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Executive Summary

This report sets out the results of the UK-China collaborative project on low carbon
technology transfer. The aim of the project was to identify new empirical evidence
about the development, transfer and deployment of low carbon technologies in
China, and to help inform national and international policy developments —
particularly within the UN Framework Convention on Climate Change (UNFCCC).

The report analyses technology transfer from international sources in the context of
broader processes of low carbon innovation in China. It does so by focusing on four
empirical case studies of low carbon innovation in China: energy efficiency in the
cement industry, electric vehicles, offshore wind power and more efficient coal-fired
power generation. The report reaches six main conclusions:

1.

There are important differences between low carbon technologies in China.
Therefore a ‘one size fits all’ approach to supporting low carbon innovation is
inappropriate. Chinese technological capabilities are stronger in more near-
market technologies than they are in more early stage technologies

The case of China is unique, and should not be used as a proxy for developing
countries in general. Whilst China still faces many development challenges,
China has significant resources and a large potential market for foreign suppliers.
The Chinese government has played a central role in supporting low carbon
innovation and technology deployment.

A range of policy mechanisms are used to promote low carbon innovation in
China, with an emphasis on regulations and targets. Appropriate policies differ
between technologies. We support the Chinese government’s intention to
increase the use of market based instruments alongside regulatory approaches.

Chinese firms and institutions are developing their capabilities rapidly, but
significant gaps remain. These capabilities have been acquired through
indigenous innovation and international technology transfer. Limitations include
access to advanced component technologies and knowledge, and some
weaknesses in engineering and design skills.

Access to intellectual property rights (IPRs) is not a fundamental barrier to the
development of low carbon innovation capabilities in China. This does not mean
that IPR issues are unimportant since Chinese firms do not yet have independent
capabilities in some technologies. IPR issues, and the need for policy
intervention, should be evaluated on case by case basis.

International policy frameworks have played an important role in low carbon
innovation. The Clean Development Mechanism has been used strategically by
the Chinese government to provide significant finance for technology deployment.

The report considers implications for the Climate Technology Centre (CTC) and
Network that are being established under the UNFCCC. The role of the Network will
be particularly important, and it should work with existing institutions in developing
countries. The experience of China suggests that a full range of functions should fall
within the remit of the CTC and Network. These could include investment support,
policy advice, collaborative R,D&D and knowledge development. Within these
activities, it will be important to take account of national, sectoral and market
differences. Implementation should be informed by learning from programmes with
similar aims such as the GEF and the World Bank Climate Investment Funds.
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1. Introduction, context and approach

The United Kingdom (UK) government has clearly signalled that it will continue its
predecessor’s commitment to both domestic and global action to tackle climate
change. Durmq} the United Nations Framework Convention on Climate Change
(UNFCCC) 16™ Conference of the Parties (COP16) in Cancun, Mexico in December
2010, the Energy and Climate Change Secretary Chris Huhne MP reaffirmed the
UK’s support for mitigation and adaptation within developing countries:

We have committed £2.9 billion of climate finance over the next four years to help
developing countries tackle climate change. We have fulfilled our Fast Start pledge
and are fully committed to the long term goal of $100 billion a year in climate
finance by 2020'

The rationale for assistance to developing countries remains strong. Least
developed countries are expected to be exposed to some of the most serious
impacts of climate change but, in most cases, these countries lack the resources to
adapt to these impacts. At the same time, some of the larger developing countries
are growing rapidly, and are making significant contributions to global emissions
from fossil fuel based energy systems. In the case of these countries too,
international collaboration and assistance has a role to play — perhaps most
importantly in accelerating the development and deployment of low carbon
technologies. Despite the high economic growth rates of many emerging economies,
leadership in low carbon technologies remains dominated by firms from OECD
countries (Lee, lliev et al. 2009).

To some extent, the outcomes of COP16 in Cancun have made up for the
disappointments of Copenhagen. The Cancun Agreements? are more detailed,
building on the Copenhagen Accord and are supported by both developing and
industrialised countries®. They confirm specific commitments to significant financial
assistance to developing countries for mitigation, adaptation and avoided
deforestation. These include fast start finance ‘approaching $30bn for the period
2010-2012’ (UNFCCC 2010), and a commitment by developed countries to ‘a goal of
mobilizing jointly USD 100 billion dollars a year by 2020’ (UNFCCC 2010). The
Green Climate Fund was established, with the World Bank invited to act as interim
trustee for an initial three year period. A Technology Executive Committee (TEC),
and Climate Technology Centre and Network were also established to support
technology development and transfer?.

This is the final report from a UK-China collaborative research project by the Sussex
Energy Group (University of Sussex, UK) and the Laboratory of Low Carbon Energy
(Tsinghua University, China) on low carbon technology transfer to China. The report
builds on an earlier interim report (Watson, Byrne et al. 2010b), and on two previous
phases of research for a UK-India collaboration on low carbon technology transfer to

' COP 16 Plenary Statement by Chris Huhne, COP16, Cancun, Mexico, 8" December 2010.
2 See http://unfccc.int/meetings/cop 16/items/5571.php for full text of the Cancun Agreements.
% See http://www.wri.org/stories/2010/12/ga-legal-character-and-legitimacy-cancun-agreements for
further information.
* See http://www.climaticoanalysis.org/post/cancun-agreements-on-technology-transfer/
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India. The UK-India research was conducted by the Sussex Energy Group (SPRU,
University of Sussex, UK) with The Energy and Resources Institute (New Delhi,
India).

The need for a separate China project was announced by former Prime Minister
Gordon Brown during his visit to Beijing in late 2007, and its scope was developed
through a workshop funded by the UK government and held at Tsinghua University
in November 2008. As with the UK-India collaborative study, the key focus for this
report is on the provision of new empirical evidence. This evidence primarily derives
from four technological case studies: energy efficiency in the cement industry,
electric vehicles, offshore wind power, and efficient coal fired power generation. The
case studies focus on technologies at different stages of development. They are
designed to provide examples of low carbon innovation and technology transfer in
order to inform international policy development. In section 1.3, we give a more
detailed rationale for why these case studies were selected.

Whilst low carbon technology transfer provides a useful focus for the project, it is
important to recognise at the outset that technology transfer needs to be analysed
within the context of broader processes of low carbon innovation in China.
Technology transfer from international firms and other organisations is only one
source of such innovation. This cannot be analysed in isolation from other,
indigenous sources of innovation — or from the wider national and international policy
contexts that will affect rates of low carbon technology development and deployment.

This report comprises 4 sections. The remainder of section 1 sets out the Chinese
context for low carbon innovation, the rationale for this study and the methods that
were used. Section 2 discusses the difficultly of defining technology transfer. It sets
out our working definition, and links this to factors that influence innovation
processes such as policy frameworks. Section 3 then discusses the evidence from
our project case study technologies and focuses on a number of key issues including
the development of technological capabilities, and the roles of national (Chinese)
and international policy frameworks. Section 4 summarises the main conclusions
and suggests some implications for policy. Detailed write ups of each project case
study are provided in Appendices A to D to this report.

1.1. The Chinese context

During the past two decades, China's economy has continued to grow rapidly, at an
average rate of around 10% per year (Wang and Watson 2009). At the same time,
this economic expansion has led to large increases in energy demand and carbon
emissions (see Figures 1 and 2). These increases have continued through the recent
financial crisis which has led to falling emissions in many of the Organization for
Economic Cooperation and Development (OECD) countries. China is now the
world’s largest emitter of carbon dioxide (CO,), the most important greenhouse gas.
However, on a per capita basis, China’s CO, emissions are lower than those of most
industrialised countries. Per capita emissions reached the global average level of
about 4.5 tonnes in 2006 (UNDP China 2010:29). China is particularly vulnerable to
the expected impacts of climate change which are projected to have serious effects
on water availability, agriculture and coastal vulnerability (NDRC 2007).
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Whilst the energy and carbon intensity of China’s economy has generally fallen over
time during the past few decades, there have been shorter periods in which the
energy intensity has increased. Between 2003 and 2005, intensity rose due to a
particularly rapid period of expansion of heavy industries such as iron and steel,
driven by a boom in infrastructure development. More recently, energy intensity rose
again by 3.2% in the first quarter of 2010, making it more difficult for the energy
intensity target in place at that time to be met. The target, established under the 1
Five Year Plan, called for a 20% reduction in energy intensity between 2005 and
2010. A report to the 2011 National People’s Congress from the Chinese
government’s National Development and Reform Commission (NDRC) stated that a
19% reduction was achieved by the end of 2010 (NDRC, 2011).

1t|’l

Figure 1: Primary energy supply in China
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Source: National Bureau of Statistics of China®.

As Figure 1 shows, coal continues to dominate China’s energy system despite a
slowly declining share. It also continues to fuel the majority of power generation
capacity. According to more recent statistics, total energy consumption rose to 3250
million tonnes of coal equivalent in 2010. According to the official Chinese news
agency, China’s power generation capacity reached approximately 960 GW by the
end of 2010 — an increase of 85GW over the figure a year earlier. Around three
quarters of this capacity is coal-fired. This is the second largest generation capacity
in the world, and is now close to that of the United States (1010GW)®. Imported oil is
also increasing sharply to over 50% of total oil consumption in 2009 — up from 29%
in 2000 as domestic output has matured. Demand for natural gas keeps growing, but
plays a small role in overall primary energy supply — it accounted for approximately
3.8% of primary energy consumption in 2008.

® Data available from: http:/www.stats.gov.cn/tisi/ndsj/2009/indexeh.htm
® Data from the US Energy Information Administration; www.eia.doe.gov/
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Figure 2: Carbon emissions in China (1980-2008)
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Source: Energy Information Administration (EIA), United States Department of Energy (US DoE);
Carbon Dioxide Information Analysis Centre (CDAIC).

These trends lead to a number of pressing economic and environmental challenges.
Securing enough energy to sustain economic growth is clearly an important priority
for the Chinese government. The NDRC'’s report to the National People’s Congress
in March 2011 acknowledges these challenges, and states that ‘total energy and
resource consumption is too large and is growing too quickly, and emissions of major
pollutants are high ... energy-intensive and highly polluting industries are still
growing too fast. Consequently, we face mounting pressure to save energy, reduce
emissions, and respond to climate change, and great challenges in sustainable
development’ (NDRC 2011: 18).

A new target for carbon intensity reduction was announced in the run up to the
Copenhagen COP in 2010, and requires that carbon intensity should fall by 40-45%
by 2020 from 2005 levels. Related to this, the State Council ratified a target that 15%
of China’s overall energy supply should come from non-fossil sources by 2020. Such
targets are taken seriously in China, and are not announced lightly. During the efforts
to meet the energy intensity target for the 11" Five Year Plan, and the evidence of
increasing intensity in early 2010, Premier Wen Jiabao pledged that government
would pursue the target with an ‘iron hand’. This pledge was followed by stories that
some Provincial governments were ordering power rationing in an effort to play their
part in meeting the target (Watts 2010).

Significant attention is now being paid by government and research institutes to the
implementation of the 12" Five Year Plan and the new carbon intensity target. The
12" Five Year Plan, which runs from 2011 to 2015, includes both energy and carbon
emissions intensity targets. Premier Wen Jiabao’s report to the National People’s
Congress on 5™ March 2011 proposes targets for a 16% reduction in energy
intensity and a 17% reduction in carbon emissions intensity during the period 2011-
2015 (Wen Jiabao 2011). It also states that non fossil sources should account for
11.4% of primary energy by 2015, up from 9% in 2008 (Zhang 2010). As a first step



towards these targets, the NDRC has set goals for a 3.5% reduction in both energy
and carbon emissions intensity of the Chinese economy during 2011.(NDRC 2011)

To achieve carbon and energy intensity goals, there will be a central role for the
development and deployment of low carbon technologies, including technologies and
measures to improve energy efficiency and low carbon energy supply. Energy
efficiency technologies are particularly important for China due to the high energy
intensity of its economy and the still dominant contribution of industry to energy
demand and emissions. Over 80% of China’s emissions come from the electricity,
heat, manufacturing and construction sectors (UNDP China 2010). There are
significant gaps between energy intensities in these sectors within China — and the
average performance in OECD countries. There are also gaps between the best
performing plants in China and the worst performers.

The Chinese government has consistently argued that developing countries
(including China itself) should be provided with financial and other assistance in low
carbon technologies by developed countries. Chinese leaders are also vocal in their
disappointment that past promises to provide such assistance — including technology
transfer’ — have not in their view been honoured. In the lead up to COP15 in
Copenhagen for example, the Chinese government proposed that industrialised
countries should provide funding of 0.5-1% of their GDP to various funds including a
Multilateral Technology Acquisition Fund®.

Calls for assistance from industrialised countries have been tempered in recent
years by a recognition that China’s own capabilities are getting stronger. This has led
to a modified tone in speeches by senior officials which tend to emphasise the need
to protect intellectual property rights — and not to simply provide access to these
rights for developing countries. For example, Zeng Peiyan, an influential former Vice
Premier of China, summarised the Chinese government’s views in May 2010°:

Regrettably, we haven’t seen substantive progress in the sharing of these [low
carbon] technologies. ... There is a need to develop institutions and finance ... to
transfer technologies on concessional terms whilst safeguarding intellectual
property rights.

There is, therefore, an increasing recognition that China can help foster low carbon
innovation by its own domestic policy actions. Recent examples include research
and development (R&D) support, incentives for technology deployment (e.g.
renewables) and demonstration trials (e.g. of electric vehicles). Significant Chinese
government funding has been devoted to R&D in low carbon technologies, and to
energy efficiency and clean technology within the 4 trillion Yuan (approximately
£400bn) stimulus package in response to the global financial crisis. There is also
acknowledgement that international agreements on technology transfer need to take
into account the legitimate concerns, including respect for intellectual property, of
leading international firms that are developing low carbon technologies. Furthermore,

” Also see Ockwell, Haum et al. (2010)

® Implementation of the Bali roadmap: China’s Position on the Copenhagen Climate Change
Conference, 20" May 2009; http://en.ndrc.gov.cn/newsrelease/t20090521 280382.htm

® Speech to International Cooperative Conference on Green Economy and Climate Change, Beijing,
China, 9" May 2010.
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the rapid development of Chinese capabilities in some low carbon technologies (e.g.
wind and solar power) means that in some sectors, at least, there are valuable
lessons to be learned by other countries, sectors and regions across the globe about
how barriers to low carbon innovation have been overcome.

1.2. Study rationale and objectives

As noted earlier in this section, the key rationale for this study is need to provide new
empirical evidence of low carbon innovation in developing countries — and the
contribution to this of technology transfer. One headline conclusion from the
preceding UK-India studies of low carbon technology transfer is that there is no ‘one
size fits all’ prescription for policy in this field (Ockwell, Watson et al. 2006). Whilst
United Nations (UN) negotiations on technology transfer necessarily deal in
generalities, these negotiations need to take into account the empirical evidence on
low carbon innovation which reveals a more complex, nuanced picture (Ockwell,
Haum et al. 2010). The capabilities of firms and other organisations in specific low
carbon technologies differ markedly between countries and regions — as do the
capabilities within a given country with respect to different low carbon technologies.

Given this background, it was thought to be particularly important to conduct a
further phase of research focusing on low carbon technology transfer to China. This
basic rationale was accompanied by a number of objectives as set out in the original
UK-China project proposal (Ockwell, MacKerron et al. 2008). The five research
objectives are:

1. To add value to the rapidly growing literature on low carbon innovation in China,
and the role of technology transfer;

2. To focus on a range of low carbon technologies that includes both early stage
and near market technologies;

3. To examine the full range of factors that influence innovation and technology
transfer including technological capacity, access to intellectual property rights
(IPRs) and the role of national and international policy frameworks;

4. To look in particular at the role of the Clean Development Mechanism in
supporting low carbon innovation in China; and

5. To suggest policy implications, particularly for the international UNFCCC
negotiations

The first objective is particularly important. As China has emerged as one of the
world’s largest economies (in 2010 overtaking Japan to become number two in the
world)'?, it has become more of a focus for international debate and discussion. The
volume of research focusing on its energy, climate and innovation policies has also
grown. The research published in this report builds on a growing number of existing
studies, many of which are recent. These studies include research on China’s overall
development pathway, and the extent to which it could be compatible with global
limits on GHG emissions (e.g. Wang and Watson 2009; e.g. UNDP China 2010).
They also include more detailed research on innovation in specific regions (e.g.
Chatham House, Chinese Academy of Social Sciences et al. 2010), and specific

1% See http://www.bbc.co.uk/news/business-12427321
9




lower carbon technologies such as wind power, energy efficient methods of steel
production, and supercritical coal-fired power (e.g. Lewis 2007; Tan, Seligsohn et al.
2010).

By bringing together complementary capabilities from Tsinghua University and the
University of Sussex, the research published in this report adds value to these
existing studies. To address the second research objective, we have focused on a
set of case studies designed to capture the diversity of low carbon innovation in
China. They encompass different stages of technological development, different
markets (capital and consumer goods) and different parts of the energy system
(electricity generation, industry and transport). The case studies include near market
technologies (improvements in efficiency in the cement industry and more efficient
technologies for coal-fired power) but also focus on future technologies that are still
in the process of being commercialised in China (electric vehicles and offshore
wind). Some of these cases (e.g. offshore wind) have not been examined in depth
within previous studies of low carbon innovation.

To address the third research objective, our analytical framework focuses on a fuller
range of key issues for low carbon technology transfer than previous studies. The
importance of familiar issues such as intellectual property rights, finance and policy
incentives have been investigated alongside an examination of the role of
technological capabilities. By grounding the analysis in the innovation and
development literature — an area in which the Sussex Energy Group has particular
expertise (e.g. Ockwell, Ely et al. 2009) — this project has added to an understanding
of how technological capacity is developed in China. In the context of international
discussions, it is important to gain a better insight into how such capacity contributes
to both industrial development and low carbon technology deployment.

With respect to the fourth research objective, the role of the Clean Development
Mechanism has been investigated — particularly with respect to the case of energy
efficiency in the cement industry and with respect to offshore wind. Whilst the latter
technology has not been a significant beneficiary of CDM funding, the development
of onshore wind in China has included a large number of CDM projects.

Finally, the fifth research objective has been addressed through close liaison with the
Department of Energy and Climate Change, and through interaction with
international institutions working on similar agendas, and through the participation of
the research team as observers to the UN negotiations in Copenhagen and Cancun.
The main focus has therefore been on international policy — but the research has
also considered implications for Chinese and UK policies.

1.3. Research methods

The research was carried out between February 2010 and March 2011, and has
comprised four main activities.

1. Development of analytical framework. During the first few months, the analytical

framework for the project was developed in order to structure the case study
research. This activity was led by the University of Sussex team. The final framework
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identified several key issues for low carbon technology transfer, and conducted an
updated literature review on these issues (both in general, and with respect to
China). The issues identified were i) the development of technological capacity within
China; ii) intellectual property rights; iii) finance and policy within China; and iv)
international financial and policy frameworks. The updated literature review with
respect to these four issues was published in this project’s interim report (Watson,
Byrne et al. 2010b) and was subsequently used to inform the case study interview
questions (see below).

With respect to intellectual property rights, a separate project was funded by the UK
Foreign and Commonwealth Office in Beijing. The project was led by Professor
Wang Can at Tsinghua University, who is a member of the UN Expert Working
Group on Technology Transfer. This project also focused on several sPecific
technology case studies, with some significant overlap with our study".

2. Case study selection. In parallel with the development of the analytical framework,
a case study selection process was carried out. The original project proposal listed
four proposed case study technologies which were identified through a scoping
workshop at Tsinghua University in November 2010. These were felt by participants
to be priorities for China, and at a relatively early stage of development. They were:
i) Integrated Gasification Combined Cycle (IGCC) technology for coal fired power
generation in combination with carbon capture and storage (CCS); ii) second and
third generation biofuels for transport; iii) coal mine methane production; and iv) fuel
cells for vehicles and stationary applications. This list was revised in consultation
with our research partners at Tsinghua University and staff at the UK Embassy in
Beijing. A number of considerations informed the process of revision. The main aim
is to ensure that the case study results will enable the project to provide well
grounded policy recommendations. These considerations included:

e The need for a broader spread of technologies that are at different stages of
development;

¢ The need to include both low carbon supply and energy efficiency technologies,
particularly given China’s recent commitment to a reduced carbon intensity
target;

e The need to include cases in which Chinese firms have recently been ‘catching
up’ with the international technology frontier (with respect to development and
production), and cases in which there remains a significant gap between the
average technology in use in China and international ‘best practice’;

e The need to prioritise technologies that fit with China’s national priorities as
outlined in official government communications;

e The desirability of including some geographical diversity to reflect different levels
of income, technological capabilities and natural resources within different
Chinese provinces and localities; and

e The need to choose cases in which the research team has some prior knowledge
and means of access to relevant information and interviewees.

With these considerations in mind, four case studies were agreed. Brief rationales for
each are as follows:

! At the time of writing the final report from Prof Wang’s study was not available.
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Energqy efficiency in the cement industry. China’s carbon intensity target and the

high share of China’s carbon emissions from energy intensive industries means a
continued focus on the efficiency of these industries (UNDP China 2010). Many
of the technologies to improve energy efficiency are already available yet there
remains a significant ‘efficiency gap’ between technologies in place in many
Chinese firms and the best available technologies. Since the Tsinghua team have
recently focused on the steel industry within a UK Foreign and Commonwealth
Office funded study led by the World Resources Institute (Tan, Seligsohn et al.
2010), this study has chosen to focus on the cement industry.

Electric vehicles. Whilst fuel cell vehicles were in the original technology list, and

may be very important in helping to decarbonise the transport sector, there has
recently been more of an emphasis on electric vehicles in many countries. China
is no exception. There are now public programmes such as electric vehicle
charging trials and company strategies. However, market diffusion remains at an
early stage. Including electric vehicles as a case will balance the case study
portfolio so that it is not too dominated by electricity supply options. There is
considerable knowledge within the Tsinghua team of developments in Chinese
electric vehicle technologies and associated policies and strategies.

Offshore wind power. Renewable energy technologies are important for the
project since there is the potential to learn from success as well as asking what
further policy action might be needed. The specific focus on offshore wind was
agreed for a number of reasons. Chinese firms have developed their capabilities
rapidly in recent years in onshore wind technology, and are now applying these to
offshore projects. In addition, there has been a clear influence from both
international policy (e.g. through CDM projects) and national policy incentives in
promoting the diffusion of wind power in China. Furthermore, offshore wind is a
particular priority for the UK — and its inclusion may be attractive to UK audiences
for this project’s findings.

Efficient coal fired power generation. One option for more efficient coal fired
power generation (IGCC technology) was included in the original technology list.
IGCC is a complex technology at an early stage of development, with some
active interest from Chinese companies and government. It uses coal, which is
an important fuel to include in at least one of the case studies given its important
role in the Chinese energy system. With respect to more established supercritical
technologies for coal fired power, there is also a good rationale for inclusion
within the study. It is a technology in which Chinese firms have increasingly good
capabilities — and is more commercially mature than IGCC technology. For this
reason, this case focuses on both of these options for improving the efficiency of
coal-fired plants. It was decided not to include carbon capture and storage (CCS)
technologies within the case study because it would make the scope of the case
too large. There was also a view from some Chinese experts we consulted that
CCS technologies are not yet an sufficiently important priority for China.

3. Case study research. Having agreed the selection of case studies, the University
of Sussex and Tsinghua University teams worked together to carry out the empirical
research. This involved both primary and secondary sources including literature
searches, as well as semi structured interviews with experts from industry,
government and research institutions.

12



A clear division of labour was agreed. The Tsinghua team have the best knowledge
about developments in China in the case study technologies. For example, it
includes members with specialist knowledge of renewable energy technologies and
policies, electric vehicle developments and IGCC technology. Therefore, they carried
out the bulk of the case study interviews in Chinese, and provided notes of key
points in English. The final case study reports from the Tsinghua team are included
in this report as Appendices A to D, with some editing by the Sussex team for clarity
and style. The notes of specific interviews have not been included for confidentiality
reasons, but these notes have been used to inform both the case study reports and
this final project report.

The Sussex University team used their knowledge to structure the approach to the
cases (see above), including the theoretical framework, and the questions for the
semi-structured interviews. To help embed this approach, Michele Stua of the
University of Sussex team spent two periods in China working alongside the
Tsinghua University team: from June to August 2010 and in October 2010. The
Sussex team also searched the English-language literature on the case study
technologies in China in order to ‘triangulate’ the findings of the Chinese team. In
addition they conducted a small number of interviews with representatives of national
and international organisations that have worked with Chinese firms and research
institutes on low carbon technologies. A list of interviews is included in Appendix F of
this report.

4. Synthesis and writing up. Following the completion of the empirical research, the
results of the case studies were synthesised with insights from the literature. During
this process, a number of revisions were made to the case study reports to improve
comparability. The main results are reflected in section 3 of this report. At the same
time, interim insights from the UK-China research were summarised alongside the
results from the previous UK-India studies in a policy briefing (Watson, Byrne et al.
2010a). The briefing was launched at a side event at UNFCCC COP16 in Cancun,
Mexico. University of Sussex team members also played a role in several other side
events, a process that helped them to develop the policy implications outlined in
section 4 of this report. A draft final report was subject to internal peer review within
the University of Sussex. A full draft was discussed at a workshop at Tsinghua
University attended by policy makers from several Ministries, academic experts and
other stakeholders. Extensive comments were made on the findings and possible
avenues for further research. Where possible, some of these comments have been
incorporated in this final report text.
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2. Defining technology transfer

This section discusses the concept and practice of ‘technology transfer’ in general
terms, as a way to provide a context for the research results presented in section 3
of this report. We begin the discussion by referring to the definition of technology
transfer used by the Intergovernmental Panel on Climate Change (IPCC) and then
unpack that definition and what it means, making use of the literature on the topic. In
the process, we will touch on a few aspects of technology transfer that we discuss
more fully in other sections of the paper. These include the role of intellectual
property rights (IPRs), and recognition that private sector firms are the main
suppliers and importers of technology. The role of private firms in technology transfer
is an important point that is often overlooked in policy debates and UN negotiations
about transfer processes and access to technological knowledge.

The process of ‘technology transfer’ has been the subject of debate for many
decades and depends for its definition on how the nature of technology itself is
understood. In relation to climate change mitigation and adaptation, perhaps one of
the more important definitions of ‘technology transfer’ is that provided by the IPCC
(2000:3):

... a broad set of processes covering the flows of know-how, experience and
equipment for mitigating and adapting to climate change amongst different
stakeholders such as governments, private sector entities, financial institutions,
non-governmental organizations ... and research/education institutions.

This is, the IPCC report asserts, a broader understanding than that used by the
UNFCCC'? (United Nations Framework Convention on Climate Change). The report
then further defines the notion of ‘transfer’ as encompassing (IPCC 2000:3):

... diffusion of technologies and technology cooperation across and within
countries. ... It comprises the process of learning to understand, utilize and
replicate the technology, including the capacity to choose it and adapt it to local
conditions and integrate it with indigenous technologies.

The report does not, however, provide an explicit definition of technology. That may
be inferred from the list of elements the report identifies as ‘flowing’ and the actors
who benefit from the process. So, technology can be interpreted as ‘know-how,
experience and equipment’ flowing to and between ‘stakeholders such as
governments, private sector entities, financial institutions, non-governmental
organizations ... and research/education institutions’. The implication here is that
technology incorporates what many describe as both ‘hardware’ (e.g. physical
equipment) and additional components such as the know-how and experience
mentioned in the IPCC report. Indeed, some refer exclusively to this knowledge
dimension of technology when defining technology transfer (Schnepp et al. 1990
cited in Ockwell et al. 2008). Others observe that knowledge is embedded in

"2 However, the IPCC report does not elaborate on its assertion that the understanding of technology
transfer within the UNFCCC is narrower than the IPCC version. Indeed, it is not clear whether the
UNFCCC actually has an explicit definition of technology transfer.
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hardware (Bell and Pavitt 1993). In addition, as the extract above from the IPCC
report states, learning, choosing, adapting and integrating are all parts of the process
of transfer. That is, each is time-dependent and often time and resource-intensive
(Bell and Pavitt 1993).

An important idea that helps us to understand why these processes are time and
resource-intensive is tacit knowledge (Polanyi 1966). Polanyi and others, such as
Tsoukas (2002), argue that all knowledge is tacit because it is embodied in human
beings as cognitive structures and abilities for skilful performance; any ‘knowledge’
that is not human-embodied is at best ‘information’ or a representation of knowledge.
From this perspective, the process of learning is one in which people working in
organisations attempt to assimilate, accommodate or integrate new information with
their existing knowledge and experience, and this results in new or enhanced
knowledge and skills. Depending on the complexity of the new information or skills to
be learned, and the prior knowledge and skills of the individual and/or organisation,
there may be a need for prolonged training and practice in order to cultivate — to
embody — the requisite knowledge. The processes of choosing, adapting and
integrating technologies can all be understood as kinds of learning or, at least,
dependent on learning. Whether the notion of tacit knowledge as argued by Polanyi,
Tsoukas and others is robust, many recognise that there is some quality of
knowledge that is tacit and that this has economic implications'® for processes of
‘technology transfer’. Notable among such analysts is Stern, who devotes some
discussion in The Economics of Climate Change to the notion and implications of
tacit knowledge (Stern 2006).

Further reflection on the IPCC definition of technology transfer suggests that some
technologies involve significant non-hardware components. The focus of our study is
low carbon technologies for which hardware is clearly significant in many cases.
However, energy efficiency is an area in which knowledge may play a particularly
important role alongside hardware. For example, energy efficiency can be improved
in some cases through changes to behaviour (such as turning off unnecessary
power loads), something that could be achieved with appropriate knowledge or by
implementing suitable procedures. In principle, such knowledge could be
‘transferred’ just as much as equipment, and this underlines the potential for the term
‘technology’ to be somewhat misleading unless carefully defined. Likewise, the term
technology transfer could be misleading by implying that the process is simply one in
which hardware is moved un-problematically from one place to another. This
neglects the importance of context and the knowledge and skills needed locally with
which to adopt, adapt, etc. new technologies in that context (see below and the next
section, where this is discussed in terms of absorptive capacity). A more general —
perhaps neutral — term could be innovation, which can encompass both hardware
and knowledge dimensions of technology, whether they are sourced from within the
local context or from elsewhere. Consequently, it may be more helpful to refer to
‘innovations’ than technologies, where the word innovation does not necessarily
imply radically new or disruptive hardware or knowledge (see below for further
discussion on innovations). Furthermore, bearing in mind our present focus on

Bltis interesting to note that the UK intellectual property regime recognises tacit knowledge as
having economic value. However, as stated in its corporate plan in 2009, the UK IPO (Intellectual
Property Office) identifies that there is a lack of ‘understanding of the economic connection between
formal and informal IP systems and the value’ so derived (UKIPO 2009:11).
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technologies for mitigating and adapting to climate change, it may be more helpful to
use terms such as low carbon innovations, low carbon innovation capacity or
capability, and so on.

Figure 3: The technological content of international technology transfer
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Source: Bell (1990:76 cited in Ockwell et al. 2006).

A useful way to think about the transfer of hardware and knowledge is given in Bell
(1990). This separates technology transfer processes into three kinds of flows, as
shown in Figure 3. Flow ‘A’ includes hardware (capital goods), as well as the
engineering and managerial services that are required for implementing such
transfer projects. These flows could also include product designs in the form, for
example, of specifications for equipment. Flows of type ‘B’ consist of information
about production equipment — operating procedures, routines, etc. — and training in
how to operate and maintain such hardware. Bell (1990:77) describes these flows as
‘paper-embodied technology’ and ‘people-embodied knowledge and expertise’.
These kinds of flows are predominantly of the ‘soft’ variety. Both flows ‘A’ and ‘B’ add
to or improve the production capacity of a firm or economy, but do little or nothing for
developing the skills needed for generating new technology. Flows of type ‘C’,
however, are those that help to create the capability to generate new technology;
what Bell calls ‘technological capacity’, or what we could also call innovation capacity
or capability, as Bell (2009) does in an updated discussion. What is not clear in this
diagram of ‘technology’ flows is the role played by indigenous knowledge and skills.
As the IPCC (2000) report states, these are also important for successful transfer of
technologies, particularly where they may need to be adjusted to local conditions but
also because the presence of existing knowledge and skills tends to make transfer
easier. The extent to which such knowledge and skills are already present in a firm
or economy is often called absorptive capacity, which we will discuss more fully in
section 3. This capacity, and the way in which it also stems from indigenous support
within a developing country’s ‘National Innovation System’ is reflected in a modified
version of Bell's diagram (see Figure 4). This National Innovation system is defined
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by Freeman as ‘the network of institutions in the public and private sectors whose
activities and interactions initiate, import, modify and diffuse new technologies’
(Freeman 1987).

Figure 4: Technology transfer and National Innovation Systems

Technology National Innovation System
transfer

Source: Authors, based on Bell (1990)

When we refer to the creation of new technologies we do not always mean those
that mark a radical departure from ‘old’ technologies. New technologies — or, more
generally, innovations — can be characterised according to their position along a
continuum that ranges from incremental to radical. New technologies can also be
new to the world, the market or the firm (OECD 2005 cited in Bell 2009). Innovations
new to the world or market'* might be described as involving ‘vertical’ transfer in the
sense that they move from R&D to commercialisation; those that are new to the
world, the market or the firm could be described as involving ‘horizontal’ transfer in
the sense that they move from one geographical location to another (Ockwell et al.
2008). Of course, not all innovations involve both, but the distinction is a useful one
when identifying the key barriers or constraints to innovation in a particular context
such as China.

It can be argued that horizontal technology transfer that results in new adoption in a
developing country market or firm is particularly important in the context of low
carbon development. Ockwell et al. (2010:15-16) elaborate this argument at some
length. In essence, developing country firms are more likely to put existing
technologies into use than they are to create new-to-the-world technologies but they
may have to adapt them to the local context and incrementally develop them over
time. As such, technology flows of type A and B remain important (see the next
section for more discussion of the capabilities associated with these types of flow).
Nevertheless, there is an important mutually beneficial relationship between

' Following Bell (2009:12, note 14): ‘The market may be defined (a) as firms’ competitors anywhere,
or (b) in terms of a geographical region.’
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adaptive/incremental innovation capabilities and those for R&D. Involvement in R&D
tends to increase absorptive capacity (see the next section for more discussion of
absorptive capacity) and so facilitates more efficient ‘transfer’ of all three flows of
technology. In selecting the case studies for this research, one of the criteria is the
desire for a spread of technologies ranging from near market or commercial to those
in R&D or at the demonstration stage (see section 3 of this report for more details on
the case studies). In practice, no innovation is likely to be entirely new or thoroughly
radical: each innovation will depend to some extent on existing knowledge, other
technologies and an institutional’® environment. Taken together, these broad
processes of social and technological change occur through combinations of
continuous incremental — and occasionally radical — innovations (Freeman 1992).

As the IPCC definition of technology transfer implies when it mentions a wide range
of stakeholders, the context into which a technology is transferred consists of many
actors connected through market and other kinds of relationships, operating in
particular institutional environments, and providing a wide range of goods and
services. Bearing this in mind, we can expect that processes of ‘technology transfer’
will also be affected in important ways by policy and economics. Policy frameworks
in the recipient country and international frameworks (whether bilateral or
multilateral) therefore have important impacts. In many cases, low carbon technology
transfer is unlikely to lead to successful low carbon technology diffusion in the
absence of incentives to create demand for the technologies in question.

One of the more contentious issues in technology transfer processes is that of IPRs.
We will discuss the issue of IPRs more fully as part of our analysis of technological
capabilities in section 3. Here, we will simply state that there are two principal levels
at which these tensions arise. One is at the firm or organization level and the other is
at the national level. At the firm level, where technologies are usually owned, the
transferring firm will aim to maximise price and minimise leakage of proprietary
knowledge. The recipient firm will want to minimise cost and maximise knowledge
‘transfer’. At the national level, the ‘transferring’ country will want to maximise
exports and minimise leakage of jobs / technologies to competitors. By contrast, the
recipient country will want to maximise competitiveness and minimise imports.

So, to summarise, ‘technology transfer’ can be described as a complex process
involving learning within and between firms and other organisations drawing on the
human resources available from training institutions. All this occurs in a context of
policies, laws, regulations, technical practices and cultural norms, and is influenced
by political and economic interests. However, the use of the word ‘technology’ can
mislead us into thinking only of hardware when, in fact, equipment cannot function
without appropriate knowledge and skills, and many ‘technologies’ do not even
include equipment. It may be more helpful, therefore, to redefine ‘technology
transfer’ to reflect this broader understanding and to include recognition of our
particular interest here in technologies to mitigate and adapt to climate change. On
this basis, terms such as low-carbon innovation may be more suitable than
technology transfer.

"% Institutions here refer to the range of policies, regulations and laws as well as technical practices
and cultural norms (Scott 1995; Hodgson 2006).
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3. Low carbon technology transfer to China: research results

3.1. Building technological capabilities in China

The discussion in the section 2 unpacked the concept of ‘technology transfer’ and, in
doing so, referred to the notions tacit knowledge, absorptive capacity and innovation
capacity or capability. In this section, we will use these linked concepts to analyse
how capabilities have been developed within China in each of the four technological
case studies. To aid this analysis, it is important to define two further concepts. The
first is production capacity, which Bell and Pavitt describe as:

... the resources used to produce industrial goods at given levels of efficiency and
given input combinations: equipment (capital-embodied technology), labour skills
(operating and managerial know-how and experience), product and input
specifications, and the organizational methods and systems used. (Bell and Pavitt,
1993:163)

The second definition refers to technological capabilities:

... the resources needed to generate and manage technical change, including
skills, knowledge and experience, and institutional structures and linkages. (Bell
and Pavitt, 1993:163)

As we discussed in Figure 3 in section 2, these two forms of capacity/capability can
be illustrated as flows of type A, B and C from suppliers to importers. Flows A and B
contribute to building production capacity, while flow C (in conjunction with A and B)
contributes to the accumulation of technological capabilities. Figure 4 complemented
this by emphasising that both production capacity and technological capabilities are
also developed through indigenous innovation within developing countries.

The first report of this present study discussed the role of technological capabilities in
some detail (Watson, Byrne et al. 2010b) and so we will not repeat that discussion
here. Instead, we will refer to the most relevant aspects of that discussion since
these are applied in our analysis of the case study evidence.

Our picture of technology flows can be enhanced by recognising the importance of
local absorptive capacity, defined as the ability to ‘recognize the value of new
information, assimilate it, and apply it to commercial ends’ (Cohen and Levinthal
1990:128). Absorptive capacity is an important element of the technological
capabilities defined by Bell and Pavitt (1993). In turn, technological capabilities
broadly characterise an innovation system, hence the addition of the national system
of innovation to Bell’s (1990) diagram of technology flows, as given in Figure 4.

Implied in this description is a positive interdependent relationship between the
building of technological capabilities and the particular state of absorptive capacity.
In crude terms, the higher the absorptive capacity of firms and organisations, the
easier it is to build technological capabilities in a particular country or sector.
Similarly, the building of technological capabilities raises the level of absorptive
capacity. In practical terms, this building process can be achieved by focusing on
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‘simpler’ production capabilities initially and moving to more ‘complex’ innovation
capabilities later (Bell 1997:75). Given that these two properties of firms,
organisations and innovation systems have a large degree of overlap, this report
refers mainly to capabilities for the sake of simplicity.

We can see the process of building capabilities as one of ‘catching up’ with the
‘technological frontier’, although we should recognise that there are important
criticisms of these notions that caution us not to ignore the possibility of multiple
‘directions’ of innovation (Stirling 2009) and that not all innovation is necessarily at
the world ‘frontier’ (see e.g. Kaplinsky 2011 on ‘below the radar’ innovation).
Nevertheless, as we see in the case studies, firms and other actors do hold
conceptions of what constitutes the ‘cutting edge’ or ‘frontier’ of a particular
technological area and so, from an analytical perspective, the notions of catching up
and frontier provide some useful purchase. This was also the case in our previous
case study research in India.

This discussion also brings us to the issue of intellectual property rights (IPRs),
which often arises around access to technologies — particularly those at the frontier.
In the area of low carbon technology transfer, it tends to provoke particularly thorny
debate between industrialised and developing countries. IPRs are legal rights over
ideas, creative processes and products. They include copyrights, trademarks, and
patents'® — where holders can prevent the use of these technologies; thus patents
are likely the most important type of IPRs within the context of low carbon technology
transfer (Harvey 2008:5). There are often two sides to this debate. Some
commentators and Parties to UN negotiations (particularly developing country
Parties) assert that low carbon technologies are public goods'’, contributing as they
do to the mitigation of future carbon emissions, and that the IPRs to these
technologies should therefore be bought up by an international fund and made freely
available to developing countries, similar to agreements made over certain anti-
retroviral drugs for treating HIV/AIDS. Current IPR regimes, they argue, are
inappropriate and restrict access to low carbon technologies by developing country
firms and organisations. On the other side of the debate some (particularly in
developed countries) argue that low carbon technology transfer will be better
facilitated if developing countries tighten up their legal frameworks for IPR protection,
and the enforcement thereof.

Empirical evidence available to date on IPRs in the context of low carbon technology
transfer is limited. Nevertheless, there are recent substantial pieces of research on
this issue, some of which are based on case studies. For example, Barton (2007)
reviews the markets for three renewable technologies (solar PV, wind and biofuels).
Similarly, Lewis (2007) presents an in-depth analysis of the wind power industry in
China and India and is drawn on extensively in Barton’s analysis. Harvey (2008)
addresses the issue by examining IPRs more generally among developing countries,
and considers the potential role of China and international institutions, such as the
World Trade Organization (WTO). The International Centre for Trade and

1 Copyrights, trademarks and patents are considered formal parts of the UK intellectual property
regime. However, as noted in section 2, the UK system also recognises informal types of intellectual
property such as tacit knowledge.

However, as noted in Mallett, Ockwell et al. (2009:29), low carbon technologies are rival and
excludable, so are not ‘pure’ public goods.
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Sustainable Development (ICTSD) carried out two studies examining the role of
intellectual property for climate technologies. The first (ICTSD 2008) dedicates a
chapter to the potential role of IPRs. The second (Oliva 2008) provides an overview
of the issues, drawing on evidence from studies of technology (not necessarily low
carbon) transfer to developing countries and discusses how IP might be dealt with
under the UNFCCC process. In addition, a study by Chatham House (Lee et al.
2009) focuses on the ownership of intellectual property in a range of low carbon
technologies, and also analyses the speed at which these technologies are brought
to market.

Empirical research for the UK-India collaboration on low carbon technology transfer,
led by the Sussex Energy Group (SEG), was conducted in parallel with these
studies. Two phases of research were completed. The first phase (Ockwell et al.
2006) used technology case studies'® in India to look more generally at low carbon
technology transfer but was able to draw only tentative insights on IPRs. The second
phase (Mallett, Ockwell et al. 2009) focused explicitly on IPRs, examining five case
studies'®, also in India. The emphasis throughout the studies was on a consultative
approach that engaged directly with industry, government and researchers. Across
the two studies over 300 people were consulted, most based in India but discussions
were also held with stakeholders from the industrialised world.

Whilst these studies are inconclusive on the overall impact of IPR regimes on
technology transfer (e.g. Oliva 2008), almost all found that developing country firms
had access in principle to the technologies they examined. There is usually a cost
associated with such access — but in many cases, costs are not so high as to prohibit
access to a generic technology (such as wind power or solar power). However, the
inconclusive nature of the studies lies in the fact that IPR issues depend on a set of
factors that are difficult to generalise.

For instance, Harvey (2008) found that companies often do not file patents in the
Least Developed Countries (LDCs) because they do not see them as lucrative
markets. Alternatively, they may be willing to sell their IP at a lower price if they feel
confident that the lower-cost technologies produced in the LDCs will not be re-
exported to their ‘home’ markets where they could be more competitive. But the
status of the firm may be important here. A publicly funded intervention by the Global
Environment Facility (GEF) tried to subsidise licenses for Chinese firms to gain
access to efficient boilers. It was only ‘second tier suppliers?® who were willing to sell
(Birner and Martinot 2005). These firms believed they would gain more from selling
licenses than they would by operating in the Chinese market, whereas leading firms
held the opposite view.

'® The case studies analysed by Ockwell et al. (2007) were integrated gasification combined cycle
(IGCC) technology for coal-fired power generation, light-emitting diode (LED) lighting, hybrid vehicles,
biomass generation and improving the combustion efficiency of existing power stations.
¥ The case studies in Mallett, Ockwell et al. (2009) were hybrid vehicles, solar photovoltaics (PV),
energy efficient technologies in small and medium-sized enterprises, wind energy and IGCC for
power generation.

So-called ‘second tier’ companies are smaller firms than the market leaders, although this does not
imply that they sell inferior technology (Lewis 2007).
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Similar to our findings, both Barton and Lewis demonstrated that Indian and Chinese
firms achieved access to technologies by buying licenses, entering into joint
ventures, buying majority shares in firms or acquiring them outright. Of course, these
options may not be possible for all firms, particularly if the company with the IP is
large and the ‘buyer’ relatively small. Indeed, firm size, the structure of the market
(highly concentrated or not), and the degree of competitiveness in supply of a
technology can all play a role in determining how easy it is to get access (Barton
2007; Lee, lliev et al. 2009; Ockwell et al. 2006). And, where a firm cannot get
access to the most recent variant of a technology, they may face difficulties securing
finance. This is particularly likely in the case of venture capital funds, which tend to
favour start-ups with strong proprietary positions with regard to patented
technologies (Barton 2007).

More recent studies of patenting activity have confirmed that the majority of patents
in clean or low carbon energy technologies are held by developed country firms (e.g.
UNEP et al 2010). However, they also show significant and growing patenting
activity within China and other rapidly developing economies. One recent report
states that a third of the patent applications within developing countries in a four year
period to 2008 were made in China (Maskus and Okediji 2010). This growth is part of
a broader trend in which patenting activity has increased in China across the
economy - a trend that has continued as a result of China’s accession to the World
Trade Organisation (Yueh 2009). Chinese patenting laws were revised for the third
time in 2009 in recognition of the growing importance of protecting the property rights
of domestic firms?'.

The case study analysis in the remainder of section 3.1 concentrates on some key
themes. In each case, we give a brief rationale to underline the significance of the
technology to low carbon technology transfer. We then provide a summary of the
status of the technology in China, as expressed by interviewees and as discussed in
the literature. More extensive information is given in the case study reports in
Appendices A to D. Following this, we examine the current state of technological
capabilities and discuss the local innovation system around that technology. This is
to provide a basis from which we can critically analyse the extent to which Chinese
firms have ‘caught up’ through the accumulation of technological capabilities. Within
this analysis, we have also identified related IPR issues, particularly where they have
been highlighted by interviewees. Of course, an important aspect of the Chinese
innovation system is the role played by policy frameworks. We include reference to
policy in the analyses below but provide more extensive discussions of the role of
Chinese and international policy and finance frameworks in sections 3.2 and 3.3.