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Preface 

Due to an increasing and highly volatile oil price, alternative fuels for 
transportation are urgently needed to enhance energy security. This 
holds true even when energy efficiency has been given first priority for all 
sectors of transportation. Up to now, biofuels, hydrogen or electric vehi-
cles have been introduced into niche markets, but will be fostered in the 
future as alternatives, which all have their pros and cons. Also in several 
countries with abundant coal resources, the commercialisation of coal-to-
liquids (CtL) technologies which convert solid coal into liquid hydrocar-
bon fuels is advocated. The world’s only large-scale CtL plants are cur-
rently operated in South Africa with a total capacity of 160,000 barrels 
per day, covering one third of the country’s demand for transport fuels. 
However, other countries, especially China, the United States or Ger-
many, show interest in expanding coal utilisation to the transport sector. 
Important Chinese and U.S. decision-makers as well as interest groups 
consider CtL as an option to cover significant shares of their domestic 
fuel supplies; especially coal-producing regions and pressure groups in 
both countries perceive CtL as an opportunity to extend their participa-
tion in the value-added chain of coal utilisation. Germany aims to benefit 
from its historically high technology expertise on the field of coal tech-
nologies by exporting CtL plant components to other countries. In the 
early 20th century, CtL processes were developed in Germany and firstly 
used during World War II by the Nazi regime.  

The dissertation analyses driving forces and barriers for the diffusion of 
CtL technologies in the United States, China and Germany. It uses the 
so-called technological system approach as an analytical framework. 
The approach is based on a systemic conceptualisation of ‘technology’, 
assuming that processes of technological change and technology diffu-
sion are not merely determined by ‘hard’ factors (e.g. costs, availability of 
energy resources) but their interactions with ‘soft’ factors, such as the 
policy framework or the constellation of stakeholders. Daniel Vallentin in-
vestigates the following research questions: 



12 

Which stakeholder-related, institutional, techno-economic and resources-
related parameters can be identified as determinants of a possible diffu-
sion of coal-to-liquids technologies in the U.S., China and Germany? 

How do the identified determinants affect the market prospects of CtL 
technologies in these countries? 

Which general conclusions with regard to driving forces and barriers for 
CtL diffusion can be derived from the investigated case studies? 

The author has conducted more than 100 interviews with high-profile 
stakeholders from industry, politics or societal organisations to identify 
determinants of CtL R&D activities, pilots and diffusion in the selected 
countries. Section 2 describes the applied interview methodology. Sec-
tion 3 gives an introduction to theories of technological change and tech-
nology diffusion and adapts the technological system approach to the 
specifics of large-scale energy technologies such as CtL. Section 4 in-
vestigates the technical and economic viability of CtL. This includes an 
analysis of the production costs of CtL – both with and without carbon 
capture and storage (CCS). Furthermore, the author quantifies the im-
pact of different carbon prices on the economics of CtL. Section 5 pre-
sents an overview of the geographic distribution of global coal reserves 
and resources and describes the suitability of different coal qualities for 
CtL processes. Section 6 analyses driving forces for CtL diffusion in 
South Africa as former South African governments established a com-
plex system of financial incentives to build the world’s first coal-based 
synfuels industry.  

The case studies on the U.S., China and Germany are at the heart of the 
presented dissertation and are studied in sections 7, 8 and 9. In a highly 
profound way, Daniel Vallentin examines technical and non-technical 
drivers and barriers for CtL diffusion in these potential key markets. Aim-
ing at deriving general conclusions from the country analysis, section 10 
compares the case studies and presents 17 theses to answer the third 
research question. Section 11 identifies needs for further research.  

Besides the high dependence from oil imports, the priority of climate pol-
icy and its impact on national energy and technology policy is a possible 
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decisive parameter for CtL diffusion in all case studies. Moreover, the 
availability of other alternative fuels or technologies for substituting petro-
leum-based fuels, such as electric vehicles or hydrogen-fuelled engine 
systems, plays an important role. In countries with progressive climate 
policy strategies, the high greenhouse gas (GHG) intensity of CtL is a 
major diffusion barrier. The well-to-tank (WTT) emissions of CtL are nine 
times as high as the WTT emissions of conventional diesel. Even in 
combination with carbon capture and storage (CCS), CtL remains more 
GHG intensive.  

However, in China, which has not yet established binding CO2 mitigation 
policies, the high specific water demand of CtL technologies constitutes 
the most important environmental constraint for CtL diffusion since most 
coal-producing provinces suffer from water scarcity. As water cooling 
causes the largest share of CtL’s water demand, air cooling could signifi-
cantly alleviate this problem. However, this would further increase the 
economic risk inherent to CtL diffusion. As large-scale CtL plants are 
highly capital-intensive, potential investors call for a high degree of in-
vestment security. This, however, is constrained by a highly volatile oil 
price which functions as the main benchmark for the commercialisation 
of alternative fuels. Therefore, most industrial stakeholders interviewed 
by the author consider governmental subsidies as a crucial precondition 
for CtL investments. As a consequence, characteristics of the national 
energy sectors (market-oriented vs. state-controlled), the policy frame-
work and support by political decision-makers are major determinants of 
CtL diffusion.  

The author argues that in the United States, energy security concerns 
are the most important stimulus for CtL activities. Due to that motivation, 
CtL is fostered by uncommon coalitions, such as the military, technology 
providers, trade unions, the coal industry and the aviation industry. 
Nonetheless, Daniel Vallentin concludes that CtL deployment in the U.S. 
is “hampered by a lack of political compatibility, as the growing impor-
tance of climate policy favours other fuel options and creates a high de-
gree of economic uncertainty, which is in conflict with CtL’s high invest-
ment costs”. As a consequence, stakeholders with high financial re-
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sources and expertise, such as the oil industry, are currently not inter-
ested in entering the market. Economic uncertainties due to climate pol-
icy targets are likely to increase in the future because of the new climate 
policy course of the Obama administration.  

With regard to China, the author identifies the country’s rapidly increas-
ing demand for transportation fuels as major driver for CtL. This is par-
ticularly true as China is suffering from a growing dependence from 
crude oil imports. Large coal reserves and low capital and labour costs 
which improve the economic viability of CtL create positive conditions for 
CtL diffusion. However, the technology’s deployment in China is strongly 
affected by water scarcity in coal-producing provinces where the water is 
needed for other purposes such as food production. Nonetheless, Daniel 
Vallentin concludes that “of the three countries investigated in this thesis, 
China indicates the most favourable market conditions for CtL, as the 
country combines economic advantages (lower CtL capital costs) with 
strong CtL investors (large state-owned companies) and a rather favour-
able CtL policy framework (low priority of CO2 mitigation, CtL research, 
development and demonstration projects)”.  

For Germany, the world’s largest lignite producer, the high feedstock 
flexibility of CtL technology and its capability to convert low-ranked coals 
into added value outside the electricity sector is of importance. Some 
German industrial stakeholders therefore consider CtL as a means of in-
creasing the value of low-quality coal. Furthermore, German technology 
providers possess high technical expertise deriving from CtL research 
and development activities in the 1970s and 1980s. Nonetheless, current 
interest in CtL is mainly motivated by prospects for exporting CtL tech-
nologies in coal-producing countries, especially developing and transition 
countries. The author claims that “CtL is facing rather unfavourable mar-
ket conditions in Germany”. The technology’s introduction is inhibited by 
high economic risks and would be “incompatible with German energy 
and climate policy goals”.  

The high greenhouse gas intensity of CtL reveals a clear conflict be-
tween strategies for enhancing “energy security” (less oil dependency) 
on the one hand and fighting global warming on the other hand. In order 
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to overcome this conflict, political interventions, joint climate-friendly 
technology development and a global climate policy regime which inte-
grates developing and transition countries such as China are needed. 
This is particularly important in order to guide the international coopera-
tion and search for much more efficient transportation systems and alter-
native fuel options in a climate-compatible direction as the oil price is ex-
pected to increase further in the coming years and decades. 

Focusing on a controversially debated alternative fuel pathway like CtL, 
this dissertation provides important scientific insights into the impact of 
fossil-based path-dependencies on the selection of new technologies. It 
offers an excellent and convincingly comprehensive empirical analysis of 
the driving forces and barriers for CtL diffusion – a technology which has 
been mostly investigated in purely economic or technical studies so far. 
As the selected countries are major consumers of energy and belong to 
the world’s largest emitters of greenhouse gases, their strategies in sub-
stituting petroleum-based fuels are of utmost global relevance. There-
fore, the dissertation makes an important contribution to the international 
debate on sustainable future energy and transportation systems. Daniel 
Vallentin presents an outstanding piece of scientific work which is highly 
recommended to the community of experts, planners, decision-makers 
and politicians in the field of climate and resource protection. 

Prof. Peter Hennicke 
Former President of the Wuppertal Institute for Climate, Environment and 
Energy 
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1 Introduction 

Some of the world’s largest energy-consuming countries, such as the 
United States or China, possess vast domestic coal reserves, but limited 
oil reserves. Disregarding its negative climate impact, many political de-
cision-makers consider an extension of coal utilisation as a way to allevi-
ate energy security concerns. Currently, global coal utilisation is mainly 
limited to power generation. However, the transport sector is particularly 
dependent on crude oil, and technologies for the conversion of coal into 
liquid hydrocarbon fuels for the transportation sector are gaining rele-
vance. These technologies are denoted as coal liquefaction or coal-to-
liquids (CtL) technologies. There are direct and indirect coal liquefaction 
processes. Using high temperatures and pressures, direct coal liquefac-
tion adds hydrogen to the organic structure of coal and, for this reason, 
can also be referred to as coal hydrogenation. Direct coal liquefaction 
was invented in Germany in the early 20th century and was first applied 
by the German national socialist regime during World War II to address 
crude oil shortages. In the post-war period, the United States, Japan and 
Germany made several attempts to demonstrate and commercialise the 
technology which, however, failed because of economic constraints. To 
date, only China seriously pursues the commercialisation of direct coal 
liquefaction. It plans to commission the world’s first direct coal liquefac-
tion demonstration plant (initial capacity: 20,000 barrels/day; bbl/day) in 
Inner Mongolia at the end of 2009 or in early 2010. 

Most other potential CtL markets, such as the U.S. or Germany, focus on 
indirect coal liquefaction. Coal is transformed into a synthesis gas (‘syn-
gas’) consisting of carbon monoxide, hydrogen and various impurities, 
such as sulphur compounds or CO2. The syngas is then liquefied via 
Fischer-Tropsch synthesis. The latter generates a broad range of hydro-
carbons, including high-quality synthetic diesel or jet fuels. Synthesis gas 
for Fischer-Tropsch conversion may also be produced from other types 
of feedstock, such as natural gas or biomass. These systems are re-
ferred to as gas-to-liquids (GtL) or biomass-to-liquids (BtL) technologies. 
There is a preference for indirect coal liquefaction by CtL project devel-
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opers because this process is driven, among other factors, by the tech-
nology’s high maturity at commercial scales. For example, indirect coal 
liquefaction technology has been applied in South Africa for more than 
five decades, with coal-derived fuels covering about one third of the na-
tional liquid fuel supply. Globally, about 24 indirect coal liquefaction facili-
ties and one hybrid plant, which combines direct and indirect coal con-
version, are being planned. The total initial capacity of all planned indi-
rect coal liquefaction plants adds up to 747,900 barrels per day, which is 
equivalent to approximately 72% of the total 2006 diesel and gasoline 
demand of Germany’s transport sector (BDEW 2008). In China, two ad-
ditional indirect coal liquefaction demonstration plants, with daily capaci-
ties of 4,000 barrels, are already being constructed. Both plants will be 
put into operation in 2009 and are envisaged as pioneer plants for the 
commercialisation of indirect coal liquefaction in China.  

Most available studies or reports on coal liquefaction focus on technical 
questions, aspects related to energy reserves and resources or eco-
nomic issues. So far, political and stakeholder-related framework condi-
tions for CtL investments have not been subjects of in-depth research. 
However, the international debate on CtL suggests that coal liquefaction 
is a highly politicised technology. The diffusion of coal liquefaction 
strongly depends on national and international political framework condi-
tions and the balance among CtL advocates and opponents. This thesis 
seeks to investigate all these aspects. It is based on the hypothesis that 
technological change and technology diffusion are affected by a broad 
set of ‘hard’ parameters (techno-economic and resources-related as-
pects) and ‘soft’ parameters (political/institutional and stakeholder-related 
aspects). As the study is written in the field of Political Science, it em-
phasises the role of political and stakeholder-related aspects in CtL diffu-
sion and aims to reveal interdependencies with ‘hard’ diffusion parame-
ters. By doing so, the thesis contributes to an integration of Political Sci-
ence into an interdisciplinary, technology-specific analytical framework.  

The role of different diffusion parameters in processes of technological 
change is conceptualised in the technological system approach. This is 
an analytical framework which was developed by Thomas P. Hughes 
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and Bo Carlsson. It is rooted in the theoretical school of innovation sys-
tems. The technological system approach is used as a framework for the 
investigation of the problem formulations listed below and implies an in-
terdisciplinary and systemic understanding of technology. The thesis in-
vestigates three potential key markets for coal liquefaction. These are 
the case studies of the U.S., China and Germany. The selection of these 
countries is explained in more detail in section 2.2. 

The research interest of this dissertation may be summarised in the fol-
lowing problem formulations:  

1. Which stakeholder-related, institutional, techno-economic and re-
sources-related parameters can be identified as determinants of a 
possible diffusion of coal liquefaction technologies in the U.S., 
China and Germany? 

2. How do the identified determinants affect the market prospects of 
coal liquefaction in the selected countries? 

3. Which general conclusions with regard to driving forces and barri-
ers for CtL diffusion can be derived from the investigated case 
studies? 

In order to answer these problem formulations, the following analytical 
steps need to be taken: 

a) Development of an analytical framework which, based on theoreti-
cal assumptions and diffusion case studies, generates broad cate-
gories of different ‘hard’ and ‘soft’ diffusion parameters (section 3). 
These categories help to structure the case studies in a consistent 
and comparable way and identify country-specific driving forces or 
barriers for CtL commercialisation within each category.  

b) Discussion of general techno-economic features of coal liquefaction 
technologies, as they strongly affect the positions of CtL stake-
holders or the national setting of policies (section 4), e.g. technical 
principles of different conversion routes, their state of development 
or commercialisation, production costs and environmental perform-
ance.  
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c) Identification of interdependencies among the scope of global coal 
reserves, the availability of certain coal qualities and the deploy-
ment of coal liquefaction technologies (section 5). Most countries 
interested in CtL indicate limited domestic crude oil reserves and 
large coal reserves, which is why the given aspects decisively influ-
enced the selection of case studies. 

d) Analysis of driving forces for CtL diffusion in South Africa, as former 
South African governments established a complex system of finan-
cial incentives to build the world’s first coal-based synfuels industry 
(section 6).  

e) Analysis of driving forces and barriers for CtL diffusion in potential 
key markets, such as the United States (section 7), China (section 
8) or Germany (section 9), in line with the analytical categories de-
veloped in section 3. Each country indicates an individual setting of 
more specific hard and soft parameters affecting the market pros-
pects of CtL. The case studies emphasise ‘soft’ aspects, such as 
the constellation of CtL stakeholders and the national framework of 
technology, energy and climate policy.  

f) Comparative discussion of the analysed case studies in order to 
draw general conclusions on important driving forces or barriers for 
CtL diffusion, most promising CtL markets and the technology’s 
global prospects (section 10). 

The investigation of the given problem formulations and listed analytical 
steps is based on archival research, including analysis of scientific stud-
ies, papers or legal documents, and a large number of stakeholder inter-
views. Section 2 presents more detailed information on the research de-
sign and applied research methods.  

 




