
Steel Corporation. The technologies of chemical absorption
and adsorption are transferred from National Tsing Hua
University, (NTHU) and National Taiwan University,
respectively.

One CO, capture demonstration plant (1.0 ton/day) is under

construction at Formosa Petrochemical (technology is
transferred from NTHU).

The research of CO, capture using chemical absorption and
adsorption by mesoporous adsorbents grafted with amines
is being carried out by ChangChun Petrochemical Group
and NTHU. The grant comes from ChangChun and
Ministry of Science and Technology.

CO, capture demonstration plant
at China Steel Corporation

Chemical absorption Adsorption

0.1 ton CO,/day 0.17 ton CO,/day

f

st ial Techasiogy

ey coz Utilization I nensrare

Direct use of CO, : Microalgae as the platform
for CO, reutilization towards the production of
renewable fuels and chemicals.

v One demonstration plant for cultivation of microalgae using

the captured CO, has been built and in operation at Greenyn
Biotechnology (technology is transferred from National
Cheng Kung University).

The research of directly use of CO, as solvent is being

carried out by ChangChun Petrochemical Group and NTHU.

The grant comes from ChungChun and Ministry of Science
and Technology.

Conversion of CO, :

v' The research of conversion of CO, to produce methanol as

energy product and starting material of chemical is being

carried out by ChangChun Petrochemical Group and NTHU.

The grant comes from ChangChun and Ministry of Science
and Technology.

Demonstration site at NCKU’s
An-Nan Campus

Photobioreactor (PBR)

6 ton 300 ton 40 ton
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Oxy-fuel Combustion

A 100 kW oxy-fuel combustion furnace has been
built and tested using multiple feedstock at
National Cheng Kung University, NCKU.

Chemical Looping Process
A 30 kW chemical looping process have been built
at Industrial Technology Research Institute (ITRI).

Gasification

v' The establishment of MW gasification plant in
Coastal Industrial Park is being assessed.

v' A 100 kW gasification process have been built
at Institute of Nuclear Energy Research (INER).

100 kW oxy-fuel combustion furnace
at NCKU

100 kW 30 kW chemical
gasification looping process at

process at INER ITRI

"

R&D Partnership and International Cooperation

R&D Topics

Partnership and Cooperation

Coal + O2 Calcination
C2% 2 § RURE )

University of New Orleans

Chemical Looping Process

FHFERERGTR)

o . Ohio State University
(" Fie g 39)
Geo-sequestration Monitoring and Risk
Assessment USDOE/NETL

Calcium Looping Process Validation and Scale-up

(853 B3 PSR 5 3 e )

Taiwan Cement Corp.

30kWt Solid Fuels CLP Demonstration
(BOKWF £ Fpl iv 8 i@ b3 SL3tiw)

CTCI Machinery Corp.

CLP for Hydrogen Production
("SR ii Ry

CTCI and Taiwan Pneumtech
Machine Corporation

*Also join GCCSI membership and be a CSLF Observer

2017/11/2
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Closing Remarks

* As almost 90% of the Taiwan’s total energy supply come from fossil fuels and more
than 71.1% of coal demand are used for power generation, CCS technologies are
needed here for reducing the CO, emission while burning fossil fuels.

* In particular, CCS is envisioned to play a very important role for Taiwan’s situation.

— Speed-up of the RD&D is necessary.
— Urgent needs for policy and regulatory framework to guide the CCS
development and deployment.

* ltis also important to cooperate with industries for RD&D of CCS technologies.

* International cooperation and information exchange are essential to expediting the
global CCS technology development and deployment.

* Public outreach and acceptance to CO2 geo-sequestration, however, is a critical
issue that can not be ignored.

Thank You for Your Attention
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