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英国驻广州总领事馆致力于支持华南区的低碳

经济转型，推动英国与华南在低碳政策、商

业、科技等领域的双边合作。在过ࣨ几年中，我们与广

东省的政府部䬕、企业、研究机构以及社会团体ჳ切合

作，共同开发和支持了一ឦ有影响力的低碳项目活动，

包括高ᅯ对䄊、政策研究、技术交流、机制体制研究、

䉥易ែ资等，实质性的推动中英低碳合作。

ඡϋԫӑˁᑟູܫ
英国驻广州总领事馆气候变化与能源处成立于

2008 年，标志着英国政府开໸加大与中国在气候变化

和能源方面的合作。我处与英国驻华使馆，及英国驻上

海，重Ꮃ，仆⍜领事馆的气候变化与能源处联合组成英

国驻中国气候变化与能源㑾㐉。在华南地区，我们的工

作㺳Ⰳ了广东，⎃南，海南，福建 , 广㺬和↌㺬 6 省。

在我处的促成下，广东省发展和改革委员会与英国能源

与气候变化部于 2013 年 9 月签署低碳发展合作联合声

明，确立了英国于华南在低碳合作上的ࣵ一里程碑。

˗ᔮՌͻ项目
我们的工作重点之一是开发，ノ理和䃱估由英国外

交部繁荣项目基䛾 (Prosperity Fund) 资助的合作项目。

在该基䛾的资助下，中英双方专家共同努力，贡献了一

系݄已经应用于当地低碳经济发展的研究成果。例如广

东省低碳发展路线图、企业能㕄ノ理工ڤ、广东省碳交

易重点行业䙺䷊分䙺机制等。ڣ中，我们从 2009 年开

໸支持的广东省 CCS 研究项目成果表明广东有丰富的

二氧化碳海上封存潜力和ᬖ期示范机会，推动了中英（广

东）CCUS 中心的成立。展望未来，气候变化与能源处

将着Ⱪ于ព大和深化这ψ项目在华南地区的影响。

了解更多，䄤联系英国驻广州总领事馆气候变化与

能源处᳄⣷ , 䗛マ phyla.lin!fco.gov.uk

ᔮڎ᯿ࣹࢷ঴ᮗ̃ᯞͰᇏ̃ˊࣹښˌ



The British Consulate-General in Guangzhou is 
committed to support the shift to a low carbon 

economy in Guangdong and promote UK-China 
collaboration on low carbon policies, business 
engagement as well as science and innovation. In 
recent years, the Consulate has worked closely with 
the Guangdong Government and other stakeholders 
including research institutes, Non-Governmental 
Organisations (NGOs) and the business community 
in order to advance bilateral cooperation between the 
UK and Guangdong. This cooperation comes in many 
forms but has principally included high level exchange 
visits and cooperation on a range of projects aimed at 
helping Guangdong's low carbon transition. 

5Ie $MiNBte $IBOHe BOE &OerHZ 
5eBN 	$$&

The Climate Change and Energy Team was 
established in 2008 to develop cooperation between 
the UK and the Southern Chinese provinces of 
Guangdong, Hunan, Hainan, Fujian, Guangxi and 
Jiangxi. The CCE Team in Guangzhou is part of the 
UK Climate Change and Energy Network in China. 
The network covers Beijing as well as the Consulates 
in Shanghai, Chongqing and Hong Kong. Over the 
years, the team has developed a wide range of low 
carbon workstreams with Guangdong partners. 
This was recently highlighted when the Guangdong 
Development and Reform Commission signed a Low 
Carbon Development Joint Statement with the UK 
Department of Energy and Climate Change. This 
agreement, will ensure cooperation strengthens 
further in the years ahead.  

%eMiverBCMeT
One of our priorities is to identify, develop, and 
monitor various projects that are funded through 
the UK FCO Prosperity Fund. Drawn from UK and 
International experience, and tailored to Guangdong 
and China's particular needs, our project work aims 
to provide practical policy recommendations, as well 
as technical solutions to support Guangdong's low 
carbon development. In recent years this has included 
the Guangdong Low Carbon Development Roadmap, 
Energy Management Toolkits for companies, and 
Guangdong ETS Allowance Allocation Plan for Key 
Sectors. In 2009, one of our projects aimed to develop 
a CCS Roadmap for Guangdong. The project revealed 
large CO2 offshore storage capacity in Guangdong 
and indentified early demonstration opportunities 
which has led to the launch of UK-China (Guangdong) 
CCUS Centre. 

For further information, please contact Phyla Lin at 
phyla.lin!fco.gov.uk.
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˞ ̀ ԧ ࡙
广东省发展和改革委员会副主任    

中国民主促进会广东省委副主委  

发
展仍是解决我国所

有问题的关键，这

是《中共中央关于

全面深化改革若干重大问题的

决定》所强调的重大战略判断。

改革是为了发展，把生态文明提

升到五位一体的高度也是为了发

展。那是因为中国还需要发展，

而发展却遇到了前所未有的、不

容回避的环境挑战，遇到了发展

路径的瓶颈制约。不改革难以再

发展，不凸显生态文明不能再发

展。

广东依靠灵活政策实现了

30 多年的高速发展，GDP 总量

引领全国十多年，但是广东的人

均 GDP 水平仍大大低于发达国

家，基本公共服务仍处于较低水

平。因此，发展仍是广东今后的

第一要务。面对广东人口大省、

资源消费大省的省情，广东省委、

省政府一直致力于可持续发展的

探索和创新，致力于生态美丽广

东的实践。通过强力推动产业结

构调整、推进区域协调发展、大

力优化能源结构、落实节能减碳

各项措施及开展碳排放权交易试

点等，努力完成国家要求的能源

强度、碳强度和排放物下降的约

束性指标，广东的努力和探索为

未来的发展提供了“正能量”。

推动能源生产和消费革命是

建设生态文明、实现低碳发展的

根本途径和关键着力点，是广东

突破资源环境制约，实现可持续

发展的根本途径和战略选择。近

年，城市内涝、雾霾等环境污

染问题再次突显，大幅度降低

GDP 的能源强度和碳强度，努

力实现近零排放正逐步成为广东

政府、企业、社会的广泛共识。

广东一次能源消费中煤炭比重占

48.7%，化石能源比重达 83.6%

的现实，使 CCUS 作为全球最

重要的减排技术之一成为广东发

展的现实需要，在广东电力、水

泥等企业中已形成共识，并有了

积极的响应。

CCUS 离我们并不遥远，它

已是广东满足能源消费需求，同

时保障生态环境和发展的现实需

要。要让这种需求成为广泛应用

的技术，需要我们就近零排放技

术在政策法规、技术标准、项目

示范、产业化模式、集成服务、

安全保障以及成本降低等各方面

作更多、更深入的研究和更大、

更积极的努力。

“中英（广东）CCUS 促进

与学术交流中心”的成立，为广

东打造了一个开放的、交流合作

和产业促进平台，凝聚了合作方

参与者的心血和智慧。她的成立

和成功运行，将为实现近零排放

的理念，为广东可持续发展注入

强大力量。我们相信，一个繁荣

富裕的广东天是蓝的，水是清的，

山是绿的。发展带给广东人民的

不会是危害，只会是幸福！
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D
evelopment still holds the key to resolve all 

issues in China, and this was highlighted as a 

major strategy in“Decision on Major Issues 

Concerning Comprehensively Deepening Reforms”. 

Reform is carried out to facilitate‘development’, 

and highlighting ecologically motivation in 

the“Five-in-One”development strategy also 

aims for‘development’. Because China still 

needs‘development’, but China is now confronted 

with unprecedented and unavoidable environmental 

challenges and bottlenecks in the path of development. 

China's development will halt without reform; China's 

development will halt without a focus on creating an 

ecological civilization.

With rapid development in the past 30 years based on 

flexible policies, Guangdong's total GDP has led the 

country for more than a decade. However, the per capita 

GDP is well behind that of developed countries, and 

the basic public services are still at relatively low level. 

Consequently development is still at the top priority for 

Guangdong Province. Under the new scenario of a large, 

resource-consuming population, Guangdong provincial 

party committee and Guangdong provincial government  

dedicating to sustainable development exploration and 

innovation, creating an ecological civilization. Guangdong 

is achieving the national obligatory targets of energy 

intensity, carbon intensity and emission reductions 

by (i) promoting industrial restructuring, (ii)balancing 

development between regions, (iii) optimizing energy 

structure, (iv) implementing energy conservation and 

carbon reduction measures, and (v) demonstrating 

a carbon emission trading scheme. The efforts and 

exploration carried out by Guangdong Province will 

provide‘positive energy’towards future development.

Promoting the revolution in energy production and 

consumption is a critical pathway and a strategic choice 

for an ecological civilization to take to break resource 

and environmental constraints and allow sustainable 

development in Guangdong Province. Inland inundation 

and haze caused by environmental pollution have recently 

become prominent in urban areas. The Guangdong 

Government, enterprises and society are gradually 

reaching broad consensus on the need to reduce the 

energy and carbon intensity of the provincial GDP and 

to strive for near-zero emissions. Of Guangdong's total 

energy consumption, coal contributes to 48.7% of primary 

energy and fossil fuel contributes to 83.6%,   thus CCUS 

as one of the world's most significant emission reduction 

technologies, is  essential for Guangdong's development. 

This consensus is acknowledged by enterprises within 

many sectors including power, cement.

CCUS is not far away from us. Guangdong Province can 

achieve CCUS to satisfy demand for energy consumption 

and allow environmental friendly development. To 

enable CCUS technologies to be widely applied, more 

in-depth studies and greater effort on‘Near Zero 

Emission Technology’are required on policies and 

regulations, technical standards, project demonstrations, 

industrialization patterns, integrated services, safety 

control and cost reductions.

The establishment of“UK-China (Guangdong) CCUS 

Industry Promotion and Academic Collaboration 

Centre”provides an open platform to promote CCUS 

exchange, cooperation and industrial development, 

and symbolizes the hard work and intelligence of all 

cooperating parties. The successful establishment and 

operation of this Centre will give a strong impetus to 

realizing Guangdong's concepts of near-zero emissions 

and sustainable development. A thriving and prosperous 

Guangdong will enjoy clearer sky, greener land, cleaner 

water and a better environment for development. Let 

development benefit the people in Guangdong!

Towards Development
Deputy Director of Guangdong Development and Reform Commission  
Deputy Director, Guangdong Provincial Committee, China Association for Promoting Democracy 
Lu Xiulu
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近
零排放！我想首

先为这个令人振

奋 的 名 字 而 喝

彩。近零排放代表着一种可持

续的发展模式。包括英国在内

的许多国家，正在积极探索这

种发展模式。更让我欣喜的是，

广东也在朝着这个方向迈进。

作为中国改革开放的先锋，广

东勇于开展研发，并探索新的

政策，来创造一个近零排放的

未来，相当令人鼓舞。

大家都知道，碳捕集与封存

(CCS) 技术是实现近零排放的

重要手段。这种技术有潜力实

现大规模的减排，从而给我们

的经济发展“脱碳”。因此，

我一直都全力支持英国驻广州

总领事馆气候变化和能源处的

努 力， 非 常 高 兴 看 到 他 们 坚

持不懈地支持广东探索和发展

CCS 技术。

在英国，我们也在竭尽全力

加速 CCS 技术的商业化进程。

今（2013）年 12 月 9 日，

英国政府 10 亿英镑的 CCS 商

业化项目宣布斥资数千万英镑

支持名为“白玫瑰”的全规模

碳捕集与封存清洁煤电厂项目，

为超过 63 万家庭提供清洁电

力。如果这个大规模、一体化

的项目能够顺利运作，将可能

进一步降低 CCS 技术的成本，

进一步缩短商业化 CCS 技术的

距离。正如英国能源与气候变

化部部长爱德华·戴维 (Edward  

Davey) 所说：“英国能够站在

发展碳捕集与封存技术的前沿，

这令我无比自豪。CCS 不仅是

我们应对气候变化的关键手段，

而且将为开展 CCS 项目的地区

乃至全英国带来不可估量的经

济效益。”我们相信，CCS 技

术和低碳发展也为英国和广东

创造了实质性的合作机会。

今 (2013) 年 9 月， 我 有 幸

陪同广东省省长朱小丹先生访

问了英国。访问期间，朱省长

见证了广东省发展和改革委员

会与英国能源与气候变化部签

署了关于低碳发展合作的联合

声明。一项关于成立中英（广东）

碳捕集、利用与封存研究中心

的谅解备忘录也同时签署。我

认为，这不是我们工作的终点，

而是一个起点，一个里程碑：

一个建立长久合作关系的里程

碑。

因此，我谨对与我们携手推

动 CCS 技术，以及更多低碳领

域中英合作的广东的同仁们表

达诚挚的感谢！我也相信，《近

零排放》杂志将为我们实现共

同的低碳梦想贡献一份力量！

ǒᤃᭆଆஊǓాঃऀᝓ
英国驻广州总领事馆总领事 摩根

2013 年 12 月 10 日

英国驻广州总领事馆总领事 摩根



ऀᝓ PreGBce

N
ear Zero Emissions! I should perhaps 
begin by applauding those that chose such 
an inspiring name. Near Zero Emissions 

represents a sustainable development model 
which generates economic growth without 
damaging the environment.  It is a model which 
many countries, including the UK are exploring 
and I am delighted to see it now gaining support 
here in Guangdong. Given Guangdong's history 
and role as China's pioneering province, it is 
hugely encouraging to see the province commit 
to R&D as well as the necessary policy reform to 
pave the way to a Near Zero Emissions future. 

In order to make progress on this agenda, it 
is right that we focus on Carbon Capture and 
Storage (CCS).  It is a technology that offers 
real potential to significantly reduce emissions 
and help decarbonise the world. I am therefore 
particularly pleased that, for a number of years, 
the Consulate's Climate Change and Energy team 
have been working with provincial stakeholders 
to help identify and support opportunities to move 
this forward in Guangdong.  

In the UK, we are also making good progress in 
commercialising this technology. On 9 December 
2013, the UK's £1bn Carbon Capture and Storage 

Commercialisation Programme announced 
its multi-million pound FEED study funding to 
support the White Rose project, a state-of-the-
art coal power plant with full CCS that will be able 
to provide clean electricity to more than 630,000 
homes. This is important because if this large 
scale integrated project become operational, 
the technology will move further down the cost-
curve, bringing us closer to realistic commercial 
deployment. As our Secretary of State for Energy 
and Climate Change, Edward Davey said:“I'm 
proud that the UK is at the forefront of developing 
Carbon Capture and Storage - which could be 
a game-changer in tackling climate change and 
provide a huge economic advantage not just to 
this region, but to the whole country.”We believe 
that this, along with the wider low carbon agenda 
offers a real cooperation opportunity for both the 
UK and Guangdong.   

In September this year, I had the honour to 
accompany Governor Zhu Xiaodan on his 
visit to the UK. During the visit, Governor 
Zhu witnessed the signing of a low carbon 
cooperation agreement between the Guangdong 
Development and Reform Commission and the 
UK Department of Energy and Climate Change. 
A MoU on establishing a UK-China (Guangdong) 
CCUS Centre  was also signed between UK and 
Guangdong institutes. This is of course not the 
culmination of our work but rather a milestone on 
a relationship that has a long way to go.  

I would therefore like to express my sincere 
thanks to our partners in Guangdong that 
continue to work with us to move CCS and the 
broader low carbon agenda forward. I am sure 
Near Zero Emissions magazine will have a role to 
play in helping achieve our shared objectives.

Preface for Near Zero Emissions Magazine
Alastair Morgan

Consul General, British Consulate General in Guangzhou
10 December 2013

Alastair Morgan



节
能减排是深化改

革、 改 进 民 生、

构建社会主义和

谐社会的重大举措。

长期以来，我国政府非常重

视节能减排和环境保护工作，取

得了卓有成效的成绩。但也应该

看到，随着工业化的高速发展，

人类活动导致的排放对环境的破

坏愈来愈严重。为更有力地推

进节能减排工作，9 月 27 日，

在广东省省长朱小丹和英国能

源与气候变化部副部长 Gregory 

Barker 的见证下，我作为广东

省电力设计研究院院长代表广

东省低碳技术与产业研究中心

（GDLRC）与英国碳捕集与封

存研究中心（UKCCSRC）、苏

格兰碳捕集与封存中心（SCCS）

和 清 洁 化 石 能 源 发 展 研 究 所

（CFEDI）在英国伦敦兰卡斯特

宫共同签署了中英脱碳合作协

议，并由上述 4 家单位组建成立

中英（广东）CCUS 产业促进与

学术交流中心。中英双方承诺并

计划在脱碳技术及产业化方面开

展广泛、深入的合作。

不久前，国家发展和改革委

员会副主任解振华代表中国在联

合国气候变化华沙会议高级别会

议上作出正式承诺“确保实现到

2020 年碳强度比 2005 年下降

40%-45% 的行动目标”，节能

减排低碳环保已成为各国政府和

组织对我们共同生存的地球环境

保护的郑重承诺。

为积极响应政府号召，搭建

低碳技术交流、实施的平台，推

动我省节能减排低碳工作深入开

展，我中心特编辑出版《近零排

放》期刊。此刊将陆续收集国内

外节能减排的相关政策、低碳技

术相关论文及工程案例、低碳技

术领域最新信息报道等，希望《近

零排放》成为全国企业节能减排

低碳工作相互交流、彼此探讨、

共同发展的载体。让绿色、循环、

低碳发展理念深入人心。 

˗ॷ˟͊࠙ឦ
中英（广东）CCUS 产业促进与学术交流中心主任  罗必雄

࠙ឦ .eTTBHe

中心主任  罗必雄



E
nergy conservation and emissions reduction are 

major measures needed to strengthen reform, 

improve the livelihood of the people, and build a 

harmonious socialist society.

For a long time, the Chinese Government has attached 

great importance to the work of energy conservation, 

emissions reduction and environmental protection, and 

has achieved significant results. However, it is evident 

that, with rapid industrialization, emissions from human 

activities cause more and more serious damage to the 

environment. In order to boost more effectively the work 

of energy conservation and emissions reduction, as 

president of Guangdong Electric Power Design Institute 

(GEDI) and representing the Guangdong Low-carbon 

Technology and Industry Research Centre (GDLRC), 

on September 27th I signed the UK-China CCUS 

Cooperation Agreement. were the UK Carbon Capture 

and Storage Research Centre (UKCCSRC), the Scottish 

Carbon Capture and Storage (SCCS) and the Clean 

Fossil Energy Development Institute (CFEDI).  The 

signing, which took place at Lancaster House in London, 

was witnessed by Governor Zhu Xiaodan of Guangdong 

Province, People's Republic of China, and Minister 

Gregory Barker of the UK's Department of Energy and 

Climate Change (DECC).  At the same time the above 

four institutions founded the UK-China (Guangdong) 

CCUS Industry Promotion and Academic Collaboration 

Centre.  Both China and the UK have committed and 

are planning to co-operate extensively and in depth to 

promote technology to decarbonize industry.

Mr Xie Zhenhua, deputy director of National Development 

and Reform Commission, made a formal commitment 

to ensure the realization of the goal of“reducing 

carbon intensity by 40%-45% below the level of 2005 

in 2020”in the Warsaw High Level Meeting of the UN 

Climate Change Conference. Energy conservation and 

emissions reduction, low-carbon development and 

environmental protection have become firm commitments 

by governments and organizations around the world to 

the global environment in which we are living.

Actively responding to the Chinese government's appeal, 

the UK-China (Guangdong) CCUS Industry Promotion 

and Academic Collaboration Centre is launching the 

Near Zero Emission magazine to provide a platform 

for the exchange and implementation of low-carbon 

technologies as well as conduct in-depth analysis 

on energy saving, emissions reduction and low-carbon 

development. This magazine will publish policies related 

to energy saving and emission reduction from home and 

abroad, together with papers, engineering projects and 

the latest news relating to low-carbon technologies.  It is 

expected to become a platform for domestic enterprises 

to exchange and investigate information as well as make 

joint progress on energy saving and emissions reduction. 

Let the concepts of green development, recycling and low 

carbon development take root in every citizen's mind.

࠙ឦ .eTTBHe

A Message from the Director of the UK-China (Guangdong) 
CCUS Centre
Director of UK-China (Guangdong) CCUS Industry Promotion and Academic Collaboration Centre  Mr Bixiong LUO

 LUO Bixiong



气
候 变 化 是 全 人 类

共 同 面 对 的 一 大

挑战，要实现联合

国制定的控制气候变化在 2 摄氏

度以内的目标，如果不上 CCUS

等近零排放技术，现在已探明

的化石燃料只有不到四分之一

能够燃烧和排放。与此同时，

包括中国在内的许多发展中国家

还面临着迅速工业化带来的严重

环境污染的灾难，能源供应安全

担忧，和能源价格承受能力问

题。在中国和印度等主要新兴经

济体，以化石能源为主的能源结

构中，要解决上述问题，迫切需

要发展，示范和应用近零排放技

术，迅速寻找产业化路径和成本

下降的路径。在近零排放技术的

产业链中，碳捕集，利用与封存

技术（CCUS）是实现二氧化碳

近零排放的最重要但也最挑战的

技术。借此中英（广东）CCUS

中心成立之际，本期将重点回顾

2013 年 CCUS 在世界的发展，

以及该技术在中国的项目应用，

和在广东的示范和产业发展机会。

本期也同时介绍中国水泥行业清

洁生产的一个重要技术选项。

全球主要国家对应对气候变

化还没达成一致协议，CCUS 技

术在 2013 年还是取得不少积极

的进展。在 CCUS 政策推动方

面，国际能源署发布了最新的碳

捕集与封存技术路线图；中国国

家发展与改革委员会发布了《关

于推动碳捕集、利用和封存试验

示范的通知》；美国财政部发布

了修改后的技术指导方针建议发

展中国家新建燃煤电厂需要实施

CCS 技术 , 否则不能取得多边

机构在内的公共融资。在项目进

展方面。在示范项目方面，世界

上第一个商业规模燃烧后二氧化

碳捕集与封存的项目 Boundary 

Dam 项目已经接近竣工、英国

的‘白玫瑰’项目顺利得到政

府支持进入前端工程设计阶段、

世界上最大的二氧化碳注入设

施——澳大利亚的 Gorgon 项目

正在往前推进。与此同时，在中

国和南非等发展中国家新增的

大型一体化 CCUS 项目正在为

CCUS 的推广树立榜样和信心。

同时，中英，中美也签订的

合作谅解备忘录，合作开发和推

广创新型碳捕集、利用与封存技

术；而世界银行，亚洲开发银行

在中国的项目也在积极进行实现

知识转让；目前，中国目前有

12 个处于各发展规划阶段的大

型一体化 CCUS 项目，比 2010

年的 5 个大幅增加，数目仅次于

美国。

而我们近零排放杂志也将从

本期启航，成为一个新的信息渠

道和讨论平台，不断为来自各界

各位专家，同行提供丰富的近零

排放技术信息，政策变化，示范

项目，增进企业，专家和政府

相互交流。在此，预祝各位在

2014 年工作顺利，身体健康，

万事如意！

ᎄᏨᄊភ
李佳（爱丁堡大学）

邓广义（中国能建广东省电力设计研究院）

ᎄᏨᄊភ  &EitorT� 5IoVHItT

李佳博士（右）和邓广义副总工（左）在英国伦敦 Lancaster 宫合影

照片来源：杨晖，2013



C
limate Change is a major challenge for human 

society. Without CCS technologies, only one 

quarter of the world's current fossil fuel reserves 

can be burned and emitted to the atmosphere if we 

are to limit the rise in global temperatures to 2 degrees 

centigrade. At the same time, developing countries, 

including China, are facing severe environmental 

pollution problems, concerns over energy security, 

and energy price affordability issues along with rapid 

industrialisation. In major emerging economies such as 

China and India, whose energy structures are dominated 

by fossil fuel, it is essential to develop, demonstrate 

and deploy near zero emission technologies to help 

solve the above challenges. We also need to seek a 

pathway to reduce the cost of, and industrialise, these 

technologies. Within the near zero emission industry 

chain, carbon capture, utilisation and storage (CCUS) is 

an important but most challenging technology. The UK-

China (Guangdong) CCUS Centre will be established 

on December 2013, and in this current issue, we are 

taking the opportunity to review the development of 

CCUS technologies during 2013, their application in 

China, and the potential opportunities in Guangdong for 

demonstration and industrial development.  At the same 

time, we also introduce a clean production option for the 

cement sector. 

Although major economies have not yet reached a 

durable global agreement to combat climate change, 

CCUS technologies made progress in 2013.  From the 

policy perspective, the new version of the IEA CCS 

Roadmap laid the foundation for this exciting year, 

and in the US, a revised technical guidance released 

by the Treasury Department pointed out that the US 

Government would no longer support the public financing 

of new coal plants without CCS.  From the project side, 

the Canadian Sask Power Boundary Dam project is 

nearing the completion of construction,and the UK 

White Rose project enters the FEED stage.  China's 

progress is particularly noteworthy.  The Chinese 

government ministry, the National Development and 

Reform Commission issued a“Notice on Promoting 

Carbon Capture, Utilisation and Storage Pilot and 

Demonstration”.  This notice clearly confirms 

governmental support for research, development and 

deployment of CCS.  

In the meanwhile, China and the UK, and China and 

the US have signed MOUs to develop innovative CCUS 

technology.  Projects funded by the World Bank and 

Asian Development Bank in China are progressing well 

and transferring knowledge.  12 projects spread across 

all stages of development planning are progressing in 

China, a significant increase compared to the 5 in 2010, 

ranking China second only to the United States in the 

number of extant CCUS projects.  

Looking forward to 2014, we hope the progress on CCS 

can be accelerated and experiences and lessons will be 

learned from the various demonstration projects. Starting 

with this issue, we are aiming continuously to deliver 

comprehensive near zero emission information provided 

by experts to peers. Finally we would like to take this 

opportunity to wish everyone a very Merry Christmas and 

a Happy New Year!

Editors’ Thoughts
Dr LI Jia (University of Edinburgh)

Ms DENG Guangyi  (China Energy Construction Group Guangdong Electric Power Design Institute)

ᎄᏨᄊភ  &EitorT� 5IoVHItT

Jia LI (right) and Guangyi DENG (left) at Lancaster House, 

London 

Source: Hui YANG, 2013
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广东省省长朱小丹与英国能源及气候变化部 Gregory Barker 副部长在伦敦兰卡斯特
宫亲切交谈，由广东省政府秘书长李锋（左一），兰卡斯特大学环境学院院长 Kevin 
Jones （左二），广东省外办吴雅丽（左三）等陪同   照片来源：杨晖，2013

Guangdong Provincial Governor Mr Xiaodan ZHU and UK Department of Energy and 
Climate Change Minister Mr Gregory Barker MP discuss at the garden of Lancaster 
House in London，with Secretary General of Guangdong provincial government Mr 
Feng LI (Left One), Lancaster University Environment Centre Director Prof Kevin 
Jones (Left two) and Guangdong Provincial Foreign Office, Ms Wu Ya Li (Left three).     
Photo Source: Hui YANG, 2013

广东省发改委官员，英国驻广州领事馆官员，苏格兰发展局官员，广东 CCUS 项
目成员，与华润电力和佛山公控同事在爱丁堡大学老学院座谈会后合影     照片来
源：杨晖，2013

Guangdong DRC, BCG, Scottish Enterprise, GDCCUS Project, China 
Resources Power and Foshan Utilities Colleagues meeting at University of 
Edinburgh Old College       Photo Source: Hui YANG, 2013

苏格兰 CCS 中心主任 Stuart Haszeldine 教授与报告者在中心年会后合影   
Photo Source: Brian McIntyre, 2013

Scottish CCS Centre Director Prof Stuart Haszeldine and Speakers at 
SCCS Annual Conference   照片来源：Brian McIntyre, 2013 

3
广东省政府发改委，科技厅和财政厅官员和广东 CCUS 成员，与 CCS 协会
主席在英国能源与气候变化部开会后合影    照片来源：梁希，2013

Guangdong government officials, Guangdong CCUS Team and CCS 
Association chair meeting at UK Department of Energy and Climate Change     
Photo Source: Xi LIANG, 2013

广东省省长朱小丹与英国能源及气候变化部 Gregory Barker 副部长与中英 CCUS 团队在
有关 CCUS 合作备忘录签约后合影   照片来源：杨晖，2013

Guangdong Provincial Governor Mr Xiaodan ZHU and UK Department of Energy 
and Climate Change Minister Mr Gregory Barker MP and UK-China CCUS Team at 
Lancaster House at the CCUS MoU Signature    

Photo Source: Hui YANG, 2013
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<<<................................ 活动剪影

活动剪影 Photo Gallery

6 广东省发改委，英国驻广州领事馆，中英（广东）CCUS 中心，华润电力，与佛山
公控同事在苏格兰 CCS 中心会议期间合影    照片来源：杨晖，2013

Guangdong DRC, British Consulate General in Guangzhou, UK-China 
(Guangdong) CCUS Centre, China Resources Power and Foshan Utilities Officials 
Photo at Scottish CCS Industrial CO2 Capture Conference   

Photo Source: Hui YANG, 2013

7

9

10

广东 CCS 预留项目成员参加延长油田 CCUS 项目研讨会后合影

照片来源：周蒂，2013

Guangdong CCS Readiness Project Team at Yanchang Oil Field CCUS 
Project Workshop      Photo Source: Di ZHOU, 2013

8
广东省发改委官员，英国驻广州领事馆官员，广东 CCUS 项目成员，与华润
电力和佛山公控同事访问英国 CCS 中心中试基地  

照片来源：杨晖，2013

Guangdong DRC, BCG, UK-China CCUS Centre project, China Resources 
Power and Foshan Utilities Colleagues Visit UKCCSRC PACT Facilities     
Photo  Source: Hui YANG, 2013

英国豪顿集团，爱丁堡大学，与中科院南海海洋所同事在粤堡水泥厂座谈会
后合影   照片来源：梁希，2013

Howden Group, University of Edinburgh and Chinese Academy of Sciences 
Colleagues meeting at Yuebao Cement Plant

Photo Source: Xi LIANG, 2013

英国驻广州领事馆官员，广东 CCUS 项目成员，与豪顿集团成员访问中海
石油惠州炼化二期项目组     照片来源：梁希，2013

British Consulate General in Guangzhou, Guangdong CCUS Team, and 
Howden Group          Photo Source: Xi LIANG, 2013
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欧
洲委员会三月Ꮒ在一

份政策文件中表示，

较低的二氧化碳价格，

䭨ⶺ了碳捕集与封存商业化，让该技

术难以迅速得到应用。

在该文件中建议的主要方案包括

强制性的电厂排放性能标准、可交易

的 CCS 证书以及国家ᅯ面的战略规

划。

对该㡶案ੜ一主要的变更，是增

加了关于“对确保在欧Ⰼ进行ٲ分的

CCS 示范项目而解决主要障ⶺ”的问

题。一位发㼭人表示，支持 CCS 的

非政府组织䉊罗那基䛾会对增加的该

问题表示⁏䓻，因为该问题有助于“䃱

估欧Ⰼ NER300 计划出了ϭ͵ጛ䩆”。

因为第一䒛 NER300 资助计划没有实

现资助任҂的 CCS 项目的目标。而

该政策选项的咨询结果将在 2013 年

年Ꮒ公布。

�� Лုᇏ૭ᬷˁߛ࠰ᆑ
ቃᬓӒ̛ҩ̃ੇܫቡ
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全球碳捕集与封存研究院三月在

北京开办了一个办事处，凸显了中国

在 CCS 技术开发方面起到的重要作

用。

全球碳捕集与封存研究院由澳大

利亚政府创办，፛助碳ჳ集型经济体

加ᔘ开发 CCS 技术，并在全世界范

డ内向政府和项目支持者收集和э᧚

专业知识。

资 源 与 能 源 部 长、 议 员 Martin 

Ferguson 表示，“该新办公ბ将使

该研究院能够与ڣ中国地区的会员进

一步增强联系。中国占全球能源使用

预计增长的最大份䷊，到 2035 年ڣ

需求将增长到 60%”。而“通过该

研究院在中国的工作学到的和分Ϙ的

经验教䃚将有助于来自世界各地，包

括澳大利亚的政府和项目支持者加ᔘ

CCS 技术的推广。”

全球碳捕集与封存研究院还在欧

洲、北美和日本᠒有办事处。

该研究院有一个来自世界各地

368 个政府、行业组织、非政府组织

和研究组织为基⵭的国际会员资格。

该研究院的会员⋢Ⰳ超过 80% 的来

自能源和工业源的世界二氧化碳排

放。
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7. 英中宣布合作开发创新性碳捕集、利用与封存技术

8. 挪威政府授权国家石油公司终止蒙斯塔德碳捕集项目

9. 重启欧洲 CCS 政治议程

10. Aquistore 项目完工

11. 南非推行碳捕集计划

12. 美国财政部建议开发银行不资助没有采用碳捕集与封存技术的新的燃煤发电厂
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䮑了对该研究院的支持外，澳大

利亚政府正通过一系݄措施中ែ资 20

多亿美ٰ，以፛助开发低排放技术，

中包括ڣ CCS 计划。

北京办事处在开业四个月后，成

功促成了碳捕集与封存研究院与延长

石油的重要合作。

�� ᔮڎ �� ̣ᔮ᪢ $$4
ቤಖᝠѳ࣋ࠈː˔͖ᤥ
项目
2013 年 3 月

英国 10 亿英镑的碳捕集与封存

商业化计划竞标在三月宣布了两个优

先竞标者。它们是位于苏格兰䭬ќ丁

䘎 的 Peterhead 项 目 和 位 于 英 格 兰

约ٸ䘎的白玫瑰项目。能源与气候

变化部部长 Edward Davey 在公布后

说 :“今天的公告使我们在更接近一

种碳捕集与封存工业上推进了重大一

步——一个将有助于减少碳排放并创

造数千工作机会的行业。”“这两个

项目是主要的基⵭设施项目，可能价

թ 70 亿英镑，在未来几年可以支持

数千建まᇄ位。”

“我们有四个优⻭的ែ标，我感

谢它们⃼一个ែ标的努力工作。我们

现在将侙上工作以推进我们首选的两

个项目，同时确保我们㐔续向㏠税人

提供最大可能的价թ。”

能 源 大 臣 John Hayes 说 :“ 为

使我们᠒有ڤ备成本竞ζ力的 CCS

行业的目标，我们正在迅速行动——

这ψ项目只是开໸。在ࣨ年我们已

经证明了在英国 CCS 行业有ᬧⰈ的

ែ资欲望，能提供工作和ែ资机会。

我的目的是䮑了这两个项目外与工业

合作，以确保在本年代᱘我有更多的

CCS 项目——由我们对能源市౧正在

և出的创新改变支持，以鼓ߞ在低碳

电力方面的ែ资。我非常高兴这两个

项目为我们提供机会以确保燃煤和燃

气发电能够显㦄降低我们的碳排。”

这两个优选的项目的䄓情：

• 位于苏格兰䭬ќ丁䘎的 Peter-

head 项目——采用燃烧后捕集捕集

技术，分离位于 Peterhead 燃气电厂

大约 90% 的二氧化碳 , 并将二氧化碳

运输并封存到北海的一个᳜竭气田。

该项目由ภ❹公司和苏格兰南部电力

（SSE）公司➢๡。

• 位于英格兰约ٸ䘎的白玫瑰项

目——捕集位于北约ٸ䘎 Drax 电力

公司准备建设的高效富氧燃烧燃煤发

电厂，捕集 90% 的二氧化碳，再将

二氧化碳运输并封存进北海南部的一

个৥水ᅯ。该项目由䭬ᅁ斯通公司、

ϙ䱿Ꭱ្ࡄ：Зᐼ，ఫ片来源ߕᢂ䯳̻ᄮႅⵁ⾣䮏ड़ⷠ⤰ڕ ,2013

ఫ片᣼䔝：2013 Ꭱ � ᰵ，ⓠ๔ݖχⷠᢂ䯳̻ᄮႅⵁ⾣䮏̻ᐣ䪬ⴠ⇦カ䃏合҉ิᔅᒂ

ఫ片来源：ᐣ䪬ⴠ⇦，2013
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Drax 电力公司和英国国家电㑾公司➢

๡。

这两个优选项目是自ࣨ年10月，

与入选自最݊ 8 个项目中的四个项目

一段ჳ集的商业谈判之后，㷘挑选出

来的。英国政府目前正与这两个首选

项目进行讨论，以确认进行前端工程

设计研究的᲎⁫，该研究将持续大约

18 个月。政府将在 2015 年݊作出有

关以上两个项目的最终ែ资决策。ڣ

҆的两个竞标者——Captain 清洁能

源项目和蒂䊈德低碳项目——将㷘指

定为后备项目。

Т̆ނԧ࡙ஈ᭩ࠒڎ ��
଎үᇏ૭ᬷǌѾၹ֗࠰
តᰎᇨᔵᄊᤰᅼߛ
2013 年 4 月

国家发改委气候司发出通知，推

动碳捕集、利用和封存（CCS）试验

示范工作。该通知提出，要实施一ឦ

碳捕集、利用和封存试验示范项目，

探索建立相关政策⓭ߞ机制，加ᔘ相

关标准规范的制定。

发改委目前认识到，中国碳捕

集、利用和封存各环节的技术研发已

取得显㦄进展，但仍♣存在成本和能

㕄高、长期安全性和可靠性有ᒲ验证

等问题，开展试验示范ᬏ有助于通过

实践来解决该技术发展中存在的各种

问题，也是该技术䊝向规模化和商业

化应用、发ᡒڣ大规模⍖ბ气体减排

潜力的必经环节。国家发改委气候司

同时要求各地、各部䬕加强对碳捕集、

利用和封存试验示范的支持和引导。

通知提出，近期将从 6 个方面

来推动碳捕集、利用和封存的试验

示范工作：一是结合碳捕集和封存各

工㞧环节实际情ۢ，开展相关的试

验示范项目。鼓ߞ在煤化工、油气等

行业开展对高㏜度二氧化碳排放源进

行捕集的示范项目；加强对二氧化碳

天♣气㫼（田）开采的ノ理，严格䭽

制以利用为目的二氧化碳气㫼（田）

开发，逐步关։现有气田，推动捕集

所㣤的二氧化碳实现多方式、多渠道

的资源化利用；在二氧化碳排放集中

地区加强二氧化碳封存潜力䃱价与选

౭工作；建立不同行业间的协调合

作机制，加强二氧化碳捕集点（供

应方）与封存地（需求方）的ࡦ䙺

和㶁接。二是开展碳捕集、利用和

封存示范项目和基地建设。优先支

持成本较低、规模䔯度、有行业和地

区特色、᠒有自主知识产权的ࡷ流程

及全流程示范项目，并组织建立重点

示范项目清单和项目Ꮐ。三是探索建

立相关政策⓭ߞ机制，落实现行有关

税收ឣ持政策，不断᠀ც资䛾渠道。

四是加强相关战略研究和规划制定，

在ᦥ清电力、煤炭及煤化工、石油石

化、天♣气等行业⍖ბ气体排放基本

情ۢ的基⵭上进一步明确政策需求和

导向。五是推动相关标准规范的制

定。ښ是加强能力建设和国际合作。 

　　推动碳捕集、利用和封存试验示

范已经是“十二五”控制⍖ბ气体排

放工作的一项重点任务。ᢛ了解，国

务院此前印发的《“十二五”控制⍖

ბ气体排放工作方案》明确要求，在

▘电、煤化工、油气、䧏䧮等行业中

开展碳捕集试验项目，建设二氧化碳

捕集、驱油、封存一体化示范工程。

�� ˗ᎿːڎՏਓथ᝺
þї˔ܸ᜻വᄊÿᇏ૭
ᬷᇨᔵ项目
2013 年 7 月

中国国务委员杨洁ㄗ、国务ࢬ约

㔝·ٸ里 , 中国国务院副总理↗洋和

美国财政部长 Jack Lew 在华Ⰸ顿举

行的美中战略经济对䄊开ᎂ式后ᤎ手

美国和中国达成一致协议将采取

一系݄ڣ他措施，共同控制中美两个

污染大国的⍖ბ气体排放。

两国高官于ᭌ期三举行会ᮑ，把

目ٶⲱ准五个方面——从最基本的提

高建ま能效到官员认为的能推动发电

站碳捕集技术发展的前沿方法。

᠒护者认为碳捕集是一项能在长

期内解决全球变ᯃ问题的重要技术，

但高ᬯ的成本和ᅇ需通过更多大型示

中国国ߎ༁অ杨∮ㄗȠ国ࢬߎ㏓㔝eٸ䛹 , 中国国ߎ䮏副总⤳↗∸和㒻国䉏ᩬ䘕䪬 JacL LeX

在ࡻⰈ䶬ͫ㵹⮱㒻中ᝅ⪒㏼≻ᄦ䄊ᐭᎂᐼऻᤎ᝸
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范项目ᷭ验成为䭨ⶺڣ发展的主要因

㉍。在达成的协议中，中美两国同意

建设“几个大规模的”碳捕集示范项

目，以求ٸ服䭨力，在更大范డ内利

用这项技术。

“中国和美国是世界上两大重要

的经济体，也是⍖ბ气体排放得最多

的国家ć携手合作ć有益而无害”美

国气候变化事务特使ច德 •斯特ᖖ说，

“这并不是突♣改变国际协定，相ࣺ

这ࣺ᭍了积极的一面。”

�� ༌ܸѾழ͊঴ေ൘
ऌൣᇏሰἻᏫЛုతܸ
$$4 项目࣢ི࠲ᤉᛡ
2013 年 9 月

澳大利亚当选总理 Tony Abbott

承诺废䮑碳税以提升经济竞ζ力，但

该国仍♣㐔续开展世界上最雄心߰߰

的碳捕集与封存项目。

䰗佛哆公司将从 2014 ᝃ 2015

年开໸向地下 2.5 千ㆠ深处注入 1.2

亿ॕ增ࢸ的超临界二氧化碳，这也是

大型 Gorgon ⋟化天♣气项目的一部

分。

Gorgon 油田的天♣气源中ѡ生

二氧化碳的क़量达 14%，必䶨把这

ψ碳分离出来并将ڣ安全的处理᝺能

⋟化提㏜的⩟☤，再进行出ਜ਼。

根ᢛ 2009 年州和联䗓政府都通

过的一个雄心߰߰的项目，䰗佛哆公

司将向临近㺬澳大利亚州海ᇥ的ጡ罗

ᇈ地下৥水ᅯ注入二氧化碳。

䰗佛哆公司ែ入 20 亿美ٰ建造

世界上最大的二氧化碳注入设施，年

封存量将能达到 300 万ॕ以上，这

让ڣ成为䓱今为止全世界最大的二氧

化碳封存项目，同时为研究二氧化碳

㷘注入到৥水ᅯ后在地下的活动情ۢ

提供了㐊佳的机会。

长期义务与保障

ጡ罗ᇈ是一级自♣保护区，而二

ఫ片᣼䔝：ⓠ๔ݖχ BarroX ᇈₐ在ᐧ䃫⮱ Gorgon 䶦Ⱋ LNG 䓀ܧ〆

ఫ片来源：ᖶᅩٵ侞ᮕ្ ,2013

ఫ片᣼䔝：Gorgon 䶦Ⱋ᩵᳉ఫ喠ఫ片来源：䴖国⣝А䯳ఏ，2013

在ᐧ䃫中⮱ Gorgon 䶦Ⱋ 喠ఫ片来源：䰗҈哆，2013
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氧化碳在⊀度只有 7-15% 时，对人

类也是致命的。因此，䰗佛哆公司进

行了大量的地䰴探≸和䧨ႁ㻯ᄌ，䃱

估㧱水ᅯ的封存能力，确保不会发生

碳⇱␼。

公司还承诺利用 4 维地䰴探≸法

⯾≸二氧化碳烟㓪从݊໸注入ςព᪐

时在地下的运动䒕䔦。䰗佛哆公司与

合资цѡ将共同承担项目进行过程ڣ

中以及։止二氧化碳注入后的 15 年

内因⇱␼ᝃڣ他ᢌ๞所产生的费用。

而联䗓及㺬澳大利亚州政府已经同意

承担任҂更长期的义务。

联䗓和州的保障能保护合资ц

ѡٺ于承担因在封存点։止运㥒后第

三方索䊁ᢌ๞引起的任҂ᮛ通法ᒸ䉐

任。

这一保障实现的前提᲎件是，在

։止注入二氧化碳后的 15 年ᝃ更长

时间内，对封存起来的二氧化碳的⯾

≸和建模要持续进行，直到州和联䗓

政府都认可二氧化碳气体已㷘安全封

存。

根ᢛ Baker & McKenzie 法ᒸ事

务所准备的数ᢛ分析，这项前提᲎件

至少要到 75 年之后᝺会生效。

至关重要的资源

与大多数项目将二氧化碳注入᳜

竭油气田不同，Gorgon 项目将向৥

水ᅯ注入二氧化碳，为大规模৥水ᅯ

二氧化碳注入提供了ᒵສ的示范。

美国能源部将৥水ᅯ作为所有能

从实质上改઱气候环境的规模的 CCS

项目的重要封存地。

仅美国的৥水ᅯ就能封存 1.6 至

20 万亿ॕ二氧化碳，而不可开采的煤

ᅯ只能封存ו 600 到 1200 亿ॕ，᳜

竭油气田的封存量也只有1200亿ॕ。

二氧化碳㷘封存至৥水ᅯ后在地

下的活动状ۢ还凉为人知。

Gorgon 项目ࢠ使正在面对澳大

利亚气候变化政策的不确定性，澳大

利亚政府也将䊋助这一全球目前最大

的 CCS 项目，፛助ڣ成功地将二氧

化碳封存到地下。

�� ᔮ˗࣋ࠈՌͻनԧѹ
ழভᇏ૭ᬷǌѾၹˁ࠰
੿షߛ
2013 年 9 月

中英科学家和工程ጵ将深化合

作，为创新型碳捕集、利用与封存

（CCUS）技术的研发与示范创造᲎

件。

Ί月Ꮒ，英国碳捕集与封存研

究中心（UKCCSRC）、苏格兰碳捕

集与封存中心（SCCS）、广东省电

力设计院广东低碳技术与工业研究

中心（GDLRC）和清洁化石能源发

展研究所（CFEDI）在广东省省长朱

小丹及英国能源与气候变化部部长

Gregory Barker 见证下在伦敦兰卡斯

特宫共同签署了一份为期十年的合作

谅解备忘录。 

这一协议将推动中英（广东）

CCUS 中心的建立，该 CCUS 中心

促进中英两国的研发和产业化合作，

为地方和地区政府提出建议，并为各

参与方知识交流创造᲎件。双方计划

迅速采取行动，可能在三到五年内在

中国示范 CCUS 技术。 

ఫ片᣼䔝：中英ᱧᲱカ㒟 $$US 合҉ิᔅᒂऻ合影

ఫ片来源：❞̮ൎ๔႓，2013

ఫ片᣼䔝：英国㘪源̻⅁Նअࡃ䘕副䘕䪬 Gregory BarLer ̻广͉ⰮⰮ䪬ᱞᄼͦ㻮䃮中英ᱧᲱ

カ㒟 $$US 合҉ิᔅᒂ

ఫ片来源：❞̮ൎ๔႓，2013
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Gregory Barker 部 长 和 朱 小 丹

省长还共同签署了一份联合声明，保

证中英两国在低碳技术开发方面的合

作，包括 CCS 技术。   

非常ጔ的是，这ψ协议的签署和

政府间气候变化专䬕委员会一份进一

步报告的发布发生在同一周，该报告

确定人类活动、⍖ბ气体与气候变化

之间存在明显的联系。 

英国碳捕集与封存研究中心主

任 Jon Gibbins 教授说，“英国有㞜

ສ的 CCS 研发基⵭，通过与中国的

合作，我们能进一步推动和促进这一

㑀解气候变化的重要技术的商业化进

程。气候变化是一个需要全球合作的

全球性难题，这项计划将有助于建立

更➏ధ的合作关系。”

苏格兰碳捕集与封存中心主任、

爱丁堡大学碳捕集与封存教授，英国

⮴家地质学院院ธ Stuart Haszeldine

说，“中国的‘五年计划’正在为

CCS և准备，因此广东省正准备一

举超䊷所有的欧洲成就。这项及时的

战略性协议将使来自苏格兰、英国和

中国研究者在 CCS 技术上迅速取得

实际进展的共同志向中团结起来。广

东省是中国的一个产业创新大省。这

份谅解备忘录使英国的研究人员和中

国的工业能够进行人员和专业知识交

流，以Ӭ能够在 2014 年中期作出ែ

资的决定。”

广 东 电 力 设 计 院 院 长 罗 必 雄

说 :“目前全世界均在关注低碳减排，

中国也在为减排积极努力，并确定了

减排目标，但中国作为发展中国家，

也是能源消费大国，2012 年煤炭消

费总量约达 37 亿ॕ，ڣ中电力、ۣ

䛾等行业占有较大的比例，尽ノ已

在大力发展新能源产业，但燃煤发

电仍将是主要的能源提供方式，在

经济持续发展的同时控制并减少二

氧化碳的排放，任务十分㞝ጕ。广

东省电力设计研究院（GEDI) 作为

以能源行业为主的国际化工程公司，

长期致力于能源领域的设计和研究，

致力于新能源的开发和推广应用。

此次代表广东省低碳技术及产业研

究中心与英国方面签订脱碳合作协

议，将为双方进一步开展脱碳减排

领域合作，提供㞜ສ的发展平台，

中英双方将在互惠互利的基⵭上，

通过积极开展相关合作，推动先进

脱碳技术应用，促进脱碳产业发展，

为世界环保减排事业的发展և出积

极的贡献。同时也在此对广东省政府

及发改委对脱碳工作的推动支持和

英国 CCS 中心及爱丁堡大学等各方

面所և卓有成效的工作表示感谢。”   

“来自发电和ڣ他ధ定排放源的

⍖ბ气体和ᓛㆿ污染是我们ᕒ速ᖣ化

的全球环境的一个主要驱动因㉍，正

在影响我们和ၽႆ后代。”清洁化石

能源发展研究所㦐事长᳄有ࠑ先生认

为，“我希望在广东省和英国合作ц

ѡ的፛助下，清洁化石能源发展研究

所在促进中国和世界ڣ他地区的清洁

低碳能源方面能够և出重大突破。” 

这份谅解备忘录建立在由英国外

交及联䗓事务部、能源与气候变化部

和英国研究理事会䊋助的广东省与英

国之间㕄时 5 年多的联合 CCUS 活

动的基⵭之上。该谅解备忘录的签署

方一致同意为中英（广东）CCUS 中

心的发展提供建议和支持，这将推动

广东省 CCUS 研究合作及技术的产业

化和推动两国在 CCUS 和清洁煤技术

的合作。

 
�� ૛ޏ஋ऊጼൣᗜள
૭ᬷ项目ᝠیॴᇏܸ܉
ѳἻͮፙ፞ᆑቃ֗฾ត
ͻࢺ
2013 年 9 月

挪威ጕ๡挪威国家石油公司开໸

终止ڣ全规模的蒙斯塔德碳捕集项目

（TCM），这一进程在挪威政府作出

终止决定后就启动了。政府认为，该

项目成本过高，且不թ得为ڣ带来的

相关挑战ࣨڿ䮖。

2006 年，挪威国家石油公司与

石油和能源部䬕签署了一份ប行协

议。ᠶ照协议，公司在 2009 年提交

了一份在蒙斯塔德进行全规模碳捕集

的总体规划。2012 年，挪威国家石

油公司与合作цѡ Gassnova 公司、

㢤兰⮴家ภ❹公司以及南非㥕索ᅁ公

司共同建成了蒙斯塔德二氧化碳技术

中心。

挪威国家石油公司现正力ζ顺利

地终止蒙斯塔德碳捕集项目，而在此

之前，该公司广泛开展了极ڤ挑战性

的碳捕集与封存工作。目前公司并未

感到๞落，而是计划将项目进行过程

中所㣤得的经验运用到将来的 CCS

相关事业中。挪威国家石油公司还开

发了一ຄ≸量和䃱估项目过程中排放

量的工ڤマ。

通过多年的广泛研究，挪威国

家石油公司已成为 CCS 领域的哆๡

企业。ڣ中，斯㣞ᮛ㏠的碳封存项目

（Sleinper）是世界上首个大型封存

项目，也是首个大型海洋地质封存

项目。公司的ڣ他项目还包括位于䭬

ᅁ及利亚因㥕៶䊘的全规模碳捕集与

封存项目和挪威的斯诺䊘维特气田项

目。

挪威国家石油公司还参与了广泛

的碳捕集技术发展研究项目，包括䮑

了蒙斯塔德项目的ڣ他封存项目。该

公司在蒙斯塔德中心积㉜了广泛的知

识，这ψ都⓭ߞ公司䶨ک顾开发技术

与降低成本。但项目的研究和中试工

作将㐔续进行。

0      
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�� ᧘թൗฯ $$4 ஋෵
ᝬሮ
2013 年 9 月

2013 年苏格兰 CCS 会议于᭕日

在英国爱丁堡举行。这一工作会议ᬕ

在为发ᣅ北海二氧化碳运输和封存潜

力并进一步推动欧Ⰼ减排目标的实现

制定实际的行动方案。

Haszeldine 教授说，“将现有的

排放源和基⵭设施䉜通起来能为北海

碳封存提供机会，因为 CCS 将更ᔘ

ᢤ，方Ӭ，成本也会更低。二氧化碳

海运的基⵭设施已无需再建造，所以

我们可以建造一个⍜口᳏㏪䔋接各个

排放源，在大型项目结束前就可证明

封存是可行的。”

英国自由民主ڇ在欧Ⰼ议会英格

兰㺬北部议员，自由民主ڇ在欧Ⰼ议

会的环境事务发㼭人 Chris Davies 参

加了此次会议，并发表了“重启欧洲

CCS 政治议程”的主题⑁䃟。

目前，欧洲还没有针对 CCS 发

展的政策，这与 5 年前的形߬相ࣨ⩇

远，Davies 说道。

他接着指出，“根本上来说，行

业还没有可供参㔰的 CCS ែ资财政

案例。NER300 ែ资计划๗₨Წ，融

资水平也因此降低了。比如ែ资白玫

瑰项目ែ资都会因此变得ᒵḅ手，因

此后期需要比 NER300 首䒛᠈标更高

的灵活性。”

他还说，“不要低估政治障ⶺ

的影响力。官员们ࣺ对ᝃ者⑍不关心

CCS 的发展；人民ڇ政治否定气候政

策；欧Ⰼ委员会行动᠃⇀；不幸的是，

Hedegaard 委员并没有ᒵ积极地支持

CCS，而是更ի向于可再生能源。”

Davies 表示，欧Ⰼ委员会发布

了一份新的 CCS Վ议报告，鼓ߞ成

员国采取进一步行动，实现 CCS 的

发展。

“委员会应要求ڣ成员国上报ڣ

低碳经济计划及CCS在ڣ中的作用，

并接受委员会的䄓㏳჎ᴒ。”他说，“成

员国在现有法规的ի向性以及基⵭设

施方面应作出进一步行动。”

欧共体能源理事会长建议，所有

成员国都应准备一份 CCS 路线图。

Chris 说 :“ 欧 Ⰼ 需 要 ᖏ ฺ 对

CCS 的重视，落实 2020 年的中期目

标。让项目运行起来！我们能实现年

封存量 1000 万ॕ的目标ॄ喤”

“∏兰希望 CCS 发展的所有资

䛾都由欧Ⰼ䊋助，这是不可能的，但

一ψי化资䛾可以推动项目的运行，

“Chris 接着㶒ٲ，“CCS 创新在短

期内将需要欧Ⰼ更多的资助。接下来

应在化石燃料电厂进行 CCS 认证。”

Chris 说“大量的团体都支持发

展可再生能源。支持 CCS 的团体在

ఫ片᣼䔝：㟼ᵩڝ $$S 中心Ꭱч

ఫ片来源：㟼ᵩڝ $$S 中心 ,2013

ఫ片᣼䔝：㟼ᵩڝ $$S 中心Ꭱчऻ主㺮⑁䃟㔲合影

ఫ片来源：㟼ᵩڝ $$S 中心 ,2013
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ਗএ喤䓖论中也看不到煤炭、天♣气

和技术行业的身影。若要推动 CCS

发展，就必䶨有一个政治㓑体☚心规

划ڣ前景并ζ取ࣨ实现它。”

��Ἵҫ૆ܸ "RViTtore
ࢺ߹项目ߛ࠰
2013 年 10 月

Aquistore 项目—世界上第一个

商业规模、从燃煤发电厂用燃烧后捕

集方式，分离二氧化碳并封存的项

目—已经完工并准备ສ要从з斯特万

䭱近的沙省电力公司边界大ಊ发电厂

价թ 12.4 亿美ٰ的碳捕集与封存整

合项目中䉚Ν二氧化碳。

石油技术研究中心（PTRC）正

着手将此项目交给沙省电力公司，

公司将使用 Aquistore 项目⃼年封存

100 万ॕ来自边界大ಊ项目 3 号机组

碳捕集㷲置的二氧化碳。

石油技术研究中心（PTRC）首

席ប行官 Neil Wildgust 承认此项目—

里䉫㏠中心ࢳट上最大的—是有着թ

得许多䶣ᅃ的、高成本的研发机构学

΍经验的项目。

“Aquistore 项目是加ᠬ大第一

个工业二氧化碳深৥水ᅯ封存项目，

“Wildgust 说道，他于 2011 年 9 月

以首席项目官的身份加入石油技术

研 究 中 心（PTRC）， 并 于 ښ 月 份

Malcolm Wilson 䓋㕹之后成为首席ប

行官。他说 :“这是非常重要的一个

项目”。

事实上，Wildgust ᰫ是英国国际

能源署⍖ბ气体项目地质封存项目经

理，他说，Aquistore 项目ᰫ是他进

入石油技术研究中心（PTRC）的ڣ

中一个࣌因。“这是一个完全的整合

项目，（碳捕集与封存）链的所有部

分都整合在一起。Aquistore 项目ᒵ

小，但对整个（碳捕集与封存）项目

链来说却ᒵ重要。”

Aquistore 项目ओ外一个特₷的

方 面 在 于 它 ᠒ 有 两 个 3440 ㆠ 的 深

ς—是㥕斯ભ⍖ᒨ省最深的ς—一个

ς用于⃼天注ᄱ 2000 ॕ⋟体二氧化

碳进入৥水ᅯ，ओ外一个ς用于深ᅯ

地质封存时⯾ノ、䌌䍗并≸量二氧化

碳。

␼的䷻䮖还是ᒵ低的。同样地，

在那个区域不存在会⍄䔼㧱水↍的ऑ

老ςႁ。因此我们知道 Aquistore 将

会成为非常安全的封存位置。

当♣，深ႁ䧨ς是ᒵᬯ䉢的，

。中䷻䮖不是项目设计者能预≸的ڣ

“ノ理一个׼这样的深ᅯ基建工程队

与一个规模较小的非⯵利性组织来说

是ጕ大的挑战。这一路上我们学到了

ᒵ多。”

他说 :“我们将会将资产转让给

沙省电力公司，资产转让得到的资䛾

将፛助我们实现现在的财务规划，并

能确保我们这个可行的研究项目㐔续

向前发展。”

沙 省 电 力 公 司 发 㼭 人 Tyler 

Hopson 证 实 正 在 针 对 Aquistore 项

目资产价թ进行ⷸ商。但是 Hopson

说 :“但是有关合同的᲎⁫和㏳节我

们ᮯ时还不能公开讨论。” 

��� ӯ᭤଎ᛡᇏ૭ᬷᝠ
ѳ
2013 年 10 月

尽ノ国际气候谈判和碳定价进展

⩇ᓛ，挪威也在近日决定᧑下蒙斯塔

德中心的全规模二氧化碳捕集项目，

南非仍表示将㐔续探索碳捕集与封存

技术能否成为减少该国碳排放的重要

助力。

作为南非项目的支持者之一，挪

威是世界碳捕集与封存技术研发的领

导者，ᰫ表示，尽ノڣ已经决定։止

备受Ⳗ目的蒙斯塔德项目，在 2020

年之前该国仍将㐔续支持ڣ全规模捕

集㷲置的发展。

在十月于约㔝内斯堡举行的南非

第三ᅷ CCS 会议上，南非能源部长

Dikobe Ben Martins 重⩠了政府对该

技术以及南非碳捕集与封存中心工作

的支持。该中心于 2009 年 3 月成立，

主要进行碳捕集与封存的研发工作以

ఫ片᣼䔝：ARuistore 䶦Ⱋ㐀Ჱ

ఫ片来源：$B$ NeXs,2013
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及建设在当地实现碳捕集与封存技术

所必䶨的能力。

Martins 说道，政府依♣认为，

在能源结构䊷来䊷多样化之时，仍应

㐔续利用该国丰富的煤炭资源。♣

而，政府也打ツ信Ⴕ Jacob Zuma 总

㐌 2009 年在丹叓਒本৵根举行的联

合国气候谈判会议上许下的分别于

2020 年和 2025 年将基准情景下的碳

排放减少 34% 和 42% 的承诺，且ڣ

前提᲎件是发达国家给ε南非财政和

技术上的支持。

2012 年 5 月，南非内䬮同意政

府留出 1.97 亿兰特资䛾用于支持南

非碳捕集与封存中心在 3 年内落实碳

捕集与封存路线图的工作。

南非碳捕集与封存中心的主任

Brendan Beck 同时也是计划于 2017

年实施的二氧化碳封存中试项目的经

理，他对蒙斯塔德项目的终止感到ᒵ

๞望。

♣而，他指出，国际能源署的分

析表明，只要化石燃料和碳ჳ集型工

业㐔续在能源构成中占ᢛ主导地位，

碳捕集与封存技术就仍将是解决⍖ბ

气体减排的重要方法。国际能源署认

为，到 2050 年，碳捕集与封存技术

可፛助完成当年碳减排量的 1�6 以及

到 2050 年㉜积总减排量的 14% 的目

标。

Beck 还强调，挪威、美国、澳

大利亚及䭬ᅁ及利亚都在进行ڣ他的

项目，示范碳捕集与封存技术。“全

球范డ内正在进行的 5 个项目共封存

了 500 多万ॕ二氧化碳。”

在南非实现陆上示范项目的计划

的准备工作还在㐔续，但二氧化碳排

放源和最终的封存地还有ᒲ确定。南

非东部的⺃鲁兰⯳地以及东开ᮛ省的

䭬ᅁ᜵䭬⯳地的ࠅ探工作也将㐔续进

行。

由于南非的油气工业较不发达，

因此与澳大利亚正在进行的类ѩ计划

相比，这次ࠅ探可能会增加南非示范

项目的资本成本。Beck 预计开发将

需要 7000 到 8000 万兰特。

“我们还在解决成本的问题，

这也要看ڤ体的地点，“南非国家

能源发展研究所的首席ប行官 Kevin 

Nassiep 㶒ٲ道。南非碳捕集与封存

中心由南非国家能源发展研究所成

立，该研究所是჎ᴒ从可再生能源、

能效到绿色交通及碳捕集与封存技术

等有关能源的研发工作的国家机构。

融资计划也正在进行，而南非政

府ᬖ已许下承诺，ᢛ⼝会给ڣ他፛助

现政府对碳捕集与封存技术承诺的پ

潜在资助者给出重要的信号。

挪威驻南非大使 Kari Bj ø rns-

gaard 给出保证，挪威会㐔续ևڣ“坚

定的合作цѡ”，并指出挪威石油与

能源部承诺向南非的碳捕集与封存工

作资助 2800 万兰特。世界银行的碳

捕集与封存能力建设信ច基䛾是ओ一

潜在的后续资䛾来源。

但 Beck 强调，南非碳捕集与封

存中心的推力不是“不ᘉ一切代价”

发展碳捕集与封存技术，而是了解该

技术在南非的发展潜力。

 ��� Ꮏڎ᠉஋ᦊथᝬन
ԧᩐᛡˀᠫҰ෥ద᧔ၹ
ᇏ૭ᬷˁߛ࠰੿షᄊழ
ᄊ྇཰ԧႃԈ 
2013 年 10 月

美国财政部十月Ꮒ发布了修改后

的技术指导方针，以支持ຒጡ侙总㐌

《气候行动方案》的主要内容，宣布

美国终止支持多边发展银行应对海外

煤炭项目提供资䛾，䮑非是在非常特

₷的情ۢ下。

这份更新的指导文件ᬕ在通过⻮

人多边发展银行㷘㏠入运㥒政策和部

䬕战略中，⻮人多边发展银行是由许

多国家创立的为发展目的提供财务支

持的机构。这ψ机构包括世界银行、

欧洲ែ资银行及亚洲开发银行等。正

如《电力杂志》之前报告的那样，世

界银行及欧洲ែ资银行已经制定他们

自ጞ的政策来减少对海外燃煤发电厂

的ែ资。而亚洲开发银行的能源政策

力图፛助那ψ看起来是世界大部分未

来煤炭生产增长的国家的发展——比

如中国、印度及䊷南，这ψ国家ᰫ承

诺优先资助能源效⢴提高项目及可再

生能源项目，以Ӭ㑀解化石燃料的需

求、提高能源安全并减少⍖ბ气体的

排放。

美国财政部ᭌ期二指出，修改后

ఫ片᣼䔝：ࢄ䲋㘪源䘕䪬 DiLoCe Ben Martins 在⩌ٵ 2013 Ꭱࢄ䲋 $$S ч䃛̷㜡䃺

ఫ片来源：ࢄ䲋国უ㘪源ࣾᆂᱧᲱ，2013
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的文件将代ᰬ 2009 年版本，以ࣺ᭍ຒጡ侙总㐌

在他 2013 年 6 月《气候行动方案》中的号召：

结束美国政府对海外新的燃煤发电厂的公共融资

支持，䮑非是在非常特₷的情ۢ下。

此文件建议多边发展银行为能够满足电力需

求的“零排放资源ᝃ低碳资源”⼨䮑障ⶺ并建立

需求，并号召有关部䬕提供政策䉤⁫“促进低碳

技术市౧”，市౧上目前的电力ᝃ燃料㶒䉡ռ都

对碳捕集与封存减排技术不利。

这份财政部的文件建议多边发展银行在䃱估

一个提议的未开发的ᝃ更新的燃煤发电项目之前

要全面㔰㭾零碳ᝃ低碳选择，如果可供选择的方

案证明比᠌议的煤炭项目更ᬯ䉢，号召多边发展

银行፛助借⁫人确定外部ウ⁫的公共ᝃ⻮人资本

提供机构来承担成本。

最后，此文件为煤炭项目制定了䃱价标准。

比如，ࢠ使项目的容量在࣌有的基⵭上缩减了，

也必䶨使用“国际上最ສ的可行技术”来减少⍖

ბ气体排放，正如通过“必达到预计需求特性所

需的”发电量的大小及工作周期և出的判断一样。

尽ノ大型一体化发电项目还不存在，但依♣需要

该项目采用碳捕集与封存技术。

世界上只有两个这样的项目在建设当中——

位于ჳ㺬㺬比州的南方电力公司㗜⣭࣬整体煤气

化联合循环发电厂及加ᠬ大边界大ಊ项目——尽

ノ在 2014 年之前，没有一个项目的捕集部分将

会完全运㥒。行业专家当下预≸，使用一流的碳

捕集与封存系㐌将使燃煤发电厂发电成本增加

范డ在 37% 至 76% 之间，天♣气发电厂将增加

40%。

♣而，该指导文件建议，只有燃煤项目显示

出“ٸ服国家经济发展上的㏾定约束”，只要“实

际上可行”，它就应该代ᰬ成为⍖ბ气体减排的

“最可行技术”。

也就是说，ᠶ照财政部的说法，美国政府将

不会支持新建燃煤电厂的公共融资，䮑非它们使

用碳捕集与封存技术ᝃ者在世界最䉘⾤的国家没

有ڣ它经济可行的ᰬ代选择却有可利用的高效的

煤炭技术。

ఫ片᣼䔝：χ≟ᐭࣾ䨣㵹Ԝⳝఫ喠

ఫ片来源：χ≟ᐭࣾ䨣㵹，2013

ఫ片᣼䔝：̓⩹䨣㵹ᴴᔄ

ఫ片来源：̓⩹䨣㵹，2013

ఫ片᣼䔝：㒻国䉏ᩬ䘕

ఫ片来源：㒻国䉏ᩬ䘕，2013
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�� &VroQeBO $oNNiTTioO 
PVCMiTIeT $$4 PoMicZ OQtioOT 
3eMeBTeE CZ &/%4 &VroQe
 .BrcI 
����

T
he lack of a long-term business case for 

carbon capture and storage (CCS) because 

of low carbon allowance prices is the main 

reason the technology has not got off the ground, the 

European Commission said in a policy paper on March, 

2013.

The major options suggested in the paper are the same 

as those in a draft version leaked in January. These 

include mandatory emissions performance standards 

for power plants, tradable CCS certificates and national 

strategies. 

The only major change to the draft was the addition of a 

question on“the main obstacles to ensuring sufficient 

demonstration of CCS in the EU”. Pro-CCS NGO 

Bellona welcomed the addition of this question as it could 

help to“evaluate what went wrong with NER300”, 

a spokeswoman said. The first round of the NER300 

funding scheme did not manage to support any CCS 

projects. 

                                                                                

�� (MoCBM $$4 *OTtitVte OQeOT 
#eijiOH OGGice 
Global Carbon Capture and Storage Institute, press 

release, March2013 

News Digest

Launch $ereNony of G$$SI

Source: BeiKing Youth, 2013
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The Global Carbon Capture and Storage Institute (GCCSI) 

opened an office in Beijing on March 3rd, highlighting 

the important role that China plays in the development of 

low-emissions technologies.

Founded by the Australian Government, GCCSI helps 

carbon-intensive economies accelerate the uptake 

of CCS technologies, and collects and disseminates 

expertise to governments and project proponents all over 

the world.

Australian Minister for Resources and Energy, Martin 

Ferguson AM MP, said the new office will allow the 

Institute to enhance further its engagement with its 

members in the China region.“China accounts for 

the largest share of projected growth in global energy 

use, with its demand rising by 60 per cent by 2035,” 

Minister Ferguson said.“The lessons learnt and 

shared by theInstitute through its work in China will help 

governments and project proponents from around the 

world, including Australia, to accelerate the deployment of 

CCS technologies.”

The GCCSI also has regional offices in Europe, North 

America and Japan.

It has an international membership of 368 government, 

industry, non-government and research organisations 

from around the world.The Institute's membership covers 

more than 80 per cent of the world's CO2 emissions from 

energy and industrial sources.

In addition to its support for the Institute, the Australian 

Government is investing over �2 billion in a range of 

measures to assist the development of low-emissions 

technologies, including the CCS Flagships programme. 

�� PreGerreE #iEEerT "OOoVOceE 
iO 6,�T  �CO $$4 $oNQetitioO 
UK Government press release,  March 2013

The two preferred bidders in the UK's  1bn Carbon 

Capture and Storage Commercialisation Programme 

Competition were announced on 20March2013.They are 

the Peterhead Project in Aberdeenshire, Scotland, and 

the White Rose Project in Yorkshire, England.Secretary 

of State for Energy and Climate Change, Edward Davey 

said:“ This announcement moves us a significant step 

closer to a Carbon Capture and Storage industry þ 

an industry which will help reduce carbon emissions 

and create thousands of jobs.These two are major 

infrastructure projects potentially worth several billion 

pounds and could support thousands of construction jobs 

over the next few years. 

“We had four excellent bids and I'd like to thank each 

one of them for their hard work. We will now be working 

swiftly to progress our preferred two, while making sure 

we continue to provide the best possible value to tax 

payers.”

Energy Minister John Hayes said:“We are working 

quickly to our goal of a cost competitive CCS industry 

- and these projects are just the start. In the past year 

we have demonstrated there is significant appetite 

from industry to invest in UK CCS, providing jobs and 

investment opportunities. It is my intention to work 

with industry, beyond these two projects, to ensure we 

have further CCS projects by the end of the decade - 

supported by the innovative changes we are making to 

G$$SI and Yanchang 1etroleuN sign MoU

Source: Yanchang 1etroleuN, 2013
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the energy market to encourage investment in low carbon 

electricity. I am also very pleased that these two projects 

offer us the opportunity to ensure that both gas and coal 

generation has a hugely reduced impact on our carbon 

emissions.”

The two projects selected in detail: 

Peterhead Project in Aberdeenshire, Scotland þ a 

project which involves capturing around 90% of the 

carbon dioxide from part of the existing gas fired power 

station at Peterhead before transporting it and storing it in 

a depleted gas field beneath the North Sea. The project 

involves Shell and SSE. 

White Rose Project in Yorkshire, England þ a project 

which involves capturing 90% of the carbon dioxide from 

a new super-efficient coal-fired power station at the Drax 

site in North Yorkshire, before transporting and storing it 

in a saline aquifer beneath the southern North Sea. The 

project involves Alstom, Drax Power, BOC and National 

Grid.

The two preferred bidders were selected following a 

period of intensive commercial negotiations with four 

projects shortlisted from an original eight in October last 

year.

The Government will now undertake discussions with 

the two preferred bidders to agree terms by the summer 

for Front End Engineering Design studies, which will last 

approximately 18 months. A final investment decision will be 

taken by the Government in early 2015 on the construction 

of up to two projects. Captain Clean Energy and Teesside 

Low Carbon, the remaining two bidders with whom the 

Government has been in discussion, will to be appointed 

as reserve projects. 

�� /otice CZ $IiOeTe (overONeOt 
/%3$ oO ProNotiOH $$64 PiMot 
BOE %eNoOTtrBtioO
NDRC release, April 2013

The Climate Office of National Development Reform 

Commission (NDRC), the national policy unit in the 

Chinese Government for climate change activities, 

released this notice to promote the piloting and 

demonstration of Carbon Capture, Utilisation and 

Storage. The notice proposes to develop CCUS 

demonstration projects, explore and establish financial 

incentive mechanisms and promote CCUS standards and 

regulation.

The notice states that R&D in all components of CCUS 

has achieved significant progress, but there are still 

a number of challenges: the cost and energy penalty 

remain high,and the long-term safety and reliability 

need to be proved. Piloting and demonstrating CCUS 

technologies would not only solve these challenges 

through development and practice, but also pave the way 

for large-scale application and commercialisation - as 

an essential stage to achieve large-scale greenhouse 

gas reductions.All regions and all departments should 

strengthen support and guidance for piloting and 

demonstrating CCUS.

In the immediate term, CCUS pilots and demonstrations 

should be promoted by the following means:

1. Develop pilot and demonstration projects along 

the CCUS technology chain. Encourage CO2 capture 

demonstration from coal, chemical and oil and gas 

industries with highly concentrated CO2 sources, 

develop pilot and demonstration projects for pre-

combustion, post-combustion, oxyfuel and other CO2 

capture pathways, strengthen the techno-economic 

comparison of different CO2 capture technical pathways, 

and solve practical issues for developing a large-scale 

CCUS industry. Strengthen the management of natural 

CO2 fields, strictly control gas field development for the 

purpose of utilising natural CO2 sources, gradually close 

down all existing natural CO2 source fields, and promote 

multiple mechanisms to utilise captured CO2 to improve 

the economic performance of pilot and demonstration 

projects. Strengthen work on assessing CO2 storage 
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sitesand identify clusters of concentrated CO2 sources.

Develop coordination mechanisms for different industries 

and sectors, strengthen CO2 capture (supply side) and 

CO2 storage (demand side) source - sink matching and 

linking. 

2. Develop CCUS demonstration projects and a CCUS 

database. Give priority to integrated and semi-integrated 

projects with high demonstration value which suit national 

conditions, with lower cost, moderate scale, regional 

characteristics and locally-owned intellectual property.

Organise a CCUS key demonstration project list and 

database. 

3. Explore and establish financial incentive mechanisms. 

Study and explore mechanisms and financial incentives 

to promote the piloting and demonstration of CCUS, and 

implement a tax support policy.

4. Strengthen strategy and planning for CCUS 

development.Based on the understanding of emission 

characteristics for the various industrial sectors (electricity, 

coal, coal chemical, oil�petroleum, gas, steel, and 

cement), analyse how these industries could promote 

CCUS piloting and demonstration. Further identify policy 

and guidance requirements in medium and long term 

planning for CCUS and associated industries.

5. Promote CCUS standards and regulation.

6. Strengthen capacity building and international 

collaboration.

Promoting Carbon Capture, Utilisation and Storage Pilot 

and Demonstration is an important task in the 12th Five 

Year GHG control plan. The Plan's working programme 

published by the State Council clearly indicates the need 

to develop CCS pilot and demonstration programmes 

in thermal power, coal chemical, cement and steel 

industries.  It also stresses the need concurrently to 

develop anintegrated capture, enhanced oil recoveryand 

storage demonstration project, and to build up human 

resources, financial security and policy support.

��  64 BOE $IiOB "Hree oO 
$MiNBte 4teQT to $VrC &NiTTioOT 
The Washington Post news story, 11 July 2013

A'1�GE55Y IMAGES - (froN left to right) $hinese State $ouncilor 

Yang Jiechi, Secretary of State John ,erry,$hinese Wice QreNier 

8ANG Yang and 5reasury Secretary JacL LeX shaLe hands after 

the oQening session of the U�S� and $hina Strategic and EconoNic 

Dialogue in 8ashington�

The United States and China agreed in August to tighten 

pollution standards on heavy trucks, boost energy 

efficiency in buildings and take a series of other steps to 

curb greenhouse gas emissions in the world's top two 

polluting countries.

A working group of officials from the two nations was 

established in April, with orders from the top of both 

governments to intensify cooperation on global warming. 

Environmental activists say this holds immense potential 

because of the combined size and influence of the two 

nations — at a time when countries are struggling to 

agree on a global strategy.

Top officials from both sides met on 10th July and targeted 

five areas — from bread-and-butter steps, such as 

boosting building efficiency, to what officials said would 

be a leading-edge effort to improve the technology for 

capturing carbon as it is released from power plants.

Advocates say carbon capture is important for a long-

term solution to global warming, but the cost and 

unproven nature of the technology are considered to be 

major hurdles.
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Under the 10th July agreement, 

China and the United States 

consented to build“several large-

scale”demonstration projects to try 

to“overcome barriers”to the wider 

use of carbon-capture technology.

Todd Stern, the US special envoy for 

climate change, said the aim of the 

working group's recommendations is 

not to commit either country to specific 

carbon reduction targets but to develop 

practical steps and policies to cut 

greenhouse pollution — such as the 

elimination of hydrofluorocarbonsþ 

which was agreed by President Obama 

and Chinese President Xi Jinpingin 

June in California.

“China and the US are the two most 

important players. We are the largest 

emitters of greenhouse gases... 

working shoulder to shoulder ... is 

only a good thing,“Stern said.”It is 

not suddenly going to transform the 

<international> negotiation, but it will 

project something positive.”

�� 8orME�T -BrHeTt 
$BrCoO $BQtVre Project 
#eHiOT &veO BT "CCott 
5BY 3eQeBM -ooNT
The Sydney Morning Herald news 

story, 16 September 2013

Prime Minister Tony Abbott has 

pledged to repeal the country's carbon 

tax to boost economic competitiveness, 

so it is ironic that Australia is about to 

host the world's most ambitious project 

for capturing carbon dioxide and 

storing it underground.

Gorgon LNG 5erNal in $onstruction, BarroX Island, Australia

Source: 5he Sydney Morning Herald, 2013

Australia Gorgon 1roKect Gas 1rocessing and LNG 5erNinal Montage

Source：Hyungdai HeaWy Industries, 2013

Gorgon 1roKect in $onstruction

Source: $heWron, 2013
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Starting in 2014�15, Chevron will begin injecting 120 

million tonnes of pressurised supercritical CO2 2.5 

kilometres underground as part of its giant Gorgon LNG 

project.

Raw gas from the Gorgon field contains about 14 per cent 

CO2, which must be separated out and safely disposed of 

before the methane is purified.

Under an ambitious programme agreed with the State 

and Federal Governments back in 2009, Chevron will 

inject the CO2 into a saline aquifer beneath Barrow Island 

off the coast of Western Australia.

Chevron is spending �US2 billion on the world's largest 

CO2-injection facility, which will store over 3 million 

tonnes per year, making it by far the world's largest CO2 

storage project, and creating a unique opportunity to 

study how injected CO2 behaves underground in saline 

aquifers.

Long-term indemnity

Barrow Island is a Class A nature reserve and carbon 

dioxide is fatal to humans in concentrations as low as 7-15 

per cent. So Chevron has conducted extensive seismic 

surveys and drilling to estimate the aquifer's storage 

capacity and ensure it will not leak.

The company has also promised to monitor the 

underground movement of the CO2 plume as it spreads 

away from the initial injection wells using 4-dimensional 

seismic surveys.

Together with its joint venture partners, Chevron will be 

responsible for any costs associated with leaks and other 

damage during the lifetime of the project and for 15 years 

after CO2 injection ceases.

However, the Federal and WA Governments have agreed 

to accept responsibility for any long-term liabilities.

Federal and State indemnities will protect the joint venture 

partners from any common law liability arising from third-

party claims for loss or damage, suffered after the site 

closes.

The indemnity will only occur after continuous monitoring 

and modelling of the stored carbon dioxide for at least 15 

years after injection ceases, and when both State and 

Federal Governments are satisfied the CO2 has been 

stored safely.

The indemnity is not expected to be invoked for at least 

75 years, according to an analysis prepared by law firm 

Baker & McKenzie.

Vital resource

Unlike most other projects, Gorgon will inject CO2 into 

a saline aquifer rather than a depleted oil or gas field, 

providing an opportunity to test how CO2 injections into a 

saline aquifer behave on a large scale.

The U.S. Department of Energy has identified saline 

aquifers as a vital storage resource if CCS is to be 

captured on anything like the scale that will make a 

difference to the climate.

In the United States alone, saline aquifers could store 

between 1.6 and 20 trillion tonnes of CO2, compared with 

just 60-120 billion tonnes in unmineable coal seams and 

120 billion tonnes in depleted oil and gas fields.

Little is known about how stored CO2 behaves in saline 

aquifers.

But with Gorgon, Australia's Government will be sponsoring 

the world's largest and most ambitious attempt to lock 

CO2 away safely underground, even as it tries to water 

down other elements of its climate change policy. 

�� $IiOB BOE 6OiteE ,iOHEoN 
"OOoVOce $oMMBCorBtioO oO 
*OOovBtive $BrCoO $BQtVre 
6tiMiTBtioO BOE 4torBHe 
5ecIOoMoHZ
September 2013 

Scientists and engineers from China and the United 

Kingdom have formed a groundbreaking initiative that 

will pave the way for the research, development and 

demonstration of innovative carbon capture, utilisation 

and storage (CCUS) technologies.
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The UK Carbon Capture and Storage Research Centre 

(UKCCSRC), Scottish Carbon Capture and Storage 

(SCCS), Guangdong Low-carbon Technology and 

Industry Research Centre (GDLRC) and the Clean 

Fossil Energy Development Institute (CFEDI) signed 

the ten-year Memorandum of Understanding (MoU) this 

September at Lancaster House, in London, witnessed by 

Governor Zhu Xiaodan of Guangdong Province, China, 

and Minister Greg Barker of the UK's Department of 

Energy and Climate Change (DECC).

The agreement will lead to the establishment of an 

international CCUS network, which will promote joint 

research and development, provide advice for local and 

regional governments and develop ways to exchange 

knowledge. The partners plan to move rapidly towards 

demonstrating CCUS technologies in China, potentially 

within three to five years.

Minister Barker and Governor Xiaodan also concurrently 

signed a joint statement pledging collaboration on low 

carbon development, including CCS technology, between 

the UK and China.

The agreements come in the same week as the United 

Nations Intergovernmental Panel on Climate Change 

released a further report, which makes a clear link 

between human activities, greenhouse gas emissions and 

climate change.

CCUS refers to a range of technologies which could 

significantly reduce carbon emissions worldwide. CO2 

from power plants and industrial facilities can be captured 

and transported to underground storage sites where it 

can be geologically stored safely for millennia, thereby 

reducing emissions into the atmosphere. The CO2 can 

also be used for enhanced oil recovery or locked up in 

stable materials. A commercial-scale CCUS industry will 

also create jobs and revenue, while retaining the existing 

workforce in the fossil fuel power sector.

“The UK has well-established research and 

development capacity in CCS, and by linking up 

with China we can further advance and promote the 

commercialisation of this important climate change 

mitigation technology,”said UKCCSRC Director, 

Professor Jon Gibbins.“Climate change is a global 

problem that requires global collaboration, and this 

initiative will help build stronger relationships.”

“Preparation for CCS is now in China's Five Year Plan, 

so Guangdong is preparing to surpass all European 

efforts with one leap. This strategic and timely agreement 

will unite researchers from Scotland, the rest of the UK 

and China in the shared ambition of making swift and 

practical progress on CCS technologies. Guangdong 

is a leading province for industrial innovation in China. 

This MoU enables UK researchers and Chinese industry 

to exchange staff and expertise, so that decisions can 

be made in mid 2014 to commence construction,”said 

Professor Stuart Haszeldine, SCCS Director, and 

$$US MoU signed CetXeen U, and Guangdong Institutes Xitnessed 

Cy Gregory BarLer, U, DeQartNent of Energy and $liNate $hange and 

Xiaodan ;HU, the goWernor of Guangdong�

Source: UniWersity of EdinCurgh,2013

1hoto after U,�Guangdong MoU signature

Source: U,$$S3$,2013
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Professor of CCS at the University of Edinburgh.

BixiongLuo, President of GEDI, said:“Currently, the 

whole world is paying attention to carbon reduction, and 

China is working hard to reduce carbon and set a carbon 

reduction target. Although China is actively developing 

a new energy industry, electricity from coal will still 

dominate the energy system. GEDI, as an international 

engineering company, is dedicated to design and 

research in the energy sector, and promoting new energy 

development and deployment. The carbon capture 

agreement between GDLRC and UK parties will provide 

a platform for collaboration in carbon reduction, both 

promoting the CCS industry and contributing to global 

environmental business.”

The MoU builds on more than five years of joint CCUS 

activities between Guangdong and the UK, supported by 

the UK's Foreign & Commonwealth Office, DECC and 

Research Councils UK. The MoU signatories have agreed 

to advise and support the Guangdong International CCUS 

Industry and Academic Collaboration Promotion Network, 

which will promote CCUS research collaboration and 

technology industrialisation in the Guangdong Province of 

China.     

�� 4tBtoiM 4toQT 5$. oO 4tBte 
.BOEBte BOE -eBrOT -eTToOT Gor 
'VtVre &OEeBvoVrT 
Zacks Equity Research news release, September 2013

Norwegian giant Statoil ASA is initiating the termination 

process of its full-scale carbon capture project at 

Mongstad (CCM) following the Norwegian Government's 

decision to discontinue it. The Government finds the 

project far too costly and the challenges associated with it 

not worth the risk. 

In 2006, Statoil had signed an implementation agreement 

with the Ministry of Petroleum and Energy. In accordance 

with the agreement, in 2009 the company submitted a 

master plan for full-scale carbon capture at Mongstad. 

The Technology Centre at Mongstad was completed in 

2012 by partners Statoil, Gassnova, Royal Dutch Shell 

plc and Sasol.

Statoil, which is now striving for a smooth termination 

of CCM, had worked extensively on the challenging 

technology of CCS. Instead of feeling let down, the 

company plans to use all the lessons learned in the 

process for its future endeavours relating to CCS. In 

the process Statoil has also developed a toolbox for 

measuring and evaluating emissions.

With years of extensive study, Statoil is among the 

leading companies working on CCS. The carbon storage 

project on Sleipner was the first large-scale storage 

project in the world. The other projects of the company 

include full-scale capture and storage at In Salah in 

Algeria and the Snohvit field in Norway.

Apart from its Mongstad activities,Statoil is also 

participating in extensive research projects relating to 

the development of carbon capture technology, including 

storage.

Statoil has gained immense knowledge at Mongstadwhich 

inspires it to develop the technology as well as reduce the 

costs involved. 

�� 3eCootiOH tIe PoMiticT oG $$4 
iO &VroQe 
SCCS news story, September 2013

Europe should take immediate action to push ahead with 

smaller-scale CCS projects“of inherent value” and 

move ahead of the politicians, conference delegates were 

told on 12th September. 

CCS experts from across Europe gathered in Edinburgh 

for an interactive event aimed at driving forward the 

establishment of CO2 storage sites beneath the North 

Sea, as a means of tackling the European Union's carbon 

emissions. 

Delegates to the conference, hosted by SCCS, were 

given a“call to arms” by SCCS Director, Professor 

Stuart Haszeldine, who encouraged them to shake up EU 

policymakers with a set of practical actions to unlock the 
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North Sea's storage capacity.

Prof Haszeldine added:“EU policy focus so far has 

rightly been on decarbonisation, but has attempted only 

big, expensive power sector projects. However, 1.7 million 

jobs are in the industrial sectors, and these will need CCS 

too.”

He pointed out that steel and cement producers and 

refineries have significant emissions linked to their actual 

processes rather than fossil fuel use. Similarly, hydrogen 

production for ammonia already creates between six and 

seven million tonnes of CO2 that could be made available 

for early storage projects. 

He said:“The North Sea is the most important CO2 

storage region for the whole EU, so we propose that 

it is both possible and necessary to commence small 

injections of CO2 as soon as possible, to transfer 

capability from science to industry and build confidence.”

Chris Davies MEP, one of the day's keynote speakers, 

urged delegates to lobby hard to keep CCS on the 

European Parliament's agenda or risk the consequences. 

He said:“Don't underestimate political barriers. Ministers 

show opposition or indifference, and populist politics deny 

climate change. There is an enormous lobby in favour of 

renewables. Where is support for CCS The coal, gas and 

technology sectors are absent from the debate.”

Scottish Energy Minister, Fergus Ewing, who also gave 

a keynote talk, said there was“a need to move from 

innovation and invention to creating a <CCS> industry”, 

adding:“Scotland has been a consistent supporter of 

CCS, and welcomes <the UK's Department of Energy and 

Climate Change's> efforts. But it is clear that an industry 

requires more than two projects.”

He reiterated the need for DECC to pursue a route to 

low-carbon electricity from CCS through its Contracts for 

Difference (CfD) scheme as part of the UK's Electricity 

Market Reform. He said that he hoped for“rapid progress 

on the Peterhead-Goldeneye and White Rose projects”. 

He added that the Captain Clean Energy project uses 

proven technology, has a very low risk, and is ready to 

commence as soon as the UK agrees CfD terms with no 

grant subsidy.

SCCS is now considering the results of detailed 

discussions held during the conference and was due 

to publish a recommendations report by mid-October, 

targeting EU policymakers. 

��� "RViTtore Project $oNQMete 
Leader-Post news release, September 2013

Aquistore — the world's first commercial-scale, CO2 

storage project with post-combustion CO2 from a coal-

fired power plant — is completed and ready to receive 

CO2 from SaskPower's �1.24 billion integrated CCSproject 

at Boundary Dam power station near Estevan, Canada.

The Petroleum Technology Research Centre (PTRC) is 

S$$S 2013 Annual Meeting 

Source: S$$S, 2013

GrouQ 1hoto in S$$S Annual Meeting

Source: S$$S,2013
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in the process of turning over the project to SaskPower, 

which will use Aquistore to store about one million tonnes 

a year of CO2 from the carbon capture unit attached to 

Boundary's Unit 3.

Neil Wildgust, acting CEO of the PTRC, admitted the 

project — the biggest in the Regina-based Centre's 

history — was a big learning experience for the research 

institute and, like many first-of-a-kind projects, more 

expensive than expected.

“Aquistore will be Canada's first storage of industrial 

CO2 in a deep saline aquifer,”said Wildgust, who joined 

the PTRC as Chief Projects Officer in November 2011 

and became acting CEO upon the retirement of Malcolm 

Wilson in June.“It's really an important project.”

In fact, Wildgust, who was Project Manager for geological 

storage for the International Energy Agency Greenhouse 

Gas Programme in the U.K., said Aquistore was one 

of the reasons he joined the PTRC.“This is a fully 

integrated project, so all the parts of the CCS chain are 

together. And Aquistore is a small, but very important, 

part of that full CCS chain project.”

Another unique aspect of the Aquistore project is its two 

3,400-metre deep wells — the deepest ever drilled in 

Saskatchewan — one well to inject up to 2,000 tonnes 

per day of liquefied CO2 into the saline aquifer and the 

other to monitor, track and measure the CO2 while in 

deep geological storage.

“We' re a long way down. We have a lot of (geological) 

layers above the reservoir, so the chances of any leakage 

... are very remote. Similarly, there are no old well bores 

in the area that penetrate the reservoir. So we always 

knew Aquistore was going to be a very secure storage 

location.”

Of course, deep well drilling is expensive and subject 

to“surprises”not anticipated by the project's 

designers.“To be in charge of a major infrastructure 

project like this was a major challenge for a relatively 

small, not-for-profit research organization. We learned a 

lot along the way.”

“We will transfer the assets over to SaskPower,“he 

said.”The money that we will be paid for the transfer of 

the assets will see us through our financial commitments 

now and make sure we have a viable research project 

moving forward.”

SaskPower spokesman Tyler Hopson confirmed 

negotiations are underway to determine the value of 

the Aquistore assets. But“the terms or details of the 

contract aren't something we can talk about publicly just 

yet,”Hopson said, adding an announcement was to be 

expected this Fall. 

��� 4oVtI "GricB PVTIiOH "IeBE 
witI $BrCoO�$BQtVre PMBOT 
%eTQite (MoCBM )eBEwiOET 
Source: Mining Weekly, October 2013 

South Africa has indicated that it will continue to explore 

whether CCS can play a meaningful role in helping it to 

reduce the country's carbon footprint notwithstanding 

limited progress in international climate negotiations and 

carbon pricing, as well as Norway's recent decision to pull 

back from the development of full-scale CO2 capture at 

Mongstad.

Norway, which is also a supporter of the South 

Africa programme, is a leader in CCS research and 

development and has indicated that it continues to 

support the development of a full-scale capture facility in 

Norway by 2020, despite the decision to discontinue the 

high-profile Mongstad project.

Speaking at South Africa's third CCS conference in 

Johannesburg on 3rd October, Energy Minister Dikobe 

Ben Martins reiterated the Government's support for the 

technology, as well as for the work being done by the 

South African Centre for Carbon Capture and Storage 

(SACCCS). The Centre was established in March 2009 

to conduct research and development and to build the 

necessary capacity to implement CCS locally.

Martins said that the Government remained of the view 

that the country's abundant coal resources should 

continue to be exploited as part of an increasingly 
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diversified energy mix. However, it also intended 

honouring the commitment made by President Jacob 

Zuma at the United Nations climate negotiations in 

Copenhagen, Denmark, in 2009, where South Africa 

pledged to reduce its business-as-usual emissions 

by 34% by 2020 and by 42% by 2025 - a commitment 

premised, though, on South Africa receiving financial and 

technological support from developed countries.

South Africa has set aside R197million over a three-

year period to support SACCCS in implementing the CCS 

roadmap that was endorsed by Cabinet in May 2012.

SACCCS's Brendan Beck, who is also the manager for 

the proposed CO2 storage pilot project that is due for 

implementation in 2017, described the discontinuation of 

the Mongstad project as“disappointing”.

However, he pointed to International Energy Agency 

(IEA) analysis showing that CCS would remain a critical 

greenhouse-gas reduction solution for as long as fossil 

fuels and carbon-intensive industries continue to occupy 

a dominant position in the energy mix. The IEA believes 

CCS could contribute one-sixth of total CO2 emission 

reductions required by 2050, and 14% of the cumulative 

emissions reductions through to 2050.

Beck also stressed that other projects were under way 

in Norway, the US, Australia and Algeria, where the 

technology was being demonstrated.“There are five 

projects operating in the world that have stored over 

5-million tons of CO2 .”

Therefore preparations werecontinuing 

on a plan to implement an onshore pilot 

plant in South Africa, with the CO2 source 

and the eventual storage sites yet to be 

determined. Further exploration would 

be pursued in the Zululand Basin, on 

the eastern side of South Africa, and the 

AlgoaBasin, in the Eastern Cape.

Owing to South Africa's relatively 

undeveloped oil and gas industry, this 

exploration is likely to increase the capital 

cost of the South Africa pilot project when 

compared with similar initiatives under way in Australia. 

Beck estimates that between �70-million and �80-million 

will be required for the development.

“We are still working on the costing, which is also site-

specific,”South African National Energy Development 

Institute (Sanedi) CEO Kevin Nassiep added. The 

SACCCS falls under the aegis of Sanedi, the State 

agency responsible for overseeing energy-related 

research and development in fields as diverse as 

renewable energy and energy efficiency, through to green 

transport and CCS.

Work was also under way on a funding plan, with the 

financial pledge already made by the South African 

Government which provides an important signal to other 

potential funders of South Africa's commitment to CCS.

Norwegian Ambassador to South Africa Kari Bjørnsgaard 

offered assurances that Norway would remain a“strong 

partner”and noted that the Norwegian Ministry of 

Petroleum and Energy had pledged R28million to 

the Country's CCS activities. The World Bank's CCS 

Capacity Building Trust Fund was another likely source of 

additional funding.

But Beck stressed that the thrust at SACCCS was not 

to pursue the solution“at any cost”, but rather to 

understand the potential for CCS in South Africa. 

ȟȟȟȟȟȟȟȟȟȟȟȟȟ

Minister of Energy Mr DiLoCe Ben Martins giWing the oQening address at the $$S 

$onference 2013

Source: 5he 3oyal NorXegian ENCassy in 1etoria, 2013
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��� 64 5reBTVrZ %eQt� 
"EviTeT %eveMoQNeOt 
#BOLT /ot to 'VOE /ew 
$oBM PMBOtT witIoVt $$4
Source: Sonal Patel, Power Magazine, 

October 2013

A revised technical guidance released by 

the U.S. Treasury Department in October 

to bolster a key facet of President Obama's 

Climate Action Plan declares an end to U.S. 

support for multilateral development bank 

(MDB) funding for new overseas coal projects 

except in“narrowly defined circumstances”.

The updated guidance document is designed 

to be incorporated into the operational 

policies and sector strategies by individual 

MDBs, which are institutions created by 

a group of countries to provide financing 

for development purposes. Examples 

of MDBs include the World Bank, the 

European Investment Bank (EIB), and the 

Asian Development Bank (ADB). As Power 

Magazine had previously reported, the World 

Bank and the EIB have instituted their own 

policies to cut funding for oversees coal-fired 

power plants. The ADB, whose energy policy 

seeks to aid development in countries slated 

to see the world's most future coal generation 

growth—such as China, India, and Vietnam-

has pledged to prioritize energy efficiency 

improvements and renewable energy projects 

to ease growth in fossil fuel demand, improve 

energy security, and reduce emissions of 

greenhouse gases.

The Treasury Department said on the 29th 

October that the revised document will replace 

a 2009 version to reflect the President's call 

in his June 2013 Climate Action Plan to end 

U.S. Government support of public financing 

of new overseascoal plants except in“very 
Asian DeWeloQNent BanL HeadRuarter

Source: ADB, 2013

5he 8orld BanL Logo

Source: 5he 8orld BanL, 2013

US 5reasury DeQartNent

Source: US 5reasury, 2013
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limited”circumstances.

It advises MDBs to“remove barriers to, and build 

demand for,”zero- or low-carbon resources that meet 

power needs and calls for institutions to provide policy 

loans“to level the playing field”where existing electricity 

or fuel subsidies bias investment decisions against those 

resources.

Those calls presumably apply only to renewable 

generation, because both the World Bank and the ADB 

clearly state in their energy policies that they will not be 

involved in financing nuclear power generation.“Nuclear 

plants are thus uneconomic,”says the World Bank in its 

Environmental Assessment Source Book,“because at 

present and projected costs they are unlikely to be the 

least-cost alternative. There is also evidence that the 

cost figures usually cited by suppliers are substantially 

underestimated and often fail to take adequately into 

account waste disposal, decommissioning, and other 

environmental costs.”The EIB says it would consider 

financing a nuclear project, but only if it is economically, 

financially, and technically viable.

The Treasury Department's document also advises MDBs 

fully to consider zero- or low-carbon options before 

appraising a proposed greenfield or retrofit coal-fired 

power project, calling on MDBs to help borrowers identify 

public or private sources of external financing to cover 

costs if alternative portfolios prove more expensive than 

proposed coal projects.

Finally, it sets appraisal criteria for coal projects. For 

example, even if the project's capacity has been scaled 

back from its original proposal, it must use the“best 

internationally available technology”to reduce GHG 

emissions, as judged by the size and duty cycle of 

generating capacity that is“needed to meet projected 

demand characteristics.”This requires the project to 

deploy carbon capture and sequestration technology—

though no large-scale power generation integrated 

projects yet exist.

Only two such projects are under construction 

worldwide—Southern Co.'s Kemper integrated 

gasification combined cycle power station in Mississippi 

and the Boundary Dam project in Canada—though 

neither project's capture portion of the plant will be fully 

operational until 2014. Industry experts currently estimate 

that using a first-of-a-kind CCS system increases the 

cost of power production at a coal plant from between 

37% and 76%, and at a natural gas plant by 40%.

The guidance document advises, however, that only if a 

coal project shows it“overcomes binding constraints on 

national economic development,”should it be allowed to 

use“practically feasible”technology for reducing GHG 

emissions rather than“best available”technology 

That means, according to the Treasury Department, the 

U.S. Government will not back public financing of new 

coal plants unless they use CCS, or the“most efficient 

coal technology available in the world's poorest countries 

in cases where no other economically feasible alternative 

exists.”
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碳
捕集、利用与封存技

术（CCUS） 是 指 将

二氧化碳从工业ᝃڣ

他排放源中分离出来，并运输到特点

地点加以利用ᝃ封存，以实现㷘捕集

CO2 与大气的长期䯁离。在ф多⍖ბ

气体减排技术方案中，CCUS 是一项

新兴的，可以实现化石能源大规模低

碳利用的技术。

气候变化是当今世界面临的最严

ረ挑战之一，关系到人类未来的生存

与发展，发展碳捕集、利用与封存技

术是应对气候变化挑战的需要，ڣ战

略意义不仅仅在于 CCUS 技术ڤ有大

规模⍖ბ气体减排的潜力，更重要的

是它为我们提供了一种可能的战略性

技术选择前景。

    一ǌCCUS ੿术ᄊ国ᬅ
进展

为促进 CCUS 技术的发展与应

用，欧Ⰼ、美国、澳大利亚等发达国

家和地区均已启动大规模的计划推动

CCUS 技术的研发与示范，并在ژ国

集团ም会（G8），二十国集团ም会

（G20）、碳收集领导人论ಈ（CSLF）

等ᵳ᳣下积极推动 CCUS 在全球范డ

的发展。

从 示 范 项 目 来 看， 目 前 CCUS

已经逐步开໸发ᡒڣ减㑀气候变化的

作用。全球已建、在建和计划建设的

CCUS 项目（包括单一捕集、运输ᝃ

封存环节项目和同时㔰㭾捕集、运输

与封存的全流程项目）超过 300 个，

中大型ڣ CCS 全流程项目 65 个。在

这 65 个全流程项目中，12 个处于“运

行“状态，分别分布在美国、欧洲、

加ᠬ大等国家，并均与石油、天♣气

领域直接相关，规模都在百万ॕ以上，

并已达到工业化的生产能力。

从国际 CCUS 工程实施经验看，

各单个环节技术已ڤ有相当的成⛌

度 , 基本可应用于任҂排放二氧化碳

的工㞧ᝃ流程，目前最大的挑战是各

技术要㉍的资本和运㥒成本，䷊外能

㕄，安全性以及大型示范项目的系㐌

整合问题。同时，出于 CCUS 的经济

性㔰㭾，各国优先将 CCUS 应用于高

⊀度、高排放量的能源与工业部䬕，

如电力部䬕、天♣气加工厂，炼油厂

等。

从政策动向来看，美国、欧Ⰼ、

加ᠬ大、英国、澳大利亚等发达国家

均通过䶮布 CCUS 技术发展路线图及

战略规划，明确近期、中期、远期的

技术方向和研发重点，设立䌕部䬕的

协调工作机制等措施加强国家ᅯ面技

术政策的指导和Ⴜ㻯协调。政府ែ入

不断加大，⩇至将推动 CCUS 技术发

展作为实现国内经济ฺ苏的手段。重

视䌕行业、䌕领域的 CCUS 合作平台

的建设，加强知识与经验共Ϙ。不仅

如此，各国在技术标准、法ᒸ法规、

ノ理制度和规范以及公ф接受度等各

种技术应用“䒜环境”的建设上也在

不断增强。

̄ǌ中国 CCUS ੿术ᆑ
ቃ进展

近年来，中国对 CCUS 技术的

发展给ε了积极的关注，尽ノ起步较

ᮇ，中国 CCUS 技术发展取得了长足

进步。在政府的指导下，企业、科研

单位和高等院ᵎ共同参与下，已డ㐂

CCUS 相关理论、关键技术和䙺ຄ政

策的研究开展了ᒵ多工作，建立了一

ឦ专业研究队к，取得了一ψ有自主

知识产权的技术成果，成功开展了工

业级技术示范。

（一）政策制定

目前，中国有多个技术政策文件，

包括《国家中长期科学和技术发展规

划㏟要（2006-2020 年）》、《中国

应对气候变化国家方案》、《中国应

对气候变化科技专项行动》、《国家

“十二五”科学和技术发展规划》、

《“十二五”国家应对气候变化科技

发展专项规划》、《“十二五”CCUS

科技发展专项规划》、《“十二五”

控制⍖ბ气体排放工作方案》等均将

CCUS 技术݄为重点发展的减㑀气候

变化技术，积极引导 CCUS 技术的研

发与示范。

2011 年 9 月科技部完成了《中

国碳捕集、利用与封存技术发展路线

图》研究报告，该路线图较系㐌地䃱

�� ڎ˗ $$64 ੿షᆑቃᤉ࡙
作者：中国 21 ˇጢᝬሮኮေ中心 Лုဗܫܒ  张˵ܹ

ఫ片᣼䔝：ᑍΊ๖࣯̻ⵁ䃕ч

ఫ片来源：䛺Ꮃጯ⻾႓ឭᱜ䮏，2013
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估了我国 CCUS 技术发展现状，提出

了我国 CCUS 技术发展的ᙬ景和未来

20 年的技术发展目标。2013 年 4 月，

国家发改委发布了《关于推动碳捕集、

利用和封存试验示范的通知》，首次

明确了 CCUS 产业未来商业化导向。

同年科技部中国 21 世㏗议程ノ理中

心组织编ۆ了《中国二氧化碳利用技

术䃱估报告》，该报告㉔ჳ结合中国

国情，系㐌䃱估了 CO2 利用技术在能

源资源增采、经济发展、环境保护和

二氧化碳减排等方面的ጕ大潜力和效

益，为促进 CO2 资源化利用ຍ定了理

论基⵭。

（二）技术研发

近年来，中国政府在 CCUS 研

发与示范方面的ែ入力度不断加大，

支持范డ也从Ӕ重单一环节的技术研

究和中试转向支持工业规模的全流程

技术示范。

“十五”以来，国家基⵭研究

（973）计划、国家高技术发展（863）

计划、国家科技支ᦾ计划等有关国家

科技计划先后డ㐂 CCUS 技术减排潜

力、CO2 捕集、CO2 生物转化利用、

CO2 驱油和地质封存相关的基⵭研

究、技术研发与示范等方面进行了较

系㐌的部署，⊶及不同种类的 CO2 排

放源、不同的捕集技术方向、不同的

CO2 转化和利用模式等。国家重大科

技专项“大型油气田及煤ᅯ气开发”

డ㐂 CO2 驱油、驱煤ᅯ气技术研发与

工程示范进行了部署。

经݊步㐌计，仅“十一五”期

间，相关国家科技计划和科技专项针

对 CCUS 基⵭研究与技术开发部署项

目共约 20 项，总经费超过 10 亿ٰ，

”中公共财政支持约2亿ٰ。“十一五ڣ

期间，针对全流程技术示范的ែ入力

度明显加强，仅 2011 年，相关国家

科技计划和科技专项已部署项目约 10

项，总经费超过 20 亿ٰ，ڣ中公共

财政支持超过 4 亿ٰ。

政府支持的主要 CCUS 研发项

目总体情ۢ见下表。

表 1 中国政府支持的部分 CCUS 技术研发项目

项目名⼝ 资助来源 � 渠道 ប行时间 主要参与单位

⍖ბ气体提高石油采收⢴的资源化

利用及地下೸存
973 计划

2006-2010

中国石油集团科学技术研究院、华中科技大

学、中科院地质与地球物理研究所、中国石油

大学（北京）等

CO2 减排、ו存与资源化利用的基

⵭研究
2011-2015 中国石油集团科学技术研究院等

CO2 的捕集与封存技术

863 计划

2008-2010
清华大学、华东理工大学、中科院地质与地球

物理研究所等

CO2 驱油提高石油采收⢴与封存关

键技术研究
2009-2011

中国石油集团科学技术研究院、中国石油化工

集团ࠅ探开发研究院等

新型 O2�CO2 循环燃烧设备研发与系

㐌优化
2009-2011 华中科技大学等

CO2- 油㬨 - 生物ᴡ油关键技术研究 2009-2011 新ຒ集团、ᯕ南大学等

基于 IGCC 的 CO2 捕集、利用与封

存技术研究与示范
2011-2013 华能集团、清华大学、中科院☚物理所等

超重力法 CO2 捕集㏜化技术及应用

示范

支ᦾ计划

2008-2010
中石化胜利油田分公司、北京化工大学、北京

工业大学、中国石油大学（华东）等

35MWth富氧燃烧碳捕㣤关键技术、

㷲备研发及工程示范
2011-2014

华中科技大学、东方电气集团、四ጊ⾧分设备

集团等

30 万ॕ煤制油工程高⊀度 CO2 捕集

与地质封存技术开发与示范
2011-2014

神华集团、北京低碳清洁能源研究所、中科院

ₓⅶᇖౌ力学所等

高▶炼䧮 CO2 减排与利用关键技术

开发
2011-2014 中国䛾ᆋ学会、䧏䧮研究总院等

全国 CO2 地质ו存潜力䃱价与示范

工程
国ౌ资源部 2010-2014

中国地质调ᴒ局、中科院ₓⅶᇖౌ力学所、北

京大学等
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क़ CO2 天♣气㫼安全开发与 CO2 利

用技术

“大型油气田及煤

ᅯ气开发”重大专

项

2008-2010
中国石油集团科学技术研究院、中石油श᳄油

田分公司等

Ძ䓪⯳地क़ CO2 ▘山ᇖ气㫼开发及

利用示范工程
2008-2010

中石油श᳄油田分公司、中国石油集团科学技

术研究院等

CO2 驱油与೸存关键技术 2011-2015
中国石油集团科学技术研究院、中石油श᳄油

田分公司等

Ძ䓪⯳地 CO2 驱油与೸存技术示范

工程
2011-2015

中石油श᳄油田分公司、中国石油集团科学技

术研究院等

中联煤深煤ᅯ气开发技术试验项目 2011-2015 中联煤ᅯ气公司等

中国 CCUS 技术研发活动㺳Ⰳ

整个 CCUS 产业链，并以政府指导，

企业为主体实施，科研单位和高等院

ᵎ共同参与的方式进行。经过近年来

的努力，中国在 CCUS 技术链各环

节都已ڤ备一定的研发基⵭。但总体

还处于研发和示范的݊期阶段，各环

节技术发展也ᒵ不平㶎，相比国际先

进水平我国整体上仍存在较大ጛ距，

ᅑڣ是在 CO2 驱油与地质封存相关理

论、CO2 封存的⯾≸、预䂓等ᵥ心技

术，以及大规模 CO2 运输与封存工程

经验等方面。

捕集方面，డ㐂低能㕄॥收ݯ、

不同技术路线捕集工㞧等关键技术环

节开展了一系݄研究，已开发出可商

业化应用的㘧॥收ݯ，建成了燃煤电

厂 CO2 捕集万ॕ级 � 年和 10 万ॕ级 �

年规模的工业示范；

运输方面，借䞡油气ノ输经验，

开展了低ࢸ CO2 运输工程应用，高ࢸ、

低⍖和超临界 CO2 运输研究݇起步；

利用方面，డ㐂 CO2 驱油、驱

煤ᅯ气、CO2 生物转化和化工合成等

不同利用途径开展了理论和关键技术

研究，已开展 CO2 驱油工业试验，

建成ᓛ㬨制生物ᴡ油中试和小规模的

CO2 制可降解ൾ料生产线；

封存方面，已启动全国 CO2 地

质ו存潜力䃱价，݊步结果表明，我

国 CO2 地质ו存主要⾧间类型为深部

৥水ᅯ，潜力可㻯；工业规模৥水ᅯ

封存示范已启动。

（三）试点示范

近 年 来 , 中 国 企 业 积 极 开 展

CCUS 研发与示范活动，在国家相关

技术政策引导和各级政府及不同部䬕

的支持䙺合下，已建成多个万ॕ以上

级 CO2 捕集示范㷲置，最大捕集能力

超过 10 万ॕ � 年；开展了 CO2 驱油

与封存先导试验，最大单⠙项目已控

制封存 CO2 约 16.7 万ॕ；启动了 10

万ॕ � 年级陆上৥水ᅯ CO2 封存示

范；建成 4 万ॕ规模的全流程燃煤电

厂 CO2 捕集与驱油示范。此外，还有

多个企业正在开展 CCUS 项目的前期

ウ备，这ψウ备项目的捕集量多在 50

万ॕ � 年以上，并将煤化工与 EOR

和地质封存相结合。有关工业试点和

示范工程的总体情ۢ见表 2。

表 2 CCUS 工业试点和示范工程的总体情ۢ

Ꮌ号 项目名⼝ 规模 示范内容 现状

1 中石油श᳄油田 CO2-EOR 研究与示范 S：10 万ॕ � 年 CCS-EOR 2007 年ែ运

2 中科䛾哆 CO2 化工利用项目 U：约 1 万ॕ � 年 䙿㇫厂 CO2 化工利用 2007 年ែ运

3 ↌苏༉൝化㗒厂项目 U：3.2 万ॕ � 年 ᅬ㉍生产 2007 年ែ运
4 华能北京☚电厂 C: 3000 ॕ � 年 燃烧后捕集 � 利用 2008 年ែ运
5 中海油 CO2 制可降解ൾ料项目 U: 2.1 千ॕ 天♣气分离 CO2 化工利用 2009 年ែ运
6 华能集团上海石≋口捕集示范项目 C：12 万ॕ � 年 燃烧后捕集 2009 年ែ运
7 中电ែ重Ꮃ双ỽ电厂碳捕集示范项目 C：1 万ॕ � 年 燃烧后捕集 2010 年ែ运
8 中联煤利用 CO2 强化煤ᅯ气开采项目 S: 试验级 CCS-ECBM 2010 年ែ运
9 中石化山东胜利油田示范项目 S: 3.65 万ॕ � 年 燃烧后捕集 � CO2-EOR 2010 年ែ运

10 中石油 CCS 项目 C：2 万ॕ � 年 EOR 2011 年ែ运
11 䔋ξ⍜清洁煤能源动力系㐌研究设施 C：3 万ॕ � 年 燃烧前捕集 2011 年ែ运

12 神华集团煤制油 CO2 捕集和示范封存
C：10 万ॕ � 年

S：约 10 万ॕ � 年
煤⋟化厂捕集 � ৥水ᅯ 2011 年ែ运

13 华中科技大学 35MWt 富氧燃烧技术研究与示范 C：5 万ॕ � 年 富氧燃烧捕集 2011 年启动
14 国电集团天≒北අ☚电厂 C：2 万ॕ � 年 燃烧后捕集 � 利用 2012 年ែ运

表 1 中国政府支持的部分 CCUS 技术研发项目 ( 续 )

项目名⼝ 资助来源 � 渠道 ប行时间 主要参与单位
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15 新ຒ集团ᓛ㬨ధ碳生物能源示范项目 U：约 2 万ॕ � 年 煤化工烟气生物利用
一期ែ产；二期在建；

三期ウ备

16
中国石化集团胜利油田捕集和驱油封存示

范工程
S: 100 万ॕ � 年 燃烧后捕集 � CO2-EOR

在建（预计 2014 年ែ

运）

17 中石油श᳄油田 CO2-EOR 研究与示范
S：80-100 万ॕ �

年
CCS-EOR

在建（预计 2015 年ែ

运）

18 中国大਽集团 CO2 捕集和示范封存 C：100 万ॕ � 年
富氧燃烧 � 地质封存

�EOR

在建（预计 2015 年ែ

运）

19 华能天≒ IGCC 试验示范 C：180 万ॕ � 年
400MW IGCC GreenGen

示范发电 �EOR

在建（预计 2016 年ែ

运）
20 中国华电 IGCC 项目 - IGCC 在建
21 东㣋电化 IGCC 项目 - IGCC 在建

（四）国际合作

近年来，在科技部等相关部䬕的领导下，国内高ᵎ、科研机构和企业与欧Ⰼ、澳大利亚、意大利、日本、美国等相

关机构开展了广泛的科技交流与合作。通过国际合作，不仅加强了中国相关科研机构和企业的能力建设，形成了中国在

CCS 领域的ᵥ心研究团队，同时డ㐂捕集技术选择、技术经济性䃱价、封存潜力䃱估、源ⅴࡦ䙺等开展了探索性的研究工作。

目前，我国 CCUS 国际合作的内容是以技术交流和合作研究为主。到目前为止，中国 21 世㏗议程ノ理中心➢๡承担

了中欧近零排放合作项目（Near Zero Emissions Coal, NZEC），第一期已经完成，第二期进入よ选示范工程的阶段；中

澳二氧化碳地质封存能力建设项目（CAGS），第一期已经完成，第二期正在开໸；已完成的中意二氧化碳捕集与封存技

术合作项目（SICCS）, 主要工作集中在二氧化碳捕集方面。此外，ڣ他政策研究项目包括，中欧 COACH 项目等。

表 3   部分国际合作项目的ڤ体情ۢ

项目名⼝ 资助来源 ប行时间 主要参与单位

中欧近零排放合作（NZEC）项

目第一阶段

国家科技部、欧洲联Ⰼ、英国

环境、丌৮与乡᱾事务部
2007-2009

中国 21 世㏗议程ノ理中心、㺬安☚工院、

清华大学、中科院☚物理所等

中欧近零排放合作（NZEC）项

目第二阶段
欧洲联Ⰼ、英国、挪威 2013-

中国 21 世㏗议程ノ理中心、中国科学院ₓ

ⅶᇖౌ力学研究所、华北电力大学、中科院

工程☚物理所、华中科技大学等

中美清洁能源研究中心
国家科技部、能源局、美国能

源部
2010-2015

华中科技大学、清华大学、华能集团、中科

院ₓⅶᇖౌ所等

中澳 CO2 地质封存（CAGS）

合作项目

国家科技部、澳大利亚资源、

能源与᫲⍥部
2009-2011

中国21世㏗议程ノ理中心、中国地质调ᴒ局、

中科院ₓⅶᇖౌ力学研究所、清华大学等

中意 CCS 技术合作项目 国家科技部、意大利环境部 2010-2012
中国 21 世㏗议程ノ理中心、华能集团、清

华大学、

整体煤气化联合循环的低排放技

术联合研究 China-USA
国家科技部、美国能源部 2010-2012 中科院☚物理所，大䔋化物所、等

ʼǌፇឦ
全球气候变化深ݨ影响着人类的生存和发展，是世界各国共同面临的重大挑战。各国只有采取有效的措施大幅度减少

⍖ბ气体ᅑڣ是二氧化碳的排放，全球控制气候变化的目标᝺可能实现。过ࣨ十年里，CCUS 技术从一个凉为人知的技术

ắ念到ⴄ立在大地上的ф多工业规模示范项目，已经逐⌽开໸对减㑀气候变化发ᡒ作用。CCUS 技术在全球范డॵ现着加

速发展的态߬。中国对 CCUS 技术ϓ给ε了积极的关注和高度重视，在推动 CCUS 技术的研发和示范上已և了大量显㦄

且有成效的工作。 

表 2 CCUS 工业试点和示范工程的总体情ۢ ( 续 )

Ꮌ号 项目名⼝ 规模 示范内容 现状
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水
泥工业协同处置城市

废弃物是指利用水泥

窑♇烧城市废弃物，

实现废弃物减量化、资源化、无害化

处理的一种水泥生产方式。发达国家

利用水泥窑♇烧处理危䮖废物和城市

生活ರ౫已经有30多年的应用ࢳट，

并广泛认可这种方式环境安全、经济

合理、技术可靠。

᝗至 2010 年Ꮒ，全国设市城市

和࣬城生活ರ౫年清运量 2.21 亿ॕ，

生活ರ౫无害化处理⢴ 中ڣ，63.5%

设 市 城 市 77.9%， ࣬ 城 27.4%。 我

国生活ರ౫处理方式从过ࣨ的简易඘

೸为主逐步转向以࢘生඘೸、♇烧为

主，生物处理等多种技术协同处理的

格局。近年来，随着中国城䩴化的ᔘ

速发展，生活ರ౫等城乡废弃物⓭增，

尽ノ中国在 90 年代᱘引进ರ౫♇烧

发电技术并逐步在国内推广，但由于

处理能力仍相对不足，一ψ城市面临

“ರ౫డ城”的ఝ境，部分处理设施

建设水平和运行质量不高，䙺ຄ设施

不命全，存在污染䮽ᗐ，对环境࢘生

和社会⽠定造成了ᒵ大的ࢸ力。因此，

找到科学合理处置城市废弃物的出路

已经ݨ不容㑀。

一ǌ利ၹඵซቐܫᎶऌफ
ྭᄊԻ行ভ

（一）利用水泥窑处置废弃物是

国家重点鼓ߞ的技术。国务院《关于

印发循环经济发展战略及近期行动计

划的通知》（国发Ȳ2013ȳ5 号，以

下简⼝《通知》）提出，鼓ߞ水泥窑

协同资源化处理城市生活ರ౫、污水

厂污泥、危䮖废物、废ൾ料等废弃物，

ᰬ代部分࣌料、燃料，推进水泥行业

与相关行业、社会协同的循环链接。

到 2015 年，水泥窑协同资源化处理

废弃物生产线比例达 10喊。近期国

家将选择 100 个利用水泥窑处置城乡

废弃物项目开展试点工作。

（二）利用水泥窑处置废弃物是

水泥产业结构调整、转型升级的需要。

2012 年全国水泥产量达 21.84 亿ॕ ,

产能利用⢴仅 73.7%，行业产能严重

过ޖ，造成资源严重⊗费，严重影响

行业效益。在水泥行业通过“减量置

ᢏ”发展先进产能，推广利用水泥窑

资源化处置废弃物，ᰬ代部分࣌料、

燃料，推进行业节能降碳减排工作，

实现ⱌ正减量化、资源化和无害化，

可促进水泥行业的转型升级。ᢛ估ツ，

如果全行业全面推广协同处置废弃物

的技术，⃼年可处置废弃物达 8 亿ॕ，

在不㔰㭾区域布局的情ۢ下，已可以

满足全国生活ರ౫处理的要求。

（三）利用水泥窑处置废弃物是

实现无害化处置经济可靠的办法。用

水泥窑处置废弃物在国外已有 30 多

年成功运㥒的经验，我国通过引进॥

收改㞜，目前已ڤ备大范డ推广的᲎

件，可无害化处理生活ರ౫、污水处

理厂产生的污泥、危䮖废弃物和废ൾ

料⯛革等废弃物。

处置废弃物的方式主要有五种

（见䭱表 1），目前我国主要推广生

活ರ౫♇烧发电处理方式和利用水泥

窑协同处置技术。与ರ౫♇烧发电相

比，利用水泥窑处理ರ౫有明显的优

߬：

一是环境ࣸສ。水泥窑生产过程

中窑内⍖度一㝙在 1350 嗣 1650Ď之

间，能将二୮英等有害物ᒨᏂ分解。

同时处理后的废弃物成为水泥的成

分，二次污染降到最低。

二是资源节约。废弃物☚թ在

水泥窑内几ͻ可以全部用于♲烧⛌

料，ᰬ代煤效果明显。欧洲部分发达

国家已实现了 100% ᰬ代煤。由于

国内的࣌生ರ౫成分的特点，☚թ较

低，但ᰬ代煤的效果仍相当可㻯。例

如目前⎃北华新水泥公司的技术，一

᲎ 5000 ॕ � 日⛌料的水泥生产线，

最多可处理生活ರ౫ 2000 ॕ � 日，

ᰬ代煤约 500 ॕ � 日，ᰬ代⢴可达到

50%。

�� ѾၹඵซቐөՏܫᎶۢ˹ऌफྭ੿షڎ˗ښ଎ࣹऄၹᄊԻᛡভѬౢ
ᑋ͛۳，ඵซ行业˄ࠒ，英国华ޏ᣿ሮ工ሮᆰܣ

㘎ьധ
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三是经济效益ສ。ᠶ照国内的经

验，目前利用水泥窑无害化处理废弃

物的成本已低于ರ౫♇烧发电。

四是政府ែ入低产出大。利用现

有水泥窑处理废弃物，政府只需ᠶ处

理量给ε㶒䉡；ರ౫♇烧厂㮪♣现在

以 BOT 形式由企业ែ资为主，但政

府对前期的ౌ地等ែ入大，⃼年的㶒

䉡力度也相对较大。如利用现有的水

泥窑改造，新增ែ资要约为ರ౫发电

ែ资的三分之一。而日产 5000 ॕ的

水泥⛌料生产线，⃼年㑡㏠的税䛾可

超 1 亿ٰ，有ᒵສ的经济效益。

此外，利用水泥窑协同处置城市

废弃物还可ᰬ代部分水泥生产࣌料，

减少天♣⴬物资源的消㕄；大幅节约

ౌ地资源，减少城市ರ౫඘೸对ౌ地

的占用；在䖢循相关法规和标准的前

提下，可以ٲ分保障环境安全，也避

。了二次污染产生的社会ⴈⰫٺ

㐩上所述，随着技术与实践的不

断发展，水泥窑♇烧处置城市废弃物

在环保效益、社会效益和经济效益方

面都显示出了ጕ大优߬，大力推动水

泥工业处置城乡废弃物ᒵ有必要。

̄ǌ国Яܱඵซ工业ө同
᡻ࠄᎶۢ˹ऌफྭᄊܫ

（一）发达国家已广泛应用

德国、⦋ธ、法国、英国、意大利、

挪威、⦋ڥ、美国、加ᠬ大、日本等

发达国家利用水泥窑♇烧处理危䮖废

物和城市生活ರ౫已经有 30 多年的

应用ࢳट，并广泛认可这种环境安

全、经济合理、技术可靠的处理方式。

发达国家已经建立起从废弃物产生源

๡到水泥厂处置的质量保证体系，ᬏ

㔰㭾污染物排放、ࣵ保证水泥和⌤凝

ౌ产৮的质量，是基于产৮全生命周

期的体系。欧Ⰼ国家利用水泥窑处置

废弃物的技术ᅲ世界前݄，法规、标

准已比较完备，如规定了可以在水泥

厂处置的废弃物种类、水泥厂可处置

废弃物的重䛾ᆋ最高क़量䭽թ、重䛾

ᆋ在水泥⛌料和成৮中的最高क़量䭽

թ，水泥窑♇烧危䮖废弃物的大气污

染物排放标准等。

水泥工业主要将城市废弃物作

为ᰬ代燃料处置。发达国家水泥工

业均有较高的燃料ᰬ代比例，如美

国是 25%、德国是 49.9%，㢤兰是

92%、世界最高，欧洲水泥行业燃料

ᰬ代⢴目前已超过 27%。发达国家有

2�3 的水泥厂使用ᰬ代燃料，可燃废

物在水泥工业ᰬ代燃料中的比例平均

达 20%。欧洲水泥协会明确规定将工

业污泥和城䩴生活用水处理厂污泥݄

入 14 类ᰬ代燃料中。⦋ธ水泥工业

2007 年ᰬ代燃料使用干化污泥达 5.7

万ॕ。德国水泥工业 2006 年处置污

泥 23.8 万ॕ，是 2002 年的 59 Ժ。

日本水泥工业 2008 年ᰬ代燃料使用

⎬污泥 303 万ॕ，水泥工业处置污泥

量已占日本污泥产生量的 30%。䴖国

水泥工业 2007 年处置污泥 71.3 万ॕ。

（二）国内利用水泥工业协同处

置城乡废弃物方兴未㞫

    我国从 20 世㏗ 90 年代开໸

广泛开展利用水泥窑处置危䮖废弃物

和城市生活ರ౫的研究工作。近几年，

我国水泥工业利用水泥窑协同处置城

市废弃物有了积极的ᅊ试，取得了显

㦄成果，已逐步建立了一ຄ协同处置

的技术体系，但仍与发达国家ጛ距较

大。

北京水泥厂ᬖ在 1998 年就开໸

利用 1 ᲎日产 2000 ॕ水泥⛌料窑进

行废弃物处置，主要对石油、化工、

↪䒓、ࡨ㢜、ۣ䛾、建ᱽ行业及实验

ბ等单位产生的危䮖废弃物进行安全

处置。2005 年，专䬕兴建 1 ᲎日产

3200 ॕ水泥⛌料生产线协同处置危

䮖废弃物。2009 年 10 月，建成设计

⃼天处置 500 ॕ（क़水 80%-85%）

污泥的☚干化预处理线，干化后的污

泥在水泥⛌料生产线♇烧处置，目前

⃼天处置污泥已达 400 ॕ。

广州䊷堡水泥有䭽公司将 1 ᲎日

产 6000 ॕ水泥⛌料生产线改造成日

处理 600 ॕ（क़水 80%）城市污泥

的项目。自 2009 年 8 月ែ运以来，

共处置了广州市生活污泥29万多ॕ。

该处置系㐌运行可靠，᧺作简Ӭ，对

污泥的䔯应性强。ᠶ照日处理 600 ॕ

污泥的设计能力运行，该项目⃼年可

节约标准煤 1.36 万ॕ，相当于减少

二氧化碳排放 3.4 万ॕ；避ٺ污泥඘

೸产生⩟☤排放 5000 ॕ，相当于减

少二氧化碳排放 10.5 万ॕ。

安ᓪ海㳧集团与日本ጊሻ公司联

合开发了水泥窑与气化▶相结合的城

市ರ౫处置技术，利用䨉䮢海㳧水泥

2 ᲎日产 5000 ॕ水泥⛌料生产线，

建设日处理生活ರ౫ 600 ॕ的协同处

置项目。一期工程于 2010 年 4 月ែ

运，日平均处理䨉䮢市产生的生活ರ

౫ 230 ॕ。

华新水泥ែ资 6500 万ٰ在⎃北

ₓ⾡工厂建设日处理 500 ॕ生活ರ౫

的生产线，2009 年 4 月建成ែ产。

华新水泥⼚ᑿ公司 2010 年 7 月建成

利用水泥窑协同处置三ሎᏀ区␯⊛物

项目，设计日处理能力 1000 立方ㆠ，

年处理能力达 30 万立方ㆠ。

䮑上述企业外，天≒水泥㗎份有

䭽公司、䱿海水泥有䭽䉐任公司、⩅

㖰Ⅵ⮨水泥有䭽公司、重Ꮃ៶法基⦋

安（重Ꮃ南山）水泥有䭽公司、Ⴎ∏

富达㗎份有䭽公司、श᳄亚∝水泥有

䭽公司等企业也先后㣤得危䮖废物经

㥒许可，利用水泥窑处置工业有⃿、

有害废弃物。处置的废弃物主要有化

工油泥、石化污泥、䛾ᆋ加工业污泥、

␳⍐、废䒛㗻、电䩭污泥、有⃿化工

废料、有⃿ౌฑ等，但处置规模相对

较小，ᅇ不能ٲ分发ᡒ水泥工业处置

废弃物的潜力。
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䭱表 1

废弃物处置方式比较

வर ͖ག Ꭵག ԧ࡙ᡖҹ

࢘生඘೸
短期成本较低，技术简单，䔯用

经济不发达地区

占用大量的ౌ地，需不断ែ入环保治理，

否则易造成ౌฑ和地下水的严重污染

仍在应用，经济发达但ౌ地资源㉔

㑧的地区不䔯用

生物ള㗒 成本较低，可以在ۉ业上使用
处理不当易导致重䛾ᆋ污染ౌฑ和地下

水体，引发丌৮和环境安全问题

䔯用生活ರ౫ノ理水平较高的地

区，但发达国家已经逐步⌅↝

直接♇烧 能ᔘ速减量
成本较高，ರ౫中的☚量没有ٲ分应用，

烟气污染无法控制，下▝难以处理
已经基本⌅↝

♇烧发电 在减量的同时利用ರ౫中的☚量
ែ资较高，选౭、环䃱ఝ难，产生的烟

气、▝⍐需要二次处理
中国重点推广

利用水泥窑

协同处理
完全无害化、资源化处置 新建水泥窑ែ资较高 中国重点推广
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C
CUS technologies separate CO2 from 

industrial or other sources and then 

transport it to specific sites for utilization or 

storage, thus preventing the captured CO2 from entering 

the atmosphere. Among the many GHG emission 

reduction solutions, CCUS is a newly-developed 

technology that enables the continued large scale use of 

fossil fuels.

Climate change is one of the most severe global 

challenges which involve the future survival and 

development of the human race. The development of 

carbon capture, utilization and storage technologies is 

important for not only the reduction of GHG emissions 

in order to address climate change, but also to provide 

access to potential strategic technological solutions. 

1. International Development of the CCUS 
Technology

To promote the development and deployment of 

CCUS, the EU, the United States, Australia and other 

developed countries have commenced large-scale 

projects to encourage the R&D and demonstration of 

CCUS technologies and actively promote global CCUS 

development under the framework of the G8, G20, CSLF, 

etc.

Currently, the CCUS demonstration projects are 

beginning to play their role in combating climate change. 

There are over 300 CCUS projects (including projects 

which cover a single process within the capture, 

transportation and storage chain as well as whole process 

CCUS projects) in operation, construction or planning, 65 

of which are large-scale whole-process CCUS projects. 

12 of these are oil and gas industrial scale projects that 

are“in operation”with a capacity of over 1Mt�year and 

distributed in the United States, Europe, and Canada. 

Based on international CCUS engineering practice, 

individual processes within the CO2 emission 

technology chain are relatively mature and capable of 

implementation. Currently, the greatest challenges are 

the capital and operational costs of the technologies, the 

additional energy consumption, safety issues and the 

system integration in large-scale demonstration projects. 

Meanwhile, each country has to consider the economics 

of this technology and apply CCUS technologies to the 

energy and industrial sectors, such as the power sector, 

natural gas process industry, and refineries, which emit 

large amounts of highly concentrated CO2. 

CCUS policy trend: the United States, Europe, Canada, 

the UK, Australia and other developed countries have 

defined their near, medium and long-term technical 

direction and research focus by releasing a CCUS 

technology development roadmap and strategic plan 

which establishes the inter-departmental coordination 

mechanism to strengthen the guidance of the relevant 

national government. Governments have increased 

investment in CCUS and are even using it to revive the 

domestic economy. More attention should be paid to 

�� $IiOB $$64 5ecIOoMoHZ %eveMoQNeOt

Jiutian ZHANG, China�s Agenda 21

;HANG Jiutian sQeaLs in a XorLshoQ 

Source: $hongRing AcadeNy of Science and 

5echnology, 2013
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the construction of cross-industry and cross-discipline 

CCUS collaboration platforms to increase knowledge and 

experience sharing. In addition, the countries should put 

more effort into building the“intangible infrastructure”, 

including technical standards, laws and regulations, 

management systems and public acceptance.

2 .The Development of CCUS Technology in 
China

In recent years, China has paid more attention to 

CCUS technology development. Despite the late start, 

the development of CCUS technology in China has 

made considerable progress in recent years. Under 

the guidance of the Government, enterprises, research 

institutes and universities have cooperated together, 

undertaken lots of work focusing on the study of CCUS-

related theories, key technologies and supporting policies, 

established  professional research teams, achieved many 

technology achievements with intellectual property rights 

of their own, and launched the successful demonstration 

of industrial scale CO2 capture.

 (1) Policy Making

Currently, there are several technical policy documents 

in China, including the National Medium- and Long-

Term Program for Science and Technology Development 

(2006-2020), China's National Climate Change Program, 

China's Scientific and Technological Actions on Climate 

Change, and the National 12th Five-Year Plan on Science 

& Technology Development. All these documents list 

CCUS technology as a key technology to mitigate climate 

change, and actively guide the R&D and demonstration of 

CCUS technology.

In September 2011, China's Ministry of Science and 

Technology (MOST) completed the“Technology 

Roadmap of Carbon Capture, Utilisation, and Storage in 

China”. The Roadmap evaluates the CCUS technology 

development status in China, proposes the vision of 

CCUS technology development in China and targets 

technical development over the next 20 years. In April 

2013, the NDRC issued the“Notice on Promoting 

Carbon Capture, Utilization and Storage Pilot and 

Demonstration”, and indicated for the first time the 

commercialization of CCUS technology in the future. 

Later in 2013, based on the national conditions in China, 

China's Agenda 21 Administrative Centre published 

China's“Carbon Dioxide Utilization Technology 

Assessment Report”which evaluated the great potential 

and benefit of CO2 utilization technology on the recovery 

of energy resources, economic development, environment 

protection and carbon emission reduction, which laid a 

theoretical foundation for CO2 resource utilization.

 (2) Technical R&D

The Chinese Government has continually increased 

the CCUS R&D and demonstration funding in recent 

years. The range supported has been transformed from 

technical investigations and pilot scale test on a single 

link to industrial-scale full chain technical demonstration.

Since the tenth five-year plan, Chinese national science 

and technology programs - including the National Basic 

Research (973) Program, the National High Technology 

Development (863) Program, and National Key 

Technology R&D Program - have launched a series of 

projects targeted at developing CCUS technology.  These 

cover strategic policy studies on the emission reduction 

potential of CCUS technologies, basic research and 

technology R&D on CO2 capture, bio-conversion and 

utilization, CO2-EOR and geologic storage, which involve 

different types of CO2 emission sources, different capture 

technology paths, and different CO2 conversion and 

utilisation modes. China has also deployed CO2-EOR and 

CO2-ECBM technical development and demonstration 

in the National Major Science and Technology Special 

Program for“the Development of Large-sized Oil & Gas 

Fields and Coal-bed Methane”.

Preliminary statistics show that about 20 research 

projects on the basic research and technology exploitation 

of CCUS have been deployed in the national science and 

technology programs during the period of the eleventh 

five-year plan. The total funding was above 1 billion 

RMB, including 0.2 billion RMB from public finance. 

The investment on full chain technical demonstration 

significantly increased during the period of the eleventh 

five-year plan. In 2011, 10 CCUS-related research 
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projects were arranged in the national science and technology programs with total funding of 2 billion RMB, including the 

0.4 billion RMB from public finance.

The research projects on CCUS supported by Government are as follows:

Table 1 List of Main CCUS Technology R&D Projects and International Cooperation Projects supported by Chinese 

Government

Project /BNe 'VOEiOH 4oVrceT
&YecVtioO 

5iNe
.BiO PBrticiQBtiOH OrHBOi[BtioOT

Greenhouse Gas Enhanced 

Oil Recovery and Underground 

Storage The National Basic 

Research Program 

(973)

2006-2010

Institute of S&T Research, PetroChina, 

Huazhong University of Science and 

Technology, Institute of Geology and 

Geophysics of the Chinese Academy of 

Sciences and China University Of Petroleum 

(Beijing), etc.

Basic Research of CO2 Emission 

Reduction, Storage and 

Utilization

2011-2015 Institute of S&T Research, PetroChina, etc.

The Capture and Storage 

Technology of CO2

National High 

Technology 

Development (863) 

Program

2008-2010

Tsinghua University, East China University of 

Technology 

and Institute of Geology and Geophysics of 

Chinese 

Academy of Sciences, etc.

Critical Technology Research 

on CO2 Enhancing Oil Recovery 

and Storage

2009-2011

Institute of S&T Research, PetroChina and 

Research 

Institute of Exploration and Development, 

Petrochina, etc.

New O2�CO2 Cycle Combustion 

Equipment R&D and System 

Optimization

2009-2011
Huazhong University of Science and 

Technology, etc.

CO2-algae- Biodiesel Critical 

Technology Research
2009-2011 ENN Group, Jinan University, etc.

Research  and Demonstration 

of CO2 Capture, Utilization and 

Storage Based on Integrated 

Gasification Combined Cycle 

(IGCC)

2011-2013

China Huaneng Group, Tsinghua University 

and Thermal 

Physics Institute of Chinese Academy of 

Sciences, etc.
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CO2 Capture and Purification 

Technology with High-Gravity 

and Application Demonstration

The National 

Key Technology 

R&D Program 

(Key Technology 

Program)

2008-2010

Sinopec Shengli Oilfield Branch, Beijing 

University of 

Chemical Technology, Beijing University of 

Technology 

and China University of Petroleum (East 

China), etc.

Critical Technology, Equipment 

Research and Development 

and Engineering Demonstration 

of 35MWth Oxy-Combustion 

Carbon Capture

2011-2014

Huazhong University of Science and 

Technology, 

Dongfang Electric Group and Sichuan Air 

Separation 

Equipment Group, etc.

Technology Development and 

Demonstration of 300,000 

tonnes CO2 Capture and 

Geologic Storage of High 

Concentrations CO2 from Coal-

to-liquid Project

2011-2014

China Shenhua Group, Beijing Institute of Low-

Carbon Clean Energy and Wuhan Institute of 

Rock and soil Mechanics of Chinese Academy 

of Sciences, etc.

Critical Technology Development 

and Demonstration of CO2 

Emission Reduction by Blast 

Furnace Iron Making

2011-2014
Chinese Society of Metals and Iron and Steel 

Research Institute, etc.

The Nationwide CO2 Geologic 

Storage Potential Assessment 

and Demonstration Project

The Ministry of Land 

and Resources
2010-2014

China Geologic Survey Bureau, Wuhan 

Institute of rock and soil mechanics of Chinese 

Academy of Sciences and Peking University, 

etc.
Safe Development of Natural 

Gas Reservoirs with CO2 and 

CO2  Utilization Technology

The National 

Major Science and 

Technology 

Program of“ 

Large Oil and Gas 

Fields and Coal-

bed Methane 

Development”(Major 

Project)

2008-2010
Institute of S & T Research, PetroChina and 

PetroChina Jilin Oilfield Branch, etc

the Development of 

Songliao Basin Volcanic Gas 

Reservoirs and CO2 Utilization 

Demonstration Project

2008-2010
PetroChina Jilin Oilfield Branch and Institute of 

S&T Research, PetroChina, etc.

Critical Technology of CO2 EOR 

and Storage
2011-2015

Institute of S&T Research, PetroChina and 

PetroChina Jilin Oilfield Branch, etc.
CO2 EOR and Storage 

Technology Demonstration 

Project of Songliao 

Basin

2011-2015
PetroChina Jilin Oilfield Branch and Institute of 

S&T Research, PetroChina, etc.

Technology on Deep Coal-bed 

Methane Development and its 

Application

2011-2015
China United Coal-bed Methane Company, 

etc.

Table 1   List of Main CCUS Technology R&D Projects and International Cooperation Projects supported by Chinese 

Government

Project /BNe 'VOEiOH 4oVrceT
&YecVtioO 

5iNe
.BiO PBrticiQBtiOH OrHBOi[BtioOT
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Under the guidance of the Government, enterprises, 

research institutes and universities have cooperated 

together, undertaking many CCUS technology R&D 

projects that cover the whole chain of CCUS. Through 

these efforts in recent years, China has built a research 

foundation on each technical aspect of CCUS. However, 

there are relevant wide gaps in comparison with 

international advanced technology, especially on the 

relevant theory of CO2-EOR and geological storage, 

the key technologies of CO2 storage monitoring, early 

warning and engineering experiences on large-scale CO2 

transportation and geological storage.

Capture Technology: China has carried out series 

of researches on the key technologies of low energy 

consumption absorbents and capture technology using 

different technical routes, developed amine absorbers 

for commercial application, and set up several industrial 

scale CO2 capture demonstration projects, with the largest 

capture capacity of 10,000 tonnes and 100,000 tonnes 

per year respectively at different power stations.

Transportation Technology: China has carried out 

engineering studies applicable to low-pressure CO2 

transport based on the experience of oil and gas 

transportation. Transportation investigations on high 

pressure, low temperature and supercritical CO2 have 

started; 

Utilisation Technology: China has carried out research 

on theory problems and the key technologies of CO2-

EOR, CO2-ECBM, CO2 biotransformation and chemical 

synthesis, and carried out industrial tests on CO2-EOR, 

set up pilot projects on microalgae transformation to 

biodiesel and a small-scale production line of degradable 

plastic made from CO2;

Storage Technology: China has started the assessment 

of the CO2 geological storage capacity for the whole 

country. The preliminary results showed that the main 

large geological CO2 storage capacity in China was in 

deep saline formations. The industrial scale storage 

demonstration project in saline formations is in operation.

 (3) CCUS Demonstration Projects

Chinese enterprises have launched many R&D and 

demonstration activities in CCUS in recent years.  

They have set up several industrial-scale CO2 capture 

demonstrations with the largest capture capacity over 

100,000 tonnes per year; developed pilot-scale tests of 

CCS-EOR in which the cumulative injection volume of 

CO2 has exceeded 167,000 tonnes; launched CO2 storage 

demonstration in onshore saline aquifers of 100,000 

tonnes per year; and established integrated a full-chain 

CCS-EOR demonstration at the scale of 40,000 tonnes 

per year on coal-fired power plants. In addition, many 

enterprises are preparing for CCUS projects with capture 

capacity of more than 500,000 t�a, which combine coal 

chemical, EOR and geological storage. Table 2 shows the 

status of CCUS pilot and demonstration projects in China.

Table 2   Status of CCUS Pilot and Demonstration Projects in China

/o� Project /BNe 4cBMe
%eNoOTtrBtioO 

$oOteOt
4tBtVT

1

CO2-EOR Research and 

Demonstration, PetroChina 

Jilin Oil Field

S：about 100,000 

t�a
CCS-EOR Operational since 2007

2
CO2 Chemical Utilization Project of 

Zhongke Jinlong

U：about 10,000 t�

a

Chemical Utilization 

of CO2 in ethyl alcohol 

plant

Operational since 2007

3 Jiangyan Fertilizer Plant U：32,000 t�a Urea Production Operational since 2007

4 Huaneng Beijing Thermal Power Plant C: 3000 t�a
Post-Combustion � 

Utilization
Operational since 2008

5
CO2 manufacturing Biodegradable Plastic 

Project , CNOOC
U: 2,100 t�a

Chemical Utilization of 

CO2

Operational since 2009
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6
Shanghai Shidongkou Carbon Capture 

Demonstration Project, Huaneng Group
C：120,000 t�a Post-Combustion Operational since 2009

7

Chongqing Shuanghuai Power Plant 

Carbon Capture Demonstration, China 

Power Investment Group

C：10,000 t�a Post-Combustion Operational since 2010

8 Zhonglian Coal utilization, CO2-ECBM S: Pilot-scale CCS-ECBM Operational since 2010

9
Sinopec Shengli Oilfield CCS-EOR 

Demonstration
S: 36,500 t�a

Post-Combustion 

�CO2-EOR
Operational since 2010

10 CNPC CCS Project C：20,000 t�a EOR Operational since 2011

11
Lianyungang Clean Coal Energy Power 

System Research
C：30,000 t�a

Pre-Combustion 

Carbon Capture
Operational since 2011

12
Shenhua Group Coal-To-Liquid CCS 

Demonstration

C：100,000 t�a 

S：about 100,000 

t�a 

Capture form Coal 

Liquefaction Plants 

�Saline Storage

Operational since 2011

13

Research and Demonstration of 35MWth 

Oxy-Combustion Carbon Capture, 

Huazhong University of Science and 

Technology

C：50,000 t�a Oxy-Combustion 

Carbon Capture
Operational since 2011

14
Tianjin Beitang Thermal Power Plant, 

China Guodian Corporation
C：20,000 t�a 

Post-Combustion 

Carbon Capture 

�Utilization

Operational since 2012

15

ENN Group Microalgae 

Bio-fuel Demonstration 

Project

U：about 20,000 t�

a

Biological Utilization of 

CO2

the First Phase: Put 

into Production; the 

Second Phase: under 

Construction; the third 

Phase: under preparation

16
Sinopec Shengli Oil Field 

CCS-EOR Demonstration
S: 1Mt�a

Post-Combustion 

Carbon Capture �CO2-

EOR

under Construction

（expected to be 

operational in 2014）

17
CNPC Jilin Oilfield CO2-EOR 

Demonstration
S：0.8-1Mt�a CCS-EOR

under Construction

（expected to be 

operational in 2015）

18
China Datang Corporation CO2 Capture 

and Storage Demonstration
C：1Mt�a

Oxy-Combustion 

Carbon Capture � 

Geological Storage � 

EOR

under Construction

（expected to be 

operational in 2015）

19
Huaneng Group Tianjin IGCC 

Demonstration
C：1.8Mt�a

400MW IGCC GreenGen 

Power generation 

Demonstration � EOR

under Construction

（expected to be 

operational in 2016）

20 China Huadian Group IGCC Project - IGCC under Construction

21 Dongguan Power Plant IGCC Project - IGCC under Construction

Table 2   Status of CCUS Pilot and Demonstration Projects in China

/o� Project /BNe 4cBMe
%eNoOTtrBtioO 

$oOteOt
4tBtVT
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(4) International Corporations

Under the leadership of MOST and other related departments, China has actively and organized its research institutions 

and enterprises to participate in a series of bilateral and multilateral cooperation projects with the EU, USA, UK, 

Australia, Italy and Japan.

The CCUS international cooperation projects currently focus on technological exchange and research cooperation. Until 

now, China's Agenda 21 Administrative Centre has been in charge of the Near Zero Emissions Coal cooperative project, 

phase one of which has been completed, and phase two has commenced with the selection of demonstration projects. 

As to the China-Australia CO2 Geological Storage capacity building project, phase one has been completed, and phase 

two is about to commence. The SICCS project has been completed, focusing on CO2 capture. Other policy research 

projects include“COACH”etc. 

Table 3   The Details of some International cooperation Projects

Project /BNe 'VOEiOH 4oVrce
&YecVtioO 

5iNe
.Bjor OrHBOi[BtioOT *OvoMveE

Phase one of the Near Zero 
Emissions Coal（NZEC）
Project

MOST, EU, and 
The Department for 
Environment, Food and 
Rural Affairs

2007-2009

China's Agenda 21 Administrative Center, 
Xi'an Thermal Power Research Institute, 
Tsinghua University, Institute of Engineering 
Thermophysics, Chinese Academy of Sciences, 
and etc.

Phase two of the Near Zero 
Emissions Coal（NZEC）
Project

EU, UK and Norway 2013-

China's Agenda 21 Administrative Center, Wuhan 
Institute of rock and soil mechanics of Chinese 
Academy of Sciences, North China Electric 
Power University,  Institute of Engineering 
Thermophysics, Chinese Academy of Sciences, 
HUST, and etc.

China-US Clean Energy 
Research Center

MOST, Bureau of 
Energy and DOE 

2010-2015
HUST, Tsinghua University, Huaneng Group, 
Wuhan Institute of rock and soil mechanics of 
Chinese Academy of Sciences, and etc.

China-Australia CO2 
Geological Sequestration 
(CAGS) Cooperation 
Projects

MOST, Australian 
Department of 
Resources, Energy and 
Tourism

2009-2011

China's Agenda 21 Administrative Center, China 
Geological Survey, Wuhan Institute of rock and 
soil mechanics of Chinese Academy of Sciences, 
Tsinghua University and etc.

China-Italy CCS 
Technological Cooperation 
Projects

MOST and The Italian 
Ministry of Environment

2010-2012
China's Agenda 21 Administrative Center, 
Tsinghua University, and Huaneng Group

China-USA Joint Low 
Emission Technology 
Research  on IGCC

MOST and DOE 2010-2012
Institute of Engineering Thermophysics, Chinese 
Academy of Sciences, Dalian Institute Of 
Chemical Physics and etc.

3. Conclusions

Global climate change is a big challenge that could dramatically change the chances of survival and development of 

the human race. Effective greenhouse gas, especially carbon dioxide  emission reduction methods must be adopted 

to mitigate climate change. The past ten years have seen CCUS technology developing from concept to industrial-

scale demonstration projects and has begun to play an important role in combating climate change. The international 

development of CCUS is accelerating. China pays great attention to technology and has completed lots of significant 

and fruitful work on the research, development and demonstration of CCUS technology.
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C
ement industry co-processing municipal 

waste is a method of producing cement by 

incinerating the waste in the cement kiln, thus 

achieving waste reduction, recycling, and bio-safe 

disposal. Developed countries have more than 30 year's 

experience in using cement kilns to incinerate hazardous 

and municipal solid wastes; and this method is widely 

recognized to be environmentally friendly, economically 

feasible, and technologically reliable.

By the end of 2010, the amount of municipal solid waste 

disposed of in China reached 221Mt. The average bio-

safe disposal rate of the waste was 63.5%, with 77.9% 

and 27.4% in the cities and towns respectively. The 

main municipal solid waste disposal method in China 

is to transfer it from simple landfill to sanitary landfill 

and incineration. As urbanization has accelerated in 

recent years, the amount of municipal solid waste in 

China has increased hugely. Despite the introduction 

and deployment of waste incineration power generation 

technology at the end of 1990s, China's disposal capacity 

is far from sufficient. The low quality of the construction 

and operation of disposal facilities and the lack of 

supporting facilities lead to some “waste siege cities”, 

and the hidden danger of pollution puts more pressure 

on sanitation and social stability. Consequently it is 

critically important to dispose of the municipal solid waste 

scientifically and appropriately.

1. The feasibility of cement kiln waste 
disposal

 (1) Using cement kilns to dispose of municipal solid 

waste is a key technology encouraged by the National 

Government. The Notice on the Issuance of Circular 

Economy Development Strategy and Near-term Action 

Plan released by the State Council (NDȲ2013ȳ

No.5,stated clearly that the use of cement kilns to co-

process municipal solid waste, sewage sludge, hazardous 

wastes, waste plastics and other wastes should be 

encouraged.  This would have the effect of replacing 

some of the raw materials and fuels used by the cement 

industry, and strengthen the Circular Economy between 

the cement and other related industries. Recycling wastes 

using cement kilns could account for about 10% of the 

waste disposal by 2015.  A hundred projects for the 

disposal of municipal solid waste in cement kilns were 

recently selected for national demonstration.

 (2) Cement kiln municipal solid waste disposal is 

essential for the cement industry's industrial restructuring, 

transformation and upgrading. In 2012, the total 

production of cement nationwide reached 2.184Gt.  The 

rate of capacity utilization only reached 73.7%, leading 

to a serious capacity surplus and waste of resources, 

which eventually will materially affect the industry's 

efficiency. The transformation and upgrading of cement 

industry can be realized by developing advanced capacity 

�� 'eBTiCiMitZ 4tVEZ oO tIe %eQMoZNeOt BOE "QQMicBtioO oG 6rCBO BOE 
3VrBM 8BTte %iTQoTBM 5ecIOoMoHZ #BTeE oO $eNeOt ,iMOT

8eiKi HU, Cement Clean Technology EYpert, Master in Process Technology and Business Management 

at University of 8arwick

   8eiKi HU
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through“replacement and reduction of capacity”, 

deploying cement kiln waste disposal technology, 

replacing some of the raw materials and fuels, and 

boosting industry energy conservation and emission 

reductions to realize capacity reduction and bio-safe 

reutilization of waste. It is estimated that annual cement 

kiln waste disposal can reach 800Mt once the technology 

is fully deployed in the industry. This can satisfy the 

whole country's need for solid waste disposal (though this 

doesn't take into account regional distribution issues).

 (3) It is economically feasible to realize bio-safe disposal 

of the waste in cement kilns. The technology has more 

than 30 years of successful operation in developed 

countries. Once the technology is introduced and 

improved, China would be well positioned to deploy this 

technology widely and to realize bio-safe disposal of the 

municipal solid waste, sewage sludge, hazardous wastes, 

waste plastics and other wastes. 

5Iere Bre NBiOMZ Give wBZT to EiTQoTe tIe wBTte 

	Tee BttBcIeE tBCMe �
� $VrreOtMZ
 NVOiciQBM ToMiE 

wBTte iOciOerBtioO Gor Qower HeOerBtioO BOE ceNeOt 

LiMO wBTte EiTQoTBM Bre tIe two NBjor tecIOoMoHieT 

EeQMoZeE iO $IiOB
 BOE tIe MBtter IBT ToNe oCvioVT 

BEvBOtBHeT over tIe GorNer�

(1) t is environmentally friendly. During the production 

process, the temperature inside the cement kiln is 

generally between 1350-1650 Ď , which can completely 

decompose TCDD and some other hazardous wastes. 

At the same time, the processed waste is recycled as 

cement, minimizing secondary pollution.

(2) It conserves resources. Almost all the waste calorific 

value in the cement kiln can be used for calcining 

clinker, which effectively replaces burning coal. Some 

European developed countries have realized 100% coal 

replacement. Although China's domestic waste has a low 

calorific value, there is still considerable scope to replace 

coal with waste. For example, Huaxin Cement Co., LTD 

in Hubei Province developed a technology that allows its 

5000t�d clinker cement production line to dispose of 2000 

tons of municipal solid waste per day, replacing 500 tons 

of coal, a replacement rate of 50%.

(3) It is cost effective. The national experience is that 

the cost of cement kiln waste disposal is lower than 

incinerating the waste for power generation.

(4) It is a small investment with a large return for the 

Government. By using existing cement kilns to dispose 

of waste, the Government only needs to grant subsidies 

according to the disposal capacity. Based on BOT, 

waste incineration plants are mainly built with private 

investment. However, the Government invests a lot in the 

land at the early stages, so subsidies can be quite large. 

For example, the new investment required to retrofit an 

existing cement kiln would be 1�3 the cost of converting 

power generating equipment to incinerate waste. At 

the same time the tax paid by a 5000t�d cement clinker 

production line is more than 100 million RMB, which 

makes the investment cost effective.

In addition, solid waste can replace part of the raw 

materials for cement production, thus reducing the 

consumption of natural mineral resources, saving land 

required for landfill, satisfying environmental laws and 

regulations, and avoiding social conflicts caused by 

secondary pollution.

In conclusion, with the progress being made in 

technologies and practices, cement kiln municipal solid 

waste disposal shows great economic, social, and 

environmental benefits. Cement kiln municipal solid waste 

disposal should therefore be promoted strongly.

2. Domestic and overseas practice in cement 
kiln municipal solid waste disposal 

 (1) Wide application in developed countries

Germany, Switzerland, France, Britain, Italy, Norway, 

Sweden, the United States, Canada, Japan, and other 

developed countries have used cement kilns to dispose 

of municipal solid waste and hazardous wastes for more 

than 30 years, and this method is widely recognized as 

being environmentally friendly, economically feasible, and 

technologically reliable. Those countries have established 

a quality assurance system which covers the whole range 

from sourcing the waste to cement disposal. The systems 

are based on product life cycle, and consider not only the 
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emissions of pollutants but also the quality of cement and 

concrete products. The EU has world-leading cement kiln 

waste disposal technologies as well as comprehensive 

regulations and standards. For example, regulations set 

laws and standards for the types of waste that can be 

disposed of in the cement plant, the limits on the heavy 

metal content of the waste and of the cement clinker and 

finished products, and pollutant emissions.

The cement industry uses municipal solid waste as 

a substitute fuel. Developed countries have high fuel 

replacement ratios, with 25% in the USA, 49.9% in 

Germany, 92% in Netherlands (highest in the world), and 

over 27% in Europe as a whole. Two thirds of the cement 

plants in developed countries use substitute fuels, more 

than 20% of which are combustible waste. The European 

Cement Association (CEMBUREAU) explicitly includes 

industrial sludge and urban domestic water treatment 

plant sludge within 14 categories of substitute fuels. In 

2007, the Swiss cement industry used 57,000 tons of dry 

sludge as substitute fuel. In 2006, the Germany cement 

industry disposed of 238,000 tons of sludge, 59 times 

greater than the amount in 2002. In 2008, the Japanese 

cement industry used 3.03 million tons of wet sludge as 

substitute fuel, representing 30% of Japan's total sludge 

discharge. And in 2007, 713,000 tons of sludge was 

disposed of by South Korea's cement industry.

 (2) The rising trend of cement kiln municipal waste 

disposal in China

In the 1990s, extensive research work on cement kiln 

hazardous and municipal waste disposal began in China. 

In recent years, cement kiln municipal waste disposal has 

been actively trialed and significant achievements have 

been made in establishing a co-processing technical 

system. However, there is still a long way to go to catch 

up with the developed countries.

In 1998, Beijing Cement Plant began to use a 2000t�

d cement clinker kiln to dispose of waste, with a special 

focus on the bio-safe disposal of hazardous waste from 

the petroleum, building materials, chemical, automobile, 

medicine, and metallurgy industries and laboratories. In 

2005, a 3200t�d cement clinker production line was built 

specially to dispose of hazardous waste. In October 2009, 

a 500t�d sludge (containing 80%-85% of water) thermal 

drying pretreatment line was designed and built to dry the 

sludge for incineration in the cement clinker production 

line.  It currently disposes of 400 tons of sludge per day.

Guangzhou New Cement Plant retrofitted a 6000t�

d cement clinker production line to provide a 600t�d 

municipal sludge (80% water content) disposal program. 

Since it became operational in August 2009, the program 

has disposed more than 290,000 tons of municipal sludge 

in Guangzhou. This disposal system is reliable, easy to 

operate, and well-adapted to the sludge. When operating 

at its 600t�d designed capacity, the project can save about 

13,600 tons of standard coal per year (which is equivalent 

to the emission reduction of 34,000 tons of CO2) and save 

5,000 tons of methane emissions from sludge landfill, 

(equivalent to 105,000 tons of CO2 emissions).

Conch Group in An' hui Province, China, and Kawasaki 

in Japan jointly developed municipal waste disposal 

technology which incorporated a cement kiln and gasifier. 

A 600t�d municipal waste disposal program was built on 

Tongling Conch Cement's two 5000t�d cement clinker 

production line. The first phase entered into operation 

in April 2010, and it can dispose 230t�d of the municipal 

waste produced in Tongling.

Huaxin Cement invested 65 million RMB in a 500t�d 

municipal waste disposal line in its Wuxue Plant in Hubei 

Province. The disposal line began operating in April 

2009. In July 2010, Huaxin Cement (Zigui) Limited Co. 

completed the construction of the Three Gorges Reservoir 

Region flotage disposal program with a designed capacity 

of 1000 m3�d (or 300,000 m3�a).

In addition to the companies mentioned above, Tianjin 

Cement Co., LTD., 2inghai Cement Co., LTD., Gansu 

Yongdeng Cement Co., LTD., Chongqing Lafarge Shui 

On (Chongqing Nanshan) Cement Co., LTD., Ningbo 

Fidelity Co., LTD., Jilin Yatai Cement Co., LTD and 

other companies successively obtained licenses for 

disposing of hazardous waste.  They are using cement 

kilns to dispose of industrial toxic or hazardous waste, 

including sludge from the chemical, petrochemical, metal 
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processing and electroplating industries, paint slag, waste tires, toxic soil, etc. at a relatively small scale which cannot 

fully demonstrate the potential of cement kiln waste disposal.

Attached Table 1

Figure 1   The comparison of waste disposal ways

.ecIBOiTNT .eritT %eGectT %eveMoQNeOt 5eOEeOcZ

Sanitary Landfill

low short-run cost, simple, 

suitable for economically 

underdeveloped areas

occupy a lot of  land, 

continuous investment in 

environmental protection, 

or it will cause severe 

contamination of soil and 

groundwater

still in the application, not suitable for 

developed areas without sufficient 

land resources

Biological 

Compost

relatively low cost, can be 

applied in agriculture

heavy metal pollution of 

soil and groundwater with 

misconduct, causes problems 

in food and environmental 

security

suitable for higher level of 

management in municipal waste, but 

has been weeded out gradually in 

developed countries

Direct Ignition can reduce waste fast

relatively higher cost without 

using the waste heat fully, hard 

to handle the smoke pollution 

and fly ash

has been weeded out 

Incineration Power 

Generation

use the heat while reducing  

waste

relatively higher investment, 

difficult to select sites and 

evaluate environment

key promotion in China

The Application 

Of Cement Kiln

fully harmless, recycling 

disposal

relatively higher investment to 

build new Cement Kiln
key promotion in China
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二
氧化碳捕集、利用与封存技术，作为一项新

兴的 CO2 减排技术，迫切需要从法ᒸ与法

规的㻿度对 CCUS 的法ᒸ地位、技术规范、

减排效益䃱价等多方面进行明确和保障，从而加ᔘڣ在全

球范డ内的认同、ᮛ及及ڣ商业规模化的发展。

目 前， 欧 Ⰼ、 英 国、 美 国 等 国 家 和 地 区 均 积 极

Վ 导 CCS 的 制 度 化 和 规 范 化。 欧 Ⰼ 2007 年 制 定 的

Directive�2009�31 是世界第一部关于 CCS 的䄓㏳立法；英

国在两部能源法中均针对 CCS 作出了相应的规定；美国和

澳大利亚也分别出台了《CO2 捕㣤、运输与封存指南》以

规范 CCS 技术的实施。此外，国际能源署（IEA）制定的

CCS 技术路线图中也强调了制定相关政策、法规和标准的

重要性。

对于中国而㼭，㮪♣ CCUS 技术的起步较ᮇ，但中国

政府对ڣ给ε了高度的关注并采取了积极的态度。自 2006

年以来，䶮布了多个技术政策文件，包括《国家中长期科

学和技术发展规划㏟要（2006-2020 年）》、《中国应对

气候变化国家方案》、《中国应对气候变化科技专项行动》、

《国家“十二五”科学和技术发展规划》等，均将 CCUS

݄为重点发展的减㑀气候变化技术，2013 年 2 月国家科技

部还发布了《“十二五”国家碳捕集利用与封存科技发展

专项规划》，积极引导 CCUS 技术的研发与示范。♣而，

与发达国家和地区相比，中国对 CCUS 的规范ノ理仍处于

起步阶段，还面临着项目ノ䓃权难以划分、项目所有权和

䉐任ᑿᆋ难以界定、㑧ͼ㐌一的技术标准和⓭ߞ机制等多

方面的挑战，无法为 CCUS 尽ᔘ进入商业阶段提供必要的

政策法规保障。因此，研究䔯用于中国的CCUS专䬕性政策、

法规成为一项㉔迫的任务。

ڎ˗ $$64 ஋ኖข᜻ဗܒᆑቃúúဘ࿄ˁ્੍
黄ᖏ 1，͵ၖ 1，ञᏙᖱ 1，್࣏ 2

（1. 中国科学院广州能源研究所； 2. 英国爱丁堡大学）
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我们根ᢛ中国的实际情ۢ，结合欧Ⰼ、英国等国家和

地区的先进经验分析，建议中国 CCUS 的立法和政策应重

点关注以下问题：

（1）明确 CCUS 项目的行政ノ䓃权

CCUS 是一项大型、长期、对环境ڤ有潜在影响的

项目，国内能源、环保、国ౌ资源等部䬕均有权提出对

CCUS 项目的ノ䓃权，极有可能出现多๡ノ理的情ۢ，从

而造成项目჎ឦ难度加大、჎ឦ时间增长、჎ឦ环节增加

等现䆎。需要通过立法明确 CCUS 项目的ノ䓃权，并建立

完઱的项目⩠䄤和ᵥ准制度，以规范 CCUS 项目的实施和

运行。

（2）确定 CCUS 项目的所有权和封存䉐任

CCUS 项目的所有权和䉐任ᑿᆋ问题⊶及对ౌ地使用

权的可能影响、䉥易和物权法对所有权的先行规定、可能

与已有法ᒸ产生۟突的问题等。此外，在中国还有可能出

现因为ែ资经㥒主体不同而造成的对封存有关的所有权范

డ界定的不同。因此，需要通过专䬕立法ᝃ者修改现有相

关法规明确 CCUS 项目的所有权和䉐任，并建立起完઱的、

中，特ڣ。有可᧺作性的䉐任承担制度和事ᩲ响应制度ڤ

别需要建立 CO2 封存䉐任体系，明确为 CO2 ⇱␼䷻䮖䉌

䉐任的法ᒸ主体。

（3）建立㐌一的技术标准

CCUS 项目的建设与运㥒⊶及技术转化与应用、经济

效益、环境影响、减排效益等多方面的内容，需要建立一

系݄ CCUS 技术实施和⯾≸标准，并修订现有的多个领域

（油气、⴬产、环境与ౌ地领域等）的法ᒸ来保证项目的

技术可行性、安全性和合法性。㔰㭾到不同领域的利益，

标准的制定过程将十分㞝难。

（4）构建 CO2 捕集和封存⓭ߞ机制及财税政策

由于 CCUS 是单㏜的 CO2 减排技术，无论是发达国

家还是中国，发展 CCUS 都存在着ጕ大的资䛾㑧口，特别

是在前期的研发和示范阶段，如҂设计和制定⓭ߞ政策和

机制，调动利益相关方的积极性，将直接决定 CCUS 技术

发展和应用的前景，包括税收减ٺ、㶒䉡、财政支持、低

息䉤⁫等形式。

（5）建立有效的公ф参与和公ф认同机制

目前，由于 CCUS 所ॵ现出的种种䷻䮖，ڣ社会接受

程度往往降低，来自公ф的䭨力成为一ψ国家发展 CCUS

的主要障ⶺ。因此，需要建立 CCUS ䷻䮖ノ理制度和公ф

宣э体系，增加 CCUS 项目的䔼明度，提高公ф对 CCUS

项目的参与度和认同度，避ٺ可能出现的来自公ф的䭨力。
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C
arbon Capture, Utilisation and Storage 

(CCUS) is regarded as one of the most 

important technological paths for the in-

depth implementation of greenhouse gas emission 

reductions. As an emerging CO2 emission reduction 

technology, there is an urgent need to identify, guarantee 

and evaluate the legal status, technical specification 

and reduction benefits of CCUS in order to accelerate 

its identification, popularity and commercial-scale 

development globally. 

The EU, UK, and US etc. currently are actively advocating 

the institutionalization and standardization of CCS. 

The Directive�2009�31 enacted by the EU in 2007 is 

the first detailed legislation on CCS.  The UK made the 

corresponding provisions relevant to CCS in both its 

energy bills.  The US and Australia unveiled their CO2 

Capture Transport and Storage Guidances respectively 

to specify the implementation of CCS. In addition, the 

CCS technology roadmap formulated by the IEA also 

emphasized the importance of enacting relevant policies, 

laws, regulations and standards.

 In China, CCUS technology started relatively late, but 

the Chinese Government now pays it close attention 

and is positive towards it. Since 2006, the Chinese 

Government has issued multiple technology and policy 

documents, including the National  Medium and Long-

term Science and Technology Development Plan Outline 

(2006-2020), China's National Program on Climate 

Change, China's Science and Technology Specific 

Project on Climate Change, and the National“Twelfth 

Five-year” Science and Technology Development Plan 

etc. All of these focus on CCUS for the development 

of climate change mitigation technology.  In February 

$$64 -eHBM BOE 3eHVMBtorZ 4tVEZ iO $IiOB� 4tBtVT BOE $IBMMeOHeT

Ying Huang1, 9uan He1, Cuiping Liao1, 9i Liang2

(1. Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, Guangzhou, 510640; 2. UK University of 

Edinburgh, Edinburgh, EH93JL)

Ying HUANG

$uiQing LIAO
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2013 MOST also issued the National Carbon Capture 

Utilization and Storage Technology Development Special 

Planning document within the“Twelfth five-year” plan 

to positively guide the R&D and demonstration of CCUS. 

However, China's standardized management for CCUS 

projects is still in the start-up phase, and faces various 

difficult challenges such as the division of jurisdiction 

over projects, the definition and attribution of project 

ownership and responsibility, and the lack of unified 

technical standards and incentive mechanisms etc.  In 

addition, compared to the position in developed countries, 

insufficient necessary security policies and regulations 

have yet been provided to allow CCUS to enter into the 

commercial phase. Consequently the need to research 

the specialized CCUS policies and regulations which suit 

China has become pressing.

Taking into account the situation in China, combined with 

the advanced experience from the EU, the UK and other 

countries, China's CCUS legislation and policy should 

focus on the following questions:

(1) Define the Jurisdiction over the Project

CCUS is a large-scale, long-term project that has 

potential influence on the environment, domestic energy 

supply, and land and resources etc. Many ministries have 

the right to claim jurisdiction over CCUS projects, leading 

to the likelihood of multiple management, resulting in 

problems such as increased difficulty, time and process 

for project examination and approval. There is a need to 

clarify the jurisdiction of CCUS projects through legislation 

and to establish fit-for-purpose project application and 

approval systems to standardize the implementation and 

operation of CCUS projects.

(2)  Define the Ownership and Responsibility of CCUS 

Projects

The problems of attribution of ownership and responsibility 

of CCUS projects could possibly influence land use 

rights and trade, and create conflicts with existing rules 

and laws of property ownership. Moreover, because in 

China project investors and operators may be different, 

ownership provisions for storage sites may be complex. 

Consequently there is a need to pass special legislation, 

or modify existing relevant laws and regulations to identify 

the ownership and responsibility of CCUS projects, 

and build up relevant and operable responsibility and 

incident response systems. Particular attention should be 

paid on establishing a CO2 storage liabilities regulatory 

framework. 

(3) Establish Unified Technical Standards

The construction and operation of CCUS projects involves 

various elements such as technical transformation and 

application, economic benefit, environmental influence, 

emission reduction benefits etc.  There is a need to build 

up a series of implementation and monitoring standards 

for CCUS, and to modify multiple areas (oil and gas, 

minerals, environment and land areas etc.) within existing 

laws to ensure the technical feasibility, security and 

legality of projects. Given the interests of different areas, 

the process of enacting the standards will be very difficult. 

(4) To Establish Incentive Mechanisms and Finance and 

Taxation Policies

Because CCUS is a purely CO2 emission reduction 

technology, there exists a huge funding gap both in 

developed countries and in China to develop CCUS, 

especially at the early R&D and demonstration stages. 

How to design and formulate incentive policies and 

mechanisms and arouse the enthusiasm of stakeholders 

will decide directly the prospect of development and 

application of CCUS, including the forms of tax deduction 

and exemption, subsidies, financial support, low interest 

rate loans etc.

(5) To Build up Effective Public Engagement and Public 

Acceptance Mechanisms

At present, because CCUS presents all kinds of risks, 

its level of social acceptance is usually very low, and 

resistance from the public could become the key 

barrier for some countries to develop CCUS. Hence, 

there is a need to build up a risk management and 

public information system for CCUS, to increase the 

transparency of CCUS projects, to improve public 

participation and acceptance for CCUS projects, and to 

avoid possible resistance from the public.
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1. ᇏ૭ᬷ，利ၹ，与ߛ࠰ᄊ̮ፁ
碳捕集，利用与封存（CCUS）包括三个主要部分：(a) 

二氧化碳捕集；(b) 二氧化碳运输；(c) 二氧化碳利用ᝃ封

存（如图 1-1 所示）。CCUS 是ੜ一一项能够从化石燃料

大幅度减排⍖ბ气体的技术，预计会为应对全球气候变化

事业և出显㦄贡献。根ᢛ国际能源署 2011 年蓝图情景预

≸，碳捕集与封存将在 2050 年前贡献 19% 的（在 1990

至 2050 年间）所需⍖ბ气体减排（如图 1-2 描绘）。

ԧ࡙ᇏ૭ᬷἻѾၹἻˁࣹࠫߛ࠰ˌᄊ̗ˊ఻͘ἷʽἸ1

作者：್࣏ a,c，Madeleine Rawlinsb，'rancisco Ascuia，David Reinerc

(a 英国爱丁堡大学商学院商业及气候变化中心  b ⠙立气候变化顾问   c 英国ݾᶒ大学电力政策研究组 )

1ȟ 5he second Qart Xill Ce QuClished in the next issue� すι䘕ܳᄳ在̸̭᱌ܧ❵

ఫ 1�1 ⷠᢂ䯳̻ᄮႅ≮⼸ఫ（㟼ᵩڝ $$S 中心 , 2010）

ĀĀĀĀǐǐ׸ˊ఻͘

“
碳捕集，利用，与封存（CCUS）会给传统化石能源行业，制造业，建造业，工程服务业和金融行

业等产业带来显著的发展机会。尽管全球 CCUS 市场还没到达迅速增长阶段，但如果现在不及早准

备逐步推动示范项目和相关产业发展的政策，将会失去发展 CCUS 相关产业和进入其供应链的机会。

另一方面，发展 CCUS 产业不能‘守株待兔’等待市场的到了身边才行动’，大部分 CCUS 的相关技术和装备都在

现有能源行业等非 CCUS 领域有广泛应用和市场。中国广东省有不少成功的装备制造和能源服务企业，相信他们能够

与国内外企业合作为 CCUS 产业发展和成本下降做出贡献。”
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                      ఫ 1�2 国䭲㘪源㒟 2011 Ꭱ䶱≸ⷠᢂ䯳̻ᄮႅឭᱜᄳͧ 20�0 Ꭱۼݺᢿι⅔ⷠࡃ䉎⡛ 1��，ϻ㔹჋⣝㨊ఫᗲᮜ

       

国际能源署⍖ბ气体中心（2012：1）预计全球 CCUS 项目将在 2030 年达到 850 个，并在 2050 年增长至 3400 个。

如图 3-1 描绘，化工行业 CCUS 有较多低成本机会，将在 2020 年前成⛌，而 2030 年大部分 CCUS 项目可能会位于发

展中国家（国际能源总署， 2013：22）。苏格兰 CCS 中心（2012：20）预≸英国北海中部⃼年能够封存 5 亿ॕ二氧化碳，

相当于欧Ⰼ在 2007 年 25% 的电厂及工业碳排放总量。

ఫ 1�3 䶱䃎⩢߈和工͇㵹͇ڲ⮱ $$US （国䭲㘪源总㒟，2013：22）ߕ≩
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2. ໸ښ CCUS Ιऄᩗࣜ౏ᄊ׸业఻会
预计 2030 年前 CCUS 和相关清洁煤技术⃼年会为英

国经济创造 20 至 40 亿英镑，和 7 万至 10 万个䷊外就业

㕹位。

CCUS 供应链对与建设一体化 CCUS 项目非常重要 

þ 大型 CCUS 项目将会是非常ฺ杂的和需要商业合作和合

同关系（英国能源与气候变化部 , 2012: 5）。英国能源与

气候变化部委ច AEAT 公司 (2012) 的一项研究预计 2030

年前 CCUS 和相关清洁煤技术⃼年会为英国经济创造 20

至 40 亿英镑，和 7 万至 10 万个䷊外就业㕹位。英国能源

与气候变化部（2012：5）预计英国 CCS 商业化示范项目

将带来 6 大行业机会：

（a）在建设阶段供应设备和提供服务

（b）在运㥒阶段持续地服务

（c）项目䔭ᒦ与៳䮑

（d）为ڣ他国家提供㷲备和服务

（e）为ڣ他国家提供英国大陆᳣的封存机会

（f）为ڣ他国家提供项目䔭ᒦ和៳䮑服务

为了促进 CCS 技术的发展，英国政府᠕⁫十亿英镑

资本䛾（约一百亿人民ጮ），以及䷊外的电力市౧改革措

施促进设计，建设和运行大规模 CCS 项目（英国能源与

气候变化部 , 2013）。CCS 供应链（如图 1-4）⋢Ⰳ石

油与天♣气行业，电力行业，基⵭设施发展和建设，䛾融

服务行业，延ѥ至࣌ᱽ料供应。目前的研究显示，创造一

个 CCS 产业将会对英国经济产生显㦄的积极影响（Senior 

CCS 咨询公司 : 2010; 苏格兰 CCS 中心 , 2012: 5）。

ఫ  2�1 $$S ឭᱜ⮱ӈᏁ䨫（国䭲㘪源总㒟⍖ბ⅁Ҁ中心 , 2012:�）
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因为不同的技能，能力和商业模式，以及现有能源行业的结构，基⵭电厂和二氧化碳捕集模಄通常在运输和封存部分

之外，可能仅有少量大型能源公司可能有能力ែ资 CCUS 项目整个链᲎（例如ภ❹集团）。二氧化碳运输和封存供应链

预计与石油及天♣气行业类ѩ（Senior CCS 解决方案公司 , 2010: 8）。英国政府委ច Senior CCS 顾问公司（2010：8）

的研究把英国二氧化碳运输和封存的产业链分成三部分：（a）运输和封存开发商；（b）主要的合同和顾问；（c）产৮

与服务供应商，ၽ合同商和ၽ供应商。这项研究提出了 CCUS 产业链在现有的石油及天♣气行业基⵭上，㵺生出 8 个新

的领域（如表 2-1 所示）。

表 2-1 CO2 运输和封存环节为石油和天♣气行业带来的新商业机会和技能需求

新的领域 潜在的商业活动 CCUS 项目的生命周期阶段 潜在ប行机构

封存地特性确认和模᠌
提供封存地特性确认和模

᠌顾问
封存地开发

顾问公司，石油天♣气公司，

研究机构，和ڣ他能源服务公

司

ᷭ≸技术
ᷭ≸ CO2 在⯳地的封存情

ۢ
CO2 注入和注入后关䬚环节 专业的能源服务公司

CO2 ς服务公司
为ς⯾控和修ฺ提供开发

和ប行系㐌
ς开发和 CO2 注入 ς服务公司

封存䷻䮖的䃱估 䃱估封存䷻䮖 从封存地开发的封存地关䬚
顾问公司，油田和天♣气公司，

研究机构和ڣ他能源服务公司

供应和分析ς的ᱽ料 为开发和䬚ς提供ᱽ料 ς开发，៳䮑和关䬚 建设公司，工程顾问

CO2 运输
CO2 运输和ノ道开发，建

设及运㥒
建设和 CO2 运输 ノ道建设商和运㥒商

CO2 封存证书 � 认证
提供 CO2 封存活动的认证

服务

CO2 注入 , 䬚ς，䬚ς后服

务
认证机构

䛾融机构和䷻䮖ノ理机

构

提供融资，䛾融䷻䮖转⼨方

案
项目全生命周期 银行，保䮖机构

如果 CCUS 沿着国际能源署 CCS 路线图的步н发展（图 1-3），显㦄的㷲备和服务的机会将会出现。国际能源总署

（2012：77-78）委ច Ecofys 公司研究݄出了碳捕集过程内主要的㷲备需求（如图 2-2 所示）。

燃烧后捕集直接从化石燃料电厂，水泥厂，炼油厂，䧏厂和ڣ他工业排放源ᅫ气分离 CO2 。燃烧后捕集包括四大主

要的过程：（a）ᅫ气预处理（包括深度的脱⶘和脱ⶊ）；（b）CO2 ॥收；（c）CO2 解析；（d）CO2 加ࢸ。

脱⶘和脱ⶊ是成⛌和商业运行的过程。中国和欧洲均有一ψ燃烧后捕集॥收和解析的中试㷲置但还没有大型，全规模

运行的॥收塔，䮑了在建的加ᠬ大 Sask 电力边界大ಊ项目。⏣⋟市౧由能㕄和环境表现驱动，通常受专利保护。最终，

ᒵ可能少量企业᠒有的ڤ有成本效益的先进⏣⋟占领显㦄的全球市౧份䷊。ࢸ缩系㐌的技术是成⛌的，但ᒵ少供应商能够

生产高ࢸ设备（IEA GHG, 2012: 22）而且杂质对ࢸ缩系㐌的影响会为设备运行带来挑战。

在燃烧前捕集过程，CO2 从合成气中分离（通过‘转ᢏ’过程），CO2 在燃烧之前捕集。燃烧前捕集主要包括四大部分：
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（a）⾧气分离㷲置；（b）气化▶；（c）水煤气变ᢏࣺ应▶；（d）富⅏燃气䒛机。

大型⾧气分离㷲置的过程在工业上是成⛌的，因为⾧分在䧏䧮，⾧气处理，化工 � 炼油，以及煤制油等领域已经得到

广泛应用。全球主要有少数几家企业供应大型⾧分㷲置，例如 Air Product, Linde, Air Liquide, BOC, 和 Praxair. 中国在气

化▶上需求ᒵ大，但目前气化▶的制造能力还比较有䭽。水煤气变ᢏࣺ应是一个成⛌的过程，在煤化工行业有广泛应用，

。富⅏气䒛机目前还不成⛌，只有少数几家潜在供应商，如通用电气，㺬䬕ၽ和䭬ᅁ斯通。ݯ化יᵥ心技术是ڣ

表 2-2 电厂碳捕集环节的主要设备需求（根ᢛ国际能源总署， 2012：77-78 基⵭上更新和修改）

捕集技术 捕集步俑 设备名⼝ 技术状ۢ

燃烧后

脱⶘ ॥收塔及ᢏ☚க 成⛌

脱ⶊ ݯ化י
成⛌，但未来可能㑧ͼ部分所需⴬

物

॥收

直ۤᢏ☚设备的∢ 成⛌
烟气ۤ却ბ 成⛌
㘧⏣⋟的∢ 成⛌

॥收塔 未成⛌，在示范阶段
☚交ᢏக 成⛌
⅕॥收ݯ 未成⛌，在示范阶段

॥䭱 ధ体॥䭱ݯ 未成⛌
解析 解析塔 成⛌

二氧化碳捕集 ␑㑾 成⛌

二氧化碳ࢸ缩设备

多级ࢸ缩க 成⛌，但需要再㔰㭾杂质
☚交ᢏகக 成⛌
脱水设备 成⛌

二氧化碳∢ 成⛌

燃烧前

⾧分设备
☚交ᢏகக 成⛌
升ࢸࢸ缩机 成⛌

气化 气化▶ 成⛌
气化 进料㷲置 未成⛌，在示范阶段
气化 合成气␑㑾 成⛌
变ᢏ 水煤气转ᢏ 成⛌

合成气处理 ݯ化י 未成⛌，在示范阶段
二氧化碳ࢸ缩设备 二氧化碳ࢸ缩机 成⛌

脱⶘ 脱⶘㷲置 成⛌
燃烧 ⅏气䒛机 未成⛌

富氧燃烧

⾧分设备
☚交ᢏகக 成⛌
升ࢸࢸ缩机 成⛌

二氧化碳ࢸ缩㏜化设

备
二氧化碳ࢸ缩机 成⛌

燃烧

҆☚㧥↪发生க
成⛌

( 过☚க � ☚交ᢏக )
䨲▶ � 燃烧க � 燃烧ბ 未成⛌

䚥ۤ凝க 未成⛌
↪䒛机 未成⛌

㧥↪䔼平ۤ凝க 成⛌
燃气䒛机 未成⛌

对富氧燃烧的先进气体处理设备 未成⛌

富氧燃烧过程包括四个主要部分：（a ）⾧气分离㷲置；（b）富氧䨲▶；（c）先进的ᅫ气处理㷲置；（d）ࢸ缩系㐌。

在富氧燃烧过程，需要用⾧气分离㷲置取得高⊀度二氧化碳（如 95% 以上），♣后输入富氧䨲▶。世界上有不少大型的

富氧中试䨲▶，如䭬ᅁ斯通在德国的实验基地和华中理工在ₓⅶ的富氧中试项目，但目前还没有大型全规模的富氧䨲▶。

煤炭与氧气及二氧化碳的⌤合气燃烧，如果氧气有较高的氧⊀度，需要有更ສ的㔽☚ᱽ料来建造䨲▶，而☚交ᢏ系㐌和燃
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烧系㐌也与э㐌䨲▶不一样，来应Ѕ回流ᅫ气可能带来的㙽㮭作用。ओ一方面，先进的ᅫ气处理系㐌需要减少碳氧化物，

氧化⶘，和⅖气等杂质的影响，从而保证加ࢸ和运输过程。目前，富氧燃烧输出ᅫ气处理，还没有成⛌的市౧，但一ψ大

型气体处理公司正在积极开发现有的ᅫ气处理项目（国际能源总署⍖ბ气体中心，2012：26）。开发先进的ᅫ气处理㷲

置需要取决于运输和封存对 CO2 气体质量的⯾ノ。

䮑了㷲备制造，创新也是开发高䭱加թ CCUS 产业的ᵥ心部分。大部分主要的 CCUS 知识产权由几家大的高碳企业

控制，通常分布在化工，㗒料，和提高石油采收⢴等产业（Chatham House, 2009: viii）。英国⮴家国际事务研究所 (2009: 

39) 㐌计了 20 大 CCUS 系㐌的专利持有机构，当中包括石油与天♣气公司，设备制造上，化工企业，和专䬕的服务供应商（图

3-2）。CO2 分离相关专利的⩠报在 1998 年后迅速上升，特别是在॥䭱ݯ和㪱㛉等先进技术领域。

              ఫ 3�2 主㺮ι⅔ݖ̀ⷠࡃᠮᰶڙथ᝭ᠮ⮱̀ݖ᪝ ( 英国⮴უ国䭲事ߎⵁ⾣᝭ , 200�: 3�)

目前还ᒵ难预计，CCUS 供应链ϭ͵时候会变得健全和成⛌，并且在ϭ͵时候会开໸进入ᔘ速的成本下降过程并为

这一技术带来益处。但根ᢛ过ࣨ脱⶘产业的经验，1970 年代，脱⶘技术已经得到示范，但仍♣存在ᒵ多技术和成本障ⶺ，

但没有໕ⶺڣ产业链随后 40 年的迅速发展。随着英国，德国和美国相关⯾ノ制度的健全，脱⶘技术和产业链在 80 年代

和 90 年代迅速发展，并在最近 15 年在中国得以广泛应用，成本大幅度下降。
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3. ࠫ广东Ͱᇏӑ转ی和产业
发展ࣜ౏ᄊ఻会       

化石能源的ו备将在不久的将

来面临两个选项：留在地Ꮒ下ᝃ者

ប行 CCUS 技术。

为了䭟止气候变化带来危䮖的海平面

上升，☚⊗，干ᬞ等灾难，⽠定气⍖

上升在 2 摄氏度内是国际上认可的目

标，同时也㷘联合国气候变化委员会

专家确认，作为全球的碳预ツ。联合

国气候变化委员会（IPCC）第五份

䃱估报告要求全球⍖ბ气体排放不超

过 1 万亿公ॕ，♣而一ࡷ以上的⍖ბ

气体已经㷘排放。为了实现这个目标，

化石能源的ו备只有两个选项：留在

地Ꮒ下ᝃ者ប行 CCUS 技术。

中国是在全球应对气候变化工作

上占有重要地位。中国从 2010 年开

໸低碳示范省份和城市规划。广东作

为经济最发达的省份之一，在⍖ბ气

体排放减排主动承担更大的䉐任，因

此承诺了一个比全国⍖ბ气体减排的

指标更高的减排量。在第十二个五年

计划内，广东需要降Ꮒ 14.8% 的二氧

化⶘和 16.9% 的⅛氧化物排放量，并

且减少 18% 的 GDP 能㕄，和 19.5%

的单位 GDP 二氧化碳量，显㦄高于

全国的平均目标。广东作为中国一个

低碳试点省份，正在积极示范先进低

碳技术和发展碳市౧。

为了ប行广东省的低碳战略，广

东发展及改革委员会ប行了一系݄的

战略，包括（a）启动一个十二五低

碳规划，（b）制定⍖ბ气体清单，（c）

成立省级低碳试点城市和低碳示范小

区，以及（d）完成为碳排放试点的

准备工作。此外，广东与先进经济体

㉔ჳ联系，寻找低碳发展的机会，包

括与英国在碳市౧和碳捕集技术方面

进行合作（英国下议院能源与气候变

化委员会 , 2012: 11-13, 26-27）。

在 2012 年，中国进口了 2.89 亿

ॕ煤，相当于 7% 的总消费量，而广

东作为中国最大的煤炭进口省份，从

海外市౧进口了 6800 万ॕ煤，相当

于广东 40% 的年度消㕄量（广东省

发改委 , 2013）。尽ノ广东在ᵥ电㷲

机比ڣ他省份明显要高（图 3-1），

新的ᵥ电㷲机在广东的低碳战略有重

要地位（Yet et al, 2011），▘电依

♣贡献了广东 80% 的电力生产（国

家 㐌 计 局，2013）（表 3-1 ݄ 出 部

分▘电运㥒企业）。如果煤炭能够实

现近零排放，并清洁地转化为电能ᝃ

天♣气，将会在未来成为广东省的主

要的能源来源。

䮑了环境保护和低碳发展，广东

省政府把‘产业升级’作为一个重要

的发展重点。在 2010 年广东制定了

形成先进产业体系的计划（广东省政

府，2010），ڣ中一项目标将低碳作

为一个战略的新型产业。为了ប行产

业升级发展计划，广东省制定了一个

产业发展指引目录，计划开发了“500

强先进项目”的计划，⊶及超过 1 万

亿人民ጮ的ែ资。ڣ中，500 强项目

内有大量项目ᆋ能源和环保领域。清

洁煤（包括，碳捕集，封存与煤炭气

化）在产业发展指引目录中㷘㔰㭾

为ڣ中一个重要领域（广东省政府 , 

2010）。

ఫ 3�1 广͉Ⱞ 2012 ᎡᏂࣾ⩢㷲ᱧღ䛼㐀Ჱ ( ⨓ࡰ̴⮫，Ѻ：G8ࢂ )
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水泥与炼油行业在广东产业中占有重要地位。广东省有四个大型的石化基地：广州，惠州，⎈↌，㠯名和ᤚ䭠，和大

量的现代水泥生产线（如表 3-1 所示）。广东水泥和炼油厂，与电力行业和造㏥行业已经㷘㏠入碳排放交易试点体系内，

面对减排二氧化碳和э㐌污染物的双重ࢸ力。

表 3-1 广东省内部分主要发电，炼油和水泥企业一㻵

企业名⼝ 相关业务 生产基地ᝃ总部

中石化 炼油 广州，㠯名，⎈↌

中石油 炼油 ᤚ䭠

中海油 炼油 惠州

华润水泥 水泥 罗定，䭠᭒等

海㳧水泥 水泥 英德，↌䬕，佛山，清远

惠州罗佛山水泥集团 水泥 惠州

广东塔❹集团 水泥 惠州，ᶲ州

广州䊷⻭水泥 水泥 广州

惠州ٶ大水泥 水泥 惠州

广东ϕ达利水泥 水泥 ξ⊛

广英水泥 水泥 清远

英䛾水泥 水泥 英德

广州石ς水泥 水泥 广州

英侙水泥 水泥 英德

广东英德南山水泥厂 水泥 英德

粤电集团 发电 广州

深ౠ能源 发电 深ౠ

国华电力 发电 广州

华能集团广东分公司 发电 广州

⤍↌ែ资集团 发电 广州

华润电力 发电 深ౠ

广州发展集团 发电 广州

佛山公用事业控㗎 发电 佛山

因为 CCUS 行业仍处于发展݊期，全球还没有形成 CCUS 的产业机会，但大量的制造企业可能参与到全球 CCUS 的

供应链，如图 3-2 所示，部分广东企业可能为 CCUS 产业链作出贡献。下一期本ᴼ将讨论广东省政府和企业应该如҂发

ᡒ优߬，与国内外企业合作，为产业发展和成本下降և出贡献。
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图 3-2 广东省内可能对中国及全球 CCUS 产业链贡献的部分制造企业和设备供应商

企业 地点 潜在贡献 产业链环节

广州广重集团 广州 䨲▶，ࢸ缩容க，㗹ࢸ式㧥↪䒛机 捕集

东方电机（广州）重工 广州 㧥↪发生க，再☚க，非能动☚交ᢏக 捕集

科达机电 佛山 循环⶘化Ꮇ，气化▶，䨲▶，∢ 捕集

豪顿华广州办事处 广州 供应ࢸ缩机，☚交ᢏக，引䷻机，鼓分机 捕集

ᶲඋᅁ工业气体公司 佛山 供应⾧气分离系㐌 捕集

中集安⦋科 深ౠ
☚交ᢏக，䨲▶塔，气体ࢸ缩系㐌，气化▶制造，

低⍖ו运设备、石化㷲置工程总承包
捕集与运输

广州资源设备 广州 供应ࢸ缩机，鼓䷻机 捕集

广州维通工业气体 广州 ⾧气分离，⾧气预☚系㐌 捕集

中国能源建设广东电力设计研究院 广州 ☚电厂设计，总包 捕集

中国能源建设广东▘电工程总公司 广州 ☚电厂设计，总包 捕集

中国能源建设集团广东省电力第一

工程局
广州 ☚电厂建设，总包 捕集

广东天♣气ノ㑾有䭽公司 广州 CO2 ノ道开发和建设 运输

华南特种气体研究所有䭽公司 佛山 气体处理和加ࢸ站 运输

中海油能源发展（广州） 广州 石油ࠅ探与开发 运输与封存

中海油南海东部石油公司 深ౠ 石油开采和开发 运输及封存

深ౠ䊑⎫基地 深ౠ 海洋工程服务 运输及封存

中㝦广㝦国际 广州 海洋工程 封存

中㝦广州叱ഁ造㝦厂 广州 开ς设备，封存项目总包 封存

中㝦⒱㺬㝦㝣修造公司 广州 海洋工程，油ς开采㝦 封存

中远㝦务工程
广州及东㣋 海洋工程，油ς开采 封存

深ౠ远东石油䧨采工程公司 深ౠ 油ς开采 封存

参㔰文献⺒见英文部分（65 䶢）
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9i Lianga,c, Madeleine Rawlinsb, 'rancisco Ascuia, David Reinerc

( aUniversity of Edinburgh  bIndependent Consultant in Climate Change  cUniversity of Cambridge )

'igure 1�1 ScheNatic DiagraN of $arCon $aQture and Storage (S$$S, 2010)

1.Introduction to Carbon Capture, Utilisation 
and Storage (CCUS)

Carbon Capture, Utilisation and Storage (CCUS) includes 

three components: (a) CO2 Capture; (b) CO2 Transport; 

(c) CO2 storage and utilisation (Figure 1-1). CCUS is 

the only option to achieve a deep cut of greenhouse gas 

emission from fossil fuel, is estimated to make significant 

contribution to global climate change business. According 

to the International Energy Agency (IEA) 2011 blue 

map scenario, CCUS will contribute 19% of the required 

greenhouse gas mitigation effort from 1990 to 2050 (as 

illustrated in Figure 1-2). 

“
Carbon Capture, Utilisation and Storage (CCUS) could bring in significant opportunities for energy, 

manufacturing, construction, engineering services, and financial service industries. The global CCUS 

market has not yet achieved a stage of rapid growth and therefore seizing the opportunities for industry 

will require early preparation of enabling policy frameworks and the development of CCUS demonstration projects.  

On the other hand, we cannot wait for this to happen before developing the CCUS industry and indeed most of the 

technology and equipment required already has applications in non-CCUS related industries.”
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'igure 1�2 IEA (2011) Blue MaQ Scenario 1roKects that $$S can contriCute 1�� of the Nitigation effort reRuired to $O2 in 

the atNosQhere CeloX ��0QQN

The global CCUS market is estimated to achieve 850 

installations by 2030 and 3400 installations by 2050 

(IEA GHG, 2012: 1). Figure 1-3 below shows that 

in 2020 CCUS in the chemical industry will already 

be commercially viable due to a number of low cost 

opportunities and the size of the opportunity would be 

equivalent to that of the coal power industry. The figure 

also shows that the  majority of CCUS projects are likely 

to be located in non-OECD countries by 2030 (IEA, 2013: 

22).  

'igure 1�3 EstiNated $$US ActiWities in the 1oXer and Industrial Sectors (IEA, 2013: 22)
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2. Commercial Opportunities from a Potential 
CCUS Supply Chain

CCUS and related clean coal technologies will add £2 to 

4 billion economic valueand 70,000 to 100,000 jobs to 

the UK economy each year by 2030.

For constructing integrated CCUS projects the supply 

chain is critical.  Large-scale CCUS projects are complex 

and require a large number of business and contractual 

relationships (DECC, 2012: 5).  There has been a great 

deal of work done in the UK to understand this and this 

work also serves as a good illustration for industry outside 

the UK.  A study commissioned by the UK DECC and 

implemented by AEAT (2012) estimated that CCUS and 

related clean coal technologies would add £2 to 4 billion 

economic valueand 70,000 to 100,000 jobs to the UK 

economy each year by 2030. DECC (2012: 5) has also 

elaborated six specific areas of opportunity that would be 

brought about for UK businesses through the UK CCS 

Commercialisation Programme, including:  

(a) Supply of equipment and services at the construction 

stage

(b) On-going services during operation

(c) Decommissioning

(d) Supply of equipment and services to other countries

(e) Supply of storage capacity to other countries on the 

UK Continental Shelf (UKCS)

(f) Providing decommissioning services to other countries

To accelerate the development of CCUS technologies, 

the UK Government allocated £1 billion capital funding 

with additional electricity market reform measures 

to support the design, construction and operation of 

large-scale CCS projects (DECC, 2013). The CCUS 

supply chain (Figure 1-4) covers the oil and gas, power 

generation, infrastructure development and construction, 

and financial service sectors. Existing studies found the 

creation of a CCUS industry would provide significant 

economic opportunities for the UK (SCCSL, 2010; SCCS, 

2012: 5).  

ఫ  2�1 $$S ឭᱜ⮱ӈᏁ䨫（IEA GHG, 2012:�）
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Because the CCUS supply chain covers such diverse 

business specialisms (power plant operation and CO2 

capture, CO2 transportation infrastructure and geological 

storage) with each requiring different skills, capabilities 

and business models, the components of the supply 

chain are generally separate businesses.  The power 

plant�industrial facility is usually managed with the 

CO2 capture component and separated from the CO2 

transport and storage.  In some cases, the larger energy 

conglomerates may have the capacity to invest across 

the entire chain (such as Shell) (SCCSC, 2010: 3). The 

CO2 transport and storage supply chain is expected to be 

similar to that of the oil and gas industry (SCCSC, 2010: 

8). A study commissioned by DECC implemented by 

SCCSC (2010: 8) divided the potential UK CO2 Transport 

and Storage Supply Chain into three different tiers: (a) 

Transport and Storage Developers; (b) Main Contractors 

and Consultants; (c) Product & Services Suppliers, 

Components Sub-contractors & Sub-suppliers. The 

study also identified eight new areas in the CCUS supply 

chain in addition to the current business models and 

technical capacity in the oil and gas sector (Table 2-1). 

Table 2-1 New business activities and skills required in the CO2 transport and storage chain compared to the oil and gas 

supply chain (modified based on SCCSC (2010: 9) 

Specific New Areas Potential Business Activities Lifecycle Stage of CCUS 

Projects

Possible Implementation 

Agencies

Site Characterisation 

and Modelling

Provide site characterisation 

and modelling consultancy
Site Development

Consultancy Firms, Oil and 

Gas Companies, Research 

Institutes and other energy 

service companies

Monitoring 

Technology
Monitor CO2 storage in the  

reservoir 

CO2 Injection and post-

closure

Specialised energy service 

companies

CO2 Well Services

Develop and implement 

systems for well monitoring 

and remediation

Well Development,

CO2 Injection 

Well Services Companies

Storage Risk 

Assessment
Evaluate storage risk

From site development 

to site closure

Consultancy Firms, Oil and 

Gas Companies, Research 

Institutes and other energy 

service companies

Supply and Analysis 

of Well Material

Provide material for 

development and closure 

Well development

Decommissioning and 

well closure

Construction Company; 

engineering consultant

CO2 Transportation 

CO2 Shipping and Pipeline 

development, construction and 

operation

Construction and CO2 

Transportation

Pipeline Constructor and 

Operator

CO2 storage 

certification

Provide verification services for 

CO2 storage activities

CO2 Injection, closure 

and post-closure

Classification Agency

Financing and Risk 

Management

Provide financing and financial 

risk transfer  solutions

The whole lifecycle
Banks, Insurance firms
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If CCUS is deployed at the pace suggested by the IEA 

CCS roadmap (Figure 1-3), significant new business 

opportunities would arise. The IEA GHG (2012: 77-78) 

study by Ecofys listed the potential major equipment 

required in the capture process (Tables 2-2). 

Post-combustion capture can be applied to separate CO2 

from flue gases from fossil fuel thermal power, cement, 

refinery and steel plants and other industrial installations. 

There are four major processes in post-combustion 

capture: (a) pre-treatment of flue gas (incl. deSOx and 

deNOx); (b) CO2 absorber; (c) CO2 Stripper; (d) CO2 

compression unit. 

DeSOx and DeNOx are mature and commercially proven 

processes. There are pilot scale post-combustion CO2 

absorption and stripper towers installed in China and 

Europe but there is not yet a large scale CO2 absorption 

tower installed in the world apart from the Sask Power 

Boundary Dam project in construction. The solvent 

market is highly driven by energy consumption and 

environmental performance, and usually shielded by 

patents. It is likely that a handful of the most cost-

effective advanced solvents owned by a limited number 

of parties will capture a significant proportion of the global 

market.  The compression unit technology is mature but 

very few suppliers can deliver high pressure units (IEA 

GHG, 2012: 22) and challenges exist in managing the 

impact of impurities on the compression equipment. 

In pre-combustion capture CO2 is separated (or “shifted”)  

from syngas and the CO2 is captured prior to the 

combustion process. There are four major components in 

the pre-combustion process: (a) air separation units; (b) 

gasifier; (c) water gas shift reactor; and (d) hydrogen rich 

gas turbine. 

The air separation unit (ASU) process is mature in the 

industry as ASUs have been widely applied in iron and 

steel, gas processing, chemical�refinery and coal to 

liquid areas. Suppliers of large ASUs are concentrated 

around a few international key suppliers, such as Air 

Product, Linde, Air Liquide, BOC, and Praxair. China has 

the highest demand for gasifiers, but there is still limited 

capacity in gasifier manufacturing in China. The water gas 

shift reaction is a mature process in the coal-chemical 

industry and the core technology is the catalyst. The 

hydrogen rich gas turbine is a less mature component 

within the pre-combustion capture process, with only very 

few potential suppliers, such as GE, MHI, Siemens and 

Alstom. 

Table 2-2 Major Equipment Required in the three Major Power Plant CO2 Capture Process (updated and revised based 

on IEA GHG, 2012: 77-78) 

Capture Technology Process Step Equipment Name Technology Status

Post-combustion

DeSOx Absorber � Heat Exchanger Mature

DeNox Catalysts
Mature but potentially lack 

of mineral resource
Scrubber�absorber Pumps for Direct Contact Coolers Mature

Scrubber�absorber Flue Gas Cooler Mature

Scrubber�absorber Amine Pumps Mature
Scrubber�absorber Absorption Towers Immature (Demonstration)
Scrubber�absorber Heat Exchangers Mature

Scrubber�absorber Solvents(e.g. Amines)
Immature (Pilot and 

Demonstration)
Adsorbtion Solid Sorbent Immature
Stripper Stripper Mature
CO2 Capture - other Filters Mature

CO2 Compression CO2 Compressor (multistage)
Mature (but depend on 

impurities)
CO2 Compression Heat Exchangers Mature
CO2 Compression Dehydration Mature
CO2 Compression CO2 Pumps Mature



 60 ఻͘ #VTiOeTT OQQortVOitieTˊ׸఻͘ #VTiOeTT OQQortVOitieTˊ׸

The oxyfuel combustion process includes four major 

components: (a) air separation unit; (b) oxyfuel boilers; (c) 

advanced flue gas treatment; and (d) compression unit. In 

the oxyfuel combustion process, high purity O2 (e.g. 95% 

or above) needs to be separated by the air separation 

unit and then fed into the oxyfuel boiler. There are large 

pilot scale oxyfuel boilers in the world, such as Alstom 

and Huazhong University of Science and Technology pilot 

plant, but there is still no full-scale oxy-boiler. The higher 

oxygen content in combustion requires the use of high 

temperature resistant materials while the heat exchanger 

and burners need to be different from conventional 

boilers, in order to combat the corrosive impact of the 

higher percentage of recycled flue gas. The advanced 

flue gas treatment unit aims to reduce NOx, SOx and Ar 

impurity levels before compression and transportation. 

There are currently no mature markets for advanced 

flue gas treatment for oxyfuel, but a few large payers 

(such as Linde, Air Products, Doosan Babck, BOC) are 

actively developing processes building on their existing 

experiences in other flue gas treatment projects (IEA 

GHG, 2012: 26). The development of advanced flue gas 

treatment facilities also depends on the regulation of CO2 

gas quality for transportation and injection. 

Pre-combustion

Air Separation Unit Heat Exchanger Mature

Air Separation Unit Booster Compressor Mature

Gasifier Gasifier Mature

Gasifier Feeding  System Immature

Gasifier Syngas Filters Mature

Shift Water Shift Reactor Mature

Syngas Gas Treatment Catalysts Immature

CO2 Compression CO2 Compressor Mature

Sulphur Recovery Sulphur Recovery Unit Mature

Conversion � Combustion Hydrogen Rich Gas Turbine Immature

Oxyfuel

Air Separation Unit Heat Exchanger Mature

Air Separation Unit Booster Compressor Mature

CO2 Compression CO2 Compressor Mature

 Combustion
Heat Recovery Steam Generator 

(superheater�heat exchangers)
Mature

Combustion Boiler�burner�combustor Immature

Combustion Acid Condenser Immature

Combustion Steam Turbines Immature

Combustion Steam Condensor  

Combustion Gas Turbines Immature

Combustion Advanced Fuel Gas Treatment Oxyfuel Immature

Table 2-2 Major Equipment Required in the three Major Power Plant CO2 Capture Process (updated and revised based 

on IEA GHG, 2012: 77-78) 

Capture Technology Process Step Equipment Name Technology Status
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Apart from equipment supplies, innovation is a core element in developing a high-value added CCUS industry. A 

majority of key knowledge assets needed for CCUS are controlled by high-carbon companies, usually originated from 

applications in the petrochemical, fertilizer and enhanced oil-recovery (EOR) industries (Chatham House, 2009: viii). 

Chatham House (2009: 39) identifies 20 top patent holders in carbon capture and storage (CCS) systems, incl. oil and 

gas companies, equipment manufacturers, chemical companies, and specialised service providers (Figure 3-2).  The 

rate of filing of CO2 separation-related patents has risen rapidly since 1998 with a focus on sorbents and membranes. 

                    Figure 3-2 Top Patent Holders in Carbon Capture (Chatham House, 2009: 39)

It is hard to estimate when the CCUS supply chain will start to mature and the technology will benefit from the cost 

reduction process (i.e. learning by doing). However, according to the history of Flue Gas Desulphurisation (FGD), FGD 

technology was demonstrated in 1970s but is still facing many technical and cost barriers. Despite this, the development 

of a FGD supply chain hasn't been hindered in the last four decades. With FGD regulations in place in the UK, Germany 

and US, FGD technologies and  supply chain were developed rapidly in the 1980s and 1990s, and the cost was further 

reduced significantly when it was applied in China in the last 15 years. 

3. Opportunities for Guangdong in Decarbonisation and Industry

In order to the internationally agreed target, to contain global warming to within 2 degrees, known fossil 

fuel reserves will soon face only two options: either be left in the ground or they must be exploited alongside the 

implementation of CCUS.        
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The challenge to avoid dangerous climate change and 

to contain global warming to within 2 degrees, which is 

the internationally agreed target to avoid dangerous sea 

level rise, heatwaves, droughts and so on has for the first 

time ever been quantified by international scientists at 

the IPCC in terms of a global carbon budget.  The IPCC 

Fifth Assessment report calls for global greenhouse gas 

emissions not to exceed 1000 Gigatonnes of carbon, 

more than half of which has already been emitted.  In 

order to achieve this, known fossil fuel reserves must 

either be left in the ground or they must only be exploited 

alongside the implementation of CCUS.        

China is central to global efforts to tackle the climate 

change challenge and has also sought to constrain 

the use of fossil fuels by introducing regional caps on 

the consumption of coal. The challenge for China will 

therefore be to constrain the use of coal and associated 

carbon emissions whilst at the same time continuing to 

promote growth across the economy.   Again CCUS is a 

key technology that can support all of these objectives.  

China has already started to pilot low-carbon development 

at provincial and municipal levels from 2010. Guangdong, 

being one of the most developed provinces in China, has 

been shouldering a greater responsibility in greenhouse 

gas emissions reduction and therefore must meet higher 

standards than the national average. In the 12th Five-

year Plan, Guangdong is required to reduce SO2 by 

14.8%, nitrogen oxides by 16.9% and to lower energy and 

CO2 intensity by 18% and 19.5% respectively, significantly 

higher than the  national targets1. Guangdong, as a 

low-carbon pilot province2 in China, has been actively 

pioneering low-carbon technologies and a carbon market. 

The Guangdong Development and Reform Commission 

(GD DRC) has implemented a number of provincial 

low carbon strategies, including (a) launching a low-

carbon 12th FYP (twelfth five year plan, 2010-2015), (b) 

formulating a greenhouse gas inventory database, (c) 

establishing provincial low-carbon pilot cities and low 

1　The national target is 8% of reduction in SO2, 10% of reduction of nitrogen oxides, 16% reduction of energy intensity, and 17% reduction of  
      CO2 intensity (per GDP).

2　The first round of low carbon pilot provinces in China, launched in 2010, includes Guangdong, Liaoning, Hubei, Shaanxi and Yunnan. 

carbon demonstration communities, and (d) completing 

the preparation for an emission trading pilot. In addition, 

Guangdong is closely collaborating with advanced 

economies to capture low-carbon development 

opportunities, for example, linking with the United 

Kingdom for capacity building in carbon markets and 

carbon capture, utilisation and storage (CCUS) (ECCC, 

2012: 11-13, 26-27).

In 2012, China imported 289 million tonnes of coal, 

accounting for 7% of total consumption while Guangdong, 

as the largest coal importer in China, purchased 68 million 

tonne of coal from the overseas market, accounting for 

40% of its annual consumption (GDDRC, 2013). Even 

though Guangdong has a relatively high nuclear capacity 

in China, the province's low carbon reduction goal (Ye 

et al, 2011) still hasthermal power contributing 80% of 

electricity production (NBSC, 2013) (Table 3-1 lists some 

major thermal power companies). Coal, if it can achieve 

near zero emissions through converting into gas and 

electricity via a clean pathway, will likely continue to be 

the backbone of the energy source in the Province in the 

near future. 

Aside from environment protection and low carbon 

development, the Guangdong Provincial Government 

places‘industry upgrade’as a key development priority. 

In 2010, the Province formulated a development plan for 

establishing an advanced industry system (GD, 2010), 

with the aim of developing strategic emerging industries 

with particular attention towards a low-carbon industry.  

To implement the‘industry upgrade’development 

plan, the Province formulated an industry development 

guidance category and prioritised an implementation plan 

to develop the‘top 500 projects of advanced industry’, 

with a total investment of over 1 trillion Yuan (approx. £100 

billion sterling). Out of those projects in the energy sector, 

clean coal (incl. carbon capture and storage and coal 

gasification) is considered as one of the priority areas in 

the industry development category (GD, 2010). 
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The cement and refinery sectors also play an important role in the industry in Guangdong and all of which have 

associated opportunities in CCUS. Guangdong has five large refinery complexes with a total capacity of above 60 million 

tone per year: Guangzhou, Huizhou, Zhanjiang, Maoming and Jieyang and a large number of modern cement plants 

(Table 3-1). The cement and refinery plants in Guangdong are included in the pilot emission trading scheme, under 

pressure to reduce both carbon emissions and conventional pollutants. 

Table 3-1: List of Major Refinery and Cement Companies in Guangdong and Estimated Carbon Emissions

Company Name Relevant Business Plant Location or Company Headquarter (H2)

SINOPEC Refinery Guangzhou, Maoming, Zhanjiang

CNPC Refinery Jieyang

CNOOC Refinery Huizhou

China Resources Cement Cement Luoding, Yangchun

Conch Cement Cement Yingde, Jiangmen, Foshan, 2ingyuan

Huizhou Luofushan Cement Group Cement Huizhou

Guangdong Tapai Group Cement Huizhou, Meizhou

Guangzhou Yuexiu Cement Cement Guangzhou

Huizhou Guangda Cement Cement Huizhou

Guangdong Hengdali Cement Cement Yunfu

Guangying Cement Cement 2ingyuan

Yingjin Cement Cement Yingde

Guangzhou Shijing Cement Cement Guangzhou

Yingma Cement Cement Yingde

Guangdong Yingde Nanshan Cement Plant Cement Yingde

Yudean Group Power Generation Guangzhou

Shenzhen Energy Power Generation Shenzhen

Guohua Power (Guangdong) Power Generation Guangzhou

Huaneng Group (Guangdong) Power Generation Guangzhou

Pearl River Investment Power Generation Guangzhou

China Resources Power Power Generation Shenzhen

Guangzhou Development Group Power Generation Guangzhou

Foshan Utilities Holding Power Generation Foshan
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Although there is not yet a manufacturing base for CCUS and CCUS is still at a very early stage, a large number of 

existing Guangdong enterprises have potential opportunities to join the global CCUS supply chain, as shown in Table 3-2. 

The next step is to discuss how the Government and industry in Guangdong can build on local advantages, collaborate 

with domestic and foreign companies, and contribute to the industry development and cost reduction of carbon capture, 

utilisation and storage in order to be able to take full advantage of the CCUS market as it evolves. 

Table 3-2 Potential Manufacturers and Suppliers in Guangdong that May Contribute to the CCUS Supply Chain

Company Location Potential Contribution Chain Component
Guangzhou Guangzhong 
Enterprise Group Corp

Guangzhou
Boiler, pressurized vessels, back pressure 
steam turbine

Capture 

Dongfang Electric (Guangzhou) 
Heavy Machinery

Guangzhou Steam generator, reheater, residual heat 
exchanger

Capture 

Keda Industrial
Foshan Fluidized Bed Combustion, Gasification, 

Boiler, Pump
Capture 

Howden Hua Guangzhou Office Guangzhou
Supply Compressor, Heat Exchanger, ID 
and FD Fan

Capture 

Messer Gas Company Foshan Air Separation Unit Capture

CIMC Enric Shenzhen

Heat exchanger, boiler tower, gas 
compressor, gasifier manufacturing, 
low temperature transport and storage 
equipment, chemical plant EPC

Capture & 
Transportation

Guangzhou Resource Equipment 
Complete Set Engineering

Guangzhou Supply Compressor, FD Fan Capture 

Guangzhou Weiton Industrial Gas 
Technology 

Guangzhou Air Separation Unit, Air Pre-heater Capture

Guangdong Electric Power Design 
Institute

Guangzhou Thermal Power Plant Design, EPC
Capture

Guandgong Power Engineering 
Corp.

Guangzhou
Thermal Power Plant Design, EPC Capture

Guangdong Electric Power First 
Engineering Bureau 

Guangzhou
Thermal Power Plant Design, EPC Capture

Guangdong Natural Gas Grid 
Company

Guangzhou
CO2 Pipeline Development and Construction

Transportation

South China Special Gas Institute Foshan
Gas Processing and Pipeline Substation Transportation

CNOOC Energy Development 
(Guangzhou)

Guangzhou Oil Exploration and Development
Transportation and 
Storage

CNOOC Nanhai East Oil 
Company

Shenzhen Oil Exploration and Development
Transportation and 
Storage

Shenzhen Chiwan Base Shenzhen Offshore Engineering Service
Transportation and 
Storage

CSSC Guangzhou Shipyard 
International

Guangzhou Offshore Engineering Storage

CSSC Guangzhou Huangpu 
Shipbuilding

Guangzhou Well Drilling Equipment, Storage Project 
EPC

Storage

CSSC Chengxi Shipyard Guangzhou Offshore Engineering, Well Drilling Ship Storage

COSCO Shipyard Group 
Guangzhou 
& Dongguan

Offshore Engineering, Well Drilling Ship Storage

Shenzhen Far East Oil Drilling 
Engineering LTD

Shenzhen Well Drilling Storage
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项目概览

一ǌҒᝓ
碳捕集、利用与封存（Carbon 

Capture, utilization, and Storage，简

⼝ CCUS）是一种将大规模点源排放

的 CO2 捕集起来加以利用ᝃⅥ久封存

到深部地ᅯ，以实现化石能源使用的

大规模 CO2 减排的新兴技术（IPCC，

2005），㷘认为是进行⍖ბ气体深度

减排、实现全球 2050 年较 1990 年

至少减排 50% 目标最重要的技术之

一（IPCC，2007）。

为了分析广东省发展 CCUS 的

可行性和前景，在英国外交及联䗓事

务部和澳大利亚全球碳捕集与封存研

究院的资助下，由̰个中英单位联合，

于 2010 年 4 月 至 2013 年 3 月 开 展

了“广东省发展 CCUS 可行性研究”

（GDCCUSR）项目。首个 CCUS 发

展路线图建议。

̄ǌ广东省发展 CCUS Ի行
ভᆑቃᄊ总ʹፇ᝷

CCUS 技术是广东省实现低碳发

展的需要。对广东省能源结构和碳排

放的研究表明，未来到 2030 年，在

广东省能源消费结构中煤炭等化石能

源仍将占ᢛ主导地位，燃煤▘电产生

的 CO2 排放也仍将是全省碳排放的

主要来源。因此，未来广东省要想实

现低碳发展必䶨ٲ分㔰㭾如҂大力发

展 CCUS 技术，只有这样᝺能在使用

化石能源的同时也实现 CO2 的大量减

排。对广东省水泥、石化、䧏䧮中的

大型 CO2 排放源来说，也需要通过发

展 CCUS 来实现深度减排。

CCUS 的成本竞ζ力将随着碳市

౧的发展而提高。预≸在 2020 年以

后，广东省发展 CCUS 等新型的减排

技术的需求将大大增加。如从炼油厂

的高⊀度排放源捕集和利用᳜竭油气

田的设备进行封存的一ψᬖ期机会，

可能会在随着碳市౧的建立而开໸ڤ

备成本竞ζ力。2030 年前后，碳减

排目标䊸于严格，国家有可能通过碳

税ᝃ者碳交易等市౧手段䉸ε碳减排

合理的价格。我们对电力系㐌的技术

经济模᠌表明，在碳价达到⃼ॕ二氧

化碳 200-350 ٰ时，应用 CCUS 技

术的燃煤发电（ᅑڣ是超超临界煤电

�CCUS）将ڤ备成本竞ζ力，将开

໸进入商业化发展阶段。

广东省近海ڤ有足够的 CO2 封

存潜力。㷘捕集的 CO2 必䶨㷘Ⅵ久安

全地封存到地下深处᝺能发ᡒ减排的

效果。我们的䃱估表明，广东省陆上

↶积⯳地小、封存᲎件ጛ，而且工ۉ

业发达、人口⽍ჳ，不利于 CO2 封存。

但近海的⤍↌口⯳地有ጕ大的 CO2 有

效封存容量，仅水深小于 300 ㆠ区域

的封存容量就足以封存广东省数百年

大规模点源排放的 CO2，而且封存地

质᲎件㞜ສ。广东省的大规模 CO2 点

源（燃煤电厂、石化和䧏䧮企业等）

大多分布在沿海，与⤍↌口⯳地内的

潜在封存౧地的距离在 120_300 公

里之内，源ⅴࡦ䙺᲎件较ສ。因此，

离ᇥ地质封存将是广东省实现 CO2 封

存的主要形式。

CCUS 会带来产业发展的机会。

CCUS 已于 2013 年㷘国家发改委确
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定为“战略性新兴产业”之一，它在

捕集、运输和封存三个环节的工程化

示范及商业化部署将带动一系݄产业

的发展，如㷲备制造、॥䭱ݯ化工、

陆上和海Ꮒノ线制造和䨧设、海洋工

程、以及相应的䛾融和服务产业等。

㮪♣数ᢛ表明能够㷘利用的 CO2

只占排放量的ᒵ小一部分（0.5_2%）

(IPCC, 2005)，从经济效益的㻿度出

发还是应该优先㔰㭾对捕集的 CO2 进

行利用。广东省的 CO2 资源化利用有

以下有利方向：在海ᇥ带发展ڨ⃃海

㬨炼油，发展多种 CO2 高效利用化工

技术和产业，发展用 CO2 注提高地ٲ

☚采收⢴等。

CCUS 的技术研发和政策环境建

设需要从现在就开໸。由于 CCUS 项

目的技术链、产业价թ链较长，需要

在关键技术与㷲备、工程设计和施工、

长期封存效果的验证、环境影响䃱估、

䷻䮖䭟ᓎ和处理、运行与⯾ノ机制以

及资䛾ウ措等方面准备ٲ分后方可大

规模实施。因此，为了在 2030 年前

后能够实现 CCUS 的商业化发展，广

东省需要从现在就开໸加强对 CCUS

的相关研发和政策环境建设，力ζ尽

ᬖ将 CCUS 的发展计划㏠入到省级低

碳发展的措施和规划之中。

对新建燃煤电厂应该尽ᔘ实施

CCUS 预 留（CCUSR）。CCUS 预

留是一个设计ắ念，ࢠ将新建▘电厂

等高碳排放工业设施设计成将来一ᬓ

需要时Ӭᒵ容易㷘改造成有 CCUS

能力的方式。由于预≸在 2030 年以

后᝺会出现 CCUS 的大规模商业化

运行，对 2030 年以前的新建燃煤电

厂应该实行 CCUSR。本项目对广东

一个超超临界ㆶ煤电厂的模᠌表明，

CCUSR 能以ᒵ小建厂ែ入增量（� 

0.5%）ᢏ取将来改㷲碳捕集时的成本

的极大降低，更重要的是避ٺ了碳䨮

定效应。

广东省开展 CCUS 的ᬖ期机会

在石化行业高⊀度 CO2 的捕集和离ᇥ

᳜竭油气田的封存。
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石化行业制⅏过程所产生的高⊀

度 CO2 将有利于实现低成本捕集。

广东省石化工业发展ᒵᔘ，ڣ目前的

CO2 排放占全省工业排放的 8%，预

计到 2020 年将增加到 16%，ᅲ工业

排放的首位，因此有ᒵ大的 CO2 捕集

潜力。

广东省近海的⤍↌口⯳地有一ឦ

已开采油气田，ڣ中有ψ已临近᳜竭。

在油气采完以后ڣ设备（平台、䧨ς、

ノ线等）有可能㷘利用于进行 CO2 ٲ

注，从而降低 CO2 离ᇥ封存的成本，

同时也ព大了油气田的利用领域，延

长了ڣ利用时间，在实施碳价后还会

产生一定的经济效益。

ʼǌ广东省发展 CCUS ᡹ጳ
图

广东省 CCUS 发展路线图的编

制 ᬕ 在 为 广 东 省 从 现 在 到 2030 年

CCUS 技术发展提供在技术和经济上

可行的实施意见。该路线图包括一个

总路线图（图 1）以及分别针对 CO2

捕集、运输、利用和封存各环节的ၽ

路线图。

总路线图主要时间节点如下：

ȕ 2014 年前出台大型新建燃煤

电厂的 CCUS 预留政策；

ȕ 2015 年 CCUS ㏠ 入 广 东 省

“十三五”低碳发展规划；

ȕ 2025 年 燃 煤 电 厂 全 流 程

CCUS 示范工程ែ入运行；

ȕ 2030 年 CCUS 开໸进入商业

化规模；

ȕ从现在开໸逐步建立 CCUS

发展所需的政策、法规和能力。

ǌ广东省发展پ CCUS ᄊ行
ү建ᝬ

1. CO2 捕集

（1）石化行业的高⊀度 CO2 捕

集：广东省开展 CO2 捕集的ᬖ期机会

是石化工业的制⅏过程所产生的高⊀

度 CO2 气体。应尽ᔘ开展化工行业所

排放的高⊀度 CO2 气体的资源调ᴒ、

捕集技术优选和经济性䃱估，并开໸

CO2 捕集示范项目的设计和建设，

以保证 2020 年首个示范项目ែ入运

㥒，2025 年开໸建设规模化全流程

CCUS 项目。

（2）电力行业的 CO2 捕集：电

力部䬕是广东省未来通过实施 CCUS

实现 CO2 深度减排的重点行业。研

究表明超超临界发电 �CCUS 有最ڤ

大的成本优߬，而燃烧后捕集技术是

最䔯合广东省电力现状而因而应用范

డ较广的 CO2 捕集技术。由于捕集

是 CCUS 链᲎中成本最高的环节，

国内外在新型॥收ݯ、大型化和降能

㕄、降成本等方面已经开展了大量研

发工作。广东省可将重点放在对最䔯

于本省情ۢ的捕集技术以及最能带

来产业化前景的䙺ຄ技术的选择和

应用方面。到 2025 年形成电厂全流

程 CCUS 示范项目，到 2030 年电厂

CCUS 项目达到݊步商业化规模。

（3） 新 建 电 厂 的 CCUS 预 留

设 计： 为 了 在 2030 年 前 后 实 现 向

CCUS 大规模应用的低成本顺利过

⍎，并有效预䭟新建电厂的“碳䨮定”

效应，广东省应最ᮇ在 2014 年出台

大型新建燃煤电厂二氧化碳捕集与封

存预留（CCUSR）的相关政策ᝃ法规，

使 CCUSR 设计成为新建燃煤电厂㣤

得政府ឦ准的有利因㉍。到 2015 年

完成一个 CCUSR 示范电厂的设计，

并确保 2015 年以后所有新建燃煤电

厂都实现 CCUSR。

他捕集技术的研发：广ڣ（4）

东省应发ᡒ人᝺优߬，通过低碳专项

和科研基䛾等方式鼓ߞ和支持目前ᅇ

处于研发阶段的电力部䬕以及水泥、

䧏䧮等重点排放行业的 CO2 捕集技术

的研发，ζ取有所创新和突破。

2. CO2 运输

（1）ノ道运输：ノ道运输是实

现大规模和长时期 CO2 运输的有效方

式。广东省应进行陆上和海域 CO2 运

输㑾㐉的㐌一规划和优化设计，同时

䙺合 CCUS 项目的进展开展与封存项

目相ࡦ䙺的ノ道建设，逐步形成能䔯

应 CCUS 发展的陆上与离ᇥ CO2 运

输ノ㑾。

（2）海洋㝦运：海洋㝦运是广

东省 CCUS ᬖ期示范阶段的可选 CO2

运输方式，需要以 LNG 运输㝦为参

㔰来比较⼌㝦、改造和造㝦的各种方

案。

3. CO2 封存和利用

（1） CO2 利用：应开展潜力调ᴒ，

明确 CO2 的利用的重点行业和地区以

及可利用的 CO2 总量，以指导 CO2

利用产业的发展，并有助于了解 CO2

地质封存的需求总量。应根ᢛ广东省

的自♣᲎件和产业优߬，可重点进行

CO2 化工利用、ڨ㬨炼油等高效利用

技术的研发，提高效⢴和降低成本。

ζ取到 2020 年在技术研发上有所突

破，到 2030 年形成 CO2 高效利用产

业。

（2）离ᇥ᳜竭油气田 CO2 封存：

离ᇥ地质封存将是广东省实现 CO2 封

存的主要形式，南海北部⤍↌口⯳地

有ٲ足的封存潜力，但面临着海上工

程成本高ᬯ的主要障ⶺ。因此，利用

⤍↌口⯳地᳜竭油气田的设备以降低

封存成本是 CO2 离ᇥ地质封存的首

选。当务之ᕒ是开展对近᳜竭油气田

的调ᴒ，选出在᳜竭后ڣ设备还可用

于实施 CO2 封存的油气田。这项任

务的完成必䶨比油气田᳜竭超前若干

年，以Ӭ有足够时间进行封存工程的

设计和立项。

（3）离ᇥ৥水ᅯ CO2 封存：由

于⤍↌口⯳地内᳜竭油气田的 CO2 地

质封存容量有䭽，৥水ᅯ CO2 封存

将是将来 CCUS 规模化运㥒时的必
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䶨选择。需要尽ᔘ开展⤍↌口⯳地৥

水ᅯ的潜在封存౧地的ᮛᴒ，ᴒ明一

ឦ可达到商业规模封存能力的封存౧

地及ڣ点㓑；在 2015 年开໸对优选

৥水ᅯ封存౧地进行䄓ᴒ和䃱价；在

2020 年开໸封存项目的设计和立项；

在 2025 年开໸封存项目的施工；到

2030 年基本满足本省化工行业和电

力部䬕 CO2 封存的需求。

五、广东省发展 CCUS 的政
策建议

根ᢛ国内外经验，CCUS 的发展

一㝙经ࢳ两个阶段：第一阶段是研发

和示范工程，主要依靠政府的资䛾ែ

入和政策⓭ߞ以及开展国际合作；第

二阶段是大规模商业应用，主要依靠

在成⛌碳价系㐌基⵭上的市౧机制运

作。目前广东省 CCUS 发展处于第一

阶段的݊期，发ᡒ政府的作用是关键

性的。为此，应加强 CCUS 相关政策、

法规的研究，设立专䬕的财政⓭ߞ政

策、技术标准政策、安全法规、䛾融

机制等。

1. 广东省ѓଆᄬಖᄱТ஋ኖ
广东省今后若干五年计划的碳强

度下降目标和碳减排目标的确定以及

重点㕄能企业排放䙺䷊制度的建立，

将对 CCUS 等新兴低碳技术的发展规

划和部署起关键性的指导作用。应尽

ᬖ将 CCUS 的发展计划㏠入到省级低

碳发展的规划和工作方案中。

2. 财஋支持和༏ҵ஋ኖ
由于 CCUS 技术使煤成为能实

现 CO2 近零排放的清洁能源，应该对

CCUS 采取与ڣ它清洁能源（如可再

生能源、ᵥ能）类ѩ的政策⓭ߞ。特

别在 CCUS 的研发和示范工程阶段，

应加强政府对 CCUSR 的研发在立项

和资䛾上的支持，以及对 CCUS 示范

项目的财政支持，并制定减ٺ税、低

息䉤⁫等财政⓭ߞ政策，鼓ߞ企业等

利益相关者的资䛾ែ入。

3. 市ڤ఻制ᄱТ஋ኖ
广东省应借䞡他国经验教䃚，制

定和不断完઱碳排放交易ᝃ碳税、合

同电价等已经在一ψ㺬方国家实行的

制度，并根ᢛ本省的实际作出制度上

的创新，使这ψ制度在 CCUS 的发展

݊期能起到促进作用，在成⛌期能达

到完全支持 CCUS 的商业化运行。

�. CCUS ᮕ留ᄊ஋ኖ和ಖю
需要尽ᔘ（最ᮇ 2014 年）制定

新建燃煤电厂实施 CO2 捕集、利用和

封存预留（CCUSR）的⓭ߞ政策，

以避ٺ“碳䨮定”效应。

�. ੿术ᄱТ஋ኖ和ಖю
需要依ᢛ国内外和本省的经验，

制定 CCUS 工程及ڣ各环节必䶨䖢照

ប行的技术规范和标准，包括离ᇥ封

存的䷻䮖⯾≸、控制和事ᩲ处理等，

以保证 CCUS 工程的安全建设和运

行。

�. 公͕ᝣᅼ和能力建设ᄱТ
஋ኖ和ଐஷ

需要采取措施鼓ߞ有助于 CCUS

信息э᧚、知识ᮛ及、人᝺ദڨ和能

力建设的活动，如协会、㑾㐉、྿体

宣э、定期ᝃ不定期的研讨会、学΍

⤚等，提高政府、企业、公ф等利益

相关方对 CCUS 的认知度与接受度。

�. ҫू国ЯܱՌ作和交流ᄱ
Т஋ኖ和ଐஷ

应制定政策和采取措施，鼓ߞ国

内外同行及利益相关者进行广泛的经

验交流和技术合作，推动与发达国家

和地区在 CCUS 研发、学术交流和技

术引进等方面的合作，鼓ߞ为广东省

CCUS 示范工程ζ取国际资助。
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 Ғᝓ 

二
氧 化 碳 捕 集 和 封 存

（简⼝ CCS）在未来

10 嗣 20 年 内 是 最 可

能大大减少 CO2 排放有效和最ڤ前景

的技术。该技术的实施，有望实现化

石能源使用的 CO2 近零排放，有效

的降低 CO2 ⍖ბ气体等的排放物的对

人类的影响。 但由于目前 CCS 在技

术、经济、政策法ᒸ、⯾ノ等䄥多方

面存在一定的障ⶺ，还无法广泛地实

现商业化大规模的发展，为避ٺ新建

电厂的“碳䨮定”效应，减少现阶段

未来实施 CCS 的成本和䷻䮖，CCS

预留（CCS Ready, CCSR）而得以

应用来保持碳捕集与封存改㷲的选项

开放。

为了分析广东省发展二氧化碳

捕集和封存技术的可行性及前景，中

国能源建设集团广东省电力设计研究

院联合英国爱丁堡大学、中国科学院

南海海洋所等单位于 2013 年 7 月开

展了“广东省二氧化碳捕集预留方案

研究”䄫题。我们依ច华润海丰电厂

3、4 号燃煤机组（2f1000MW）进

行了预留二氧化碳捕集㷲置的可行性

研究，对电厂预留二氧化碳捕集㷲置

方案的可行性、安全性、经济性和对

机组性能影响等方面进行了分析和探

讨，为中国燃煤▘电厂未来实施二氧

化碳捕集预留提供了有价թ的参㔰技

术路线。

一ǌ华๧๒˘电Ԉৱцእ̮
华润海丰电厂总规划容量为 4 

f1000MW�4f1000MW 机组，分期

建设。一期 1、2 号机组为 2f1000 

MW 超超临界燃煤发电机组，项目已

于 2012 年 11 月开工建设，目前正

在建设之中，两台机组计划于 2014

年 12 月前ែ产。一期 3、4 号机组

ϓ 采 用 2f1000MW 超 超 临 界 燃 煤

发电机组，目前处于项目可行性研

究 阶 段。 本 䄫 题 就 是 对 3 号、4 号

2f1000MW 机组二氧化碳捕集预留

进行研究。

̄ǌᮕ留̄තӑᇏ૭ᬷ工ᓨ
ጇ统设计Ԕѷ

1）二氧化碳捕集㷲置的处理容

量

处理烟气量是单台 1000MW 机

组 䨲 ▶ 最 大 䉌 㢤（BMCR） 工 ۢ 下

100 喊（ 干 基） 烟 气 量， 烟 气 量 为

3,252,839Nm3�h（干态）；二氧化碳

ࣨ䮑⢴为 90喊；二氧化碳脱䮑能力

为 791.5t�h，两台机组年二氧化碳捕

集量约 1000 万ॕ。

2）采用燃烧后二氧化碳捕㣤技

术，以Ά䚴㘧（MEA）作为二氧化碳

脱䮑系㐌的॥收ݯ；

3）䙺备烟气᫮路系㐌；

4）预留的二氧化碳捕集系㐌年

利用小时数ᠶ 6500h 㔰㭾。

ʼǌᮕ留̄තӑᇏ૭ᬷᜉᎶ
ᭊ᜶Тฌᄊڂጉ 

1. 发电厂厂౭选择

发电厂的厂౭位置是确定选取҂

种二氧化碳捕集与封存技术的关键因

㉍，在电厂厂౭选择方面，预留二氧

化碳捕集㷲置的发电厂䮑了需要㔰㭾

常规发电厂（未预留二氧化碳捕集㷲

置）选౭需要关注的问题外，还应该

重点关注以下问题：

一是需要将电厂设置在与二氧化

碳೸存点及ڣ它的二氧化碳用ᝤ位置

较近的区域；这将有利于运输并减少

运输成本。

二是㔰㭾设置在与ڣ它现有ᝃࢠ

�� ᄈʺӢၧᡔᡔ˚ႍ఻ጸᇏ૭ᬷᮕ႑வವᆑቃ � Ө๧๒˘ႃԈವΓѬౢ
ᑍ治ᔍ 1     邓广义 1      䅚学䅓 1   杨晖 1   ቁヘ 1  Jon Gibbins2,3     李佳 2,3 

(1. 广东省电力设计研究院 中国 广东 广州 510663；2. 爱丁堡大学  英国 苏格兰 爱丁堡市；3. 英国 CCS 研究中心）
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将建设碳捕集㷲置较近的位置；这样

能共用二氧化碳输送ノ道，降低二氧

化碳的运输费用。

与常规未预留二氧化碳捕集㷲置

的燃煤电厂相比，预留碳捕集㷲置的

燃煤电厂可行性研究中需要重点㔰㭾

如下因㉍。

1）二氧化碳运输问题。如҂通

过ノ道运输二氧化碳至೸存点，包括

运输的安全性和共用二氧化碳ノ道

（ᝃ）㝦㝣运输到沿海地点的可行性。

2）与二氧化碳运输和㘧⏣⋟的

处理相关的健康和安全问题。

华润海丰电厂位于广东省ↂᅫ市

海丰࣬小⑍䩴境内（如图一所示），

为ڥ型的␕海电厂，电厂面朝南海。

根ᢛ有关研究显示南海北部⤍↌口⯳

地ڤ有足够的二氧化碳封存潜力。海

丰电厂距离此封存点位置不远，在

二氧化碳捕集封存上有明显的地理优

߬。

2. ⾧间要求

需在电厂合䔯的位置对增加的二

氧化碳预留㷲置进行䙺置，以Ӭ未来

能安㷲二氧化碳捕集㷲置。此外，电

厂内ڣ它䒲助系㐌也应该满足二氧化

碳捕集㷲置的改造的⾧间和接口要求

（如ۤ却水、䒲助电力䙺置等等 )。

预留二氧化碳捕集㷲置的电厂需要㔰

㭾如下系㐌安㷲⾧间和位置。

二氧化碳捕集㷲置；

䨲▶系㐌ព建和改建工程（例如，

在引䷻机和㘧⏣⋟॥收塔之间安㷲烟

道需要的⾧间）；

↪机系㐌ព建和改造工程（例如

在↪机ᝬ中，需预留为安㷲大量供至

㘧⏣⋟॥收塔的低ࢸ㧥↪ノ道所需要

的⾧间）；

电厂䒲助系㐌的ព展和加建，以

满足未来安㷲二氧化碳捕集㷲置的相

关要求；

为增加运输䒓䒳留足⾧间（如㔰

㭾㘧⏣⋟的运输 )；

需㔰㭾二氧化碳捕集和处理的危

䮖性与可᧺作性的⾧间ノ理要求。此

外，还需㔰㭾各个ၽ系㐌与设备之间

的安全间距要求。

华润海丰电厂 3、4 号机组已预

留的二氧化碳捕集㷲置可分为两಄区

域：分别为॥收区域和加ࢸ区域。单

ຄ碳捕集㷲置的总占地 13000 m2，

中ڣ 3 号机组॥收区域位于烟ఞ的南

Ӕ的⾧地上，面积约为 7000 m2（东

㺬长 87.5m，南北ც 80m）；4 号机

组॥收区域位于 3 号机组॥收区域的

南Ӕ，面积与 3 号机组相当。两台机

ఫ ౝ⤳Ѻ㒛ࢯ⩢͝⊤⋓ࡻ 1

ఫ ጰᅭఫ⮱ࢯ⩢͝⊤⋓ࡻ 2
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组对应的加ࢸ区位于॥收区域的南Ӕ，面积 12000 m2（东㺬长 100m，南北ც 120m）。 随着二氧化碳捕集技术的不断发展，

在下阶段项目ⱌ正实施时，二氧化碳捕集㷲置占地面积有可能随着技术的进步而大幅减少。

 ǌ ᮕ留̄තӑᇏ૭ᬷᜉᎶ工ሮ投资及ᤂ行ᠠၹᮕ฾پ

1. 工程ែ资

如表 1 所示，华润海丰电厂一期 3 号 1000MW 超超临界燃煤发电机组预计需要 0.7% 至 1.5% ䷊外资本开支来进行

捕集预留ែ资。若应用目前最佳技术进行燃烧后捕集，改造工程，资本成本将会比࣌来不㔰㭾上二氧化碳捕集㷲置的电厂

建设ែ资增加约 26%-40% 左ठ，增加的资本ែ资中主要क़有二氧化碳捕集㷲置安㷲费用及现有机组相关系㐌改造费用。

表 1  安㷲二氧化碳捕集㷲置对机组ែ资影响

项目 单位
不预留二氧化碳捕集㷲置

的常规燃煤发电厂

预计捕集预留所需要ែ

资

预留二氧化碳捕集㷲置燃

煤发电厂改㷲ែ资

䷊外䲆态ែ资 % 基准 0.7% - 1.5% �26%-40%

单位造价 ٰ �kW 3689
26 至 55 �kW

959-1476

2. 运行成本

根ᢛ工程情ۢ݊步分析，华润海丰电厂一期 3 号、4 号 2f1000MW 超超临界燃煤发电机组的安㷲二氧化碳捕ᡶ㷲置后，

电厂脱䮑二氧化碳的运行成本约为 275 ٰ �tCO2，该项费用包क़了人力成本、ノ理成本、维护成本以及运行过程中厂用电、

化学消㕄৮、污水处理等费用。

̋ǌፇ᝷
由于目前燃煤▘电厂燃烧后二氧化碳捕集技术仍处于中型试验和示范阶段，目前全球还没有百万机组容量的实际脱碳

工程应用业绩，因此，本䄫题仅为理论上的݊步研究成果，ڣ目的是对未来大容量▘电厂实施二氧化碳捕集预留方案的可

行性进行了论证，并就ڣ技术路线给出了参㔰性的建议。

以㘧⏣⋟为॥收ݯ的燃烧后捕集技术是目前▘力发电厂最成⛌的一种脱碳方案。但目前此技术还存在能㕄高及一次性

ែ资大等问题，需要在日后重点对新型॥收ݯ和大型化、低能㕄等方面և进一步研究，也有价թ研发出更先进的工㞧和更

科学的ᰬ代技术，实现二氧化碳捕集技术更加高效、环保和节能，同时ែ资和占地最少。

二氧化碳捕集预留可以较低的成本有效减小新建电厂的“碳䨮定”效应，因此是实现二氧化碳捕集的平⽠过⍎，是低

成本、无䷻䮖的技术和政策选择。广东省政府应积极开展电厂二氧化碳捕集预留技术的示范和应用，开发电厂二氧化碳捕

集预留示范项目，并起㡶大型新建电厂二氧化碳捕集预留的相关政策。

作为 CO2 排放的大ᝤ，电力行业是未来实施二氧化碳捕集的重点。因此，广东省应尽ᔘ完成电厂燃烧后捕集技术示

范项目的立项和设计，为我省▘电厂二氧化碳捕集技术的大型化、工程化应用探索经验和ຍ定基⵭，推动我国在⍖ბ气体

减排领域的技术进步。

下一期将讨论碳捕集改造的技术经济性和可能的改造技术发展。
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1. Introduction

   Carbon Capture, Utilization, and Storage (CCUS) is a 

technology to separate the CO2 generated from energy 

and industry emission sources, and utilise or store it in 

deep geological formations in order to reduce emissions 

of CO2 to atmosphere. It is one of the most important 

technologies to make a deeper cut in the greenhouse gas 

emissions from the use of fossil fuels and to achieve the 

global target of emission reduction of least 50% below 

1990 levels by 2050 (IPCC, 2007).

   In order to study the prospect and roadmap of 

developing CCUS in Guangdong Province, the 

project“Feasibility Study of Developing CCS-Readiness 

in Guangdong Province”(GDCCSR) was conducted from 

April 2010 to March 2013. The project was implemented 

by seven institutions in China and UK, and funded by the 

UK Government Foreign & Commonwealth Office and 

Global Carbon Capture and Storage Institute (GCCSI). 

This paper reports the key findings and the draft roadmap 

from the GDCCSR project.

2. Key findings on CCUS feasibility in 
Guangdong Province

2.1)   CCUS is essential for the low-carbon development 

in Guangdong Province

   Modelling based on the provincial energy structure 

and carbon emissions suggested that the dominance 

of fossil-fuelled energy in the Province will not change 

radically before 2030, and that CO2 from coal-fired power 

stations will remain the largest source of greenhouse gas 

emissions. This determines that the application of CCUS 

would be necessary in order to achieve large-scale 

emission reductions. CCUS is also likely to be needed for 

deep cuts in CO2 emissions from the large point sources 

in cement, petrochemical, and steel industries.  

2.2)  The cost-competitiveness of CCUS is growing with 

the development of a carbon market

   After 2020, the demand for new carbon reduction 

techniques, including CCUS, will increase. The early 

opportunities for CCUS, such as CO2 capture from 

hydrogen production and CO2 storage using existing 

infrastructure in depleted oil and gas fields, might start 

to be cost competitive once a carbon market is in place. 

By 2030, carbon reduction targets are likely to be more 

rigorous, and the carbon price may reflect carbon taxes 

in the carbon market. Modelling of the power sector 

suggests that, when the carbon prices increase to the 

level of 200 to 350 RMB per tonne CO2, CCUS in power 

generation, especially in ultra-supercritical pulverised 

coal-fired power plants (USCPC), will be cost competitive 

relative to conventional coal-fired power without CCUS. 

2.3)   Large CO2 storage capacity exists offshore of 

Guangdong Province

   CO2 capture cannot materially reduce CO2 emissions 

unless large quantities of the captured CO2 are stored 
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safely underground. Assessment shows that the onshore 

storage capacity is limited in Guangdong Province. The 

dense population and heavy land use make onshore 

CO2 storage less attractive. However in the northern 

South China Sea offshore Guangdong Province there 

is very large effective CO2 storage capacity, sufficient 

to store over one hundred years of the CO2 emitted 

from the large point sources in Guangdong Province. 

As large point sources of CO2 emissions (coal-fired 

power, petrochemical, and steel plants) in Guangdong 

are distributed mostly along the coast, the source-sink 

matching to the prospective offshore storage areas is 

within 120 to 300 km. Thus offshore underground CO2 

storage is the practical choice in Guangdong Province.

2.4)   CCUS will bring business opportunities to 

Guangdong

   In 2013, CCUS was listed as“emerging industries 

of strategic importance”by the State Council of China. 

The CCUS demonstration and commercialization in 

Guangdong will bring or accelerate the development of a 

number of industries, such as equipment manufacturing, 

chemical absorbents, onshore and offshore pipelines, 

marine engineering, as well as associated financial and 

other services. 

   Although data shows that the amount of CO2 which 

can be utilised is only a small fraction of the total 

anthropogenic CO2 emissions (IPCC, 2005), the utilisation 

of captured CO2 should be considered as a priority from 

the economic perspective. In Guangdong Province the 

opportunities for CO2 utilisation reside in a number of 

fields: the algae cultivation and algae-fuel production in 

the coastal zone, the CO2 utilised by chemical industries, 

and the application of CO2 enhanced geothermal 

recovery. 

2.5)   Technical research and policy building for CCS 

should start now

Because CCUS projects have long supply and value 

chains, significant lead time will be needed for developing 

large scale projects. In order to realize the commercialized 

operation of CCS by 2030, preparatory work, technical 

research and policy building for CCUS should start now. 

CCUS should be included as soon as possible in the 

low-carbon development plan of Guangdong Province, 

accompanied by necessary support measures, action 

plans, and incentive policies.

2.6)  CCUS-ready for new coal-fired power plants should 

be introduced as soon as possible

CCUS-ready (or CCUSR) is the concept of designing a 

large-scale power or industrial facility so that it can be 

retrofitted with CCUS technology when the necessary 

regulatory and economic drivers are in place. As 

commercialized CCUS development is expected to start 

around 2030, before then all new coal-fired power plants 

should be designed to be CCUS-ready. Modelling of an 

ultra-supercritical pulverized coal power plant (USCPC) 

in Guangdong Province has indicated that a small 

incremental (i.e. 0.5 to 3%) capital investment in CCUSR 

can not only prevent the“carbon lock in”effect, but also 

bring a large saving in any future retrofitting of capture 

equipment. Thus CCUS-ready is a“no-regrets”policy 

choice to ensure a smooth and less-expensive transition 

toward CCUS-equipped fossil-fuelled plants.

2.7)  Early opportunities of CCUS in Guangdong are 

provided by CO2 capture in the petrochemical industry 

and storage in depleted offshore oil fields

The high-purity CO2 flow produced from hydrogen 

production in the petrochemical industry will enable 

cost-effective CO2 capture. The petrochemical industry 

in Guangdong is developing rapidly. It was the second 

largest industrial CO2 emitter in China (8% of the total 

industrial emissions) in 2010  and is projected to be the 

largest source of CO2 emissions in the industry sector in 

2020 (16% of the total industrial emissions). Thus there 

are good potentially cost-effective opportunities for large-

scale and low-cost CO2 capture in the petrochemical 

industry in Guangdong Province. 

In the offshore Pearl River Mouth Basin there are a 

number of producing oil fields, some of which are close 

to depletion. If after depletion the infrastructure (such 

as platforms, wells, and pipelines, etc.) can be used for 
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'igure 1 5he General $$US DeWeloQNent 3oadNaQ for Guangdong 1roWince 

CO2 injection, the cost of offshore CO2 storage can be 

significantly reduced. 

3. The proposed CCUS Development 
Roadmap for Guangdong Province

   The CCUS Development Roadmap for Guangdong 

Province was proposed as a guide to a technically 

feasible and economically affordable CCUS development 

in the Province from now to 2030. The roadmap includes 

a general roadmap (Figure 1) and a number of individual 

component roadmaps for CO2 capture, transport, storage 

and utilization, respectively. 

The major milestones for the proposed roadmap are as 

follows: 

ȕ CCUS-ready policy for all new coal-fired power plants 

by 2014; 

ȕ CCUS included in the low-carbon action plan of the 

13th Five-Year Plan of Guangdong Province in 2015; 

ȕ Operation of a full chain CCUS Huizhou Demonstration 

Project by 2020; 

ȕ Operation of full chain CCUS demonstration on a coal-

fired power plant by 2025; 

ȕ Start of commercialized CCUS development in 

Guangdong Province around 2030;

ȕ Building policies, regulations, and capacities for the 

CCUS development in Guangdong Province.

4. Suggested actions for CCUS development in 

Guangdong Province

4.1) CO2 Capture

a. CO2  capture in the petrochemical industry: Early 

opportunities for CO2  capture in Guangdong exist in 
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the capture of high-purity CO2  sources from hydrogen 

production in the petrochemical industry. A study should 

be started soon to locate and quantify the resources of 

high-purity CO2  sources in the Province. A feasibility 

study for a demonstration project should start as soon as 

possible to ensure that the first project can be in operation 

in 2020, and a full-chain CCUS project (i.e. including 

capture, transport, and utilization�storage) can start by 

2025.

b. CO2 capture in the power sector: The power sector is 

the major sector for a deep cut in CO2 emissions through 

CCUS. Research indicates that capturing CO2 from a 

USCPC plant has the highest cost advantage, and that 

post-combustion capture would be the technique with 

the largest application potential in the Province. Intensive 

research and development in new absorbents, system 

configurations, and large scale demonstrations have 

taken place worldwide. Guangdong should focus on the 

application of capture techniques most suitable for CCUS 

projects in the Province, and also prioritise techniques 

which might bring business opportunities to the Province. 

A full-chain CCUS demonstration project in the power 

sector should be in operation by 2025, allowing the 

deployment of commercial scale CCUS power plants by 

2030.

c. CCUS-ready policy for new coal-fired power plants: 

Policies or regulations for new CCUS-ready coal-fired 

power plants should be implemented by 201� to prevent 

carbon lock in and to ensure a smooth and lower-

cost transfer to retrofitting CCS after 2030. New plants 

which are CCUS-ready should be given priorities by 

Government in the authorization process. By 201� the 

design of the first CCUS-ready demonstration proKect 

should be implemented, and all the new coal-fired power 

plants must have CCUS-ready design after 201�. 

d. Other capture techniRues: Guangdong Province should 

encourage and support CCUS related research and 

development through low-carbon development funds to 

strive for innovation and breakthrough.

�.2) CO2 transportation

a. Pipeline transportation: Pipeline transportation of 

CO2 is the most effective method for large-scale, long-

distance, and long-term CO2 transportation. Guangdong 

should make an integrated design of an onshore and 

offshore pipeline network, and start pipeline infrastructure 

construction according to the pace of CCUS development.

b. Ship transportation: Shipping might be a viable option 

for CO2 transportation in the early demonstration stage for 

Guangdong. LNG, LPG and eYisting smaller CO2 ships 

may be referenced to compare the relative advantages of 

ship charter and ship modification. 

�.3) CO2 utilization and storage

a. CO2 utilization: Investigation is needed to clarify the 

potential of CO2 utilisation in Guangdong Province by 

maKor industries and other users, and to understand the 

total amount of CO2 which can be utilised. This will be 

useful for planning not only the CO2 utilisation industry 

but also for CO2 storage. Given its natural conditions and 

industrial advantages, Guangdong should focus on high-

efficiency CO2 utilisation in the chemical industry, and CO2 

algae cultivation and algae-fuel production.  It should try 

to achieve a technical breakthrough by 2020, and to form 

a CO2 utilisation industry by 2030.

b. CO2 storage in offshore depleted oil fields: 'or offshore 

CO2 storage the main obstacle is the high engineering 

cost. The use of the eYisting infrastructures of depleted 

offshore oil fields may offset the cost. It is urgent to 

identify those oil fields whose infrastructure may be used 

for CO2 inKection. This must be completed several years 

before the field depletion in order to leave sufficient time 

for preparing the storage proKect.

c. CO2 storage in offshore saline formations: The storage 

capacity in oil fields is limited. CO2 storage in saline 

formations is the inevitable choice when the CCUS 

development reaches a large scale. A survey in the Pearl 

River Mouth basin is needed to locate potential storage 

sites in saline formations which meet the reRuirements 

of large-scale CO2 storage.  The characterization of 

selected sites should start in 201�, the design and 

commencement of an offshore storage demonstration 
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proKect should start in 2020, and commercial storage 

operations should start between 202� and 2030 to meet 

the reRuirements of CCUS development in Guangdong 

Province.

�.�) Demonstration of offshore storage. 

TheþDemonstration proKect of Huizhou refinery coal-

to-hydrogen CO2 capture and offshore depleted oil field 

storageÿ(the Huizhou Demonstration ProKect) is eYpected 

to be a low-cost full-chain CCUS demonstration proKect. 

The pre-feasibility study of the Huizhou Demonstration 

ProKect should start now, so that the proKect may be setup 

and start construction in 201�, and begin operation in 

2020 at the scale of one million tonnes of CO2 per year. 

The Huizhou Demonstration ProKect will be the first CCUS 

demonstration proKect with offshore storage in China. It 

will be a flagship proKect in the low-carbon development 

of Guangdong Province. It will also serve as an eYample 

for other areas in the world, including southeast China 

where the offshore CO2 storage is crucial for CCUS 

development.

�. Policy Suggestions for CCUS development 
in Guangdong Province

The development of CCUS consists of two stages: the 

stage of research and demonstration and the stage of 

commercial implementation. In the first stage progressing 

CCUS relies mainly on the incentive policies and financial 

support from government and international cooperation� 

while in the second stage market mechanisms may play a 

maKor role. At the present, Guangdong Province is at the 

beginning of the first stage, thus the Government should 

play a crucial role through financial support and targeted 

policy incentive.

�.1) Policies on an emission reduction target: A target 

of carbon reduction for the Province and emission 

Ruotas for maKor industries should be set up in line with 

the subseRuent 'ive-Year Plans. These will guide the 

research and development of emerging low-carbon 

technologies such as CCUS. CCUS should be included 

as soon as possible in the low-carbon development plan 

of the Province.

5.2) Policies on financial incentives: Because CCUS 

can transform coal into a clean energy with near zero 

emission of CO2 and other pollutants, it should be entitled 

to the incentive policies that have already been applied 

to other clean energies such as renewables and nuclear. 

In recent years Government financial support should 

be enhanced for CCUS R � D and especially for early 

demonstration proKects.

5.3) Policies on market mechanism: Regulations on 

carbon markets, carbon taY, and low-carbon electricity 

contract pricing mechanisms have been introduced in 

some western countries. CCUS has been included in the 

Clean Development Mechanism (CDM). In Guangdong 

the market mechanism should be designed to accelerate 

the CCUS research and demonstration and to support 

CCUS commercialization.

5.4) CCUS-ready policy and standards: The policy for 

new coal-fired power plant to be designed with CCUS-

ready should be implemented by 201� to prevent 

theþcarbon lock-inÿeffect.

5.5) Technical standards and regulation: Technical 

standards and regulatory frameworks for each segment 

of the CCUS chain should be developed based on the 

learning process from CCUS demonstrations and other 

developments in China and abroad.

5.6) Programs on public awareness and capacity 

building: Programs and activities to encourage CCUS-

awareness and capacity building should be set up, such 

as networking, websites, media communications, as well 

as regular and special workshops.

5.7) Enhance international and domestic exchange 

and collaboration: Policies and measures should be 

introduced to enhance the exchange and collaboration 

on CCUS among experts and domestic and international 

stakeholders. Collaboration with developed countries 

should be enhanced in CCUS knowledge sharing, 

technology transfer, and financial investment on CCUS 

R&D and demonstration in Guangdong Province. 
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 1. Introduction

CO2 Capture and Storage (CCS) is the most promising 

technology to achieve significant reductions in CO2 

emissions within the next two decades. Retrofitting a CCR 

plant could achieve near zero emissions from the use of 

fossil fuel and hence reduce to a large extent the impact 

of its greenhouse gas production on the climate. Due to 

the current barriers in technical, economic and legal and 

regulatory aspects, CCS is currently difficult to deploy 

widely at commercial scale. However, in order to reduce 

the costs and risks of implementing CCSR in the future, 

CCS Ready should be deployed to keep CCS retrofit 

options open. 

To investigate the techno-economic prospects of 

deploying CCS technologies in Guangdong Province, 

in July 2013, GEDI, working closely with UoE, the 

China Energy Construction Group, and the South China 

Sea Institute of Oceanology in the Chinese Academy 

of Sciences (SCSIO), commenced work on the CO2 

Capture Ready project. This was based on a case study 

of China Resources Power's (CRP) 2 x 1GW ultra-

supercritical pulverized coal (USCPC) power plant, in 

order to understand the technological feasibility, safety, 

and economic aspects of CO2 Capture Ready, the impact 

of CCR provisions on the base plants and to develop a 

potential technical reference pathway for implementing 

CCR in coal-fired power plants in China.  

The CRP Haifeng Project has 8GW total planned 

capacity, with a Phase 1 and Phase 2 (both 4x1GW), 

built on a staged approach. Construction started on the 

first 2GW (Phase 1 Units 1 and 2) of the USCPC project 

in November 2012. These two units will start operation in 

December 2014. Units 3 and 4 in Phase one will also use 

2x1GW USCPC units, and are currently at the feasibility 

study stage. The project aims to investigate incorporating 

CCR provisions in Units 3 and 4. 

T
hrough a preliminary CO2 capture ready (CCR) study on the China Resources Power Unit 3 and 

Unit 4 2x1GW project, the team from Guangdong Electric Power Design Institute (GEDI) and the 

University of Edinburgh (UoE) have identified key criteria and issues to consider for CO2 capture and 

the impacts on project investment and plant performance and proposed the necessary investment in engineering 

and operational expenditure. CCR avoids the‘carbon lock-in’ effect with minimal cost, and gives power plants an 

option to capture CO2 within their 30 years lifetime. We would recommend that Guangdong, as a low-carbon pilot 

province, should pioneer CCR demonstration and deployment and formulate CCR policy for new build power 

plants. 
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2. CCR basic design principles assumed for 
this proKect

The following high-level design assumptions were made 

for the CCR design exercise:

2.1) CO2 Capture Plant Capacity: The total volume (dry 

basis) of flue gas treated from one single 1GW unit at the 

boiler maximum continuous rating (BMCR) is 3.25 million 

Nm3�hour.  The assumed CO2 capture rate is 90%, and 

the capture capacity is 791.5 tonne�hour, resulting in the 

two units capturing approximately 10 million tonnes CO2 

per year. 

2.2) Adopt post-combustion capture technology, using 

amine (MEA) as the CO2 capture solvent for a conceptual 

retrofit study.

2,3) Provide a flue gas by-pass system to allow operation 

without CCS; 

2.4) Consider that the CO2  capture system will operate 

an average of 6500 hours per year. 

3. ReRuired plant location considerations for 
CCR 

Plant location is a key factor for deploying CCS 

technologies.  In addition to the more obvious criteria for 

choosing the location of the base plant (e.g. water access, 

local population density), the following factors should also 

be considered: 

3.1) Proximity of CO2 emitter and storage site, to ease 

transportation and to reduce CO2 transportation costs. 

3.2) Co-location with existing and prospective CO2 

capture plants, to utilize infrastructure and to reduce 

transportation costs

Compared to plants that are not CCS ready, planning for 

capture ready coal-fired power plants should therefore 

take into account the following criteria: 

3.3) CO2 transportation issues: how to transport CO2 

to storage site, - including transportation safety and 

infrastructure sharing. 

'igure 1 5he geograQhical location of $31 Haifeng 1roKect



 80 项目概览 Project Overview

3.4) Health and safety issues related to CO2  

transportation and amine treatment. 

As illustrated in Figure 1, the CRP Haifeng project is 

located on the coast in Xiaomao town in Shanwei. 

According to a recent study on the CO2 storage potential 

in the Pearl River Mouth Basin in the South China Sea, 

the CRP Haifeng project is not far away from potential 

storage sites, giving the location obvious geographical 

advantages. 

4.  Space requirement

Space has been allocated in the CCR design for the 

following purposes: 

4.1) CO2 Capture Plant: Boiler expansion and retrofit 

project (e.g. reserved space between induced draft fan 

and amine absorption tower for flue gas pipe)

4.2) Steam turbine system expansion and retrofit (e.g. 

space should be reserved for extracting low-pressure 

steam to pipe to the amine absorption tower); 

4.3) Power auxiliary system expansion, to satisfy the 

future energy requirements of CO2  captures facilities; 

4.4) Power auxiliary system expansion, to satisfy the 

future energy requirements of CO2  compression facilities; 

4.5) Access space for vehicle transport (e.g. amine 

transportation vehicles); 

4.6) Separation space In addition to the operational space 

for CO2 capture and processing and considering the 

potential hazards, sufficient safety space must be allowed 

between different modules.

The CRP Haifeng project (Units 3 and 4) has reserved 

space in  two blocks for the CO2 capture and CO2 

compression areas respectively. The area allowed for CO2 

capture is 13,000 m2; while the CO2 compression area is 

approximately 12,000 m2. As CO2 capture technologies 

are developed, the required space for CO2  capture could 

be significantly reduced. 

 �. Estimated costs for CCR and CO2 capture 
retrofit 

5.1)  Capital Cost

CRP Haifeng Phase 1 Unit 3 1GW USCPC coal-fired 

plant is estimated to require 0.7% to 1.5% extra capital 

investment for the addition of CCR (as shown in Table 

1), and would need an extra 26% to 40% capital cost 

'igure 2   Layout of $31 Haifeng 1oXer 1roKect
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for future retrofit based on the current state-of-art post-combustion capture technology. The incremental cost would 

include CO2 capture plant capital cost and the required retrofit engineering. 

Table 1    Estimated Capital Cost for CCR and CCS Retrofit

Item 单位
Conventional Coal-fired 

Power Plant without CCR
Extra Investment for 

CCR

Extra Investment for CO2 

Capture Retrofit

Extra Static 

Investment Cost
% Benchmark

0.7% - 1.5%
�26%-40%

Unit Cost CNY�kW 3689 (or GBP368.9�kW) 26 to 55 �kW (or GBP 

2.6 to 5.5�kW)

959 -1476(or GBP 95.9�kW)

5.2)  Operational Cost

According to the current preliminary analysis, the 

operational cost of CRP phase 1 (Units 3 and 4) plant 

would be CNY 225-300�tCO2, incl. labour, management, 

and maintenance costs and the required auxiliary 

electricity, chemical consumables and pollution treatment. 

�. Conclusions

Because coal-fired power plant post-combustion capture 

technologies are still in the pilot and demonstration 

phases, CO2 capture has not yet been applied to a 1GW 

unit. This study provides some preliminary analysis for a 

CO2 capture ready case study of a large-scale coal-fired 

power plant. 

Amine based post-combustion capture is currently the 

most developed capture option. However, this technology 

involves a relatively high energy penalty and significant 

investment. It is important to study and improve solvents 

and reduce the energy penalty and understand the impact 

of technology scale-up. It is also valuable to study more 

advanced processes and alternative technologies, to 

achieve more efficient, cheaper and, environmentally 

friendly goals, and to reduce land and investment 

requirements. 

CO2 capture ready could avoid the‘carbon lock-in’ 

effect with minimal cost, and help achieve a CO2 capture 

transition in the future.  It is therefore a low cost, risk-

free technical and policy option. We suggest that the 

Guangdong Provincial Government actively demonstrate 

and apply CO2 capture ready, and draft large-scale CO2 

capture ready policy. 

The Guangdong Provincial Government should prioritise 

project design and authorize demonstration of CCR 

on coal-fired post combustion power generation (the 

largest industrial emitter of CO2  in the Province) in order 

to contribute to the large-scale deployment of CCS, and 

promote further the effort to advance technologies for 

greenhouse gas emissions reduction.  

The next issue will discuss the techno-economic 

performance of CO2 capture retrofit and possible retrofit 

technology developments. 
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30 年代英国伦敦修建的世界上第一座

使用烟气脱⶘系㐌的电厂中，豪顿就

提供过 HOWDEN-ICI 烟气ۭ化㷲置。

如今，豪顿的许多业务与由环保

方面的要求和法ᒸ规定所推动的重大

项目和工㞧流程有关，例如：

⶘氧化物排放，烟气脱⶘系㐌

（FGD）

⅛氧化物排放，烟气脱ⶊ系㐌

（SCR）

低⶘燃料，⶘⸧分离系㐌（SRU）

工业革命以来化石燃料燃烧产生

的二氧化碳已经㷘认为是造成全球气

候变化的一个主要因㉍，因此也提出

了远超出之前所有控制排放规模的挑

战。

豪顿积极主动地与主要的技术供

应商一起在国际上参与了各种各样的

碳捕集开发项目，包括燃烧后॥收技

术、燃烧前 � 整体煤气化联合循环技

术以及富氧燃烧技术。

Karlshamn 项目  联合循环燃气

䒛机结合燃烧后捕集   ⦋ڥ

Ferrybridge 项目 э㐌燃煤电厂

结合燃烧后捕集  英国 

东㣋项目 整体煤气化联合循环   

中国

华电项目 э㐌燃煤电厂结合燃

烧后捕集  中国

Kemper County   整体煤气化联

合循环（585 瓦）  美国ٳ

认识到在工㞧中减少ฺ杂性、能

源消㕄以及地面⾧间的必要性，豪顿

与 Inventys ☚技术公司合作，正在开

发“下一代”VeloxothermTM 变⍖॥

䭱技术，该技术会采用豪顿已经㷘广

泛使用的大直径，低䭨力回转式☚交

ᢏக技术。（参䬲单⠙的文」䶢面 �）

豪顿华工程有䭽公司（HHEL）

成立于 1994 年，在中国近十几年大

规范能源发展和工业建设期间，一直

是大型工业䷻机、ᢏ☚க以及ࢸ缩机

的一个主要制造商和供应商。豪顿华

工程有䭽公司已经发展成为一个年产

թ 17.5 亿ٰ人民ጮ、䯴Ґ 1000 多人

的公司，主要为中国市౧设计和制造

豪顿৮质的产৮。

认识到中国在全球“清洁能源”

技术开发中的重要性以及所㪡क़的机

遇，豪顿集团已经任命⢸健先生（䗛

マ : wang.jian!howden.com.cn） 为

豪顿区域业务᠀展经理，他将在豪顿

华工程有䭽公司ᆒ㕹，并为设计院、

承包商和჏ᝤ提供支持。

更多信息䄤≼㻵：www.howden.

com

�� ៸ᮐᬷڄԠˁᄊ项目
ဍϤ，៸ᮐӝ۫业务઩展ፃေ，wang.Kian@howden.com.cn 
Richard Smith, ៸ᮐᬷڄழУ工ᓨ׸业发展ፃေ , Richard.smith@howden.com 

͍ˊ᮳᧔eeeeeeǑǑ
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目
前，电厂 CO2 捕集技

术路线主要有 3 种：

燃烧后脱碳、燃烧前

脱碳及富氧燃烧技术。燃烧后烟气

CO2 捕集技术䔯合э㐌燃煤电厂，

最有可能在近期实现商业化示范，但

能㕄较高；基于整体煤气化联合循环

（IGCC）的燃烧前捕集技术可以㣤

得最低的捕集能㕄，但 IGCC 电厂ែ

资成本高、系㐌ฺ杂；富氧燃烧技术

在我国仍处于实验ბ和中试研究阶

段。

中国华能集团公司于 2008 年ຒ

运会前โ在华能北京☚电厂建成ែ产

了我国首座燃煤电厂烟气 CO2 捕集

试验示范系㐌，回收 CO2 能力为⃼

年 3000 ॕ。采用华能集团自主知识

产权的燃烧后 CO2 捕集技术ĀĀ从

CO2 ⊀度为 13% 左ठ的烟气中捕集

出⊀度超过 99% 的 CO2，再经过㇫

制系㐌，最终生产出丌৮级 CO2 产৮，

实现了二氧化碳的利用，该系㐌目前

是世界上同类㷲置在燃煤电厂中运行

时间最长的。该项目的实施，为我国

燃烧后捕集技术积㉜了大量的运行和

实验数ᢛ，ദڨ了一ឦ从设计到运行

的人᝺队к。

在此基⵭上，2009 年Ꮒ，华能

集团ࣵ在上海石≋口第二电厂建成规

模更大的 CO2 捕集系㐌，捕集能力达

到了 12 万ॕ � 年。该系㐌与欧美国

家正在运行ᝃ计划的几个项目相比，

ែ资成本大大低于国际水平，能㕄与

国际先进水平相当。

䮑了燃烧后捕集，华能集团还

在开展燃烧前捕集技术的研究和示

范工作。华能天≒ IGCC 示范电站于

2009 年正式开工，并于 2012 年建成

ែ产。这是我国首座 IGCC 示范电站，

也是华能集团Վ导的“绿色煤电”计

划第一阶段任务内容。以此为依ច，

�� Өᑟᬷڄᄊ $$4 项目እ̮
作者：中国华能ᬷڄຍฝ能ູ੿术ᆑቃ院有限公司૭ᬷ工ᓨ与设ܬ੿术ᆑቃਫ਼ਫ਼᫂ Ѷጷฉ

݅㏰∏᝭䪬

ϙ倅ⶾᏄࡄ 3000 ॕ � Ꭱι⅔ⷠࡃᢂ䯳㷲㒛
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☚功⢴ 20MW 的绿色煤电实验ბ目

前正在建设中，ڣ中包括一ຄ捕集规

模为 6_10 万ॕ � 年的燃烧前二氧化

碳捕集系㐌，捕集后的二氧化碳将提

㏜、ࢸ缩⋟化后用于驱油及地质封存。

该㷲置建成后，将成为我国开展燃烧

前 CO2 捕集技术研发的重要平台。

以上项目均是针对燃煤机组的烟

气ᝃ合成气二氧化碳捕集，近年来，

随着环境指标的提高，国内外䊷来䊷

多的发电机组采用天♣气联合循环发

电（NGCC），这对发展低成本 CO2

捕集技术提出了新的挑战和要求。基

于燃气机组烟气的特点，借䞡煤电碳

捕集的经验，华能集团清洁能源技术

研究院开发了燃气烟气二氧化碳捕集

成ຄ技术，于 2012 年建成了我国首

ຄ燃气机组烟气 CO2 捕集示范工程，

目前已经ళ满完成 4000 小时䔋续示

范运行，各项指标均达到设计要求，

捕集⢴及能㕄指标与燃煤二氧化碳捕

集相当，⏣ݯ消㕄大大降低。这是我

国在 CO2 捕集技术领域取得的ࣵ一重

大突破，ᑒ㶒了我国在燃气机组 CO2

捕集领域的⾧白，使得我国在该技术

领域的研究达到国际先进水平。

以上项目的开展，不仅使我国在

燃烧后捕集技术领域䊝在世界前݄，

在燃烧前捕集技术方面㉔䌌国际先进

水平，也展示了我国应对气候变化的

实际行动，增加了我国在国际交往和

气候变化谈判中的ⵊ⴮。华能 CO2 捕

集技术及㷲置已成为展示我国应对气

候变化实际行动的重要⿄口。

ᢂ䯳㈨㐌ⷠࡃ⅔ϙ⛰⅁ιࡄ

̷⊤ⴠ≋ऐ 120,000 ॕ � Ꭱι⅔ⷠࡃᢂ䯳㷲㒛

๖≒ IG$$ ࢯ⩢
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�� ᇸӨ $$4 ᇨᔵ项目ࢺሮࠄ᡻ˁଊጊ
作者： ᇸ华ᬷڄ཰制෴ӑ工公司 ဍභᑈ

1. ᮊᄬഐц

2008 年神华集团建成的世界

上首ຄ百万ॕ级煤直接⋟化

示范工程，ᵥ心技术采用了神华集团

开发、ڤ有自主知识产权的煤直接⋟

化工㞧技术。随着神华煤制油化工的

示范与发展，神华在煤炭转化方面䊝

在在世界的前݄，大量⍖ბ气体的排

放也引起了集团的高度重视，经多年

调研后于 2009 年神华集团在神华煤

制油分公司䭱近进行 10 万ॕ � 年二

氧化碳深部৥水ᅯ封存的示范研究。

᝗止到 2013 年 11 月 25 日神华 CCS

实现䔋续注入目前已经注入约 17 万

ॕ，并取得了完整的地质䄓㏳资料以

及完整的注入、⯾≸数ᢛ，为后期

CCS 封存机理的研究和封存䷻䮖的䃱

价ຍ定了基⵭。

神华 CCS 示范项目在国内是首

次将二氧化碳注入到深部৥水ᅯ，以

实现二氧化碳Ⅵ久性封存的科研探索

项目，是国内乃至亚洲第一个实现从

捕集、输送、到⯽水ᅯ封存全流程的

CCS 示范工程。

2. ᇸ华 CCS ᮊᄬ੿术ྲག

��� ᰴไए̄තӑᇏଆஊູ

神华 CCS 示范项目的 CO2 源是

来自煤制⅏低⍖⩟䚴≄ᅫ气 CO2 क़量

高达 88%（v）左ठ，对在煤化工集

中地区开展CCSڤ有ڥ型示范意义。

��� ໸ҧߛ࠰ࡏඵֱڡӝЦదᬆߛ࠰

ܸǌ᮳ᬗ࠵኎Чྲیভ

神华 CCS 封存地点所在的䘯ᅁ

多斯⯳地是我国第二大↶积⯳地。㐩

合䃱价认为䘯ᅁ多斯⯳地局部地区存

在有利的二氧化碳封存区，ڤ备ᒵສ

的封存潜力，ᢛ美国㺬ᑄशᅩ亚大学

䃱估，䘯ᅁ多斯⯳地৥水ᅯ可೸存二

氧化碳 300 亿ॕ。

��� ֱඵࡏͰߘͰຖ

通过对石千ም组וᅯ，݅家⇌组

ᅯוᅯ等目标主力וᅯ，和ᅇ⇌组ו

ᢂ䯳䃫ิⷠࡃ⅔䶦Ⱋ⮱ιࡻ⺋

䶦Ⱋ⮱ᄮႅ⣝౧㏓䌊⻨ᢂ䯳⣝౧ࡻ⺋ 1� 䛹ȡڙ
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的分析，均为低ႁ䯆⢴，低⍄䔼⢴等

。型特性ڥ

��� ᄊᄣ฾ចலጇፒܬ߹

一口注入ς，两口⯾≸ς的ς位

布置保证了对注入的有效⯾≸。

生产注入⯾≸：包括对࣌料气成

分在线⯾≸，对封存区注入工㞧参数

⯾≸，对注入过程全ςみ定期⯾≸。。

环境⯾≸：主要包括对深ᅯ地下

水、承ࢸ水、地表水、ౌฑ、⾧气以

及地面变形等进行⯾≸。

三维地䰴和 VSP ⯾≸：通过地

䰴以及模᠌手段⯾≸ CO2 在目标וᅯ

的运⼨情ۢ。

数ᢛ平台及䃷断系㐌：已经݊步

形成全流程的数ᢛᏀ，及生产注入䃷

断系㐌。

3. ᇸ华 CCS ᄊ工ᓨ̮ፁ

��� ̄තӑᇏ૭ᬷӭЋ

煤气化低⍖⩟䚴≄单ٰ产生的二

氧化碳ᅫ气通过ノ道输送至二氧化

碳捕集单ٰ，CCS 示范工程捕集采

用一步高ࢸ⋟化法，经过ࢸ缩、气

⋟分离、ۭ化、⋟化、㇫亼等工Ꮌ

生产出合格⋟体二氧化碳。

��� ̄තӑᇏϲ֗ߛᣥ᤟ӭЋ

由捕集区的ו㑽、注入封存区

的ו㑽、二氧化碳Ἢ䒓、注入∢组成。    

��� ӑᇏฌКߛ࠰ӭЋὉ

由三口直ς组成，一口为注入

ς、两口为⯾≸ς。⋟体二氧化碳

经加ࢸ、加☚后以超临界状态注入

到৥水וᅯ中，

� ᇸ华 CCS ԩ४ᄊ主᜶成
౧

(1) 首次确定了国内 CCS ৥水

ᅯ封存项目封存目标区的选౭办法

(2) 该项目是针对低ႁ䯆度、低

⍄䔼性৥水ᅯ二氧化碳封存的首次

探索，为此首次将ࢸ㷯增⍄引入了

৥水ᅯ封存，是こ合我国国情的重

要探索。

(3) 该项目实现在▝ᇖ中的二氧

化碳封存，是首次非常重要的探索，

对于ព大 CCS 的应用范డ，为䘯

ᅁ多斯⯳地ڣ他排放源的二氧化碳

封存提供新的解决方案。

(4) 该项目开创性的实施了多ᅯ

分ᅯ注入、多ᅯ㐌注、分ᅯ⯾≸注

入方案。为我国规模化、工业化实

施 CCS 探索最佳注入方案。

䧨ς᫪工⣝౧ⷠࡃ⅔ιࡻ⺋
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1. Ғᝓ

⍖
ბ气体的过量排放造

成全球范డ内气候变

ᯃ，这已成为当今最

为显㦄的环境问题之一。ᠶ照京都议

定书规定和਒本৵根国际环境会议要

求，⃼个国家都有二氧化碳（CO2）

减排义务，CO2 减排已经成为全球关

注的重大问题。结合全球碳减排需要

及低⍄䔼油㫼开发需求，依ច胜利油

田油㫼资源和胜利电厂烟道气 CO2 资

源，᠌开展“胜利油田燃煤电厂烟气

二氧化碳捕集、输送与驱油封存全流

程示范工程”项目，进行 CO2 大规

模减排的同时实现 CO2 资源化利用，

为全球碳减排提供჊䉢技术经验和经

济、环保、可持续发展的新途径。

2. ᑈ利෴ၿन展 CO2 ૭ᬷǌ
ᣥ᤟ǌ᯶෴ߛ࠰Л流ሮᮊᄬ
ᄊ͖ҹ

��� ੾ઞܳ项ˁᇏ૭ᬷǌ᯶෴ߛ࠰੿

షᄱТᄊሙᆑិᮥ

自 2007 年以来，中石化胜利油

田开展了 CO2 捕集及驱油封存技术

ᩨ关，承担了近十项国家与省部级

CCUS 科研䄫题（ڣ中国家科技支ᦾ

计划项目 2 项，国资委示范工程 1 项，

中石化总公司科研䄫题 6 项），⩠报

专利 20 ҆项，发表论文 40 ҆ヴ。通

过技术ᩨ关和现౧应用，建设运行了

100 ॕ � 天燃煤电厂烟气 CO2 捕集㏜

化及驱油封存全流程先导工程，形成

了燃煤电厂烟气 CO2 捕集、驱油与封

存（CCUS）全流程技术，㣤得了大

量的生产实验数ᢛ，取得了㞜ສ效果，

为实施 100 万ॕ � 年 CO2 捕集及驱油

封存示范工程提供了技术支ᦾ。

��� વదᤠࠂᄊ $O� ඡູԣ˘ࠝᄊͰ

ຖᤩ෴ᘩӝ۫

中国石化胜利油田ڤ有自备燃

煤电厂——胜利发电厂，电厂㷲机

容量总共为 1640MW，年燃煤量约

为 410 万 ॕ， 全 年 CO2 排 放 量 达

700-900 万ॕ，为 CO2 捕集提供了

足的气源；同时，胜利油区䔯合ٲ

CO2 驱油的低⍄䔼油㫼地质ו量约为

4.19f108t，CO2 封存需求总量将超

过 1.87f108t，ڤ备开展大规模烟气

CO2 驱油封存的地质᲎件；能够实现

燃煤电厂 CO2 捕集、输送、驱油封存

全流程示范工程的应用。 

�� ˗ᆃӑᑈѾ෴ၿܸ᜻വ྇཰ႃԈཏඡ $O� ૭ᬷǌᣥ᤟ǌ᯶෴ߛ࠰Лืሮ项目
资助机构：国家“十二五”科技支ᦾ计划（2012BAC24B00）

张建 1，张཮ 2，李ຍவ 1，Ѷ๒ˠ 1�，ᬆទ建 1，张޷޷ 1，̆ৼޜ 1，ဍߕ௚ ௚华࠻，1 1，ᬆᑌ՚ 1

(1.中石化石油工程设计有䭽公司，山东省东㥒市济南路49号，257026，2.中国石油化工㗎份有䭽公司胜利油田分公司，

山东省东㥒市济南路 258 号，257001)

二氧化碳驱油与封存技术（CO2-EOR）㷘认为是保障化石能源使用安全、应对全球气候变化和控制⍖

ბ气体排放的重要途径之一。中石化胜利油田结合自身的科研、人᝺、基⵭设施等优߬，᠌建成 50-100 万

ॕ � 年燃煤电厂烟气二氧化碳捕集、输送与驱油封存全流程示范工程。2013 年在 CO2 捕集、输送、驱油封

存三个环节上均开展了丰富的前期研究工作：对国际主流烟气 CO2 捕集技术进行了工㞧比选；对大规模、

长距离 CO2 ノ输技术进行了研究；݊步确定 2 个封存示范区。
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थ᝺ԣ˘ࠝᄊ̡੦ᠫູࠉᰎࠄ ���

在实验ბ建设方面，⩠报单位已

经建有 CO2 捕集、多相流㙽㮭控制、

油㫼模᠌、气驱采油、地面工㞧处理

等多个重点实验ბ，᠒有 100 ॕ � 天

燃煤电厂烟气 CO2 捕集及高 89-1 ಄

驱油封存全流程试验基地。在团队建

设方面，项目研究组ڤ有较强的技术

力量，由油气集输、化学工程、油田

化学、㙽㮭䭟护、油㫼工程、地质工

程、采油工程、环境工程、☚能工程

等10҆个专业的工程技术人员组成，

多次承担和参加过国家级和省部级重

大科研ᩨ关䄫题，ڤ有丰富的理论和

实践经验。

��� ࣹฅᄊڎᬅՌͻˁ̔ื

在国内外合作交流方面，中国

石化与国内外知名研究机构如加ᠬ

大 Saskpower、 德 国 㺬 䬕 ၽ、 美 国

PowerSpan、美国㗜塔基大学应用能

源研究中心等开展了广泛的合作与交

流，并与清华大学、北京大学、中国

科学院、中国石油大学、北京工业大

学、华北电力大学、中国⴬业大学等

高ᵎ与研究机构共同开发应用 CO2 捕

集、输送、驱油封存技术。

3. 大᜻വ྇཰电Ԉཏඡ CO2

૭ᬷǌᣥ᤟ǌ᯶෴ߛ࠰Л流
ሮᮊᄬ

胜 利 油 田 预 期 建 成 50-100 万

ॕ � 年燃煤电厂烟气二氧化碳捕集、

输送与驱油封存全流程示范工程，包

括 CO2 捕集、ノ道输送、地质封存、

驱油、采出⋟地面集输处理等工程内

容，ڣ中捕集及输送单ٰ规模为 100 

万ॕ CO2� 年，CO2 捕集⢴ō 85%，

产৮ CO2 ㏜度ō 99.5%，再生能㕄

Ō 2.7GJ�tCO2；驱油、封存规模不小

于 50 万ॕ CO2� 年，CO2 驱示范区采

收⢴提高 5% 以上，CO2 动态封存⢴

达到 50% 以上。（动态封存⢴指一

段时间内 CO2 总封存量与总注入量的

比թ）

该项目已于 2013 年启动，计划

2015 年动工建设，2017 年建成ែ产，

并持续运行 15 年。针对大规模燃煤

烟气 CO2 捕集、输送、驱油封存技术

开发，᝗止到目前，胜利油田分公司

已经对䔯合 CO2 封存的低⍄䔼油区进

行了ࠅ探开发，݊步确定了封存示范

区，距离胜利电厂为 80km；同时对

国际主流烟气 CO2 捕集技术进行了工

㞧比选，启动了 100 万ॕ � 年 CO2 捕

集㏜化工程的前期研究工作；对大规

模、长距离 CO2 ノ输技术进行了研究，

确定了输送相态和输送ࢸ力，启动了

年输送 CO2 100 万ॕ的 80km ノ道的

前期设计工作。

作者简介：݅海丽（1980 年 12

月）、ຠ、ⶂธ、高级工程ጵ、主要

从事二氧化碳捕集、利用及封存领

域的研究，ڤ体包括 CO2 捕集工㞧

的优化及 CO2 增强型地☚系㐌的研

究；中石化石油工程设计有䭽公司，

山东省东㥒市济南路 49 号，0546-

8551107，slsjylhl!163.com。
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The Howden Group 

together with Howden Hua 

Engineering Ltd are pleased 

to be involved with and 

supporting the Guangdong 

- UK CCS Research 

Centre.

Since the development of 

the forced draft system with 

integral preheat for boilers in 

1882, the company founded 

by Scottish Engineer James 

Howden has been at the 

forefront of air and gas 

handling, and engineering 

balance-of-plant equipment 

associated with power 

generation and other heavy 

industries including cement 

production, metals refining 

and petrochemical on a global scale.

Commercialisation of innovative concepts has continued 

to be a key element of Howden's strategic development 

which has included building the world's first FGD plants, 

and the Howden þ ICI Gas Washer, in London during the 

1930s. 

Today, much of Howden's business is associated with 

major projects and processes driven by environmental 

initiatives and legislation. For example: -

SOx emissions, Flue Gas Desulphurisation (FGD)

NOx emissions, Selective Catalytic Reduction (SCR)

Low Sulphur Fuels, Sulphur Removal Units (SRU)

CO2 produced from the combustion of fossil fuels since 

the Industrial Revolution is recognised as being the major 

factor contributing toward acknowledged global climate 

change, and represents a challenge for emission control 

at a scale way beyond all that has come before.

Being proactive, Howden is already involved 

internationally on various carbon capture development 

projects with key technology players incorporating post 

combustion absorption, pre combustion � integrated 

gasification combined cycle and oxy-fuel combustion 

technologies.

Karlshamn  Gas Fired CCGT with PCC Sweden 

Ferrybridge Conventional Coal Fired with PCC UK 

Donguaan  IGCC   China

Hua Dian  Conventional Coal Fired with PCC China

Kemper County  IGCC  (585MW)   USA

Recognising the need for reduced complexity, energy 

consumption and ground space, Howden in collaboration 

with Inventys Thermal Technologies are developing“Next 

Generation”Veloxotherm™ Temperature Swing 

Adsorption technology which uses an adaptation of 

Howden's proven technology in large diameter rotating 

heat exchangers and low pressure loss. 

Howden Hua Engineering Ltd (HHEL) was established in 

1994 and has been a major manufacturer and supplier 

of heavy industrial fans, heaters and compressors during 

the energetic development and industrialisation of China 

in recent times.   HHEL has grown to become a RMB 

1.75Bn�year company, employing over 1000 people, 

designing and manufacturing Howden quality products 

primarily for the market within China.  

For further information  www.howden.com

�� )owEeO�T *OvoMveNeOt iO $$4
Jian 8ANG, Howden Regional Business Development Manager, wang.Kian@howden.com.cn
Richard SMITH, Howden Group Business Development Manager - Emerging Process, Richard.
smith@howden.com

3ichard SNith

Jian 8ANG
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�� )VBOeOH $$4 %eNoOTtrBtioO Project Overview
Lianbo LIU, Director of the Capture Technology and ERuipment Technology Research Institute, 
Huaneng Clean Energy Research Institute Co., Ltd.

Currently, there are 

three main technical 

CO2 capture routes 

for power plants: 

post-combustion 

decarbonisation, 

pre-combustion 

decarbonisation and 

oxy-fuel technologies. 

Pro-combustion flue 

gas CO2 capture 

technology is suitable 

for traditional coal-fired power plants and the most 

likely to be realized in commercial demonstration in the 

near future.  However, it has a relatively higher energy 

consumption.  Pre-combustion capture technology based 

on Integrated Gasification Combined Cycle (IGCC) has 

the lowest capture energy consumption, but IGCC power 

plants have high investment costs and complex systems.  

Oxy-fuel technology is still at the laboratory and pilot 

study stages in China.

China Huaneng Group constructed and operated the first 

flue gas CO2 capture test and demonstration system for 

coalþfired power plant - with 3,000 tons per year CO2 

recycling capacity - at its Beijing Thermal Power Plant on 

the eve of the 2008 Olympic Games. It adopted Huaneng 

Group's independent intellectual property rights for post-

combustion CO2 capture technology to capture CO2 at 

99% concentration from flue gases where the original 

concentration was 13%. It then further refined the CO2 

to use as food grade CO2 products. The time the system 

has run at coal-fired power plants is currently the longest 

compared to similar equipment elsewhere in the world. 

The implementation of the project accumulated much 

operational and experimental data for post-combustion 

capture technology in China and cultivated a batch of 

talented teams from design to operation.

In addition, Huaneng Group completed a larger scale CO2 

capture system at Shanghai Shidongkou NO.2 Power 

Plant at the end of 2009, where the capture capacity 

reaches 0.12 million tons per year. The investment cost 

of the system is much smaller than the international 

level and its energy consumption is similar to several 

international advanced level projects at operational or 

planning stages in Europe and America.

Huaneng Group is also carrying out research and 

demonstration work for pre-combustion capture 

technology. Huaneng Tianjin IGCC Demonstration LianCo LIU

BeiKing 1ilot $O2 $aQture Unit froN SiNulate $$G5 'lue Gas
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Power Plant formally started construction in 2009 and 

was put into operation in 2012. It is the first IGCC 

demonstration power plant in China, as well as fulfilling 

part of the mission of the first stage of the GreenGen plan 

advocated by the Huaneng Group.  To further this plan, 

the GreenGen laboratory with 20MW thermal power is 

under construction, which will include a pre-combustion 

CO2 capture system of 60,000-100,000 tons per year 

capacity. After purification, compression and liquidation, 

the captured CO2 will be used for flooding oil fields and 

geological storage. When completed, the unit will be the 

important platform for China to research and develop 

pre-combustion CO2 capture technology.

The above projects are all aimed at either capturing CO2 

from the flue gas of coal-fired units or producing synthesis 

gas. In recent years, as environmental 

constraints increase, more and 

more generator units in China and 

abroad have adopted Natural Gas 

Combined Cycle (NGCC) systems to 

generate electricity. This throws up 

new challenges and requirements 

for developing low-cost CO2 capture 

technology. Huaneng Group Clean 

Energy Technology Institute has 

developed a complete gas-fired flue 

gas CO2 capture technology based 

on the characteristics of a gas-

fired unit and in 2012 has used the 

experience from coal-fired carbon 

capture as a reference to complete 

the first flue gas CO2 capture 

demonstration project for gas-fired 

units in China. Currently, the project 

has satisfactorily demonstrated 

4,000 hours of continuous operation 

and all the indexes meet the design 

requirements.  The capture rate 

and energy consumption indices 

are similar to those of coal-fired 

CO2 capture plant, and the solvent 

consumption is significantly reduced. 

It is another important breakthrough 

in CO2 capture technology, making up for the lack of gas-

fired CO2 capture in China, and making the study in this 

field in China reach international advanced levels.

The implementation of the above projects not only allows 

China to lead the world in post-combustion capture 

technology and to keep up with international advanced 

levels in pre-combustion capture technology, but also 

demonstrates China's practical actions to tackle climate 

change, and increases China's weight in climate change 

negotiations and international communications. Huaneng 

Group's CO2 capture technologies and facilities have 

become important windows for China to demonstrate its 

practical actions to tackle climate change.

Shanghai ShidongLou 120,000 t�year $O2  $aQture Unit

5ianKin IG$$ 1oXer 1lant
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�� &OHiOeeriOH PrBctice BOE &YQMorBtioO oG 4IeOIVB $$4 
%eNoOTtrBtioO Project 
Yongsheng 8ang, China Shenhua Coal To LiRuid and Chemical Co., LTD.

In 2008, Shenhua Group successfully constructed the 

world's first 1MT�year large-scale direct liquefaction 

demonstration plant using its own direct liquefaction 

technology with independent intellectual property 

rights. With the demonstration and development of 

coal to liquid chemical engineering, Shenhua Group 

owns the leading-edge coal conversion technologies. 

Shenhua also pays great attention to the increasing 

amount of GHG emissions. In 2009, after years of 

research, Shenhua Group demonstrated the 100,000t�

y deep saline CO2 storage project near the Shenhua 

Coal to Liquids Company. The Group has completed 

the continuous injection of 170,000t of CO2, and 

obtained detailed geological information and injection 

and monitoring data which has laid a solid foundation 

for future CCS storage mechanism studies and storage 

risk assessments.

Shenhua developed the first CCS demonstration 

project to inject CO2 into deep saline formations to 

realize permanent storage in China, as well as to 

implement fully the process of capture, transportation 

and saline storage in China or even Asia.

�� 5ecIOicBM $IBrBcteriTticT oG 4IeOIVB $$4 

%eNoOTtrBtioO Project

2.1 High Concentration CO2 Emission Source

This project uses CO2 from coal to hydrogen rectisol 

flue gas with a concentration of around 88%, which sets 

an example for CCS implementation in areas where coal 

chemical industries are concentrated.

2.2 The Storage Site Is Featured by Great Saline Storage 

Potential and Low Risk   

The storage site of Shenhua's CCS Project is located 

in China's second largest sedimentary basin-the Ordos 

Basin. According to an assessment by West Virginia 

University (USA), some parts in the Ordos Basin are 

favourable CO2 storage sites. The saline formation in this 

basin has a potential storage capacity of 30Gt. 

2.3 Low Porosity and Permeability in the Saline Formation

An analysis of the reservoir in Shiqianfeng Group, 

Liujiagou Group and Heshanggou Group shows that the 

saline formations in these sites are characterized by low 

porosity and permeability.

2.4 Complete Monitoring and Identification System

 Shenhua $oal�to LiRuid $$S 1roKect $O2  $aQture 1lant

Shenhua $oal to LiRuid $$S 1roKect $O2 Storage Site, 1�LN froN $aQture 1lant
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The effective monitoring of the injection of CO2 is ensured 

by placing two monitoring wells with each injection well.

Injection Monitoring: monitoring of feed gas composition 

and technological parameters of injection at storage sites, 

and regular monitoring of the wellbore during the injection.

Environmental Monitoring: mainly including the monitoring 

of deep phreatic water, confined water, surface water, 

soil, air and ground deformation.

3D-seismic and VSP Monitoring: monitoring the CO2 

movement in the targeted reservoir by seismic and 

simulation tools.

Data Platform and Identification System: initially 

establishing the complete flow database and the system 

for production, injection and identification.

��5Ie 5ecIOoMoHZ ProceTT oG tIe 4IeOIVB $$4 

%eNoOTtrBtioO Project

3.1 CO2 Capture Unit

The CO2 flue gas from the coal to hydrogen rectisol 

process will be transported through a pipeline to the 

CO2 capture unit. This project will adopt one-step 

liquefaction under high pressure and produces high 

quality liquid carbon dioxide by compression, gas-liquid 

separation, purification, liquefaction and distillation.

3.2 CO2 Storage and Transportation Unit  

This unit combines the storage tanks in the capture and 

storage units, the CO2 tank car and the injection pump.

3.3 CO2 Injection and Storage Unit

This unit includes three plumb shafts, one of which 

is the injection well, and the others monitoring wells. 

After being pressurized and heated, the liquid CO2 will 

be injected into the saline reservoir in a super-critical 

state.

��.Bjor "cIieveNeOtT oG 4IeOIVB $$4 

%eNoOTtrBtioO Project

（1）Indentifying for the first time methods for selecting 

CCS saline storage sites in China.

（2）This project is a first-of-its-kind exploration of 

CO2 storage in a saline formation with a low porosity 

and permeability. Consequently, anatonosis by fracture 

is introduced in saline storage, which is tailored to the 

conditions in China.

（3）This project realizes CO2 storage in a limestone 

formation, which is also a ground-breaking exploration 

that expands the implementation of CCS technologies 

and provides new solutions for the storage of CO2 from 

other sources in the Ordos Basin.

（4）The Shenhua CCS Project pioneers multi-layer 

hierarchical injection, multi-layer unified injection and 

layered monitoring injection, which is an exploration of the 

best injection options for large and industrial scale CCS 

projects.

Shenhua $oal to LiRuid $$S 1roKect $O2  Storage 8ell Drilling Site
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�� 4iOoQec $$64 Project� 8IoMe�cIBiO Project oG $BQtVre
 
5rBOTQortBtioO
 &OIBOceE OiM 3ecoverZ
 BOE 4eRVeTtrBtioO oG $O� iO 
4IeOHMi $oBM�GireE Power PMBOt
Funding Agencies：National Key Technology R&D Program (NO. 2012BAC24A00)

ZHANG Jian1, ZHANG Yu2, LI 2ingfang1, LIU Haili1�, LU ShiKian1, ZHANG Yuanyuan1, YU HuiKuan1, 

8ANG Ziming1, SHANG Minghua1, LU YinKun1

(1. Sinopec Petroleum Engineering Corporation, No. 49 Jinan road, Dongying City 257026, Shandong Province, China, 

2. Shengli Oilfield Company of Sinopec Corporation，No. 258 Jinan road, Dongying City 257001, Shandong Province, 

China)

Carbon dioxide enhanced oil recovery and sequestration (CO2-EOR) is considered to be one of the important 

technologies to guarantee the safe use of fossil energy, to address global climate change, and to control 

greenhouse gas emissions. Sinopec Shengli oilfield has plans to build a whole-chain project (0.5-1 million tons 

CO2�year) of capture, transportation, enhanced oil recovery, and sequestration of CO2 produced by Shengli coal-

fired power plant. This project has carried out some primary research on the whole stage process such as capture, 

transportation and enhanced oil recovery, including development and optimization of the process of large-scale CO2 

capture from power plant, schemes for pipeline transport of CO2 , and has chosen two preliminary CO2-flooding 

areas.

1. Introduction

Climate change is one of the most significant threats 

facing the world today. Avoiding the worst consequences 

of climate change will require large cuts in global 

greenhouse gas emissions which will impact international 

society strongly. The United Nations Climate Change 

Conference 2009 in Copenhagen emphasized that the 

increase in global temperature should be limited to below 

2 degrees Celsius to combat climate change. Each 

country has its own obligation to mitigate greenhouses 

which has become a global issue. A whole-chain project 

of capture, transportation, enhanced oil recovery, and 

sequestration of CO2 in Shengli Coal-fired Power Plant 

is planned to be carried out based on CO2 mitigation and 

sequestration in a low permeability reservoir in Shengli 

Oilfield using CO2 sourced from Shengli coal-fired power 

plant, which will achieve CO2 utilization and mitigation, 

and provide new methods for environmental protection, 

and economic and sustainable development.

2. Advantages of the whole-chain proKect in 
Shengli oilfield

2.1 Corresponding research projects in CO2 capture and 

CO2-EOR

Since 2007, Shengli Oilfield has made great 

improvements in the technology of CCS-EOR, and 

undertaken nine national and provincial research projects 

including two projects funded by National Science and 

Technology Ministry, one demonstration project funded by 

the State-owned Assets Supervision and Administration 

Commission, and 6 projects funded by Sinopec. It has 

applied for more than 20 patents and published more 
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than 40 papers. Based on the technical researches and 

pilot tests, a whole-chain demonstration with 100 t�d 

capacity of CO2 capture, transportation, enhanced oil 

recovery, and sequestration has been built, which will 

provide technical experience and support for the large-

scale demonstration (1 million tons�year CO2).

2.2 CO2 gas source and injection area

Sinopec Shengli Oilfield owns a coal-fired power plant--

----Shengli Plant, with the installed capacity of 1640MW, 

burning about 4.1 million tons of coal per annum. As a 

result, its annual CO2 emission is approximately 7-9 

million tons, providing an abundant CO2 gas source. In 

addition, the total geological reserves of low permeability 

reservoirs suitable for CO2-EOR in Shengli oilfield are 

4.19f108 tons, providing a practical capacity for CO2 

gas sequestration of over 1.87f108 t. Therefore, the 

geological conditions in Shengli oilfield are suitable for 

conducting a large scale CCUS application.

2.3 Lab construction and research team with multiple 

majors

Sinopec Shengli Oilfield and collaborative partners have 

built different kinds of laboratories for CO2 capture, 

corrosion control in multiphase flow conditions, reservoir 

simulation, gas flooding, oilfield surface technology, 

and a whole-chain demonstration. This whole-chain 

demonstration includes CO2 capture from coal-fired 

power plant with 100 t�d capacity and G89-1 test platform 

of CO2 flooding sequestration. In terms of team building, 

the project team contains engineers from various majors 

such as oil & gas gathering and processing, corrosion 

protection, and chemical, reservoir, geological, oil 

production, environmental, and energy engineering. 

The team has undertaken and participated in national 

and provincial research projects, and gained excellent 

theoretical and practical experiences.

2.4 International cooperation and communication

During cooperation at home and abroad, Sinopec has 

had extensive technical exchanges and cooperation with 

SaskPower, Siemens, PowerSpan, and Kentucky Applied 

Energy Research Center. Besides, Sinopec is developing 

CCUS technology in cooperation with many universities 

and research institutes such as Tsinghua University, 

Peking University, China Academy of Sciences, China 

University of Petroleum, Beijing University of Technology, 

North China Electric Power University, and China 

University of Mining and Technology.

3. 8hole-chain ProKect of Capture, 
Transportation, Enhanced Oil Recovery, and 
SeRuestration of CO2 in Shengli Coal-fired 
Power Plant

The whole-chain project includes the processes of CO2 

capture, CO2 transportation, geological sequestration, 

enhanced oil recovery, and produced liquid gathering 

and processing with a capacity expected to be 0.5-1.0 

million tons CO2�year. The CO2 capture and transportation 

units will handle 1 million tons�year, with more than 85% 

capture efficiency, more than 99.5% purity, and less 

than 2.7 GJ�tCO2 regeneration energy consumption. The 

enhanced oil recovery and sequestration units will handle 

0.6 million tons�year, with more than 5% EOR efficiency, 

and more than 50% dynamic sequestration efficiency 

(which is defined as the ratio of a total mass of CO2 

sequestration to injection during a specific time).

The whole-chain project is expected to be launched in 

2013 and completed in 2017. The expected operational 

period is 15 years. Shengli Oilfield has chosen two 

preliminary CO2-flooding areas after the exploration and 

development of low permeability reservoirs. One area 

is for 1 million tons�year CO2-EOR with flue gas from 

Shengli coal-fired power plant as its CO2 source, and the 

pre-feasibility research on CO2 capture has been started. 

The distance from Shengli Power Plant to the CO2-

flooding area is 80 kilometers. The other one is for 0.5 

million tons�year CO2-EOR with coal gas from Sinopec 

2ilu Petrochemical company as its CO2 source, and the 

pre-feasibility research on CO2 pipeline transportation 

has been started. Pipeline transportation technology 

has been investigated. The CO2 phase and pressure 

has been primarily determined. The distance from 2ilu 

Petrochemical Company to the CO2-flooding area is also 

80 kilometers.
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Andrew：基于各种࣌因，所有

在中国的项目都让我感到ᒵ印䆎深

而，我想特别提到中国♣！ݨ - 英国

煤炭利用近零排放（NZEC）项目，

构建了整个欧洲ڣ - 中国合作活动的

主要部分。我的工作是支持英国能源

与气候变化部（DECC）设计、ប行

和宣э主要的 CCS 能力建设项目，

⊶及的人员包括对 CCS 满☚ᔞ的ٲ

英国团队以及由工业和学术界组成的

一个范డ广泛的中国利益相关者团

队。在 DECC 和一个外部专家 Paul 

Freund 的支持下，我们用了ᒵ多时

间预先了解中国科学技术部的政府官

员，以确保我们全面理解他们的需

求。这使我们可以设计一个有价թ的

工作计划，包括二氧化碳捕集的主要

方面和二氧化碳地质封存选项特ᒮ化

研究及各种各样系㐌选项的ڤ体技术

经济䃱估。我确信 NZEC 在中国推进

CCSR 方面ល⑁了一个重要的㻿色，

研发项目处于全球ڣ CCS 活动的领

先地位。
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Andrew：在⍖㢻城堡的ڥ⹩上

从ຠ⢸䮈下手中得到大英ፊ国最优⻭

߸」授຃是我极大的ٶ荣。

我第一次访问中国是受到欧洲委

员会的䖭䄤来到৵ᅁ␕䨲▶工程学研

究中心䃟授清洁煤流化Ꮇദ䃚项目。

我⃼天工作6个小时进行⑁䃟和教程，

荣㣤大英ፊ国最优⻭߸」（OBE）的 Andrew Minchener ࢇ

ธ在煤炭行业᠒有超过 35 年的工程和ノ理经验，并且在碳捕集

与封存及清洁煤领域取得卓䊷的成就。Andrew 长期以来在ᒵ多

机构䉌䉐项目ប行，包括国际能源署（IEA）清洁煤中心、亚洲

开发银行、世界银行、英国能源与气候变化部以及欧洲委员会。

Andrew 最近㷘委任为 IEA 清洁煤中心的总经理。他一直领导多

个在中国的 CCS 大型技术协助和开发研究合作项目。Andrew

是一个多᝺多㞧、成功的ノ理者和经验丰富的行业专家。     

�� "OErew .iOcIeOer ଡፋ $$4 ֗ຍฝ཰ڎ˗ښᄊԧ࡙Ғఀ

��� ̡ྭ˄᝻

Dr AndreX Minchener, general 

Nanager of the 

IEA $lean $oal $entre�
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每周六天，这是一个令人难忘及很有

收获的经验。

我一直保持访问中国及在中国工

作是因为这是一个工业化快速发展的

国家，正在尝试在能源安全、环境影

响以及经济竞争力方面取得平衡。现

在包括建立低碳未来的需求，同时持

续成为全世界最大型煤炭使用国。正

如所有这些都在进行当中，而我感到

能够协助中国在应对这些挑战和捉住

这个机遇 方面做出正面的贡献。 

问：中国是最大型的煤炭消耗国，

但是煤被认为是中国环境污染的主要

来源。中国中央政府在 2013 年中已

经宣布了10项措施来应对空气污染，

并且在上个月发布了行动计划（2013

年 10 月）。中国某些地区开始考虑

设置一个绝对的煤炭消耗上限。你认

为中国最近政策改变情况对于煤炭行

业来说是威胁还是机遇呢？中国将很

快地从煤炭转型到天然气吗？

Andrew : 煤炭可以是空气污染的

主要来源，尽管运输行业是也是一个

主要的来源。中国正在进行重要的步

骤来控制煤炭相关污染排放，对碳氧

化物、硫氧化物 以及空中微粒采用非

常严格的排放标准，以及强硬的驱使

力来提高电力生产效率。这些使能源

组成更多样化的措施非常重要，而气

体扮演着重要的角色。然而，煤炭将

必须维持作为主要的能源来源，因为

政府确保落实更清洁和高效地利用煤

炭等法规框架是至关重要的。

正在改变的政策环境对于未能认

识到其改变的煤炭利用者来说将会是

威胁，而对于认识到其改变的煤炭利

用者来说是机遇。例如，我刚刚访问

了上海外高桥 3 号发电厂，与总工程

师冯伟忠及我非常好的朋友清华大学

的毛健雄教授交流了一天。该发电厂

是一个在 2008 年开始运行的 1000

兆瓦发电功率电厂，并且取得 42.7%

的年净效率（LHV 基准）。冯先生不

辞劳苦地在 2012 年底前把其提高到

了 44.4%，同时提高各种污染物控制

系统的性能。他还有完善的计划在不

需要先进材料开发的情况下提高电厂

效率到 49%。

问：请问您对于新兴的“煤制气”

技术方向的技术和商业前景有什么看

法呢？诸如合成天然气（SNG）和地

下煤气化（UCG）?

Andrew: 通过气化进行的煤转化

能够转化煤炭为燃气和化学物质 , 并

且提供途径来降低其转化排放 ( 非温

室气体 ) 及降低对于进口石油和天然

气的依赖。首先从能源安全的立场来

看，中国确认了多样化的战略需求来

生产石油化工产品，并且在建立煤气

化技术来利用煤炭作为化学物质和燃

料生产的原料方面已经走在世界前

沿。这些活动首先专注于 用于化肥生

产的氨生产，及生产甲醇作为可能的

燃料或者作为诸如甲醚等材料的中间

原料。这个计划继续保持其重要性，

特别是存在主要的驱动力来建立煤到

合成天然气流程，而看来各种各样的

煤到油技术可能向前发展。然而，同

样重要的是一直在进行的把煤气化应

用于烯烃生产作为一种手段来建立较

高附加价值的塑料盒纤维市场。除了

这些扩展的和新的市场活动以外，还

有其他煤到化工技术的持续评估，利

用煤到乙二醇和煤到芳香剂的研究和

开发正在进行当中。

就是说我们需要认识到煤到化工

流程是水资源的大型使用者和可能成

为二氧化碳排放的大型点源。因此，

为了开发其可持续发展议程，中国国

家发改委已要求集中审批新型煤转化

项目，并且出台了了各种各样对于使

用水、能效以及环境保护的限制，包

括能够及时地应对二氧化碳排放的能

力。在我的意见看来，中国为所有阶

段的工业发展周期内的大规模煤到化

工、气体和液态燃料开发提供了一个

模型，。这展示了在示范中从技术角

度上能够实现的程度，当技术成熟后，

紧随的各种各样方案以确保可接受的

经济表现 将成为主要的因素。  

问：英国在 1970 年前也经历了

长期的空气污染。请问您认为中国应

该在哪些主要技术领域尽快与英国合

作开发清洁煤技术？ 

Andrew: 英国主要城镇的空气污

染 是由靠近人口集中地区而缺乏污染

物控制系统的小型煤电厂及大部分使

用煤来取暖的家庭用户所造成的。这

些问题通过关闭小型发电厂及从煤转

化为天然气作为家庭取暖和煮食得到

解决，取代这些小型发电厂的是具备

更好控制系统的大规模电厂。在人口

高度集中的华东地区，从煤气转化为

天然气作为取暖和煮食的家庭用户、

引进燃气发电厂以及热电联合正在逐

渐地增多。这从我看来假如能够建立

起足够的气体源，在不久的将来会受

益良多。 

问：CCS 是唯一能够从化石燃料

燃烧中取得深度减排的技术。然而，

看来目前全球 CCS 活动远远地落后

于早期预计。请问您认为需要加快碳

捕集与封存实现全球商业化的主要驱

动力是什么？

Andrew: 这些问题最终都不是技

术问题。三个主要的二氧化碳捕集选

项的任何一个都处于一个需要应用大

规模 CCS 全链示范的阶段。这些问

题正在为这些项目寻求足够的融资机

制，并且需要建立一个适当的政策和

法规框架来支持这些项目。

问：中国公司已经开发了大量的
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中试 CCS 项目。在 2013 年 4 月，中

国国家发改委宣布了公告来支持 CCS

项目示范。请问您认为中国可能成为

CCS 方面的主要参与者，及可以很快

实现第一个百万吨项目吗 ? 鉴于您在

煤和环境行业的丰富经验，请问您对

中国政府在设计可行的 CCUS 示范项

目有什么想法和建议吗？

Andrew: 中国已经开发了世界领

先的工业中试规模 CCS 项目，从一

个技术和工程观点来看，这是一个可

以开发商业模型的机遇。诸如亚洲开

发银行等机构正在紧密地与中国国家

发改委合作来试图推进那些寻求前端

工程设计研究（FEED）的项目，特

别是电力行业。欧洲委员会继续跟进

中英近零排放（NZEC）项目，也正

在企图资助一个类似的 FEED 研究。

然而，先不谈论仍存在的融资问题。

其他可能性需要考虑在煤到化工行业

的示范，这在中国正在迅速地发展，

无论在项目数量和单个项目的规模上

看，与那些中等规模的煤电厂对比时

那些来自大型设施的年度二氧化碳排

放十分显著。正因此，许多这些电厂

代表着示范的重要早期机遇， 以帮助

中国建立起在 CCS 全链上的专业知

识。在这些气化炉上示范 CCS 的好

处是这些结果将适用于很多煤炭行业

的整体技术开发，并且与燃煤发电厂

的运行相比，项目可以在极低成本的

情况下进行。这是因为二氧化碳已经

作为一个浓缩气流被生产出来，因此

CCS 边际成本基本上等于二氧化碳

的压缩、运输以及注入成本，大大地

低于必须包括二氧化碳捕集在内的成

本。

在中国不同的工业地点也有其他

集群点。这代表着大量累积的二氧化

碳排放点源，这与 发电行业和个别非

发电选项对比，展现出以非常低的边

际成本在中国示范一体化 CCS 网络

的前景。也展现出利用二氧化碳提高

石油采收率的前景，因此创造出将会

降低示范项目净成本的收入流。

问：成本和能源损耗仍是 CCS

技术开发的主要阻碍。据您所知和观

察，请问是否存在第二代技术可能或

者有希望降低成本和二氧化碳捕集的

能源损耗？

Andrew: 我不想挑选出一种或者

数个技术看起来非常有前景。然而，

重要的是记住所有新技术开始时是一

个概念，那些被估计具有足够吸引力

的能源效率和投资成本通常会得到支

持。因此当概念得到发展，开发现实

意味着可能的效率下降和可能的成本

增加。最终这些概念必须被带进大规

模的运行中，从而可以利用工程解决

方案来处理出现的问题及计算出更为

准确的整体成本预算。因此重要的是

这些开发的资助机构需要在开发周期

内保持他们的耐性。

问：合作可以带来协同作用，及

加快实现全球环境目标，但是某些西

方公司或者研究机构通常觉得合作很

困难或者有时在适应存在差异的中国

工作文化和法律系统感到很失望。请

问当您在中国第一次开始 CCS 和清

洁煤 合作任务时有感到中西方之间存

在的文化差异吗？您有过不愉快的经

历吗？请问您对于在合作中如何处理

文化差异及带领跨国文化团队方面有

什么实践建议吗？

Andrew: 回 到 1980 年 和 1990

年早期，曾存在巨大的文化差异，在

构建团队时的主要要求曾是确保具备

一个能够理解项目意图的优秀传译

者。我很幸运当初与天津大学火力工

程部门建立起了牢固的合作关系，我

的朋友当时也帮我建立起桥梁。在早

期的日子里充满了怀疑，我花了很多

时间与合作双方进行谈话，尝试并确

保促进双方的相互接纳。就是说原则

仍然维持良好。就像我之前说的，中

国 - 英国 NZEC 项目取得了成功，因

为我们在准备阶段下了苦功来确保合

作双方充分理解对方的观点，使我们

可以建立一个属于所有参与的利益相

关者项目。

问：您明显拥有非常成功的职业

生涯，植入我们所知您也是一个尽职

的好父亲。请问您是怎样在非常繁忙

的工作和国际旅游要求中平衡家庭和

工作之间的关系？您的孩子理解清洁

煤的重要性吗？

Andrew：这是一个非常困难的

问题。我必须首先感谢非常理解我的

妻子 Linda，她总是能认识到我工作

的性质及其责任。我四个孩子知道我

长期不在英国工作。他们也能清晰地

理解能源在全世界范围内都是至关重

要的，并且其利用在地区之间会有很

大不同。此外他们理解确保可接受的

能源安全和可接受的环境影响并且

保留经济可竞争性的解决方案并不是

许多著名评论员和政客所理解那样容

易！
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B
ill Senior 是一名专䬕从

事碳捕集与封存的⠙立

顾问。他ℂ业于➈≒大

学的地质学系。他ᰫ受䯴于欧洲委员

会、英国政府、英国石油公司和多家

咨询公司。他᧲长 CCS 项目的开发 , 

同时对地质封存以及政策 � 法规有深

入的见解。他在 CCS 项目方面的经

验有在英国、䭬ᅁ及利亚（In Salah

项目）以及中国（近零排放项目和广

东项目）等。他是《政府间气候变化

专䬕委员会（IPCC）CCS 专题报告》

有关地质封存和经济学」节的第一作

者。最近，他一直在参与《欧洲 CCS

指令》实施指导文件的准备工作，为

能源与气候变化部䃱估英国地质封存

的工业潜力，而且是能源与气候变化

部有关目前英国 CCS 竞䊈的顾问。

Bill 以前ᰫ在英国石油公司的商

业和技术部䬕ᆒ㕹 32 年，他的工作

⋢Ⰳ可ᰬ代能源、天♣气的ࠅ探和开

采等方面。他ᰫ是英国石油公司碳捕

集与封存技术首位技术经理和ڣ后的

英国石油公司可ᰬ代能源公司的高级

顾问。他在石油地质学和上⍥石油业

务的ᬖ期㕹业经ࢳ为ڣ在地质封存方

面的专业知识打下了基⵭。在 G8 ም

会和 2004—2006 年欧Ⰼ䒛թ主席国

期间，Bill 还ᰫ㷘借调到英国政府的

国际气候变化小组。他ᰫ在欧洲、美

国、东南亚、中国和ӱ罗斯工作过。
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我 2000 年 第 一 次 参 与 CCS 时

正在为英国石油公司在新加ಎ工作。

英国石油公司对侙来㺬亚近海的一

ψ二氧化碳क़量高的气田产生了兴

䋐，ڣ天♣气中的二氧化碳क़量高达

35%， 因此我们决定㔰㭾通过 CCS

和 EOR 结合来减少二氧化碳排放。

我们ᬖ期的工作表明，当在䭱近油田

进行 EOR ᝃ在把二氧化碳重新注入

这ψ气田时，从天♣气利用㛉分离二

氧化碳应该是可行的。最终在我们解

决这一挑战之前，英国石油公司出ਜ਼

了这ψ气田，而我作为 CCS 技术经

理回到了英国。

有关《政府间气候变化专䬕委

员会 CCS 专题报告》的工作开໸于

2003 年在加ᠬ大里䉫㏠市䴓本油田

䭱近举行的一次专家会议。我作为该

报告《CCS 的封存与经济学》」节的

第一作者受䖭参加会议。与来自世界

各地的䶣ᅃ专家一起工作是一项有䋐

的任务和机遇。⃼一个」节都有一组

作者，而我在关于《封存》的」节遇

到了我的᰸ࣸ——来自中国南海海洋

研究所的周蒂教授。关于䄥如二氧化

碳⇱␼的可接受程度和封存能力的估

թ与估ツ等主要问题，封存专家之间

进行了长时间的讨论和ζ论。以广泛

的同行䃱议起㡶该报告是一个⑘长、

㞝䓈和㏳致的过程。♣而，该专题报

告的发布，在为 CCS 在减㑀气候变

化和㣤得 IPCC 与国际利益相关者认

可的案例制作方面，是一个主要的里

程碑。
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㮪♣二氧化碳利用因为经济效益

以及有潜力开采更多的石油而看上ࣨ

ѩͻᒵ有॥引力，但是二氧化碳 EOR

并没有在海上油气田中开໸进行，因

此㔰㭾这种情ۢ的࣌因十分重要。许

多北海的油气田已经研究过二氧化碳

EOR，㮪♣一ψ运㥒商正在ᅊ试，但

是䓱今为止℘无进展。许多挑战中的

大部分与䷊外开采潜力、EOR 性能

和选择、设施、转ᢏ成本、二氧化碳

供应和经济状ۢ有关。北海许多油气

㫼的地质特ᒮ非常ສ，意ঠ着݊采和

水驱（通常⼝为二次开采）的采收⢴

已经非常高。因此， EOR 可能开采

的҆ޖ的油就减少了。因为海上实施

一种高成本的运㥒，并且可能需要大

量的资䛾来安全地转化ᝃ代ᰬ这ψ可

能已经使用了多达 30 年的基⵭设施

�� #iMM 4eOior េ˗ᔮᤃᭆଆஊՌͻ

Bill Senior



  100  人物专访 Expert Interview

和油气井，来接通二氧化碳供应。所

以，这一方案还有经济挑战。

除了利用二氧化碳以外，石油公

司还有许多其他选择可用于提高石油

采收率。这些包括混合气体注入、热

气流注入、化学品注入以及低盐度水

注入。自然地，石油公司将会分析哪

一种对其油田最适合和最有吸引力，

二氧化碳 EOR 必须与之竞争。在中

国我了解到在渤海湾已经有了 EOR

的丰富经验，但是那是利用化学品，

而不是二氧化碳。然而，如果二氧化

碳供应可以作为 CCS 网络的一部分

进行开发，二氧化碳 EOR 的经济性

可能也会变得更有吸引力。

问：似乎欧洲的 CCS 指令已经

对开发大规模 CCS 项目制造了重大

的技术和监管障碍，尤其在义务和责

任管理方面。您对中国在开发二氧化

碳封存债务框架有何建议？

当 该 CCS 指 令 在 2008 年 引 进

时它曾是一个重大进步，因为它欧盟

建立了安全封存监管框架。指导文件

紧跟其后，并且在可能利用 CCS 的

欧洲国家执行。关于封存后义务及法

律责任如何处理、财政安全以及资

产转移仍然存在忧虑。这些忧虑是关

于法规如何在实践中解读和使用，这

就是为什么真正的项目经验和实施法

规至关重要的原因。即使那样，在我

们最终停止注入并且关闭封存项目之

前，可能需要数十年。这些问题还取

决于将要使用的封存点的安全性和泄

漏风险。尽管我知道在有相同的地质

理解和地下风险评估的不同利益相关

者之间存在沟通和理解问题，但我个

人认为被很好塑造、监控和监管的封

存点的潜在泄漏风险非常非常低。至

于中国的监管网络，有机会学习其他

司法管辖区的经验，然后制定出最适

合自己的监管网络。

问：请问您第一次访问中国是什

么时候？您从英国 - 中国煤炭利用近

零排放项目中取得的主要成果和经验

是什么？这是一项艰苦的工作吗？

我第一次访问中国是 1990 年，

当时英国石油公司（BP）已经在和中

国南海和渤海类似的离岸盆地开展上

游石油气事业，而在诸如塔里木、准

噶尔以及四川等陆上盆地给外国公司

开放了新的机遇。这使我对于中国很

多盆地的地质情况有了一定了解，这

些盆地现在成为了二氧化碳封存的候

选者。

煤炭利用近零排放的发起来自于

G8 会议和欧盟气候变化活动 2005，

当时我暂时在英国环境部、食品与城

乡事务部工作。其跟进了在 2005 年

欧中峰会声明中领导人同意的“在中

国通过碳捕集和封存开发与示范欧盟

先进的近零排放煤炭利用技术。”包

括在政治协议中的 CCS 概念曾是开

创性的，我记得与中国国家发展与改

革委员会和中国科技部的首个会议展

开了讨论结合煤的 CCS 角色，确定

了煤炭利用近零排放（NZEC）这个

名称。

在 执 行 NZEC 和 COACH 等 的

项目时，在中国和欧洲赞助商和合作

伙伴之间的协调曾遇到很多困难，但

我很荣幸最后都得到解决。NZEC1

期是一个创新的项目，与中国分享

欧洲和英国在 CCS 方面的经验。这

有时被称为能力建设和合作。这展现

出 CCS 结合煤可以大规模地在中国

降低排放，并且展示了可行的捕集技

术和封存选项。我希望这能帮助探

索出 CCS 的进一步工作方向，目前

CCUS 在中国区的的进展使我感到很

受鼓舞。

问：中国政府在其 CCS 战略中

已经强调了二氧化碳利用的重要性。

除了 EOR 以外，请问您在其他二氧

化碳地质利用方法上有什么见解吗？

诸如二氧化碳煤层甲烷、页岩气水力

压裂、二氧化碳恢复地下水资源。

2010 年，中国某些二氧化碳提

高煤层甲烷的中试测试得到了加拿大

的支持，但我不清楚它有多成功及是

否已经在扩大规模。在其他方面，当

二氧化碳注入后的煤增大可以产生渗

透性和注入性的损失。

页岩气水力压裂在美国已经是一

个成熟行业，并且可能影响未来封存，

虽然页岩气仍处于中国的早期阶段。

但是对我来说不明确的是在水力压裂

中的气体生产是否将会由于二氧化碳

的注入而得到提高。结合数以千计钻

井和迅速下降来促进二氧化碳注入的

页岩气项目性质、以及废弃和断裂页

岩区域将会是一个完整封存场地也是

不明确的。加上我只看到很少的工业

兴趣。但是页岩气和封存机遇可能重

叠。项目开发者将需要理解与其他封

存的潜在重叠，在钻井渗透的封存和

在页岩气开采后的页岩封闭完整性的

潜在影响。我还是感兴趣看到中国如

何开发页岩气和应对其他诸如水资源

可用性和环境风险的挑战。

总的来说，我对于这些二氧化

碳利用能够在中国或者世界其他地区

实现大规模减排的可能性并不是很乐

观。这些观点很重要，我们不想给政

策制定者一种能够简单快捷处理问

题同时带来可观的经济效益的虚假希

望。

问：您为英国能源与气候变化部

草拟了一份关于在英国开发二氧化碳

封存工业的行业潜力和社会经济效益

的重要方案。基于您作为广东 CCS

预留和 CCS 合作活动顾问的专业知

识，请问您认为在广东南海地区具备

相同的工业机遇吗？
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 是的，我看到在英国的环境和

广东之间有很多类似的地方。这两个

国家在离岸盆地都具备极好的大规模

地质封存潜力，因为地质特征很有利，

并且拥有来自油气田的既有基础设

施、井、数据和知识。在沿海上的主

要排放点源也具备良好的潜力来开发

集群和枢纽，分享能够减少交通和封

存成本的基础设施。这能促使在两个

国家的工业新机遇，尽管某些主要的

参与者将会不同。例如发电厂拥有者

和石油公司。有趣的是在中国一些将

要参与进来的中国石油公司已经在英

国的数个主要油田进行了投资，这些

项目也包括了某些二氧化碳提高石油

采收率和封存的候选者。

问：在开发二氧化碳封存场地时

存在较长的交付周期。请问您有什么

意见给中国来确保在二氧化碳封存和

基础设施建设的中长期能力要求，以

避免排放锁定反应？

 没错。我可以用好几年时间来

作定义、特征化研究和开发封存场地。

这个速度可能决定着整体 CCS 项目

的步伐。必须进行的新地震探查和开

发新开采或者井钻探需要花费时间和

金钱。这是因为我们需要不同的数据

来定义油气田的特征，诸如盖层取样

和测试。中国将需要尽早理解这些要

求，并且将需要考虑怎样资助和执行

这个至关重要的活动和怎样把工业参

与尽早带进来。把 EOR 潜力和油气

解除计划考虑在内也是必要的。

在未来 CCS 链的另一端，CCS

预留法规和工程应用对于避免新建发

电厂和工业的碳锁定反应是必不可少

的。这在广东的研究工作当中已经进

行了探索。中国可以参考欧洲和英国

在发电行业的 CCS 预留法规。

问：大量的固定排放源位于中国

沿海地区。请问您认为是否存在可能

的国际融资机制给中国在离岸咸水层

开发和运行结合二氧化碳封存的大规

模 CCS 示范项目？

在中国的很多排放源位于沿海地

区，特别是在广东和其他南部省份。

我看到这些与离岸封存机遇很吻合，

诸如拥有比陆上封存潜力大得多的珠

江盆地，并且封存将会远离人口密集

地区。

国际气候变化谈判一直以来很在

缓慢艰难中进行，这令人很失望，我

不确定今年华沙会议上取得怎样的进

展。带来的是关于清洁发展机制和未

来国际政策法案及将如何应用于 CCS

的很多不确定性。国际谈判多年以来

一直强调 CCS，我希望他们意识到其

在减排的重要性。英国能源与气候变

化部已经宣布了支持中国 CCS 的某

些资助，希望这可能用在示范项目。

问：这看来 CCS 的全球开发速

度并未如预想中顺利。在欧洲，哪种

必要的激励机制您相信可以促进大规

模碳捕集和封存项目的投资？请问您

认为二氧化碳封存认证系统比目前的

激励框架更好吗？

自从 2008 年的金融危机以来，

CCS 示范和开发进展已经明显地受到

阻碍，并没有我在欧盟、挪威以及澳

大利亚（最近在政治变化后都遭受到

倒退）时预期那样顺利。我们仍在英

国利用示范计划缓慢地推进 CCS。在

另一方面，我们感到很欣慰看到中国

在 CCUS 方面的前进和其他项目在美

国、加拿大以及巴西得到落实。但气

候变化的问题并没有解决，而且在世

界上还有很多极端气候事件发生，即

使单独一个事件的发生不能完全地归

结于气候变化。

从政策的角度看，政府通过资金

补助和运行支持等来对大规模示范项

目（和封存特征化研究）进行支持是

必不可少的。展望未来 CCS 开发，

正在制定的各种不同的政策和激励措

施大部分仍需要进行验证和测试。

我不是政策专家但也能观察到这种状

况。

欧洲的排放交易系统碳价格已经

完全收缩了，但我认为问题是以它之

前的碳价格是否可以提供必要的长期

信心来支持 CCS。同样的关注可能在

清洁发展机制类型的方案。在挪威气

体领域的 CCS 已被商业化，他们已

经实施离岸排放的碳税很长一段时间

了。可能影响电力行业 CCS 的新政

策机制通过电力市场改革和美国排放

表现标准正在英国出台。英国政策希

望通过差异长期合约或者差价合约来

对 CCS 开发提供长期支持。原则是

差价合约会填补需要引进在既定技术

投资的电力市场估计价格和长期电力

估计价格之间的差异（执行价格）。

这些政策必然是复杂的，需要调

整使其适应特定的市场和工业部门。

我们必须记住我们需要为气候变化做

点事情，因此我们需要 CCS 来限制

未来排放。这需要工业和商业机遇。

需要政治和政策给工业提供长期稳定

的信心来投资 CCS 和开展将会带来

竞争、成本下降和造福所有人的创新

周期。

问：除 CCS 以外，请问您有其

他兴趣或者让您感到兴奋的业余活动

吗？

我想目前大部分的工作仍是在

CCS 方面，让我们所有人都行动起来

是非常重要的。我两个孩子都在读大

学，因此他们不常在身边，但是我也

尝试抽出时间给其他兴趣爱好，比方

说旅游、板球、品酒、爵士乐、学习

萨克斯管和绘画。
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D
r Andrew Minchener OBE has over 35 years 

engineering and managerial experience in the 

coal industry, with significant achievements 

in carbon capture and storage and clean coal areas. 

Andrew has been working as project leads for a number 

of organisations, incl. IEA Clean Coal Centre, Asian 

Development Bank, the World Bank, UK Department 

of Energy and Climate Change and the European 

Commission. Andrew recently has been appointed as the 

general manager of IEA Clean Coal Centre. He has been 

led a number of major technical assistant and research 

collaboration projects in CCS in China. Andrew is both 

a versatile, successful manager and an experienced, 

knowledgeable industry expert. 

2� Ii
 "OErew
 IBviOH NBOBHeE BOE coNQMeteE B 

MBrHe OVNCer oG TVcceTTGVM reTeBrcI BOE iOEVTtriBM 

QrojectT
 coVME ZoV TIBre wIicI Qroject 	T
 Eo ZoV 

GeeM NoTt iOtereTtiOH
 eYcitiOH BOE NeNorBCMe  

Andrew: All my projects in China have been memorable 

for various reasons! However, I would like to highlight 

the China-UK NZEC project, which formed a key part 

of the overall EU-China cooperation activity. My role 

was to support DECC in the design, implementation and 

dissemination of what became a major CCS capacity 

building project, involving a UK team of CCS enthusiasts 

who worked alongside a wide ranging team of Chinese 

stakeholders from industry and academia. With DECC 

and a fellow external expert, Paul Freund, we spent a 

lot of time upfront in getting to know the government 

officials from MOST to ensure that we fully understood 

their needs and aspirations. That allowed us to design a 

valuable work programme covering key aspects of CO2 

capture and the characterisation of geological storage 

options for CO2 together with detailed techno-economic 

assessments of various system options.  I am firmly of the 

view that the NZEC project played a major role in China 

taking forward the extensive CCS R, D&D programme 

that is at the forefront of global CCS activities.

2� :oV oCvioVTMZ IBve NBEe TiHOiGicBOt coOtriCVtioOT 

to tIe EeveMoQNeOt BOE LOowMeEHe trBOTGer oG 

cMeBO coBM tecIOoMoHieT iO tIe worME� *O ����
 ZoV 

IBve CeeO recoHOiTeE CZ tIe #ritiTI HoverONeOt 

BOE BwBrEeE tIe .oTt &YceMMeOt OrEer oG tIe #ritiTI 

&NQire 	O#&
 iO tIe /ew :eBrT IoOoVrT -iTt� 4oNe 

reQort TBiE ZoV NBEe over ��� NiTTioOT to $IiOB� 

8IeO EiE ZoV GirTt tiNe viTit Gor worL iO $IiOB  8IBt 

Bre tIe LeZ EriverT or CeMieG tIBt NotivBteT ZoV to 

GreRVeOtMZ trBveM to tIe GBr�eBTt  

Andrew: Receiving the OBE was a great honour, which 

I received from Her Majesty the 2ueen in a ceremony at 

Windsor Castle.

I first visited China on business when I was asked by the 

European Commission to provide and present a clean 

coal fluidised bed combustion training progamme at the 

�� "OErew .iOcIeOer� 7iTioO oO $$4 BOE $MeBO $oBM %eveMoQNeOt iO
    $IiOB

Dr AndreX Minchener, general Nanager of the 

IEA $lean $oal $entre�
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Harbin Boilers Engineering Research Centre. I gave 

lectures and led tutorials for six hours a day six days a 

week, which was an amazing and rewarding experience.

The reason that I keep visiting and working in China is 

because it is a country that is industrialising at a fast 

rate and is very much trying to balance energy security 

, environmental impact and economic competitiveness. 

This now includes the need to establish a lower carbon 

future while continuing to be the largest coal using 

country in the world. As such it is where it is all happening 

and somewhere where I feel that I can make a positive 

contribution to assist China in addressing its challenges 

and seizing its opportunities.

Q: China is the largest coal consumer, but coal 

is considered as the main source of Chinese air 

pollution. The central government of China has 

announced 10 new measures to fight air pollution in 

mid-2013 and issued an action plan last month (Oct 

2013). Some regions in China started to consider 

setting up an absolute cap for coal consumption. Do 

you think the recent changing policy environment 

in China would be a threat or an opportunity for the 

coal industry? Will China rapidly shift from coal to 

natural gas? 

Andrew: Coal can be a major source of air pollution 

although the transport sector is a major contributor too. 

China is taking important steps to control coal related 

pollutant emissions with very stringent emissions 

standards for NOx, SOx and particulates and a strong 

drive to increase efficiency of power generation. The 

measures to diversify the energy mix are important and 

gas has an important role to play. However, coal will 

remain have to remain the major energy source and so 

it is critical that the government ensures that there is a 

regulatory framework in place such that coal is used as 

cleanly and efficiently as possible. 

The changing policy environment will be a threat to 

those coal users that do not recognise the changing 

circumstances in China and an opportunity to those who 

do. For example, I have just been to visit Waigaoqiao 

no.3 power plant in Shanghai and spent a day with the 

Chief Engineer Mr Feng Weizhong and with my very 

good friend Prof Mao Jianxiong of Tsinghua University. 

The plant is a USC 1000MWe unit that started operation 

in 2008 and achieved an annual net efficiency of 42.7% 

(LHV basis). Mr Feng has worked tirelessly to improve on 

that and has raised it to 44.4% by end 2012, while also 

improving the performance of the various pollutant control 

systems. He also has credible plans for a plant that could 

achieve 49% without the need for advanced materials 

development. 

Q: what is your view on the technical and commercial 

perspective of emerging‘Coal to Gas’ technology 

pathways, such as coal synthetic natural gas (SNG) 

and underground coal gasification (UCG)? 

Andrew: Coal conversion via gasification can transform 

coal into both fuels and chemicals, and offers a means 

by which it can reduce both its conventional (non-GHG) 

emissions as well as its reliance on imported oil and 

natural gas. Initially, from an energy security standpoint, 

China identified a strategic need to diversify the means to 

produce petrochemical products and has taken a global 

lead in establishing gasification technology to use coal as 

a feedstock for chemicals and fuels production. Its efforts 

first focused on the production of ammonia for fertiliser 

production and methanol either as a possible fuel or as an 

intermediate feedstock for materials such as DME. This 

initiative continues to be important, and in particular there 

is a major drive to establish coal-to-SNG processes 

while it seems probable that the scale-up of various 

coal-to-oil technologies may move forward. However, 

equally importantly, there has been a move to apply 

coal gasification for the production of olefins as a means 

to establish higher value-added markets for plastics 

and fibres. Alongside these scale-up and new market 

activities, there is a continuing assessment of other coal-

to-chemicals techniques, with research and development 

of coal-to-glycol and coal-to-aromatics processes under 

way.

That said, there is a need to recognise that coal to 

chemicals processes are large users of water and can be 

large point sources of CO2 emissions. Consequently, in 
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order to develop its sustainability agenda, the NDRC has 

demanded centralised approval for new coal conversion 

projects and has introduced various constraints 

regarding water use, energy efficiency and environmental 

protection, including the capability to be able to address 

CO2 emissions in due course. In my opinion, China offers 

a template for large-scale coal-to-chemicals, gaseous 

and liquid fuels deployment, for all stages of the industrial 

development cycle. It has shown what can be achieved 

from a technical standpoint while demonstrating, as 

technology familiarisation has been achieved, that there 

are various routes that can then be followed to ensure 

acceptable economic performance becomes a key factor. 

Q: Britain also experienced a long period of air 

pollution before they were cleaned up in 1970s. Do 

you think there are some key technical areas should 

China collaborate with UK in developing clean coal 

technologies immediately? 

Andrew:  The air pollution in the major cities and towns of 

the UK was caused by a combination of small coal power 

stations with inadequate pollutant control systems located 

close to large population areas and the fact that most 

households used coal for home heating. The problems 

were addressed by the closure of the small power plants, 

their replacement with larger units with better control 

systems, and the switch from coal to gas for home heating 

and cooking. In the densely populated regions of Eastern 

China there is an increasing switch to gas for cooking and 

heating and the introduction of gas fired power plants and 

CHP schemes. So its eems to be me that providing there 

are adequate gas sources established, you should see 

the benefits in the near future.

Q: CCS is the only technology that could achieve 

a deep cut of carbon emissions from fossil fuel 

combustion. However, it seems that the current 

global CCS activities are far behind IEA's earlier 

estimate. What do you believe the key drivers 

needed to speed carbon capture and storage (CCS) to 

commercialisation globally? 

Andrew:  The problems are ultimately not technical. Each 

of the main three CO2 capture options are at a stage 

where a large scale CCS full chain demonstration should 

be implemented. The problems are finding an adequate 

financing mechanism for such projects, and the need to 

establish an adequate policy and regulatory framework to 

support such projects. 

Q: Chinese companies have developed a large number 

of pilot scale CCS projects. In April, 2013, NDRC 

announced a notice to support the demonstration 

of CCS projects. When do you think China could be 

a lead player and implement the first mega tonne 

project soon?  Given your rich experiences in the coal 

and environment sector, do you have thoughts and 

suggestions for the Chinese government in designing 

potential CCUS demonstration programme. 

Andrew: China has developed some world leading 

industrial pilot scale CCS projects, and from a technical 

and engineering perspective is in a position to develop 

commercial prototype opportunities. Organisations such 

as the Asian Development Bank are working closely 

with the NDRC to try and move forward such projects 

by seeking to support FEED studies, especially in the 

power sector. The European Commission, in a follow-

on to the NZEC project, is also seeking to fund a similar 

FFED study. However, beyond that stage the financing 

issue remains.  The other possibility is to consider 

demonstrations in the coal to chemicals sector, which 

is growing rapidly at least in China, both in terms of 

the number of projects  and the scale of the individual 

projects, with annual CO2 emissions from the newer larger 

units comparable to those of a medium size coal power 

plan. As such, many of these sites represent important 

early opportunities for demonstration that will aid China 

in building up expertise on all aspects of the CCS chain. 

The attraction of demonstrating CCS on such gasifiers 

is that the results would be applicable to the overall 

development of the technology for many coal using 

sectors and projects could be undertaken at significantly 

lower costs compared to operations on a coal-fired power 

plant. This is because the CO2 is already produced as 

a concentrated stream and so the CCS marginal costs 

are essentially those of CO2 compression, transport and 

injection, which are much lower than those where CO2 



 105 人物专访 Expert Interview

capture also has to be included.

There are also clusters of sites in various industrial 

locations within China. These represent cumulative large 

point sources for CO2 release and offer the prospect for 

demonstrations of integrated CCS networks within China 

at significantly lower marginal costs compared to the 

power sector and to individual non-power options. There 

is also the prospect of using the CO2 for EOR, thereby 

creating arevenuse stream that will lower the net cost of 

the demonstration project.

Q: Cost and energy penalty are still a main barrier for 

the deployment of CCS technologies. Are there any 

second generation technologies, to your knowledge 

and perception, likely or promising in bringing down 

the cost and energy penalty of CO2 capture? 

Andrew: I don't want to pick out one as several look very 

promising. However, it is important to remember that 

all new technologies start out as a concept and those 

with attractive enough guesstimates of energy efficiency 

and capital costs will often get supported. Then, as that 

concept is developed , the development realities mean 

that the probable efficiency goes down and the likely 

costs rise. Ultimately, these concepts have to be taken 

forward to a significant scale of operation whereby 

engineering solutions to the problems arising can be 

introduced and better estimates of the overall costs can 

be produced. So it is important for the funding agencies 

of such developments to keep their nerve during the c 

development cycle. 

Q: Collaboration could bring synergy and may 

accelerate the achievement of global environmental 

goals, but some western companies or research 

institutes usually found collaboration hard or 

sometimes frustrating in cope with Chinese working 

culture and legal system differences. How did you 

find the cultural differences between China and 

Europe when you started the first few collaborative 

assignments in CCS and clean coal? Did you have 

any bad experiences? Do you have any practical 

recommendations for dealing with cultural issues in 

collaboration and leading a cross-culture team? 

Andrew: Back in the 1980s and early 1990s, there was 

a major cultural gap and the key requirement in setting 

up a team was to ensure that you had a good interpreter 

who also understood the purpose of the project. I was 

fortunate to have built up a strong working relationship 

with the Thermal Engineering Department of Tsinghua 

University and my friends there were invaluable in helping 

to build bridges. In those early days there was suspicion 

and I spent a lot of time talking to both sides to try and 

ensure mutually acceptable way forward. That said, that 

principle still holds good. As I mentioned previously, the 

China-UK NZEC project was successful because we 

worked very hard at the preparatory stage to ensure that 

both sides understood the other's point of view and so 

that we could establish a programme that was owned by 

all the stakeholders involved. 

Q: you obviously have a very successful career, and 

as we know you are also a good father undertaking 

significant family obligations. How would you 

balance family and work with your very busy time 

schedule and international travel requirements? Do 

your children understand the importance of clean 

coal?  

Andrew: That is a difficult question to answer. I must 

first acknowledge my very understanding wife, Linda, 

who has always recognised the nature and consequent 

obligations for my work. My four children have always 

known that their father doesn't work in the UK so much. 

They also understand very clearly that energy is of critical 

importance worldwide and that its use varies enormously 

from region to region. Furthermore they appreciate that 

the solutions to ensuring acceptable energy security, 

with acceptable environmental impact while remaining 

economically competitive, are not as straightforward as 

many well-known commentators and politicians make 

out!
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who specialises in Carbon Capture and 

Storage.  He has worked for the European 

Commission, UK Government, BP  and consultancies. His 

main expertise is in CCS project development, geological 

storage and policy�regulation. His experience with CCS 

projects has included various options in the UK, Algeria 

(In Salah) and China (NZEC and Guangdong). He was a 

Lead Author on the Intergovernmental Panel on Climate 

Change (IPCC) Special Report on CCS contributing to 

the chapters on geological storage and economics. More 

recently he has been involved in preparation of guidance 

documents for implementation of the European CCS 

Directive,  a review of industry potential for geological 

storage in the UK for DECC and as an advisor to DECC 

on the current UK CCS Competition.

Previously Bill spent 32 years with BP in business and 

technology roles covering alternative energy, exploration 

and production and gas. He was BP's first technology 

manager for carbon capture and storage technology and 

subsequently a Senior Advisor in BP Alternative Energy. 

His earlier career experience in petroleum geology and 

upstream oil business underpins expertise in geological 

storage.  Bill was also seconded to the UK government's 

International Climate Change team during the G8 and 

EU presidencies between 2004-2006.  He has worked 

in Europe, USA, SE Asia, China and Russia. He has a 

degree in geology from Oxford University. 

2� 8IeO EiE ZoV TtBrt ZoVr GirTt NiTTioO iO cBrCoO 

cBQtVre BOE TtorBHe 	$$4
  8IBt wBT ZoVr roMe iO 

ErBGtiOH tIe *P$$ 4QeciBM reQort oO $$4  

I first became involved in CCS in year 2000 while I was 

working for BP in Singapore. They BP had acquired an 

interest in some high CO2 gasfields in offshore Malaysia 

with up to 35% CO2 in the gas and we decided to look at 

the options for CCS and EOR to reduce CO2 emissions.  

Our early work suggested that CO2 capture from gas 

clean up membranes should be feasible with portential 

storage as EOR in nearby oilfields or re-injection within 

the gasfields. Ultimately BP sold up before we could solve 

the challenge and I moved back to UK as Technology 

Manager for CCS.

The work on the IPCC Special Report on CCS started 

in 2003 with an experts meeting in Regina Canada near 

the Weyburn site. I was invited to be a Lead Author 

contributing to the chapters on Storage and Economics 

of CCS. It was an interesting assignment and the 

opportunity to work alongside leading experts from 

around the World. Each chapter had a group of authors  

and I met my friend Prof. Zhou Di from SCSIO then on 

the Storage Chapter. There were long discussions and 

debates between Storage experts about major issues 

such as acceptable level of CO2 leakage, storage capacity 

estimation and estimates. Drafting the report was a long, 

painstaking and careful process with extensive peer 

review. However  the Special Report's publication was 

a major milestone in documenting the case for CCS in 

mitigating Climate Change and getting this recognised by 

IPCC and international stakeholders.

2� " MBrHe OVNCer oG eYiTtiOH iOteHrBteE $$4 

QrojectT iO tIe worME Bre co�GiOBOceE CZ $O� oOTIore 

&OIBOceE OiM 3ecoverZ 	&O3
� #Vt it TeeNT tIere 

iT verZ MiNit oGGTIore $O� &O3 QrojectT BroVOE tIe 

worME� 8IBt iT ZoVr view oO tIe QoteOtiBM oG oGGTIore 

$O�  &O3 tecIOoMoHieT BOE EeQMoZNeOt QoteOtiBM  

While CO2 Utilisation appears attractive because of 

economic benefits and the potential to recover more oil, 

CO2 EOR has not kicked off in offshore fields and it is 

important to look at the reasons for this.  Many fields in 

the North Sea have been studied for CO2 EOR but so 

far there is little progress although some operators are 

pursuing it. There are a number of challenges most of 

�� #iMM 4eOior� 5IoVHItT oO 6,�$IiOB /eBr ;ero &NiTTioO $oBM 
    $oMMBCorBtioO

Bill Senior
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which relate to potential extra recovery, EOR performance 

and options, facilities, conversion costs, CO2 supply and 

economics. In the North Sea the geological characteristics 

of many oil reservoirs are very good meaning that 

recovery factors are already high from primary recovery 

and water flooding (often called secondary recovery). 

Consequently remaining oil potential for EOR is reduced. 

There are also economic challenges because the offshore 

can be a high cost operating environment  and extensive 

capital may be required to safely convert or replace the 

infrastructure and wells, which may be as up to 30 years 

old, and to connect with CO2 supplies. 

Finally there are many other options available to oil 

companies to enhance oil recovery apart from using 

CO2. These include miscible gas, thermal, chemical and 

low salinity water injection.  Naturally oil companies will 

investigate which is most suitable and attractive for their 

oilfields and CO2 EOR will have to compete. In China I 

understand there is already extensive experience with 

EOR in Bohai Bay but that is using chemical polymers 

rather than CO2. However if CO2 supplies can be 

developed as part of CCS networks the economics of CO2 

EOR may also become more attractive. 

Q: It seems the CCS Directive in Europe has created 

significant technical and regulatory barriers for 

developing large-scale CCS projects, especially in 

the liabilities management. What would be your 

recommendations for China in developing a CO2 

storage liabilities framework? 

The CCS Directive was a major advance when it was 

introduced in 2008 as it establishes the regulatory 

framework for safe storage in the European Union. 

This was followed up by Guidance documents and 

transposition in the European countries where CCS may 

be used. There are still concerns about how storage 

liabilities will be handled,  financial securities and transfer 

of assets.  These concerns are about how regulations 

are interpreted and used in practise which is why real 

project experience and implementation of regulations is 

vitally important. Even then it may be decades before we 

eventually stop injecting and close down storage projects.  

These issues also depend on the security of the storage 

sites that will be used and the risks of leakage. Personally 

I think that potential leakage risk are very very low for 

sites that are well characterized,  monitored and regulated 

although I know there are issues of communication and 

understanding between different stakeholders who may not 

have the same understanding of geology and subsurface 

risk assessment.  Regarding regulatory frameworks 

China has the opportunity to learn from other jurisdictions 

experience and figure out what is best for itself.

Q: When did your first visit to China? What are your 

key findings and takeaways from the UK-China Near 

Zero Emissions Coal (NZEC) project? Was that a hard 

work? 

I first visited China in the 1990s when BP was already 

involved in upstream oil and gas business in offshore 

basins like South China Sea and Bohai and there were 

new opportunities opening up for foreign companies in 

onshore basins such as Tarim, Junggar and Sichuan. 

This has given me an understanding of the geology of 

many basins in China which are now candidates for CO2 

storage.

The NZEC seed was planted as part of the G8 and 

EU Climate Change activities 2005 when I was on 

secondment to the UK Department of Environment, Food 

and Rural Affairs. It followed the EU-China Summit  

Declaration in 2005 where the leaders agreed to“ 

develop and demonstrate in China and the EU advanced, 

near-zero emissions coal technology through carbon 

capture and storage. ”Including the CCS concept in the 

political  agreements was groundbreaking and I remember 

the initial meetings with NDRC and MOST when we 

started the discussions on the role of CCS with coal and 

coined the term NZEC, near-zero emissions coal. 

Implementing NZEC and other projects such as COACH 

was not without its challenges in building alignment 

between Chinese and European sponsors and partners 

but I am glad we worked through them. NZEC Phase 1 

was a groundbreaking project to share European and UK 

experience in CCS with China. This is sometimes called 

capacity building and collaboration. It showed that CCS 
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with coal could help mitigate Climate Change on a large 

scale in China and showed that there are viable capture 

technologies and storage options. I hope this helped pave 

the way for further work on CCS and I am encouraged by 

how much is being done on CCUS in China.

Q: The Chinese government has highlighted the 

importance of CO2 Utilization in its CCS strategy. 

Apart from EOR, what is your view on the perspective 

of other CO2 geological utilization methods, such 

as CO2 enhanced coal bed methane, CO2 for shale 

gas fracking, CO2 to recover underground water 

resources?  

There were some pilot tests of CO2 Enhanced Coal Bed 

Methane in China in 2010 supported by Canada but I 

don't know how successful these were and whether they 

are being scaled up. In other areas the swelling of coals 

when CO2 is injected can result in loss of permeability and 

injectivity. 

Shale Gas fracking is already a mature industry in USA 

and that well may impact future CO2 storage, while shale 

gas is at an early stage in China.  But it is not clear to me 

that gas production during fracking will be enhanced by 

CO2 injection. It is not clear that the nature of shale gas 

projects with thousands of wells and rapid decline lends 

itself to CO2 injection, nor that depleted and fractured 

shale zones would be high integrity CO2 storage sites. 

Plus I see little industry interest in linking CO2 with shale 

gas. and storage opportunities may overlap. Project 

developers will therefore need to understand potential 

overlap with other storage and potential impact on storage 

of well penetrations and shale seal integrity after shale gas 

exploitation. I am nonetheless very interested to see how 

shale gas develops in China and how other challenges such 

as water availability and environmental risks are addressed. 

It would be good from a Climate Change perspective if coal 

to gas switching can be increased in China.

In summary therefore I am not so optimistic that CO2 

utilisation with these possibilities has large scale potential 

for reducing greenhouse gas emissions in China or other 

parts of the World. For all these ideas it is important 

that we don't give policymakers false hopes that there 

are easy quick fixes that come with attractive economic 

benefits.

Q: You have drafted a significant piece of work for 

UK DECC on the industry potential and the social-

economics benefits of developing the CO2 Storage 

industry in the UK.Based on your knowledge as 

an advisor for Guangdong CCS readiness and CCS 

collaboration activities, do you think there are 

identical industry opportunities for Guangdong in the 

South China Sea? 

Yes, I see many similarities between the UK situation and 

Guangdong. In both cases there is excellent potential for 

large scale geological storage in offshore basins where 

the geological characteristics are very favourable and 

there is existing infrastructure, wells, data and knowledge 

from oil and gas operations. There are also major 

emissions sources along the coast with good potential to 

develop clusters and hubs and shared infrastructure that 

can reduce transport and storage costs. This can lead to 

new opportunities for industry in both regions although 

some of the main players will be different, i.e. the owners 

of power plants and oil companies. Interestingly some of 

the Chinese oil companies who will need to be involved in 

CCS in China have taken stakes in several of the major 

fields in UK, including some candidates for CO2 EOR and 

Storage.

Q: There is significant lead time in developing a 

CO2 storage site.  What will be your suggestions for 

China to secure the medium-to-long-term capacity 

requirementsin CO2 storage and infrastructure, and 

to avoid the emissions lock-in effect?

That's right. It can take years to identify, characterise and 

develop a storage site. This may be the rate determining 

step for overall CCS projects.  Often new seismic and 

drilling new exploration or appraisal wells  is required 

which needs time and money. This is because we need 

different data to characterise storage from oil and gas 

fields, such as caprock sampling and testing. China will 

need to understand this requirement early on and will 

need to consider how to fund and implement this vital 

activity and how to get industry involved early. It is also 

necessary tofactor in any EOR potential and oil and gas 

decommissioning plans. 

At the other end of future CCS chains, the application 

of CCS ready regulations and engineering is essential 

to avoid carbon lock-in effects in new power plant 
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and industry. This has been looked at in the work on 

Guangdong. China can look at CCS-ready regulations in 

the power sector in Europe and UK.

Q: A large amount of stationary emission sources 

are located along the coastal areas in China. Do 

you think there are possible international financing 

mechanisms for developing and operating large-

scale CCS demonstration projects with CO2 storage 

in offshore saline aquifer in China? 

Many emissions sources in China are along the coast 

particularly in Guangdong and other southern provinces. 

I see these lining up nicely with offshore storage 

opportunities like the Pearl River Basin where the storage 

potential is much better than on-land and storage would 

be away from densely populated areas. 

The international Climate Change negotiations have 

been painfully slow which is disappointing. I am not sure 

how much progress was made in this year's meetings in 

Warsaw. Consequently there is a lot of uncertainty about 

CDM and future international policy instruments and how 

they will apply to CCS. The international negotiators have 

been addressing CCS for some years and I hope they 

realise it's importance in mitigation. Also UK's DECC has 

announced some funding to support CCS in China so 

hopefully this might be used for demonstration projects.

Q: It seems the global deployment rate of CCS is 

not yet satisfied. In regard to Europe, what type of 

incentive scheme you believe essential in unlocking 

investments in large-scale Carbon Capture and 

Storage projects? Do you think a CO2 storage 

certificate system could work better the current 

incentive framework? 

CCS demonstration and development progress has 

definitely suffered since the 2008 Financial Crisis and 

there hasn't been as much done as I hoped in the 

European Union, Norway and Australia(both have 

suffered recent set-backs after political changes). 

We are still moving forward slowly in the UK with the 

demonstration programme. On the other hand it is good 

to see China moving ahead with CCUS and other projects 

being implemented in USA, Canada and Brazil. But the 

problem of Climate Change hasn't gone away and there 

seem to be more and more extreme weather events 

around the world, even if individual events cannot be 

attributed conclusively to Climate Change.

In terms of policy, it is essential to provide government 

support to large scale demonstration projects (and 

storage characterisation) through capital grants and 

operational support,etc. Looking to future deployment 

of CCS there are different policies and incentives being 

setup most of which have yet to be tried and tested. I am 

not a policy expert but I can make  a few observations.

In Europe the Emissions Trading Scheme carbon price 

has virtually collapsed but I think there is a question 

whether it would provide the necessary long-term 

confidence to support CCS at previous carbon prices.  

Similar concerns might apply to CDM type instruments. 

One area where CCS from gas has been commercial is in 

Norway, where there has been a carbon tax on offshore 

emissions for a long time. New policy mechanisms 

that may impact CCS in power are being introduced in 

UK through the Electricity Market Reform and USA's 

Emissions Performance Standards. The UK policy is 

intended to provide longterm support for CCS deployment 

through long term Contracts for Differences, or CFDs. 

The principle is that  the CfD then pays the difference 

between an estimate of the market price for electricity and 

an estimate of the long term price needed to bring forward 

investment in a given technology (the‘strike price’). 

These policies are necessarily complex and need to be 

tailored to the specific market and industry sector. We 

must remember that we need to do something about 

Climate Change and therefore we need to limit future 

emissions and we need CCS. This then needs industry 

and commercial opportunities for them. Politics and policy 

needs to provide consistent long-term confidence for 

Industry to invest in CCS and start the innovation cycle 

that will bring competition, cost reduction and benefits to 

us all.

Q: Apart from CCS, do you have any other interests 

or extra curricular activities that you feel excited by? 

Most of my work is still on CCS these days as I think it's 

important for us all to get it moving. My kids are both at 

university so they are not around so much but I have lots 

of other interests that I try to find time for such as travel, 

cricket, wine tasting, jazz,  learning the saxophone and 

painting. 




