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In 2009, China’s State Council
proposed its 2020 goal for greenhouse
gas emissions, and then in 2010 made
Guangdong a low carbon pilot province.
Guangdong has made remarkable
achievements in greenhouse gas
emission control to which the UK-
China low carbon cooperation has
contributed significantly. In September
2013 the UK Department of Energy
and Climate Change (DECC) signed
a joint statement in London with the
Guangdong Development and Reform
Commission, witnessed by governor
Zhu Xiaodan of Guangdong Province,
to strengthen low carbon cooperation.
The joint statement highlights the
importance of collaborating in Carbon
Capture and Storage (CCS).
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Supported by the Guangdong and
UK governments, the UK-China
(Guangdong) Carbon Capture,
Utilisation and Storage Industry
Promotion and Academic Collaboration
Centre (the “Centre”) was officially
founded on December 18th, 2013.
The Centre is committed to promoting
the demonstration of large-scale
CCUS projects to tackle greenhouse
gas emissions. At the same time, the
Centre will also provide an international
collaboration platform for solutions to
other local pollution problems (such
as haze, water pollution) caused by
coal utilization, and to accelerate the
industrialization for clean fossil energy
technologies and to train qualified
professionals.
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1. 515

Introduction

1.1 C02 FI A HAE N

TR, SIETRERE™EMMEIAZLT]
BEAR, NMSIEZTURT £3KHLRE
HIGHEXBE . BABSIETHE]
£Rs (IPCC) FEEHRFIEE RS+
CO2 JREREMESETHRNHRXIEF
(IPCC, 2013) . RN E, ELBH=Fh
FER OB A S c02: EiRLm D
C02 HER; €02 By¥#E3R. F 7 (CCS) ;
CO2 B9FIFH (Wang et al., 2014).EHrh,
MELEFERCR H#HITHESHED
T NN A—T AT LASEER C02 KR
BRHIE L, RSB RITEE
AERAS, BotXRZHEENE
THHEMZERFR (Sridhar and Hill
2011) , #I#9%& CCS HARMMNAMELRE.
CO2 IR R AR LUEA— N TER R,
& RIAY co2 MiiN{E, HREAEFH
#m, #ME CCS BIRA, ZFi#=EIA{IH
XKF. HAEI, EAREMREANFARAGE
BRHANRKBEERHE—SHk. BRTZ
SRS AMREERERF A, H
gﬂ%%%%%ﬂﬁm:QW%E#%
PR o

Bk, 18T X HERAY c02 [E] U F
AZELAINUMIREFERSIET L
@1 (Aresta, 2010; Audus and Oonk,
1997)

—R—RZEWHRNMERFIE, miREAH
RIBER, IREKBIRIE;

—RIBI X c02 BYF A B R D €02 BY
HERS, Bl1anEd 02 J9 R RHAE A= 16 T/ s
= RBEEE 2 EFHMER ARSI E
(f5an, HECEFREE RLESRIEARE) |
EITREFIFA, BPEEFRIEN
L AREIERES, SRR C02 BUHERT
7O 218 3d & #eY /s M B 12 LA C02 A

1.1 Brief introduction to CO2
utilization technologies

The sustainable development of human
beings has been greatly threatened
by global warming, and the world is
confronted with a big challenge to tackle
climate change. The assessment report
published by the Intergovernmental
Panel on Climate Change (IPCC) indicated
that the increase of CO2 concentration in
the atmosphere is the biggest driver of
climate change (IPCC,2013). In principle,
there are at least three ways to reduce
CO2 in the atmosphere: CO2 emission
reduction from source; CO2 capture and
storage (CCS); and CO2 utilization (Wang
et al, 2014). Amongst these, CO2 capture
and storage is recognized as a technology
that can realize drastic emission
reductions, though its deployment and
development is constrained due to its
relatively high cost and limit of CO2
storage in certain regions (Sridhar and
Hill, 2011). CO2 utilization technology,
however, as a potential transition
mechanism, is gradually attracting
people’s attention because it can add
value to the captured CO2, bringing
economic benefits and compensating for
the cost of CCS. So far, there is not yet a
mature utilization technology that could
contribute to a deep cut of greenhouse
gas emissions of human being. Apart
from CO2 utilisation through geological
utilization such as enhanced oil recovery
(EOR), other utilization methods could
only reduce or consume very limit
amount of CO2 compared to the total
amount of anthropogenic emissions.

RiRFIBRESZETSETUEERF
B4R, [BIEHEMRSIETILEI, f
wmEFrd, Aikik co2 BREMLDA
7l (HEREBERAT, SHERETk
REILEYEE N E CO2 M BEERTE) -

Sridhar #H#xfhit, Bt E, MR X
Fhoo2 FI A ARBRIZNE, A&
TR 2MHIEERLELI7 Gt/y B
C02 EMASFHHIM (A THAEESSE
HE 72 02 H9 10%) (Sridhar et al.,
2011) &

FTEIEWRE, BNFE c02 FIABATIL
BRI ZMNA, ERERHER B ER
BIRE, BHAGEEUINEI K5 c02
MR, RATLURZ c02 MmASHaY
HERL (Aresta, 2010) . JTEZEIMMER,
BB F| AR AR S 02 #HFHAERR
BHXREIHA, WHAHAC2 MEAEL
W=@me, RRNSH R, BEIX
S, RUEEZRHBIIR (Mikkelsen
et al., 2010) . B, —LeiL{vidig
TEHFERIE, RSS2 AUHE
M, MiFZRARHEE D (35 c02 E
ERFEC, REFE/N) HIF B AT 4L
T R&D S E TRIEMER, REEH KIIET
DEFERAMER. Btk s, C02 AR
Ak RBZE ZMEZRMHIZL (Song |
2010) : (1) CO2 HyiH&E. ik, =
WMEZEHAS; (2) —iCco2 MLzt ik
TEHREKXERE; 3) miglExB,
BRZE\EHRE; (4) BZ LR 027
BRI ESZFHERN .

RE 02 FIAHARNEIZRAMER D,
BEZAZMHEAZNHY, XREE,
002 FI A ARMNER T SIET L E) A
BEEEZEHERE. Bt EBLFHEXT
Co2 FIAHARHITRIIREMER. =
E S L% & 10 2 £ 7T F 002 B
SMFBEAR; EEBAANS—F
F Co2 {EREMABIMBMITET 1. 18
{Z Bx 7t (Styringet al., 2011) .,
EBFREFHEX 02 FIFHEERATF .
FIR YR, BENEBSIFZTLCIRRAY

In detail, there are four pathways which
help mitigate climate change issue by
reusing recovered CO2 (Aresta, 2010;
Audus and Oonk, 1997):

1.CO2 geological utilization, such as
enhance oil recovery (EOR), enhance
water recovery (EWR).

2.CO2 utilization can directly cut CO2
emissions to the atmosphere. for
example, CO2 are converted to industrial
chemicals and “stored” in such products;

3.The CO2 can be reduced to
hydrocarbon fuels through some
utilization technologies (such as
microalgae breeding coupled with
CO2 emission reduction technology),
by which carbon is recycled, therefore
reducing or replacing the use of fossil
fuels, and indirectly reducing CO2
emissions.

4.By developing new reaction paths
with CO2 as the reaction reagent to
replace traditional chemicals which has
greater influence on climate change,
CO2 utilization may have an indirect
contribution to mitigating climate
change. For example, in the dry cleaning
industry, chlorinated solvent and
congeners are substituted with liquid
CO2 (with the same mass, chloride has a
climate change power many thousand-
fold that of CO2)

It is estimated that a theoretical
potential of 3.7 Gt CO2 could be
prevented from entering the atmosphere
every year through the first two pathways
(accounting for 10% of the annual total
CO2 emission) (Sridhar et al., 2011)

[t should be remembered that, even if the
CO2 utilization technology can be widely
used, its emissions reduction potential is
limited. The use of CO2 will not solve the

Chapter 1



AT C02 FIAFHZARIITIFME, &
LRI FTRILEFENSE. FEREMN
ARG C02 FIAHEABRIEF BHLFE
FMEM AR CO2 U AR ET TR
ASHVYI B AT SR ME B BOR,
tisF A C02 B 5 YIRILF 14 BBl
et EHAbid 12 (BRI LARIAS S €02
HE) #IEAR.

PAlEEIENZE, EXMRAR C02 F
RAEARNEES, EEMNRAFITESES
BiTEf, SFEENE GRS IERHR
HEE ), BERE, MR, BA, FER
% (Singh et al., 2014; Angunn et
al., 2014; ) , EIBTEFERYE C02 F
AR I E, 02 FIAMIESLE
ErEX, ®FS5HEZER 02 HimuEHE
Z&a, USDNEEMNRASEERSSE
FULES . B FETIE RN E Al ENiR A BRI A
RENT ZRE LA HBIRY C02 FIRAH;
RFITHILHIN BT

1.2 HESHERMMET €02 7
RARARREX

I sk, hE—E P HEHRREF,
TEIREF AR Z SRR HE T E.
2008 FBITH) (A EFIRFZE) H
WEFZBEFRARENL. BRH. BE
1k, MIBESKANEF 3 i2m DR E S HE
B (Li and Wu, 2014) . €02 | F %
AR LUFRERKERRL, 2RHEIR
R AR AR R,

fEEEHKMRETHOBYBEE
M, FEBMET X 02 KiTHl. &
2009 FRIFAMRIES £, PEFEIE
F 2020 4% c02 HER5E E 4R 2005 Fm D
40%-45%, MR EL, “T A MRINE”
M E E SR TE 2011-2015 HAELA 2D 17% B9
HEMGRE (Yan and Fang, 2015) iZ4W
ETRRHIREZE L EL BRI S
mis, FIEFEESRAEHRNEGKRE
ITHFEZRHEE SMIKETIHNEE
1%, (Zheng, 2014) . HIEEREZRE

problem of atmospheric CO2
accumulation, it might contribute to
such an issue by reducing the volume of
CO2 produced (Aresta, 2010). Especially
at present the typical lifetime of the CO2
currently used in chemical applications is
only days to months. The stored carbon
is then degraded to CO2 again and
emitted into the atmosphere. With such
short lifetimes it is difficult to contribute
significantly to the mitigation of the CO2
problem by the industrial utilization of
CO2(Mikkelsen et al., 2010). In addition,
some conversion of CO2 consume large
amount of energy, which may introduce
new CO2 emissions, and many CO2
utilization technologies with promising
potential to reduce emissions are still in
the R&D and demonstration stage, and
have not been able to be applied on the
large scale. What is worse, the barriers
for CO2 utilization include(Song , 2010):
(1) costs of CO2 capture, separation,
purification, and transportation to user
site; (2) energy requirements of CO2
chemical conversion (plus source and
cost of co-reactants); (3) market size
limitations, little investment-incentives
and lack of industrial commitments for
enhancing CO2-based chemicals; and
(4) the lack of socio-economical driving
forces.

Despite CO2 utilization technology leads
to limited CO2 emission reduction, and
its development is restricted by many
factors, it is an important measures to
tackle climate change. CO2 utilization
technology has been actively explored
and developed throughout the world.
The U.S. Government has invested
1 billion US dollars in research into
CO2 capture and utilization; Germany
spent 118 million euros on one project
using CO2 as the raw materials with

KEZRST 2011 E£10 AIE, #OE7
EmARKRHBNZ GRS TIE. T %
EHEATEHZ—TF 2013 FE 11 BER
B3z 5Wmizn. SikEE, ERLK
EMB L ERAEHERD CCUS AR FNELSE T
B -SRI ANEEME. it
BURIMERMEE T, "JLAGERFRME 5
AL STER AT C02 F A ARBUM EB 45 #5
RWAE. X2FEA, —J5m c02 F|H
FARZE CO €022 B L7 , XEMK
& CO22 AR R AT ES M, MHB
— A ERT AR INRESN T CCS B
AR, C02 FIAHFARIEAZ R4 CCS 5
BAK—I5%, W BE#H—F
R, BEREAERRTIAGEB X
M F AR

1.3 AREWHRFERSE
A

AREBEBIMNIFAE. HEIERML
BRI E B AR R4 €02 FI AR
HITTAENMRYE, HRERAL
BEME (AR, BARMEL, F
K, w3, T sRml L
REI R EEE 1T G, BB MMNRHES
NEFEMHFESERBITEEIEN,
ApEHSASE. F1EFEXS CO2
FABRFITEHENNBHITEE
USHERARETHEEEN. AR
B ERERD X R A AR c02 FI AR
REFHITTNEBRELE., XERARIRE
Bl kiEE. ERABMEITEES
SUT=ZEF#1THA: &l co2 F
BAEAR (F25F) , o2 Bt FRF A
AR (FIEFE) UKEIFE co2 F A #%
RN (E4E) . ERFE2EEEXT C02
Al AR KIFERFITT N
Z, FIAZEMNEBENFTARKE, %
AAEMERBNAFEFITER. &
B, %B5Z¥REIIHHTARFEITT
BAEHITHE, EEFARFSIRNIE
THARREARE FENEARBE .

(Styring et al., 2011). The development
and deployment of CO2 utilization
technology have long been supported
by the Chinese government, while the
assessment, support and conclusions
concerning CO2 utilization technology
from the perspective of mitigating
climate change only started in recent
years. Please note that the CO2
utilization technologies set out in this
report refer not only to using chemical
and biological methods to convert
CO2 into other molecules and thus
bring additional value of technology,
but also using the chemical and
physical properties of CO2 to assist or
strengthen other processes (sometimes
involving CO2 storage at the same time).

It should be noted that, in real practices,
before developing CO2 utilization
technologies, the technologies should
be evaluated comprehensively, including
the emission reduction potential, energy
consumption, environmental impact, the
cost and raw materials etc. in the entire
life cycle (Singh et al., 2014; Angunn et
al., 2014); At the same time, in order to
realize the real emission reduction and
other social and economic benefits,
it is better to match the specific CO2
utilization technologies applications
with appropriate CO2 emission points
or CCS infrastructures based on its
location, scale and purity of emitted
CO2. Because of the limitation of time
and knowledge, this report will only
carry on the preliminary introduction
and analysis of typical CO2 utilization
technologies in Guangdong province.

1.2 The significance of CO2
utilization technologies under
current policy settings

China has been working for some time

Chapter 1



China has been working for some time on
a low carbon and circular economy, and
CO2 emission reduction. The "Circular
Economy Promotion Law" passed in
2008 actively promotes the reduced
use, reuse and recycling of resources,
reducing greenhouse gas emissions
from the source and the production
process (Li and Wu, 2014). CO2 utilization
technology is a typical method to boost
the circular economy and emission
reduction at the same time as utilizing
greenhouse gases as a resource. Chinese
government has put stronger effort on
greenhouse gas control. During the 2009
Copenhagen Summit, China committed
to reduce its CO2 emissions intensity by
40%-45% over the 2005-2020 period.
Most recently, China’s 12th 22 FYP set a
national target for reducing CO2 emission
intensity by 17% over the 2011-2015
period (Yan and Fang, 2015).The Outline
also clearly put forward the intention to
build a national carbon emissions trading
market, to push for the transition from
relying purely on administrative power
to control greenhouse gas emissions
to gradually relying more on market
forces (Zheng, 2014). Consequently
the National Development and Reform
Committee approved 7 provinces and
cities to carry out carbon emissions
trading pilot work. Guangdong province,
as one of these provinces, started a
carbon trading market in November
2013. In addition, both NDRC and
Ministry of Sciences and Technology
highlighted the role of CO2 utilization
in promoting CCUS technologies and
demonstration projects. With these
policy background, the advantage of
CO2 utilization technology which can
bring both economic and social benefits
is becoming more and more obvious.
Because the application of CO2 utilization
technologies is a potential “sink” of CO2,
which may bring additional profit to such
practice. In addition, if the carbon market
can promote the development of CCS,
CO2 utilization technologies may also be

popularized since these can help mitigate
the high cost of CCS, although it is still
unclear which CO2 utilisation technology
would be qualified for support from the
carbon market.

1.3 Methodology and structure of
the report

This report investigates and summarizes
CO2 utilization technology in
Guangdong province through field
investigation, visiting experts, and
literature review. It evaluates the
maturity of those technologies which
are not commercialized according to
the technology development phase (the
various phases are usually acknowledged
as basic research, technology
research and development, pilot test,
demonstration, industrialization), and
at the same time comprehensively
evaluates the technologies in relation to
their emissions reduction potential and
other aspects.

This report is divided into five chapters.
Chapter 1 makes a brief introduction
to CO2 utilization technologies and
analyzes their significance under today's
policy environment. The main body of
the report introduces and summarizes
the typical CO2 utilization technologies
in Guangdong province. These
technologies are described according to
the level of commercialization, discipline
and different levels of innovation
in the following three chapters:
commercial CO2 utilization technology
(Chapter 2), CO2 geological utilization
technology (Chapter 3), as well as
innovative CO2 utilization technology
(Chapter 4). Chapter 2 mainly deals
with market supply and demand for
commercial CO2 utilization. Chapter 3
and 4 mainly explain the technologies
themselves, technical maturity and
their development potential. Finally,
Chapter 5 compares the maturity
of those technologies that are not
commercialized and indicates their
potential in Guangdong based on their
characteristics.

2. (&G rkik CO2 FIAEEAR

Traditional Commercial
CO2 Utilization Technologies

2.1 (&4 CO2 FIAEAREA

Introduction to Traditional Commercial CO2 Utilization
Technologies

2.1.1 $RE 9T

CO2 fEA—FFIAREREE—LEEHN
YIBFEM R, FERKRER, C02 5k
=LK, BEBRSRERNSBRMES
R, ERERZEEMRE. EiERNR
EMENT, CO2HZEEKRLAZ 1. 98kg/
m3, 2SI 1. 6715, -78.51° C A,
C02 2584k, [E7s CO2 {BFR “Fik”
— R FA1E4 %R, E7ZSY 002 (3Fk)
EEETE5k, ERREASRIH.
C2 AN ERTFE—NMRET AN
BEARK, FHBREE, WEMRANE
%, RBANR, ™R, TEMH. €022
BHYHITAAEERLABNER. &K
C02 FNBIIEF Co2 HIRI{EAAT, Bl
FC2 EBLLRACO2 ESHIARM
(EESKREEIENZENSARMY,
HEZ&SEPNRMEMSZEN) ,
B E X% & 19 E Kt i K c02 5.
X} C02 BRI A EERT C02 A HHY

MR EMR, RIEENER, TRA
CO2 FYMB L F M RS X NI F A .

2.1.1 Technology Introduction

CO2, as a resource, has some important
physical and chemical properties. CO2
gas is odorless at low concentration,
but its acidic smell in relatively high
concentration can cause suffocation and
irritation. Under standard temperature
and pressure, the density of CO2 is about
1.98 kg/m3, 1.67 times that of air. The
CO2 will sublimate at minus 78.51°C,
and solid CO2 is commonly known as
"drikold" or “dry ice” which is usually used
for freezing. Dry ice will gasify at room
temperature at the same time absorbing
a large amount of heat. CO2has a double
molecular bond with two oxygen and
a carbon atom, its structure is stable,
and it is chemically inert, non-ignitable
and non-toxic without flash points. CO2
is necessary for the photosynthesis of
plants. Liquid and supercritical CO2 can
both be used as a solvent, and the latter
has a higher solubility than the former (its
density and high solubility are close to
liquid, and it is also of low viscosity and
high penetration), but it requires more
handling equipment than liquid CO2.

The traditional use of CO2 is mainly
based on its chemical and physical
properties, and the theory is relatively
simple. The table below shows the
physical and chemical properties of CO2
and their corresponding uses.

Chapter 2
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2.1.2 &4 002 R AT 5%

Co2HMIEBMUERNAEEEPAET
A % (4h B >99.0) F1 B & %K (4
E>99.9) @wANFME. Bk i Tk
FhNAEE: (1) —fHmSK
RIPIERE; () HIRAF CREZE
AR, FkMEFIRK) ; ) iH
EE; (4) BEhERR; B) 8
e RZEIWMBIGFRFET; 6) &
MEE. ERENEENATILS:
() kTl (2) PR GE 1T Mk
(3) WEITI; 1) ' &FE,
X £ £ 45 f 002 F) A % R X % %F €02
HEEREZELRE LB EARE,
G ERKNAEMSE. SEF
BEWE, BTAZE2NEEFBARAR
HEHEEKC2, —BNA, €027
WMET KRS, A} Cco2 LR F
BETEETEREMAET £,

Ly

. (Zhang, 2003; Shi et al., 2006)

Rz AR

0% 7
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At ZEELH

2.1.2 Industrial distribution of
traditional CO2 utilization

Physical and chemical applications of
CO2 mainly include industrial grade
(purity higher than 99.0%) and food
grade (purity higher than 99.9%). In
general, industrial applications include:
(1) CO2 gas shielded welding; (2)
refrigerant (automobile air conditioning
refrigerants, ground dry ice cleaning);
(3) fire extinguishers; (4) curing agent;
(5) supercritical fluid extraction and
supercritical detergent; (6) air fertilizer
for plants. Food grade applications are
mainly in: (1) beverage industry; (2) beer
industry; (3) tobacco industry; (4) food
preservation.

Most of these traditional CO2 utilization
technologies could only store CO2 for a
few days to a few months, air fertilizer for
plant can keep CO2 captured and stored
in a relatively long time. It should be

Chapter 2

Table 2.1 The Physical and Chemical Properties of CO2 and their Corresponding

Utilization Applications (Zhang, 2003; Shi et al., 2006)

Properties

Its density is about 1.67 times that of air, and it

does not support burning

Uses

Fire extinction

Solid CO2 (drikold) releases heat during

sublimation

Refrigerant

Colorless, odorless, weakly acidic, buffer

solution

Beverage filling additives

High solubility of liquid CO2 and supercritical

CO2

Detergent and extractant

noted that since most traditional
utilization technologies involve no
conversion of CO2, once they are
the applied, CO2 is released into the
atmosphere, thus for the actual storage
of the CO2 mainly depends on the
amount of stock rather than production.

2.2 CO2 kit R RTINS

Market supply and demand status of commercial CO2
utilization

2.2.1 th[E C02 THiFHL K ITIK
2.2.1.1 N1EHE

WE 2.1 iR, PEBAHERBH SN
BhANEREES ARNE. FEF
MEREF KT 3 DT

2.2.1 Market supply and demand
status of CO2 in China

2.2.1.1 Value chain

As shown in figure 2.1, China's typical
of carbon market value chain includes
suppliers, intermediaries and the final
consumer.
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Figure 2.1 CO2 market value chain

2.2.1.2 Supplier and cost analysis

The CO2 supply industry in China has just
started, and the 100 supply enterprises
in this industry can be divided into
three categories. The first is self-built
CO2 recycling equipment by chemical
enterprises, such as chemical fertilizer
and alcohol plants, which mainly make
use of their industrial waste gas on a
smaller scale (typically less than ten
thousand tons). The second is self-
built CO2 recycling equipment by large
chemical group subsidiaries, such as
Sinopec Guangzhou Huada Gas Factory,
which can use their available waste gas
resources and duplicate the carbon
dioxide recycle mode one for one.
Relying on the financial resources of their
parent group, they have the potential to
scale up their equipment. Currently, only
a few subsidiary companies of Sinopec
and CNOOC operate such a kind of
business. The third are carbon dioxide
production enterprises which purchase
waste gas for production as their main
business, such as Hunan Kaimeite Gases
Co., Ltd. which has the advantage of
scale, product technology/quality,
logistics, and brand/valued customers.
In China, this kind of enterprise includes
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Kaimeite (310 thousand tons/year),
Praxair (a total of 90 thousand tons per
year in Nanjing and Beijing), Chongqing
Tonghui (70 thousand tons per year),
etc. The technology of using waste gas
to produce food-grade CO2 has been
deployed throughout China. Currently,
Kuaikai in Hangzhou, Jiahe lianchuang
in Chengdu and Yalian Hightech can
provide a CO2 production design service.
An average of about 10 million yuan is
invested in food-grade carbon dioxide
production equipment to produce 10,000
tons of CO2. The indicative average price
of liquid carbon dioxide is 500 yuan/ton,
and the indicative average price of dry
ice is about 8500 yuan/ton.

The main costs of carbon dioxide
production include the cost of raw
materials, power, depreciation, etc.
The main items procured are industrial
exhaust gas, electricity and other energy
resources (Figure 2.2, taking Kaimeite
Gases as an example, shows the carbon
dioxide production costs).

For CO2 companies which recycle
industrial waste gases, there are big
gaps in costs, due to wide differences in
energy consumption due to the different
CO2 concentrations of the various waste
gases. Electricity costs between 150-
350 yuan per ton of recycled exhaust
gas with different concentrations, and
including other costs, overall costs add
up to 250-450 yuan per ton. When the
concentration reaches 80%, the overall
cost will be more than 300 yuan per ton.
In terms of investment in equipment,
with a large requirement for investment
in recycling equipment, over ten million
yuan need to be invested in exhaust
systems for high concentrations of CO2,
and more than a hundred million yuan
for low concentrations.
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However, for companies which extract
carbon dioxide from the ground,
production costs are different. CO2 wells,
whose purity reaches up to 99.9%, utilize
the high-pressure spray recovery mode,
spraying a mixed gas-liquid phase. Their
overall costs per ton total is almost 200
yuan, of which electricity costs of only
40 yuan, but other costs include mineral
resource fees, and management and
mine maintenance costs. Moreover,
gas wells do not need compression
systems, resulting in the need for half the
investment in comparison with recycling
companies.

It is not easy to store and transport
carbon dioxide, which needs a low
temperature and high pressure
environment as well as special tankers,
with the result that it is only economic to
transport CO2 for sale within a radius of
300 km. Compared with its production
costs, costs of storage and transport are
relatively high, and transport distances
are too long.

2.2.1.3 Current supply and
demand status

With high profits from CO2 products,
the CO2 utilisation industry in China
may experience a stage of rapid growth,
fuelled by the gradual introduction of
CO2 emission reduction targets, the
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need to pay for the use of pollution
rights, guidelines on carbon trading
policies and carbon tax subsidies.
However, compared with national annual
CO2 emissions, the current CO2 demand
is limited. The estimated total demand
in 2013 is less than 0.02% of the national
annual CO2 emissions (7.46 billion
tonne, which means that it is difficult for
traditional CO2 utilization technologies
to contribute to a massive emission
reduction.

In the consumer sector, the growth of
carbon dioxide consumption in China
mostly occurs in the beverage, food
preservation, cigarette and welding
industries. In terms of growth, the
highest annual average growth rate
(AAGR) in 2010-2015 was 20% for
container transport, 19% for dry ice, 16%
for freezing and condensation, 16% for
food packaging, 12% for food storage,
11% for cigarette production, 10% for
welding, 8% for beer, 5% for beverage
and 9.6% for other uses.

2.2.2 Overview on supply and
demand of CO2 in Guangdong

2.2.2.1 On supply

Based on public data, the largest supplier
Kaimeite Gas accounted for an 11%
share of the liquified CO2 market of
Guangdong in 2011, selling 83,000 ton
the CO2 supply in Guangdong is about
760,000 ton. CO2-supply of Guangdong
in 2015 will be about 1.5 million ton with
a 30% annual rate of growth. However,
the supply of CO2 is influenced by
the demand and policy issues greatly,
and the renewal of technologies and
equipment and the stability of the gas
sources will also affect the supply of
recovered CO2.
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The history profit margins of the CO2
production in Guangdong Province is
large, taking Kaimeite Gas as an example,
their average gross margin in 2007-2009
reached 73.4%, much higher than large
international gas production companies
like Linde (its average gross margin
was 32.7%) and Praxair (that figure was
41.5%).
2.2.2.2 On Demand

Industrial-grade CO2 in Guangdong is
mainly used in the welding and grinding
industries and for cleaning with dry ice.
Supercritical fluid extraction and gas
fertilizers have not been applied at a
high level. According to an estimate from
Kaimeite Gas, the total demand for CO2
in Guangdong in 2015 will be around 1.5-
2 million ton, nearly 1-1.1 million ton for
industrial-grade and 500-900 thousand
ton for food-grade.

CO2 gas shielded arc welding

The distribution of welding businesses
in Guangdong is as follows: according
to Alibaba’s company news, there are
62 automatic welding businesses in
Guangdong. If companies that also
provide welding services are added
together, there are nearly 150 companies
that could possibly be involved in CO2
gas shielded arc welding.

Beer industry

CO2 is not only needed to increase
the taste and quality of beer itself, but
also useful in many processes during
the production (such as cleaning and
preloading). It is estimated that on
average the production of one hundred
litres of beer requires about 1.8-2.0 Kg
of CO2 (Chen and She, 2006). In fact,
fermentation process can produce a
large amount of CO2, but only a little will
dissolve in the beer. Although currently

CO2 recovery technology has been
applied widely in domestic breweries
with a recovery rate from 74% to 84%,
the total amount of CO2 required by
production of every thousand kl of beer
is still greater than the recycled CO2,
and the gap is about 2.4 ton (Tang,
2013). Based on 2014 data, brewers in
Guangdong produced 4.8079 million ki
of beer.As a result, the total demand is
about -11,500 ton.

Carbonated beverage industry

The distribution of welding businesses
Guangdong Swire Coca-Cola Ltd. which
mainly produces and sells Coca-Cola (the
NO. 1 brand of soda water worldwide)
and other products like Sprite, Fanta
and Coco-Cola Zero, provides products
and servicesto more than 73 million
consumers in thirteen cities and
regions within Guangdong. The output
of carbonated beverages in 2013 in
Guangdong was about 2,926,891 ton.
Under the standard which requires a
ton of carbonated beverage to contain
0.015-0.02t CO2, it can be calculated that
beverage industry’s annual demand for
carbon dioxide is about 44,000 -59,000
tons.

2.2.3 Development trend analysis

Compared to other types of industrial
gases, the CO2 industry is unique in
that it is greatly affected by limits on
raw materials, transport conditions
and policies. In recent years, because
governments and enterprises have
improved their environmental
credentials, and CO2 emission reduction
policies have tended to become more
stringent, many enterprises with strong
social responsibility now actively
promote the fact that they recycle high
CO2 concentration waste gases. The

combination of these pressures
certainly leads to continually increasing
CO2 capacity, while domestic CO2
consumption has only limited growth
potential. After rapid expansion for
several years, the CO2 supply capacity in
China in 2013 was more than 8 million t/
a, but it is difficult to see how consumer
demand can keep up.
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3. CO2 ifRFIAHIAR

CO2 Geological Utilization Technology

3.1 CO2 IRiH#EAR
CO2 Enhanced Oil Recovery

3.1.1 HARES

C02 Ox 5 (Carbon Dioxide Enhanced
0il Recovery, C02-EOR) 3§ % C02 ;¥
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3.1.1 Technology Introduction

Carbon Dioxide Enhanced Oil Recovery
(CO2-EOR) refers to a technology that
injects CO2 into oil fields to enhance
oil recovery. It is also the only key
technology which currently can achieve
large-scale CO2 utilization and CO2
storageXManrique et al., 2010. Oil is non-
renewable resource. The first phase of oil
extraction (primary recovery) can recover
about 5%-20% (Sen, 2008; Uemura et
al., 2014) of the oil original in the rock.
After the primary recovery, the reservoir
condition has been changed. The second
recovery is to inject water into the oil-
bearing formation to retain pressure. In
this phase, 15% to 20% of extra oil might
be extracted. After this phase, up to 60%
of crude oil may remain in the formation.
CO2-EOR is one of the methods of
tertiary oil recovery technology to get
more oil out. Field owners will need to
consider which methods are applicable
at different fields. CO2 EOR typically has
a potential to recover additional 4-15%
of the original oil. CO2-EOR has already
been an important component of today’s
oil production in the US (accounting for
nearly 6% of US. onshore production),
it still shows significant potential for
onshore and offshore production. US.
Department of Energy (DOE) reported
that the potential theoretical oil reserves
recoverable from CO2 EOR is up to
137 billion barrels, which is more than
three times the current proven reserves.

As a relatively mature technology, CO2-
EOR is no longer technically challenging

REIEZREHF: WHTEESR; S&
AANFHUNEMBENRE; EFH
MRE0OE,; EFRITEDLEHE
2y (Xie et al., 2014; Alvarado and
Manrique, 2010) .
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PRZz3E) (Guo et al., 2014) . XFEf
FMERZ: 1. BN T immBAEES; 2.
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for the petroleum industry. However,
the application of technology is limited
by geological conditions, technical and
economic factors, therefore CO2-EOR
cannot be applied to all fields (Ren et
al., 2010). When CO2-EOR is used in an
oil reservoir, large amounts of pure CO2
need to be obtained, which involves
substantial costs such as CO2 separation,
CO2 transport, and CO2 injection
installations. Unless the CO2 can be
purchased cheaply, or high oil recoveries
can be realized, EOR is not economically
feasible. Currently, the use of natural
CO2 sources is the cheapest method,
and consequently CO2 EOR projects are
mainly occurring in the United States
because there are many CO2 gas fields.
If EOR is to be linked with industrial CO2
sources, significant reductions in the cost
of CO2 capture are necessary (Uemura
et al.,, 2014).The other disadvantages are:
a complex process; limitations on the
quantity and location of gas injection;
the safety problem of abandoned well;
undiscovered fracture during oilfield
exploitation (Xie et al., 2014; Alvarado
and Manrique, 2010).

The process essentially pumps CO2
into injection wells and uses the CO2as
a displacement agent to prolong the
replacement of oil in the reservoir. In the
process, part of the CO2 will dissolve and
disperse in formation water and crude oil,
or will occupy the pore space that has no
connection with wells in free phase(Guo
et al.,, 2014)The effects of this are: 1. To
increase the energy of the oil reservoir;
2. To decrease the viscosity and density
of the crude oil through mixing it with
CO2, which can significantly increase
crude oil production and the recovery
factor; 3. To achieve CO2 storage, as part
of the CO2 dissolves in the crude oil and
the formation water in the oil reservoir,
or react with rocks to form new matter
which gets deposited in the oil reservoir.
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Figure 3.1 Diagram of the Process of CO2-EOR

Producion well

According to the situation of mixture
between CO2 and oil, the methods used
for CO2-EOR could be miscible and
immiscible CO2-EOR. In miscible CO2-
EOR-CO2 is fully mixed with oil, forming
a single-phase liquid with less viscosity.
Oil could be extracted by the CO2 flow.
This method could be applied to light
oil, deep reservoirs that are close to the
economic productivity limit. Another
method is immiscible CO2-EOR, which
means CO2 partially dissolved in heavy
oil and boils off light oil, causing oil
to swell and reducing the viscosity.
Comparing to miscible CO2, this method
is normally for whole field and longer
time scale (up to 10 years).

CO2-EOR can also be divided into
onshore CO2-EOR and Offshore CO2-EOR
based on the geographical location of oil
reservoir. Offshore CO2-EOR is recognized
to have several advantages in terms of
resource utilization and environmental
protection by U.S. DOE (Litynski, 2011):
the storage sites are far away from
heavily populated area, that avoiding
storing material beneath populated area,
reduces difficulty of establishing surface
and mineral rights for storage sites, and
reduces risks to pollute drinking water.
However, there is very limit commercial
deployment experiences in offshore CO2
EOR.
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However, the deployment of CO2-EOR
technology in offshore oil fields faces
many challenges, including limited
platform space for CO2 recycling
equipment, the expense of drilling new
CO2 injection wells, and the need to
transport CO2 from onshore sources
to offshore platforms (Godec et al.,
2013). Therefore, EOR applicability in
offshore fields is limited compared to
onshore fields (Manrique et. al., 2010).In
the future, advances in technology are
required for undertaking the challenge
of deploying innovative designs and
advanced CO2-EOR technology in
offshore oil fields (Godec et al., 2013).
3.1.2 Technology Maturity

CO2-EOR technology is relatively mature
compared to other geological utilization
technologies, but the development
progress differs at home and abroad
as well as onshore and offshore. The
onshore oil fields in the US have used
CO2-EOR for more than 40 years,
whereas oil fields such as Jilin Qil Field
and Shengli Oil Field have been carrying
out small-scale tests for about 10 years.
With the increase of pressure to reduce
global CO2 emissions, CO2-EOR in
offshore oil fields has been put on the
agenda in recent years, though the
costs of offshore oil facilities, operations
and technical difficulties are much
higher than those of onshore oilfields.
International offshore fields where CO2-
EOR has been evaluated and planned
include:

a. Offshore Brazil, Lula Oil Field

b. North Sea, Draugen /Heidrun Oil Fields
and Don Valley Project

c. Offshore Abu Dhabi, Persian Gulf Oil
Fields

d. Offshore pilot in Vietnam, Rang Dong
QOil Field

Chapter 3
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e. Offshore pilot in Malaysia, Dulang Oil
Field

f. Offshore pilot projects in the Gulf of
Mexico’s coastal waters and bays of
Louisiana.

In addition, many countries have
evaluated the potential CO2-
EOR offshore resource.ln the CO2-
EOR offshore resource assessment
commissioned by DOE and NETL, the
estimated oil recovery from GOM is
estimated to be up to 14,920 Million
Barrels in total, and the CO2 demand
is 3.55 billion tons. The estimated CO2
storage capacity of all fields of UK North
Sea is up to around 1 billion tons by
Scottish Carbon Capture and Storage
Centre.

In the field of offshore CO2-EOR
technology, Lula Field project is the
leading and only example of offshore
commercial application of CO2 injection
and EOR. Lula field is a remote deep
water supergiant oilfield that was
discovered by Petrobras where oil
production started in 2009, about 180
miles from Rio de Janeiro. The field
is a carbonate reservoir with 6,000 ft
salt column, holding oil of 28-30 API,
high GOR, and high CO2 composition
in the solution gas (8% to 15%). CO2
is separated from the associated gas
and reinjected into the producing oil
formation at a depth of between 2,000 to
3,000 m below seabed. CO2 injection and
EOR has been incorporated in the initial
phase of oilfield development, rather
than as a tertiary stage of production.
This avoided the need for retrofit and
conversion of pre-existing facilities and
wells which is required in other fields.

In the early implementation phase
(started at 2011), Petrobras operated a
series of short-term CO2 injection and
EOR pilot tests at Lula to improve capital

BAM (4.470.712#) SEEA; XF
£ K AKPF&{K CO2-EOR BULE 5514,

g, ERAFIZEEHAGEHRREDRT
(122 17 A C02-EOR AYATREM: . BRI
F i A A R R R R 5 e S af
EMEARMEY, EmtERER R L
EEXRH CO2-ER i —H B BRI E
BT REME. EEREIRER 2014 & (DOE,
2014) 7 %f 25 9 575 i H BT A,
IWAENT1TRE (.48 AM)
HME B N B &S0 C02-EOR U&7
M, MEBAS TAWE (.8BAM) A
W RN E TR, FEXMEY
MiERERIOR MM EEFERN.

CO2-EOR I HAIEZ F Mk T S B
BXZI, BEZHER, &5, EE
BUAEHE X, Co2 MHE k.,
FHNMZHAS. R ER AR
Wi, HoREMBRNEFM. Fit,
BVEMNKIIOZ M AESEIHET
C02-EOR R A BUIE R & 5% Al 1T 1414,
6% B AT ITRIHE, SiHEH R c02-
EOR BJ B8 /=4 RIK M za 0 CO2 i HERL
%=, 12 C02-EOR KIEREEN, ABAT
AR A BR R FIR KR .

efficiency. “Next Generation” CO2-EOR is
planned for use in the project: intelligent
well completions, dynamic down hole
monitoring, tracer injections, extensive
CO2 recycling, etc. for deep water.
In reservoir characterization phase,
Extended Well Tests (EWTs) is used to
define reservoir connectivity. The CO2
content from associated gas is recycled
for miscible CO2-EOR. The existing
wells and infrastructure are required
for retrofit for corrosion resistant. Lula
EOR includes one gas injector, two
WAG (Water alternating gas injection)
injectors and multiple producers. From
2013, the commercial scale CO2-EOR was
opened. When the platform reaches full
production, it could re-inject about 710
thousand tons of CO2 per year. From Lula
case study, it comes to the conclusion
that piloting phase is important in test
how oil recovery will be effected by CO2-
EOR.

3.1.3 CO2-EOR Potential Analysis
of Northern South China Sea

Encompassing nearly 200,000 square
kilometers (Figure 3.2), the Pearl River
Mouth Basin is a Cenozoic oil and gas
sedimentary basin, which includes all
the oil fields which have been found
so far in the northern South China Sea.
Some natural gas fields have been found
on the continental slope area in recent
years. According to the 2008 assessment,
the geological resources in the Pearl
River Mouth Basin are 2.2 billion tons
(16 billion barrels) of oil and 743 billion
cubic meters of natural gas, of which the
proven reserves are 583 million tons (4.25
billion barrels) of oil and 58.5 billion cubic
meters of natural gas (Ministry of Land
and Resources, 2008). Oil production
in the Pearl River Mouth Basin began
in 1990, and 16 oilfields have been put
into production. Since 1996, the basin’s
annual output of crude oil has remained

Chapter 3
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at more than 63 million barrels, and up
to the end of 2007, the total output was
155 million tons (1.13 billion barrels) of
crude oil, accounting for only 18% of the
proven reserves. So far, only one oil field
stopped extraction and was abandoned
in 2009, the rest are still extracting, and
efforts continue to expand reserves

throuah exploration.

« Oilfield
* Gasfield
I sag

I Depression
B Low uplift
[ uplift

I Land

1

12

13 14 15° 116°

Figure 3.2 Geological sketch of the Pearl River Mouth Basin
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The favorable conditions for applying
CO2-EOR to the Pearl River Mouth Basin
are: the crude oil is light with low density
and viscosity; the reservoir has a high-
medium porosity and permeability; the
depths are generally greater than 1500
meters, which favor efficient miscible-
phase EOR. In addition, most oil fields
are located on the continental shelf in
shallow water, close to large CO2emission
point sources on thecoast of Guangdong
(coal power plants, petrochemical
enterprises, etc.), meaning good source-
sink matching.

One of the adverse conditions for CO2-
EOR in the basin is that most of the
oilfields have strong natural water
dynamic conditions, which can maintain
reservoir pressure, and keep the recovery
efficiency high, meaning that even water
injection for secondary oil recovery
might not be needed. Currently, the

expected recovery rates of most oilfields
are 40-60%, and residual oil saturation
is low, all of which mitigate against EOR.
In addition, compared with the North
Sea and the Gulf of Mexico and Brazil,
the oil fields in the Pearl River Mouth
Basin are much smaller; the Liuhua 11-1
Oil Field has proven reserves of 155
million tons (1.1 billion barrels), others
are small oil fields with proven reserves
in the range of 60 ~ 10 million tons (4.4

~ ~ 70 million barrels), which significantly

reduces the economics of CO2-EOR. A
further challenge for offshore fields is the
sutiability and viability of conversion and
retrofit of facilities and wells for use in

"~ CO2EOR.

However, the above-mentioned

» disadvantages cannot rule out the

possibility of the application of CO2-

. EOR in the Pearl River Mouth Basin. Oil

recovery from fields in thePearl River
Mouth Basin is about the same as from
oil fields in the North Sea and the Gulf
of Mexico, so the possibility of using
CO2-EOR to further improve oil recovery
cannot be ruled out. The 2014 evaluation
of oil fields in the Gulf of Mexico by
US Department of Energy (DOE, 2014)
stated that implementing CO2-EOR in
fields with reserves less than 10 million
barrels (1.4 million tons) would certainly
not be economic (estimated when the
crude oil price was between USS$ 80 and
100), and it took as an economic floor
level 50 million barrels (6.8 million tons).
Reservoirs in the Pearl River Mouth Basin
conform to these conditions.

In addition to geological conditions,
the economics of CO2-EOR projects
also depend on a variety of technical,
economic and even political conditions.
The increase in pressure for CO2 emission
reductions, and the improvement in oil
displacement techniques could enhance

the economics of the project.
Therefore, it is necessary to carry out a
comprehensive technical and economic
evaluation of the feasibility of CO2-EOR
applications for the oil fields in the Pearl
River Mouth Basin. This would identify

feasible oil fields, estimate the efficiency
of possible EOR and CO2 emission
reductions, and present options for CO2-
EOR deployment to provide the basis for
governments and oil enterprises to make
strategic decisions.

3.2 CO2 iZsqitt R FIA

CO2 Enhanced Geothermal Systems Technology

3.2.1 FARE Y

AR RRE— MR EFEMNEETRE
#HiR, BRKeEREFMANKRS. BTH
BIEZEFRFAPRER, KABMHA
FRBABERMABERE DR,
AIZREFIET 2 R F IR RE 3-10
km, LAFHREHREENTRIIEREIAR
% (Guo et al., 2014) . Ni&r=Ff&
it, WERFREMESHNEEEST
LIKFIBEAH. RASEXKMESH
BEERI301fE (Xu et al., 2012) . A
NEVFARTFHREMRZBTIKIEA
TAEN AL E B A R FSE ALY
C02 1 38 ih #& & %t (Carbon Dioxide
Enhanced Geothermal Systems, C02-
EGS) 7Rz ARAIEA &Rk, B
fEARBIEA c02 (J£ 11 >7.382MPa, iR
£ >31.04°C) B KIEHIEEE IR
RGP IERRME, RAXMMAEIR
(Brown, 2000) . HiZiZ=Z¥ c02F
NRERGE, BidHE = HEIR R ER
BedN[E 3. 3,

SN P E

3.2.1 Technology Introduction

Geothermal resources are
stable,constant, clean and
renewable;they represent a hot
spot in future energy use.Because
theefficiency of small scale water-type
geothermal fields(which are mainly
exploited at present) is similar to that
of power generation, public concern
is gradually growing over deep (3 to
10 km underground) , mainly hot dry
rock thermal enhanced geothermal
systems(Guo et al.,, 2014). At only a
conservative estimate, the energy
contained in hot dry rocks in the earth's
crust is equivalent to 30 times all the oil,
gas and coal energy in the world (Xu et
al., 2012). People first started extracting
hot dry rock geothermal energy through
enhanced geothermal systems with
water as a medium. Carbon Dioxide
Enhanced Geothermal Systems (CO2-
EGS) derives from this technology, i.e.
using supercritical CO2 (pressure >
7.382 MPa, and temperature > 31.04 °C)
instead of water as the heat transfer fluid
in the enhanced geothermal systems,
to exploit geothermal resources(Brown,
2000).The process of injecting CO2 into
deep thermal storage, to recover heat
energy from production wells, is shown
in figure 3.3.

Injection well

Rl

bl d

Rock fracture
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Figure 3.3 Process Diagram of CO2 Enhanced Geothermal Systems 2 2
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Bx TR ARG TIEN RKIEA
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2006) :
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3.2.2 HARBAE

EEFRLE, PAIKEATIIEN RAVIERM
RAZHARELETRR, B LELT
TIEMEE (Guo et al., 2014) ., C02-
EGS FARSHAMEMNUZA, BthEFEE
5, UMERFELTHEARFLXBEHM
B, TREBERAZHEERZ C02 1R A
R RGHIRIUM R (Zhang et al.,
2013) . BEthBERELZEFHBHERNRTE
TEREE, nZE[E GreenFire Energy
N EEHEENTE I FI SEARFOFT 28 74 5F

MHFESI—4 2MW 4 CO2 135 th 3 %ﬁ
RoE] (Peng et al., 2014) .

FER) EGS AR TFRELMEL, BaEl
AR REFIMAIEIR, RiftiTT7—L
ff_E EGS FIRTEM AN BT = 5475 E A
R L1E (Guo et al., 2014; Feng et
al., 2014, 33) , (BIEHZZZ|EM.

The advantages of enhanced CO2
geothermal systems over using the more
traditional water as the working medium,
are (Pruess, 2006):

1.Using CO2 as a working medium can
not only realize emission reductions,
but also save water, a relatively scarce
resource.

2.CO2 does not easily dissolve to form
minerals, and affect the permeability of
the rock.

3.CO2 has a larger expansion coefficient,
which means there is a big difference
in density between cold CO2 in the
injection wells and hot CO2 in the
production wells. It can thus provide a
strong buoyancy drive (siphon effect), to
reduce the energy consumption of the
heat circulation system.

3.2.2 Technology Maturity

Internationally, enhanced geothermal
technologies that use water as a working
medium are maturing, and are mainly
at the demonstration stage (Guo et
al., 2014).CO2-EGS technology has
similarities, but also differences, and is
currently mainly at the early stages of
development, and more simulations
of CO2 enhanced geothermal systems
need to be carried out (Zhang et al.,
2013).Countries have begun to promote
the construction of demonstration
projects, such as GreenFire Energy in the
United States which is promoting the
establishment of a 2 MW CO2 enhanced
geothermal system demonstration
power plant near the border of Arizona
and New Mexico (Peng et al., 2014).

EGS research(on-shore) in China is still in
its infancy, has yet to develop research
in the field, and only some resource
evaluation and prospect analysis research
work has been implemented (Guo et al.,
2014). However it is being taken more
and more seriously.

3.2.3 | RARMKRARZH
BN

TRER— MR EEBRAFEEHHX
(ANE3.4) . THEEALTIRKEFEH
o b, WEMERESEEHT,
wm: BEA—ENF. T MN—NAE—5&
. AERERGERLGEF. H, EH®
LR R B8 PULUEFETRT
=AMNEX. ERLUEENRERE. #is
mMER. TEEIRRE. WIEREEEER
B BRRA B HAET AKX (Mao
and Ma, 2011) .

3.2.3 The Potential for Guangdong
Developing Geothermal Systems

Guangdong province is an area relatively
rich in geothermal resources (as shown in
Figure 3.4). Guangdong province is in the
Circum-Pacific geothermal bel, and there
are several fracture zones in geological
structure, such as: Dianbai-Longchuan
zone, Guangzhou-Conghua-Hailing zone,
Lianhua mountain zone in northeast, etc.
Lianhua mountain fracture zone traverse
Shenzhen, Zhuhai, Zhongshan and other
Pearl River Delta Region, in which the
southwest of the Zhongshan, the south

150

2012)

(Wang et al.,

Rtz 4h, TEREMMHAFLFE—E
EESEMFIT. 1970 F, T"EFEIR
F—E 86 kW M A HIXNIGHELE
mm,wwﬁ,fﬁ#éﬂ FNER 77
BRZEFT, PERZERRT MNEEREAR
FrERMNBET—A300 kW #l14 3
2H), 1984 fﬁ%ﬁﬁzﬁiﬁnlﬁiéﬁ@%ﬁ
Wi, XBIEBMNEEIERIES, X

HEE— I'W_JEEE,JEI (Mao and
Ma, 2011) . MEKIEARAIM, RE

it FhERIREIREFEE, EGS ATLATE
SEZMNE, BZRHFIARMEF
ZERZHIPRFI, EGS B AETE /L B ih a4k
EEitXEBaIALFIH, Ehpesd
I"'&HRE (&3.1) EENERNEIN

of Xinhui, the southeast of Doumen in

2% (MWM?) 71 ihai and the south of shawan are

potential large geothermal field in the
future(Mao and Ma,2011).

In addition, the development of
geothermal utilization in Guangdong
province take its place in the front
ranks of China. In 1970, The first 86 kW
geothermal power plant of Fengshun
Fuxing in Guangdong Province is
successful in its generating units trial
test. In 1982, with the support of the
Guangdong Department of Energy and
the Science and Technology Committee,
Guangzhou institute of energy
conversion and other institutes built a
300 kW generating unit, which is still in
normal operation. (Mao and Ma, 2011).
What's more, recent research found that,

Figure 3.4 Heat Flux Distribution of Guangzhou and the
Surrounding Area(Wang et al., 2012)

Heat flow [ Mws/m2)
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Table 3.1 Potential site for EGS in Guangdong.
Geological Pre-existing Potential site location

characteristics

Geothermal data

Geothermal resources in

Guangdong Province is in
zonal distribution and is

The temperature is
92 Cin 300 m

controlled by magmatic
rocks and faults
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WX EERREEE/\F, SRS
% (Feng et al., 2014) .

BT, EARARILZREMARZ C02-EO0R
REIMFEERE. I RIEALEFHLY
AEER, TRLEFREHAETEEK
PEELARE, MNS53BAREREH
2%, LUESNZEAREHSSI @I,
BIEZRRT REHEXER &AL
R 18 5a B th A BRIE B SR  FFRIER
FRESHMBEAR. £FaiTHIENT
1£; EEMRFREAIRMAK. b
FHIEER . SR EFRERAR (Mao
and Ma, 2011)

hydrothermal plant

Suspended in 2008

Location

In urban area
The spas are abundant

although theoretically EGS can be
applied throughout the continent
with rich geothermal resources around
China, in fact, EGS can only be exploited
commercially in certain places with high
geothermal gradients. This is mainly
because of limitations in the drilling
technology and economic factors. One
of these places is Guangdong province
(Table 5), and other potential places for
EGS are Yangbajing in Tibet, Tengchong
in Yunnan province and Hainan
province(Feng et al., 2014).

At present, the main restricting factors in
CO2-EOR application are still technology
research and development. As one of
most developed province in China's
reform and opening up, Guangdong
should not develop CO2-EOR application
until all the technology is mature, and
should be involved in the research and
development of related technology, to
promote the commercialization of the
technology. Therefore it is recommended
that the relevant departments of state
and Guangdong province should carry
out the evaluation of potential resources,
research on exploitation mode, capacity
analysis and the evaluation of technical
and economic feasibility without delay
(Mao and Ma,2011).

4. IFREL CO2 FIAHEEAR

Innovative Carbon Dioxide
Utilization Technologies

4.1 CO2 SRy rIPERFEEH]
Biodegradable plastics synthesized by CO2

4.1.1 FARE T
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2014)

4.1.1 Technology Introduction

The theory of biodegradable plastics
synthesized from CO2relies on carbon
dioxide and propylene oxide polymerized
as C4H603 using a catalyst, as shown in
Figure 4.1.

Catalyst

Ao =y

Figure 4.1 copolymerization between CO2 and epoxide

Chapter 4

One critical and difficult point in
copolymerization between CO2and
epoxide is the design of catalysts. As a
relatively stable chemical, how to activate
chemically inactive carbon dioxide and
get high conversion efficiency is the
key to its use as a resource, and also a
significant scientific issue being studied
across the world.

C4H603 polymerized by CO2and epoxide
is a form of aliphatic polycarbonate
with good oxygen barrier properties,
some intensity, transparency and
biodegradability (Luinstra and Borchardst,
2012), which can be completely
composted and degraded within six
months, while conventional plastic does
not have this property (Du et al., 2004).

Since copolymerization between
CO2and epoxide was developed almost
50 years ago, the scale of this industry
is far smaller than that of the polyolefin
industry. But the demand for degradable
plastic around the world is growing
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Chemical Itd.

polyurethane

(wang et al., 2012). According to
the newest survey, the demand for
degradable plastic in the packaging
market alone across the world will
reach 9.45 million tons in 2023 with the
compound annual growth rate (CAGR)
approaching 33% under the impetus
of the trend towards renewable and
degradable products (Huicong website,
2014).

4.1.2 Maturity of technology and

demonstration projects

Catalytic CO2 synthesis technology
of biodegradable plastic is at the
industrialized demonstration stage.
Demonstration projects in industrial
production in which technologies
developed by R&D organizations in
Guangdong have been applied include
the CO2-based plastic production line
(Figure 4.1) of Henan Tianguan Itd. and
Jiangsu Jinlong Green Chemical Itd.

NS 2 Rz AR
3 —2 A\ i 3k 4 E = .
AMRBRLKRER o DHEEEE b Lk
/NG| =)

ST H >4 A —_ B S d==
THAERREMERR o000 mammy  TENEROMHEE
/NG| I

Company Production Application Technology sources
Henan Tianguan Itd. 25000t eI Sun Yat-sen University
bags/boxes
Jiangsu Jinlong Green 10000t Raw materials for ~ Guangzhou Chemistry

Institute of CAS

Figure 4.1 CO2-based plastic demonstration project
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Among those developing efficient
catalysts, Yuezhong MENG’s team from
Sun Yat-sen University, according to their
publication, successfully synthesized
completely biodegradable plastic
with industrial waste carbon dioxide,
and developed a bulk polymerization
process under medium and low pressure,
together with a comprehensively cycled
treatment process after three levels
of devolatilization without pollution.
Henan Tianguan Ltd. used those
processes to build the first industrialized
production line of CO2-based completely
biodegradable plastic with 25000
tons of annual production across the
world(Figure 4.2), and managed to
achieve long-term stable operations. The
production of CO2-based completely
biodegradable plastic is overseen by
the National Quality Supervision and
Inspection Center of Plastic Products with
product performance in full compliance
with 1SO14855 standard for completely
biodegradable plastic.

"Picture 1 from the official
website of Henan Tianguan Itd.

Figure 4.2 The plastic production line (Figure 4.1) of Henan
Tianguan Ltd. and product masterbatch™

4.1.3 Emission reduction potential
and environmental and social
benefits

Technology for the direct synthesis
of polymer materials can achieve
both direct and indirect CO2emission
reductions. Direct: as demonstrated
in the reaction equation (Figure 4.1),
carbon dioxide and propylene oxidecan
copolymerize CO2-based plastic-PPC,

28



ZEARBTUATWES ARR, KKE
BT AR TR ERRA, BEEH
EIARH RS, XMHE SRS
R, Hi R E5F 0 m g S F F1E M.
E‘Z, IZRARPIMEH S HE B UTIL

I

(1) SEW T T ES c02 B IFEMLF)
B, BFF co2 mHE;

(2) ARMEYIEMRERER TR
RUBEETR"

(3) AT ESERER, A& TH
BRR, BL T X AR IR RS

(4) FEMmES, EREAXE, 8
FITFHEBNEF & R IGEE B =
A g4,

consuming about 0.43t CO2/t. Indirect:
in addition, CO2 takes the place of fossil
fuel and indirect emission reductions are
achieved during the production.

Owing to the use of industrial waste
gases as raw material, this technology
significantly cuts raw material costs in
the synthesized plastic industry. With
increasingly mature technologies in
R&D, this advantage is becoming more
obvious, which brings more and more
economical benefits. In summary, the
environmental and social benefits are as
follows:

(1)Using industrial waste carbon dioxide
reduces its emission;

(2)Synthesizingcompletely biodegrada-
ble plastic helps solve “white pollution”;

(3)Synthesizing plastic with industrial
waste gases develops carbon as a new
resource thus reducing dependence on
oil;

(4)High added values and low raw
material costs are conducive to boosting
the economy and the structural
adjustment of the plastic industry.

4.2 CO2 SRk SN
CO2 Synthetic Gasoline Additive

4.2.1 BAREN
T fis — B g (Dimethyl Carbonate,
DMC) {EA—MUZER B S M,
WHAGZeFER, EEXK, ZEE
IR A DMC FEBRPEMT EBME
ARHEAMF, EEFEKkE (HEF
3 BTHEAMTEMMWNEEE. SF
KB RIE A M AR E DRI PERR 14D
(Li and Zhong, 2002; Pacheco and
Marshall, 1997) . B E8EXix, REHLE
SESEAR AN 6% BY DMC BN AT 4% 90# 35 5
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4.2.1 Technology Introduction

As a chemical raw material with no
toxicity, dimethyl carbonate (DMC)
is called a “green chemical”. In recent
years, the United States proposed its
use, gradually replacing Methyl Tertiary
Butyl Ether as a gasoline additive to
increase the octane value (it has an
oxygen content three times that of
Methyl Tertiary Butyl Ether together with
low volatility and biodegradability.) (Li
and Zhong, 2002; Pacheco and Marshall,

A 98# 5im. A RIRER —FEERI S
EBARE. BESAKRENE, B8
A #0 Co2 FEABE B & /R M 7% (Tundo
and Selva, 2002) . BI=FA%E45 5
BIMETR, TR2E, NSRS,
FH C02 FNEREZ H & Ak DNC NXTEE AR
=z, REBFEFMAMERIPSFEES
BEARENX, MARFEE~=LTIEREL, £
FRAEERK, ER2AXREDNC £/~
H—&#i&1E (Zhou et al., 2003) ,
BERNFERIE 4. 3.

4.3 €02 FnER
—Hifig

IZHR R 2 IR A AV E LT AR
Rz A AT — E RIS E R AN F
FERS, B ELREE—ER
E.

4.2.2 BIARMAE
Bar, MEticEERS 02 FEREZE 1%
R A Rk DMC B9 AR Ak T E Al A 52 By
EZ (Peng et al., 2014) .

1997). Simply speaking, adding 6% DMC
to gasoline can increase the octane
number from 90# to 98#. There are
methods for synthesizing DMC, such as
phosgenation, oxidative carbonylation
of methanol, transesterification and
direct reaction between carbon dioxide
and methyl alcohol (Tundo and Selva,
2002). The first three methods have their
own weaknesses: namely environmental
pollution, safety issues and high costs.
DMC directly synthesized from carbon
dioxide and methyl alcohol not only has
great significance in synthetic chemistry,
carbon utilization and environmental
protection, but also can simplify
production processes and aggressively
cut production costs, which is a novel
way to develop DMC production (Zhou et
al.,2003), as demonstrated in the reaction
equation of Figure 4.3 as follows:

Catalyst H3C-=0O
3CH3:OH+CO2 =—>»

H:C=0O

Chapter 4

O +H20

Figure 4.3 carbon dioxide and methyl alcohol directly

synthesized to dimethyl carbonate.

The difficulty of this technology is to
design efficient catalyst and reaction
conditions to overcome the inactivity of
carbon dioxide and break through the
thermodynamic equilibrium limit. There
is also difficulty in separating products.

4.2.2 Technology maturity

So far, according to literature home
and abroad, the technology for directly
synthesizingDMC from carbon dioxide
and methyl alcohol is under basic
research (Peng et al., 2014).

Figure 4.4 Continuous fixed-bed catalytic reactor of DMC

directly synthesized from carbon dioxide and methyl alcohol
(on the left side) and pilot equipment (on the right).
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LK FZ K FAEER A B 02 AN
By B 1% A i ikBR — BRI AR E A T it
AEEIS, EFAXBHEEEX S
FBRAN R EE B 15 A Ak DMC RO AR 1L I & 3%
ARBE LR rara PP B R E R iRR L
BAERABI#HITHIR (E4.4)

4.2. 3 BmHEBE N

C02 AN EREZ B #% & A DMC 7] LA [5] B SE3
C02 W EIZ M HEA B 3E R HE . E1EF A
=: kA RENRR (B 4.3) , &
FE &M DMC FT LL 295 #E 0.5t €02, I
WHEIEFHAE 0.5t C02. itz 5h,
ZH ARSI RS ERELE
B DMS #% K, €02 *éfﬁﬂtﬁiﬂ, SN
fijlETH%/rJzHEo HpZEITEWE, W
Rt DMC 1T S FEIEN , ATIAK I
DMC %z%mﬁ%z C02 FHEBIX S+,
B LA R HERU SR 3 AR I 7 (8] 3 HE

The technology to synthesise DMC from
carbon dioxide and methyl alcohol is
owned by Zhongyue MENG’s team at Sun
Yat-sen University and who are world
leaders in this field. A pilot to begin
preparations to scale up their technology
through electrical auxiliary catalysis of
carbon dioxide and methanolis being
conducted by Zhongju Tianguan low
carbon Technology Co., Ltd., Nanyang,
Henan (Figure 4.4).

4.2.3 Potential to cut emissions

Synthesizing DMC by carbon dioxide
and methyl alcohol can achieve both
direct and indirect emission reductions
of carbon dioxide. Direct uses: as
demonstrated in the reaction equation
(Figure 4.3), to produce a ton of DMC
can consume about 0.5t CO2, which
is equivalent to direct uses in theory.
In addition, in comparison between
this technology and conventional
synthesis technology of DMC through
transesterification and oxidation
hydroxylation, CO2 replaces fossil fuel
and indirect emission reductions are
achieved. It should be noted that at the
end of life cycle, DMC will be combusted
and released into the atmosphere as
CO2, so the emission reduction effect is
mainly reflected in the indirect reduction.

4.3 {HEFFEES CO2 ik

Microalgae Breeding Coupled with CO2 Emission Reduction

4.3.1 FAREN
MEERNABEZIEBFEMEFR A
K PHEEIRUL CO2 351k h B BRIz
(Yang et al., 2009) . a0[& 4.5 7w,
c02 ié%“u—mﬁ,itﬁf:l:k—ﬂﬂ m
4 C02 HSHHNRIEFRPE, HE
a5 ¥3 €02, HCO3™, CO3* HR R,
& C02 #1 HCO3™ ZE# Ehi BIF ETNIE

4.3.1 Technology Introduction

Microalgae carbon sequestration
technologies often refer to the process
whereby autotrophic microalgae uses
solar energy to absorb CO2and converts
it into its own material (Yang et al., 2009K.
As shown in Figure 4.5, CO2 usually exists
in the atmosphere as a gas, and when

Mgt NRBant ik, E—RYIEEAIE
AT (Calvin &) , FIAXKR N
EHIEEE (ATP) FN3E R 77 (NADPH), SE
TRV E E

S

CO2 enters into a nutrient solution in the
gas phase, it converts into forms such as
HCO3™ and CO3* in the nutrient solution.
It then enters into the chloroplasts of
cells by passive diffusion and active
transport, under the action of a series of
enzymes (Calvin cycle), using the energy
produced by light reaction (ATP) and
reducing power (NADPH) to achieve the
carbon storage.

Co,

BIF

CO>

I
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CO,

Figure 4.5 Microalgae CO2StorageMechanism

MEERNEART S EERHE: 1S
C02 iKE \ 1= & Tk 2 FOM #7175 FE MR HY
TR, 1 Rk 2 R = S E i A B A
2 WUEHIRMLIEST UEFEHMUEUR
HEYIR MR +> , SEIN CO2 M=%
Bl E AR MRS ZEETRE; 3 MiEX
B, WERRCE i%lﬁﬁﬁ?T:ﬁ?ﬁ*nnE’]ﬁ
% (EE4sm. 8m. RiES. 8B
B AR .

INRES WS /ER C02 AU T LAIK
S HE S 5 EY NO #0502, RENENLIES
BI1ER (Lam and Lee, 2012) .

The technical requirements for
microalgae carbon storage technology
mainly include: 1 The selection of high-
concentration-CO2-endured, high-
carbon-storage-rate and anti-pollution
algae, (good algae is the basis of
efficient microalgae carbon storage);
2 Microalgae scale cultivation (culture
conditions optimization and optical
bioreactor design), to achieve efficient
CO2storage and high-density breeding
of microalgae; 3 Microalgae recovery,
to gain microalgae biomass and use it
for the development of downstream
products (microalgae biodiesel, food,
health food, fish bait, feed, etc.).

If the CO2 is contained in flue gas, it can
be purified by absorbing the NO and SO2
(Lam and Lee, 2012).

4.3.2 BARRERE
BEIRCEFEES 02 M B mAY
FARBEHNT =l REME. FE
B2 B r /8 A 5 B el STM 852 [ A
EARBMERRBEARATZMNE~R
mBRELIE LR, gk 4.2

DR BFR

%ﬁﬁﬁi\ /m2

4.3.2 Technology Maturity

Technology for microalgae breeding
to produce food coupled with CO2
emission reductions is currently in the
industrialization demonstration stage.
Wenzhou XIANG’ team in the South
China Sea Institute of Oceanology of the
Chinese Academy of Sciences has applied
microalgae carbon storage technology to
multiple food production demonstration
projects, shown in Table 4.2.
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RARKIR

b mIEEE R AT

% AIRAT #9257

shft hﬁ/ﬁ/ﬁl*ﬁﬁﬁ

AT ERSERERR
BIRAA

“2h

Company

Culture area(m?2)

PR R EM R

Ffr

Application

Source of technology

Zhongshan
Cyanobacteria Biological
Food Co., LTD

About 30,000

South China Sea

Food Production

Institute of Oceanology,

Chinese Academy of
Sciences

Shenzhen Ludebao
Health Food Co., LTD

About 30,000

South China Sea
Institute of Oceanology,
Chinese Academy of
Sciences

Food Production

Table 4.2 lllustration of Microalgae Carbon Storage Demonstration Projects
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quure 4.6 ODtlcaI Microphotographs of

Chlorococcum Alkaliphilus MC-1

UEBWMB =M AT, Fhithstts
FREARFITHNE, MALFBKESHA
¥R RNEE (Huang et al., 2010) ,

12 & il 2 0 02 ﬂﬁqxﬁli (Chen et
al., 2009) HE/MEUREMIEHBSAK
LM A ERPEZFE, ZMBAE
BT 6,

The Institute has been focusing on
demonstrating larger-scale industrialized
microalgae carbon storage, pilots of new
technologies and cultivation and testing
of new algae breeds. One of the algae
breeds being cultivated, chlorococcum
alkaliphilus MC-1(Figure 4.6), has great
potential for emission reduction and
oil production. Under domesticated
cultivation, its oil content (which is
rich in astaxanthin, linolenic acid, and
can be used in the production of high
value products) can exceed 55%. It
is susceptible to large-scale outdoor
cultivation and can adapt to cultivation
in flue gas conditions. Finally, it has an
automatic sinking characteristic in the
later period of culture, which makes it
easier to recover.

With abundant superior algae breeds
available, the constant optimizing of
culture techniques, and the accelerated
development and enlargement of
effective optical bioreactors (Huang et
al., 2010), the resulting improvement in
oil production rates and the efficient use
of CO2 (Chen et al.,, 2009) are important
means to reduce the cost gap between
microalgae biodiesel and petroleum
diesel, giving this technology great
potential.

4.3.3 Emission Reduction
Potential and Environmental and
Social Benefits

The efficiency of microalgae in storing
CO2 from the flue gas of a power plant
can reach 75.6%(75.6% of the total CO2
in the flue gas is utilized by microalgae)
under specified conditions, calculated
on the basis that the carbon content
of microalgae accounts for 50% of the
biomass, and 1 kg of biomass can store
1.83 kg of CO2. It should be noted that
the products will finally be combusted
or decomposed through respiration into
CO2, so the emission reduction effect is
temporary.

T RACERE R AE ] LUEE R E 24
ARG AR, MPEZFLRES
BEERMIER: 1 EVREBESFA
gE4, 7SI 002 EEMEIR, ZEfft
ELXEN; 2 5FBEALFELR
HEs, FIARWLC2 ES (JBEH
B C02) . RKFHITHREEMZEIFIE,

HEEPER, ERXEMEERET
5%, S5MBLE . BN . ©I
Fémnmmkﬁmn,ﬂﬁlﬂmz
ESFITHRCEMBRUFEEEYEE

B (EERESEMEGEWK) (Yao et
al., 2010) .

Developing microalgae carbon storage
technologies can also drive the
development of China's other many
technology fields, and play an important
role in China's economic development:
1 by the comprehensive use of desert
and wasteland, realizing CO2 storage
could mitigate the pressure on China’s
land; 2 using agricultural waste CO2 (CO2
separated from biogas) and wastewater
to implement large-scale microalgae
breeding and produce animal feed,
would develop a regional green circular
economy; 3, using industrial waste
CO2 emissions(without CO2 capture,
separation and purification)from existing
big CO2 emitters such as power plants,
steel mills, chemical plants for microalgae
scale cultivation can produce energy (Yao
etal.,, 2010).

4.4 XBAFEHEAEEIE CO2 AR

Sunlight Catalytic Conversion CO2 Technology

4.4. 1 ¥ ARE Y
SeAELITR €02 BETFHREMEMHA S
EA. HEEREFAKPHGEHLES
BRI T E S BT - 297, L
BEEN - TR R M AF C02 1 H20 & K
mEE, ExEAERXNE 4.7,

516
COr+H20 ———» BELAW + O
: P :

SeEL IR R €02 REEF 1L €02 FIIRE
z—, EENERRTLEER/LEEL.
BUYFEENLE. ERXZFARERF,
CO2 £ BB EWATRIAI S, M
bR R AT A BGR A R SH F SR AE =
BINTSER Li et al., 2012). i
1bEE1L CO2 EARHE mm%ﬁ@ﬁ(m
et al., 2011; Li et al., 2012) :

4.4.1 Technology Introduction

Photocatalytic reduction of CO2 is
based on the simulation of plant
photosynthesis.Its principle is that
it uses solar energyto stimulate
semiconductor photocatalytic materials
to produce photoproduction electron-
holes to induce oxidation-reduction
reaction, converting CO2 and H20
into hydrocarbon fuels. The reaction
equation is shown as Figure 4.7.

Light
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CO2+H20 _)Hydru:arbnn +O2

Figure 4.7 Photocatalvtlc Reducing CO2 to Be

Hydrocarbon Fuels

Photocatalytic reduction of CO2 is one
way of storing and converting CO2;
other ways include thermal chemical
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ETEU/EM:—IE_&-_ IJ_ ____j(BH 'ﬂE
AR T EFELRHBNEENR; [REHE 2

%, " TEIE;‘JMH?H—#E’J{JEHEFH, AJ

1 Co2 L AL, HREREFSMINER

MR EHEENF MR,

ETULEMS, ZRAREMHIARRE
HEul=H C02 3L %, 1E'I7EI‘JHJE

A P MRS .

4.4.2 WARRERERES
KPESEIIT R C02 HARITATFHEM A
MEL, HEARMERz—ETXIAGERF
/K (Wu and Lin, 2005) . WLIR
B AR EXFR Ti02, Zno,

SrTi03 A, kNI &EF A H_-T;HSH
4% B EHN e, MESLI S ﬁmﬂﬁk

PHEE, WUfEM SRPHIERE 43% AAH
AR . BREA—LRESHA
RAAEWIER C02 ;MR FRAIEZEIL (Pan

and Ghen 2007; Woolerton et al.
2010) . EERNEARES “ﬁﬁ'ﬁﬁﬁtﬁﬂ

T €02 MR Bt 14 BEZ WA R X C02 jE{LFne
SHF-ZENTBEHEEZEANEZFNDM
(Wu et al., 2011) .

4.4.3 BI=RE

FENIER C02 IR EF X EIGEIF
o). BEREFEITHERS A%
HXFT, BEEMREKR, FHEZEH
S EAFINF L, SR, SEE
M. SEFEUSEBRFERNTAE
EZEZNRETINYIES HNE
T, RECMRNKRENZINGELE
B, URKPERESHFIA . B3
SRR M S ESMASEECR IR R R
MNERPREREN, BLARKELDT
& CO2 FARBARMIERF I LN BHAZ
248 Wu et al., 2011),

conversion, etc. In most technological
approaches, conversion of CO2 needs
demanding conditions; however, light
catalytic reaction can be completed
in relatively mild conditions with low
energy input (Li et al., 2012). Other
advantages of photocatalytic CO2
conversion technology include (Wu et
al., 2011; Li et al., 2012):the direct use
of clean and renewable energy (solar
energy being the driving force, there is
no need to consume auxiliary energy); its
raw materials are simple and easy to find,
and it genuinely recycles carbon material
since it can convert CO2 into high value-
added fuel such as methane, methanol
and other chemicals.

Based on the above advantages, the
technology is considered as one of
the most promising CO2 conversion
methods, but it will also be very
challenging to take forward.

4.4.2 Technology Maturity and
Difficulties

Technology for the catalytic reduction
of CO2 by sunlight is still in the
development stage, one of its technical
difficulties being the low efficiency in
the conversion of solar energy (Wu and
Lin, 2005).Based on existing applicable
photocatalysis materialse.g. TiO2, ZnO,
and SrTiO3, the reaction only uses 4% of
the solar ultraviolet light, and to achieve
greater efficiency, the reaction must use
the visible spectrum which accounts for
about 43% of sun light energy. There

have been some reports about the
establishment of efficient visible light
catalytic reduction of CO2 systems
(Pan and Chen, 2007; Woolerton et
al., 2010).0ther technical difficulties
include photocatalytic materials for
CO2with poor adsorption performance
and the insufficient consideration of
CO2 activation and photoproduction
electron-hole separation efficiency (Wu
etal,2011).

4.4.3 Prospect Outlook

The research and development of
photocatalytic reduction of CO2 is faced
with many problems. These include
(i) the development of high efficiency
photocatalysts with new systems and
new structures,(ii) regulating and
controlling the best match of physical
parameters formany factors such as
light absorption, gas adsorption, gas
activation and the basic behavior
of photon-generated carriers, (iii)
multi-functional integrated design
of photocatalytic materials on the
nanometer scale, (iv) as well as the
efficient utilization of solar energy,
super strong gas adsorption and the
final establishment of light reduction
reaction systems with highly efficient
gas conversion. However, under
sustained policy and funding support,
the large-scale commercial application
of photocatalytic reduction of CO2
technology in future may not be a
dream(Wu et al.,, 2011).
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BELERFH, TRENBARNERERR
EMiREGE EEZH—FLRE C02 7
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EMNEZB L c02 FI B ARZHh R
FIAHEAR, BE—LO#HAENF AR
AR, BEXE, BEX%. 2&£€|l
R BEARE RETEDHIEIEM
wophl, BB HIANERE, B
FAREEFHCO2 BEHMR, WK
Xt C02 R FEREXRFIA, M
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The results of this report show
that Guangdong has potential to
realize further development of CO2
utilization technologies in the terms
of coverage of technologies and
development conditions, but current
CO2 utilisation technologies have
limited potential in achieving carbon
reduction. Studies at multiple levels
are ongoing for technologies from
conventional commercialized carbon
dioxide utilization, through geological
application, to innovative utilization. The
wide application - for commercialized
technologies in Guangdong come
mainly from the welding and beverage
industries, and these have had mature
market value chain. However, the
typical lifetime of the CO2 currently
sed in commercialized applications
i$ usually a few days to a few months.
ith such short lifetimes and limited
sicale of utilization, it is difficult to
cpntribute significantly to the mitigation
f the CO2 problem by the industrial
tilization of CO2. CO2 utilizations
ainly deploy the characteristics of CO2
itself involving little of conversation
and further exploitation therefore have
limited added value. CO2 utilization
technologies which have not been
commercialized mainly concentrated in
the chemical or biological conversion of
CO2 and geological utilization. Overall
these technologies have relatively
higher emissions reduction potentials
and added value to products compared
with traditional technologies, but these
technologies are currently at different
stages of maturity.

BiRskii, MMtk TR co2 FIAEA
(C02 & AR PEFREBRL. JRBAmMFD %
RBoR AR, SRBERARBPIXUAK
U LEKE. XREAAFEAREG X RIIFH
25, THTFHEABANARAENE
FHAEESE. BHE REmEEN
R RFI AR AR EERE K. C02-
EOR FARZEFREEZ T, FEH
Xt ERAEENEZEE, | RE8R
RABRAESE, BREAREEASH
YENAH, HalttE2EmENEKIO
Al A 1T C02-EOR AI1T M 24 o
I"HRE B RIFAEL R C02-EGS I ARHIS
HunESthREERREE, BREE
FES N ANA LRI, HEF
TEIBA CO2 BHE TR mINBARE L X
REIRSEMER, (BEmFTAMRAARAR
ROWEFFEH—IHPIR. KEAE
LEE1L CO2 AR RN AR ERI =M
C02 351k /5%, EIFTH 2R EPE 4R
AR E, TEKRDHEHEMAZR R
ALK
IFEEAR_SURIBBRATE—E
MZEMH. XREA—EFARHNAE
mIERTHE, — B EH®E. Fl
40 CO2-EOR K, W fEHEEFR Bl
& TEEREGTE, BAMNELRAR
EE, B LHHANFREE KBS,
m—EmEEMELRES, EH
5 C02-EOR BB AJgE. F—HHEM
Co2 FIAMARMMAERE, | FEE
BEE—ERAEE2ERIEZEHR
"I, AR{E X LR AR B AR TN
Ak, FRERIBRESRN, HREAMNE
. mpEESH AT c02 FIAA
RIERAIEMA X FERE, —LanGH
SIFT AR EEMREZFRRFERE
M, EEWEFY, FIMBECIFHL
XL, LA RA R
SERBEN.

Thanks to continued technological
improvement through independent
research and the development of
related scientific research organizations
and teams, two kinds of chemical
technologies applied to carbon dioxide
utilization are relatively mature, reaching
pilot level and above. There are big
gaps in the maturity of the two kinds
of geological technologies with the
potential in Guangdong. Onshore CO2-
EOR has already been internationally
industrialized and other regions are
also gaining wide experience. Although
there are no specific examples of this
technology in Guangdong, technological
issues cannot restrict its application.
There is now an urgent need to conduct
a feasibility analysis of CO2-EOR in the
Pearl River Mouth Basin. There are good
development conditions for CO2-EGS
applicaton in Guangdong province
such as geothermal resources with high
geothermal gradient, , and R&D and
testing of this technology should be the
first priority. Technologies for microalgae
cultivation for food production coupled
with carbon dioxide reductions have
been developed through to the
demonstration stage, but the newest
research findings and technological
innovations need further piloting. The
technology for catalytic CO2-conversion
by sunlight is considered a potentially
promising CO2-conversion method, but
it is still at the cutting edge, and needs
basic research and technological R&D to
be aggressively promoted.

Since some technologies are time-limited
and once missed are gone forever - it is
urgent for Guangdong to develop carbon
dioxide utilization technologies. For
example, evaluation of CO2-EOR must
be completed before fields are depleted
several years hence. Offshore fields,
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because of high operating costs are
depleted rapidly and then abandoned,
making them unlikely to be considered
for CO2-EOR.Guangdong leads China,
and even the world, in the level of
maturity of certain carbon dioxide
utilization technologies. Their scale-
up and commercialization need to
be accelerated, so as to maintain a
competitive advantage and bring great
economic benefits. With the world’s
growing attention on carbon dioxide
utilization technologies, leading
edge novel scientific technologies
are attracting the interest of more
scientists, so we must catch the
opportunity to learn from them and
develop these technologies through
independent innovations so that

the potential to cut emissions and
achieve sustainability can be improved.

Further comprehensive studies
of carbon dioxide utilization
technologies might achieve the
following:

1. CO2 geological utilization has the
highest potential in carbon reduction,
but it requires further feasibility study in
Guangdong. On the other hand, there is
not yet a mature utilization technology
that could potentially achieve a deep cut
of carbon emissions in Guangdong. CO2
offshore geological storage technology
remains the most important abatement
technology.

2.To develop CO2 utilization
technologies, the technologies should be
evaluated in a lifecycle method, including
the emission reduction potential, energy
consumption, environmental impact,
the cost and raw materials etc. in the
entire life cycle. During the estimation

of emissions reduction potential, every
potential "source" and "sink" for CO2 in
different process of application should be
considered, such as energy and products
consumption. But emissions reduction
potential should not be the only criteria,
any CO2 utilization technology which
can achieve overall higher social and
economic benefits could be listed among
the objects of development.

3. To combine other projects on
environmental management so as to
promote sustainability. Because some
technological developments are facing
high cost barriers, cost cutting and
social and environmental benefits can
increasing be achieved if development
is promoted in combination with other
environmental management projects. For
instance, microalgae cultivation coupled
with carbon dioxide emission reductions
could be integrated with waste water
treatment.

4.To increase scientific and technological
innovations so as to enhance the
added value of products. Scientific
and technological innovations are
catalysts for carbon dioxide utilization
technologies, which can not only
improve the efficiency of carbon dioxide
utilization but also increase economic
benefits. Therefore, progressively
promoting innovative carbon dioxide
utilization technologies with those which
urgently await R&D can have a multiplier
effect.

5. It is not easy to store and transport
carbon dioxide which has a short radius
for economic transport (about 300km).
Thus, it is better to match the specific
CO2 utilization technologies applications,
which are reliant on CO2 capture with
appropriate CCS infrastructures based on
its location, scale and purity of emitted
Cco2.
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