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Abstract 

First generation biofuels appear unsustainable because of the potential stress that 

their production places food commodities. Second generation biofuels derived from 

lignocellulosic agriculture and forest residues, from non-food crop feedstock and 

industrial secondary raw materials. The procedure of second generation of biofuels 

allows the entire biomass to be used.  

The worldwide market demand for liquid fuels such as heavy fuel, light fuel, diesel 

oil and fuel for heat supplied from renewable resources. The constantly rising 

demand for energy has led to the excessive use of fossil sources of energy. This 

has spiked oil costs and most recently caused a parallel rise in food costs.  

Regenerative sources of energy come from directly solar energy, i.e. photovoltaic, 

tidal energy, wind force, geothermal energy and biomass – plant bounded solar 

power - as well as using secondary raw materials as its input reducing the need for 

landfills. In highly populated urban centres the growth of municipal waste has 

become a menacing problem. This study will find an answer for the use of unused 

resources in production of liquid fuels – so called second generation of biofuels. 

The Cold Catalytic Conversion Technology – the depolymerisation of organic 

substances – is a process in production of hydrocarbon fuels. The main focus of this 

study is to evaluate the long term availability of the feedstock as well as the 

technical and financial feasibility of the CCC-Technology. The CCC-system is one of 

the most efficient economical and ecological technologies for the production of liquid 

fuels. The study based on cash flow analysis will show, that the investment in the 

CCC-Technology will guarantee a high income even in the worstcase of rising 

feedstock costs. The carried out case study highlights exactly this result. 

The CCC-process provides proven and sustainable solutions for the conversion of a 

wide variety of organic feedstock into crude oil or gasoil. Biomass and solid organic 

municipal waste guarantee a high efficiency of the system. The Master Thesis 

should give a technical description of the CCC-process as well as the projection, 

construction and implementation of a CCC-power-plant. 
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1 Introduction 

1.1 Motivation 

Working over the last 12 years in several projects in renewable energy the author of 

this study got in contact with engineers working on the implementation of a system 

of Cold Catalytic Conversion of biomass and secondary raw materials. The principal 

steps of the process are well known and now there are companies on the market 

which developed processes for the conversion of biomass waste products and 

municipal waste to diesel oil.  

The low temperature depolymerisation of biomass was invented in Germany in the 

year 1923. A lot of research in this field was done until 1945 and especially later on 

in the German Democratic Republic because of an existing lack of fossil oil. 

Therefore in Germany is concentrated a lot of experience in this field and activities 

re-started as a consequence of growing oil prices, reducing dependence on oil and 

environmental problems with municipal waste and plastic. 

The present CCC-system allows plant bounded solar energy as well as industrial 

waste (secondary raw materials) to be converted to marketable liquid energy in the 

natural cycle. The present system of Cold Catalytic Conversion is comparable to the 

formation of oil. The catalysts used in the CCC-system are state of the art. By 

implementation of this large scale production process it is possible to produce the 

final products of gasoil from biomass and secondary raw materials at competitive 

prices. 

After 3 years of testing the process in a power-plant pilot there is now the first 

application of a big scale industrial CCC-power-plant in Switzerland and a second 

one in Herne/Germany. 

1.2 Core question and core objective 

This study is to review the realistic technical and financial feasibility of production of 

second generation biofuels (BtL) in a cold catalytic process. The study should 

concentrate on available resources of residues in agricultural and forestry 

production as well as in “secondary raw materials” like pre-selected municipal waste 

(i.e. “yellow sack” for the collection of recyclable packaging material) and industrial 

feedstock (i.e. shredded fractions of the car recycling industry). 
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1.3 Structure of the thesis 

The production of second generation biofuels by a Cold Catalytic Conversion 

process is still a new technology.  

The first part of the study should give an overview about the potential in general of 

first and second generation of biofuels out of different feedstock for both systems. 

Chapter 2 shows the basic principles, an historical overview of first and second 

generation biofuels. Chapter 3 explains the methodology of this study. 

In the second part of the study the process of Cold Catalytic Conversion and the first 

industrial scaled implementation of a power plant will be explained. In chapter 4 the 

historical development of the CCC-Technology and the CCC-process are described. 

Chapter 5 shows the implementation of the first industrial scaled CCC-power-plant. 

Chapter 6 contents the technical and financial analysis of the master thesis and 

chapter 7 the conclusion of this work. 
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2 Basic Principles 

The consumption of petroleum has surged during the 20th century, at least partially 

because of the rise of the automobile industry. Today, fossil fuels such as coal, oil, 

and natural gas provide more than three quarters of the world’s energy. “However at 

present renewable feedstock attracts attention due to increasing of fossil fuels cost 

and its graceful irretrievable consumption” [Parmon & Martyanov (2010)]. 

“An important current focus of research in chemistry, engineering, agriculture and 

environmental policy is the development of clean technologies that utilize a 

sustainably produced feedstock to the largest extent possible” [Tilmann, et al. 

(2009)]. This research is especially important in the transportation fuel sector, which 

is strongly dependent on petroleum, a non-renewable fossil source of carbon. 

“However as the worldwide supply of petroleum diminishes, it is becoming 

increasingly expensive and, accordingly, less attractive as a carbon source. 

Furthermore, the combustion of fossil fuels or their derivatives for the production of 

heat and power is associated with a net increase in greenhouse gas levels 

worldwide” [Huber, et al. (2006), Lynd, et al. (1999)]. “In contrast to the present 

situation, where the entirety of demand is met by a single source (i.e., petroleum), a 

more flexible system drawing from multiple energy sources should be an attractive 

long term solution” [Alonso, et al. (2010)]. In Table 2-1 the main sources of fuels in 

the present will be shown. 
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Table 2-1: “Comparison of first, second generation biofuel and petroleum fuel” 
(Source: Naik, et al. (2010), p. 580) 
 
 

 
 

 
Petroleum refinery 1st generation fuel 2nd generation fuel 

Fe
ed

st
oc

k 

Crude petroleum vegetable oils & corn sugar 
etc. 

Non food, cheap, and 
abundant plant waste biomass 
(agricultural & forestry 
residues, grass, aquatic 
biomass), SORM, municipal 
waste  

Pr
od

uc
ts

 

CNG 
LPG 
Diesel  
Petrol 
Kerosine 
Jet fuel 

FAME or biodiesel 
corn ethanol 
sugar alcohol 

Hydro treating oil, bio-oil, FT 
oil, lignocellulosic ethanol, 
butanol, mixed alcohols 

Pr
ob

le
m

s 

Depletion/declining of 
petroleum reserve 
Environmental pollution 
Economics and ecological 
problems 

Limited feedstock (food vs. fuel 
production) 
Blended partly with 
conventional fuel 

No industrial scaled 
production, at the moment only 
pilots 

B
en

ef
its

 

Existing infrastructure for the 
production and distribution  

Environmentally friendly, 
economic & social security 

Not competing with food 
production 
Advance technology still under 
development to reduce the 
cost of conversion 
Environmentally friendly 

 

The following subchapters should give an overview on basic principles and concepts 

applied in the subject area of production of second generation biofuels by the Cold 

Catalytic Conversion. 

2.1 Historical overview  

“Apart from burning wood as a source of heat, biomass-derived alcohols and oils 

have been used as liquid energy sources since 6000 BC [Fatih Demirbas 2009]. 

Alcohols have been used as transportation fuels since the invention of the internal 

combustion engine in 1897 [Rothman (1983)], while the Diesel engine was initially 

designed to work with oils [Shay (1993)]. However, the increased availability of 

inexpensive petroleum almost completely replaced these green alternatives. 

Presently, given the diminishing worldwide supply of petroleum, the interest in 

conversion strategies for the production of liquid fuels from biomass is receiving 

renewed attention, and many options are under consideration. First generation 

biofuels use conventional technologies to process food crops (e.g., sugar, starch 
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and oils) and consist mainly of alcohols (bioethanol) and oils (biodiesel). These fuels 

are readily available, because the processes to obtain them are well understood 

technologies and have been refined over many years of development. The main 

challenge in research involving first generation biofuels is not in the development of 

new technologies, but in the optimization of processes to reduce cost, such that 

green fuels can be competitive with those produced from petroleum” [Alonso, et al. 

(2010)]. 

“In the twentieth century major research emphasis was given for the development of 

petroleum, coal, and natural gas based refinery to exploit the cheaply available fossil 

feed stock. These feedstock are used in industry to produce multiple products such 

as fuel, fine chemicals, pharmaceuticals, detergents, synthetic fibre, plastics, 

pesticides, fertilizers, lubricants, solvent, waxes, coke, asphalt, etc. to meet the 

growing demand of the population” [Bender (2000), Fatih Demirbas (2006)]. “The 

fossil resources are not regarded as sustainable and questionable from the 

economic, ecology and environmental point of views” [Kamm (2006)]. 

 

 

Figure 1: “World total primary energy supply from 1971 to 2011 by fuel [Mt]” (source: 
IEA statistics (2013)) 

 
“The burning of fossil fuels is a big contributor to increasing the level of CO2 

atmosphere which is directly associated with global warming observed in recent 

decades. The adverse effects of greenhouse gas (GHG) emissions on the 

environment, together with declining petroleum reserves, have been realized. 
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Therefore, the quest for sustainable and environmentally benign sources of energy 

for our industrial economies and consumer societies has become urgent in recent 

years” [Mabee, et al. (2005)]. Consequently, there is renewed interest in the 

production and use of fuels from plants or organic waste (Figure 2). 

“Global biofuel production has been increasing rapidly over the last decade, but the 

expanding biofuel industry has recently raised important concerns. In particular, the 

sustainability of many first generation biofuels – which are produced primarily from 

food crops such as grains, sugar cane and vegetable oils – has been increasingly 

questioned over concerns such as reported displacement of food-crops, effects on 

the environment and climate change.” 

 

 

Figure 2: “World CO2 emissions from 1971 to 2011 by fuel [Mt of CO2]” (source: IEA 
statistics (2013)) 

 

“In general, there is growing consensus that if significant emission reductions in the 

transport sector are to be achieved, biofuel technologies must become more 

efficient in terms of net lifecycle greenhouse gas (GHG) emission reductions while at 

the same time be socially and environmentally sustainable. It is increasingly 

understood that most first generation biofuels, with the exception of sugar cane 

ethanol, will likely have a limited role in the future transport fuel mix. 

The increasing criticism of the sustainability of many first generation biofuels has 

raised attention to the potential of so-called second generation biofuels. Depending 

on the feedstock choice and the cultivation technique, second generation biofuel 

production has the potential to provide benefits such as consuming waste residues 
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and making use of abandoned land. In this way, the new fuels could offer 

considerable potential to promote rural development and improve economic 

conditions in emerging and developing regions. However, while second generation 

biofuel crops and production technologies are more efficient, their production could 

become unsustainable if they compete with food crops for available land. Thus, their 

sustainability will depend on whether producers comply with criteria like minimum 

lifecycle GHG reductions, including land use change, and social standards” [IEA 

report (2010), p.7]. 

“Currently the transportation sector produces about 25% of global energy-related 

CO2 emissions and accounts for roughly 50% of global oil consumption [IEA 

(2008b)]. Biofuels are seen as one of the most feasible options for reducing carbon 

emissions in the transport sector, along with improvements in fuel efficiency and 

electrification of the light vehicle fleet. For heavy-duty vehicles, marine vessels and 

airplanes in particular, biofuels will play an increasing role to reduce CO2 emissions 

since electric vehicles and fuel cells are not feasible for these transport modes.  

Over the last decade, global biofuel production increased rapidly; in 2008, about 68 

billion litres of bioethanol and 15 billion litres of biodiesel were produced globally 

(see Figure 1) – almost all of which was first generation biofuel (mainly in the form of 

ethanol from sugar cane and corn) [IEA (2009b)]. The United States are currently 

the largest biofuel producer, followed by Brazil and the European Union. While corn-

based ethanol is dominating domestic production in the United States, Brazil 

produces ethanol mainly from sugar cane. In the European Union, biodiesel 

accounts for the major share of total biofuel production and is mainly derived from oil 

crops (canola and sunflower) as feedstock. 

While the production of first generation biofuels is in an advanced state regarding 

both, processing and infrastructure, second generation technologies are mainly in a 

pilot or demonstration stage and are not yet operating commercially. The main 

obstacle for second-generation biofuels is high initial investment costs as well as 

higher costs for the end product compared to fossil fuels or many first generation 

biofuels” [IEA report (2010)]. 

2.2 Biomass as multiple feedstock 

“Biomass derived from trees, agro-forest residues, grasses, plants, aquatic plants 

and crops are versatile and important renewable feedstock for chemical industry as 

shown in Figure 3. Through photosynthesis process, plants convert carbon dioxide 
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and water in to primary and secondary metabolite biochemicals. Both of these are 

industrially important chemicals. Primary metabolites are carbohydrate (simple 

sugar, cellulose, hemicellulose, starch, etc.) and lignin called lignocellulose present 

in high volume in biomass. The lignocellulosic biomass can be converted into 

biofuels” [Naik, et al. (2010)]. 

“Biomass has received considerable attention as a sustainable feedstock that can 

replace diminishing fossil fuels for the production of energy, especially for the 

transportation sector. The overall strategy in the production of hydrocarbon fuels 

from biomass is to reduce the substantial oxygen content of the parent feedstock to 

improve energy density and to create C–C bonds between biomass-derived 

intermediates to increase the molecular weight of the final hydrocarbon product” 

[Alonso, et al. (2010)]. 

 

 

 

Figure 3: Biomass as renewable feedstock for biorefineries (source: Naik, et al. 
(2010), p.581) 
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The world biomass production is many times higher than the global use of the total 

biomass production. The total world energy use is only one-tenth of the available 

world biomass (see Figure 4). The endless source of biomass like feedstock for the 

production of second generation biofuels and implementation of natural circles for 

the energy production is shown in Figure 5. It describes the potential of plant 

bounded solar energy for energy use. 

 

 

Figure 4: World Biomass Production and Use Compared to Energy Uses (source: 
U.S. National Renewable Energy Laboratory, 1997) 
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Figure 5: Conversion of solar energy in plants (source: Winkelkötter (2009)) 

 

2.3 Overview on first generation of biofuels 

First generation biofuels (from seeds, grains and sugars) are:  

Petroleum-gasoline substitutes  

– Ethanol or butanol by fermentation of starches (corn, wheat, potato) or        

sugars (sugar beets, sugar cane) 

Petroleum diesel substitutes 

– Biodiesel by transesterification of plant oils, also called fatty acid methyl ester 

(FAME) and fatty acid ethyl ester (FAEE) 

– From rapeseed (RME), soybeans (SME), sunflowers, coconut, palm, jatropha, 

recycled cooking oil and animal fats 

– Pure plant oils (straight vegetable oil) [UN report (2008)] 

 

First generation biofuels are biofuels, which are on the market in considerable 

amounts today. “Typical first generation biofuels are sugarcane ethanol, starch-

based or ‘corn’ ethanol, biodiesel and Pure Plant Oil (PPO). The feedstock for 

producing first generation biofuels either consists of sugar, starch and oil bearing 
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crops or animal fats that in most cases can also be used as food and feed or 

consists of food residues” [IEA report (2010)]. 

Bioethanol is the most abundantly produced biofuel. “With a production scale of 13.5 

billion gallons in 2006, it accounts for more than 94% of total biofuel production 

[Balat, et al. (2008)], and ethanol production continues to increase, with 17.2 billion 

gallons produced in 2008” [ENERS (2009)]. “This fast growth is possible because 

blends of ethanol and gasoline can be used in modern gasoline engines without 

requiring any modifications [Balat (2005)]. The production of bioethanol, outlined in 

Figure 6, begins with biomass pre-treatment to produce sugar monomers, such as 

glucose, that can be converted to ethanol by fermentation using a variety of 

microorganisms (e.g., yeast, bacteria and mold). The ethanol product is then purified 

by distillation, where upon it is appropriate for direct use as a fuel or additive. Food 

crops, such as sugarcane in Brazil and corn in the USA, are the preferred feedstock 

for bioethanol production, because they are rich in sugars and starches that are 

easily hydrolysed (as compared to cellulosic feedstock)” [Alonso, et al. (2010)]. 

 

Figure 6: Process schematic: bioethanol production (source: Alonso et al. (2010)) 
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Biodiesel is a renewable diesel fuel that is also known as FAME (fatty acid methyl 

ester) in the European Community. “Biodiesel has the advantage that it works just 

as well as normal diesel fuel, but the combustion process expels lower 

concentrations of toxic emissions. It is made from animal fats, vegetable oils or 

recycled restaurant greases. 

Biodiesel is the second most abundant renewable liquid fuel, with an annual 

production of 4.3 billion gallons in 2008 [ENERS (2009)]. Biodiesel can be used in 

current injection engines in a wide range of blends with petrol-diesel or as a pure 

fuel (without petrol-diesel), and its preparation is outlined schematically in Figure 7. 

First generation biodiesel [Fukuda, et al. (2001), Ma & Hanna (1999)] is produced by 

esterification of fatty acids or transesterification of oils (triglycerides) with alcohols 

(normally methanol and ethanol) using a basic or acidic catalyst. The fatty esters are 

separated from glycerol by decantation and purified for direct use as fuels. Another 

alternative to process oil into biofuels is hydro-treating, which can be carried out 

synergistically in the existing petroleum refinery infrastructure through mixing and 

co-processing of vegetable oils with petroleum derived feedstock. The main 

drawback of oil-based processes is the availability of inexpensive feedstock. 

Normally palm, sunflower, canola, rapeseed and soybean oils are used, but they are 

expensive and can otherwise be used as food sources” [Alonso et al. (2010)]. 
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Figure 7: Process schematic: biodiesel production (source: Alonso et al. (2010)) 

 

2.4 Second generation biofuels: potential and perspectives 

Second generation biofuels (from lignocellulosic biomass, such as crop residues, 

woody crops or energy grasses) are:  

Biochemically produced petroleum-gasoline substitutes 

– Ethanol or butanol by enzymatic hydrolysis 

Thermo-chemically produced petroleum gasoline substitutes 

– Methanol 

– Fischer-Tropsch gasoline 

– Mixed alcohols 

Thermo-chemically produced petroleum-diesel substitutes 

– Fischer-Tropsch diesel 

– Dimethyl ether (also a propane substitute) 

– Green diesel [UN report 2008] 
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The World Energy Outlook 2009 (IEA (2009a)) 450 Scenario projects biofuels to 

provide 9% (11.7 EJ) of the total transport fuel demand (126 EJ) in 2030. In the Blue 

Map Scenario of Energy Technology Perspectives 2008 (IEA (2008b)) that extends 

analysis until 2050, biofuels provide 26% (29 EJ) of total transportation fuel (112 EJ) 

in 2050, with second-generation biofuels accounting for roughly 90% of all biofuel. 

“More than half of the second-generation biofuel production in the Blue Map 

Scenario is projected to occur in non-OECD countries, with China and India 

counting for 19% of the total production” [IEA report (2010), p. 8]. 

The annual “World Energy Outlook” report presents a scenario of rising energy 

demand by one-third in the period to 2035. Energy-related carbon-dioxide emissions 

are projected to rise by 20% to 2035, leaving the world on track for a long-term 

average temperature increase of 3.6°C, far above the internationally agreed 2°C 

climate target [IEA report (2013)].  

In the transport sector, a shift towards low-carbon fuels is required as improving the 

efficiency of road vehicles alone will not lead to the steep reductions required after 

2020. While natural gas and biofuels are promising alternatives to fossil oil, their 

potential to reduce emissions relative to fossil oil is limited, either due to their carbon 

content (natural gas) or questions with regard to their sustainability and conflicts with 

other uses for the feedstock (biofuels) [IEA report (2013a)].  

The entire study is focused at a new technology for the production of CO2 neutral 

liquid fuels in an industrial way without subsidies from the government. 

“Second generation biofuels are those biofuels produced from cellulose, 

hemicellulose or lignin. Second generation biofuel can either be blended with 

petroleum-based fuels combusted in existing internal combustion engines, and 

distributed through existing infrastructure or is dedicated for the use in slightly 

adapted vehicles with internal combustion engines (e.g. vehicles for DME). 

Examples of second generation biofuels are cellulosic ethanol and Fischer-Tropsch 

fuels” [IAE report (2010), p. 22]. 

“In the production of biofuels it seems to be a drawback of using only the easily 

processed sugar and triglyceride fractions of a plant because these fractions are 

only a small part of the biomass. Accordingly, the net energy yield that can be 

achieved using only these fractions is poor, and only specific crops can be used. To 

improve energy yield of fuels from biomass, lignocellulosic feedstock must be 
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utilized despite their complexity. Additionally, it is preferable to utilize nonedible 

biomass as a feedstock for the production of fuels and chemicals, such that the 

production of transportation fuels does not interfere with either the food supply or 

disrupt land use unduly [Bartle & Abadi (2010)]. Accordingly, the following section 

will be devoted to an overview of various processing options currently available for 

lignocellulosic feedstock” [Alonso et al. (2010)]. 

2.4.1 Overview on second generation of biofuels 

“Second generation biofuels, also known as advanced biofuels, are fuels that can be 

manufactured from various types of biomass. Biomass is a wide-ranging term 

meaning any source of organic carbon that is renewed rapidly as part of the carbon 

cycle. Biomass is derived from plant materials but can also include animal materials. 

First generation biofuels are made from the sugars and vegetable oils found in 

arable crops, which can be easily extracted using conventional technology. In 

comparison, second generation biofuels are made from lignocellulosic biomass or 

woody crops, agricultural residues or waste, which makes it harder to extract the 

required fuel. 

Second generation biofuel technologies have been developed because first 

generation biofuels manufacture has important limitations” [Evans (2008)]. “First 

generation biofuel processes are useful but limited in most cases: there is a 

threshold above which they cannot produce enough biofuel without threatening food 

supplies and biodiversity. Many first generation biofuels are dependent of subsidies 

and are not cost competitive with existing fossil fuels such as oil, and some of them 

produce only limited greenhouse gas emissions savings. When taking into account 

emissions from production and transport, life cycle assessment from first generation 

biofuels frequently approach those of traditional fossil fuels” [DEPD (2010)]. “Second 

generation biofuels can help solve these problems and can supply a larger 

proportion of our fuel supply sustainably, affordably, and with greater environmental 

benefits. 

First generation bioethanol is produced by fermenting plant-derived sugars to 

ethanol, using a similar process to that used in beer and wine-making (see Ethanol 

fermentation). This requires the use of 'food' crops, such as sugar cane, corn, 

wheat, and sugar beet. These crops are required for food, so, if too much biofuel is 

made from them, food prices could rise and shortages might be experienced in 

some countries. Corn, wheat, and sugar beet also require high agricultural inputs in 
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the form of fertilizers, which limit the greenhouse gas reductions that can be 

achieved. Biodiesel produced by transesterification from rapeseed oil, palm oil, or 

other plant oils is also considered a first generation biofuel. 

The goal of second generation biofuel processes is to extend the amount of biofuel 

that can be produced sustainably by using biomass consisting of the residual non-

food parts of current crops, such as stems, leaves and husks that are left behind 

once the food crop has been extracted, as well as other crops that are not used for 

food purposes (non food crops), such as switch grass, grass, jatropha, whole crop 

maize, miscanthus and cereals that bear little grain, and also industry waste such as 

woodchips, skins and pulp from fruit pressing, etc.” [Inderwildi & King (2009)]. 

“The problem that second generation biofuel processes are addressing is to extract 

useful feedstock from this woody or fibrous biomass, where the useful sugars are 

locked in by lignin, hemicellulose and cellulose. All plants contain lignin, 

hemicellulose and cellulose. These are complex carbohydrates (molecules based on 

sugar). Lignocellulosic ethanol is made by freeing the sugar molecules from 

cellulose using enzymes, steam heating, or other pre-treatments. These sugars can 

then be fermented to produce ethanol in the same way as first generation bioethanol 

production. The by-product of this process is lignin. Lignin can be burned as a 

carbon neutral fuel to produce heat and power for the processing plant and possibly 

for surrounding homes and businesses.” 

2.4.2 Second generation technology 

The following subsections describe the main second generation routes currently 

under development (see Wikipedia (2013)): 

2.4.2.1 Thermochemical routes 

According to Wikipedia (2013) the following thermochemical routes can be 

distinguished:  

“Carbon-based materials can be heated at high temperatures in the absence 

(pyrolysis) or presence of oxygen, air and/or steam (gasification). These 

thermochemical processes both yield a combustible gas and a solid char. The gas 

can be fermented or chemically synthesized into a range of fuels, including ethanol, 

synthetic diesel or jet fuel” [NNFCC (2011)]. 
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• Gasification 

Gasification technologies are well established for conventional feedstock such as 

coal and crude oil. “Second generation gasification technologies include gasification 

of forest and agricultural residues, waste wood, energy crops and black liquor 

[NNFCC (2009)]. Output is normally syngas for further synthesis to e.g. Fischer-

Tropsch products, biomethanol, BioDME or biomethane (synthetic natural gas). 

Syngas can also be used in heat production and for generation of mechanical and 

electrical power via gas motors or gas turbines.” 

• Pyrolysis 

“Pyrolysis is a well established technique for decomposition of organic material at 

elevated temperatures in the absence of oxygen. In second generation biofuels 

applications forest and agricultural residues, wood waste and energy crops can be 

used as feedstock to produce e.g. bio-oil for fuel oil applications.” 

• Torrefaction 

Torrefaction is a form of pyrolysis at temperatures typically ranging between 200-

320°C. Feedstock and output are the same as for pyrolysis. 

2.4.2.2 Biochemical routes 

According to Wikipedia (2013) the following biochemical routes can be 

distinguished: 

“Chemical and biological processes that are currently used in other applications are 

being adapted for second generation biofuels. Biochemical processes typically 

employ pre-treatment to accelerate the hydrolysis process, which separates out the 

lignin, hemicellulose and cellulose. Once these ingredients are separated, the 

cellulose fractions can be fermented into alcohols” [NNFCC (2011a)]. 

“Feedstock is energy crops, agricultural and forest residues, food industry and 

municipal biowaste and other biomass containing sugars. Products include alcohols 

(such as ethanol and butanol) and other hydrocarbons for transportation use.” 

2.4.3 Types of biofuel 

Based on the information given by Wikipedia (2013) “the following second 

generation biofuels are under development, although it must be noted that most or 

all of these biofuels are synthesized from intermediary products such as syngas 
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using methods that are identical in processes involving conventional feedstock, first 

generation and second generation biofuels. The distinguishing feature is the 

technology involved in producing the intermediary product, rather than the ultimate 

off-take. 

A process producing liquid fuels from gas (normally syngas) is called a Gas-to-

Liquid (GtL) process [Inderwildi & King (2009)]. When biomass is the source of the 

gas production the process is also referred to as Biomass-to-Liquids (BtL).” 

2.4.3.1 From syngas using catalysis 

According to Wikipedia (2013) the following liquid fuels can be processed from 

syngas using catalysis: 

• “Biomethanol can be used in methanol motors or blended with petrol up 

to 10-20% without any infrastructure changes. 

• BioDME can be produced from biomethanol using catalytic dehydration 

or it can be produced directly from syngas using direct DME synthesis. 

DME can be used in the compression ignition engine. 

• Biohydrogen can be used in fuel cells to produce electricity. 

• Mixed alcohols (i.e., mixture of mostly ethanol, propanol, and butanol, 

with some pentanol, hexanol, heptanol, and octanol). Mixed alcohols are 

produced from syngas with catalysts similar to those used for methanol 

[see Lu, et al (2012)]. Most R&D in this area is concentrated in producing 

mostly ethanol. However, some fuels are marketed as mixed alcohols 

(see Ecalene and E4 Envirolene). Mixed alcohols are superior to pure 

methanol or ethanol, in that the higher alcohols have higher energy 

content. Also, when blending, the higher alcohols increase compatibility 

of gasoline and ethanol, which increases water tolerance and decreases 

evaporative emissions. In addition, higher alcohols have also lower heat 

of vaporization than ethanol, which is important for cold starts. (For 

another method for producing mixed alcohols from biomass see 

bioconversion of biomass to mixed alcohol fuels).” 

• Biomethane (or BioSNG) via the Sabatier reaction 
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2.4.3.2 From syngas using Fischer-Tropsch 

According to Wikipedia (2013) the following liquid fuels can be processed from 

syngas using Fischer-Tropsch process: 

“The Fischer-Tropsch (FT) process is a Gas-to-Liquid (GtL) process [Inderwildi & 

King (2009)]. When biomass is the source of the gas production the process is also 

referred to as Biomass-to-Liquids (BtL) [Kavalov & Peteves (2005), Inderwildi, et al. 

(2008)]. A disadvantage of this process is the high energy investment for the FT 

synthesis and consequently, the process is not yet economic. 

FT diesel can be mixed with fossil diesel at any percentage without need for 

infrastructure change and moreover, synthetic kerosene can be produced” 

[Inderwildi & King (2009)]. 

2.4.3.3 Biocatalysis 

According to Wikipedia (2013) the following liquid fuels can be processed by 

biocatalysis: 

• “Biohydrogen might be accomplished with some organisms that produce 

hydrogen directly under certain conditions. Biohydrogen can be used in 

fuel cells to produce electricity. 

• Butanol and isobutanol via recombinant pathways expressed in hosts 

such as E. coli and yeast, butanol and isobutanol may be significant 

products of fermentation using glucose as a carbon and energy source 

[Evans (2008), DEPD (2010)]. 

• DMF (2,5-Dimethylfuran). Recent advances in producing DMF from 

fructose and glucose using catalytic Biomass-to-Liquid process have 

increased its attractiveness.” 

2.4.3.4 Other processes 

According to Wikipedia (2013) the following liquid fuels can be processed by other 

processes: 

• “HTU (Hydro Thermal Upgrading) diesel is produced from wet biomass. It 

can be mixed with fossil diesel in any percentage without need for 

infrastructure. 
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• Wood diesel. A new biofuel was developed by the University of Georgia 

from woodchips. The oil is extracted and then added to unmodified diesel 

engines. Either new plants are used or planted to replace the old plants. 

The charcoal by-product is put back into the soil as a fertilizer. According 

to the director Tom Adams since carbon is put back into the soil, this 

biofuel can actually be carbon negative not just carbon neutral. Carbon 

negative decreases carbon dioxide in the air reversing the greenhouse 

effect not just reducing it.” 

2.4.4 Feedstock for second generation biofuels 

“Based on the information given by Wikipedia (2013) second generation biofuel 

feedstock include cereal and sugar crops, specifically grown energy crops, 

agricultural and municipal wastes, cultivated and waste oils, and algae” [NNFFC 

(2010)]. 

2.4.4.1 Energy crops / green waste 

“Plants are made from lignin, hemicellulose and cellulose; second generation 

technology uses one, two or all of these components. Common lignocellulosic 

energy crops include wheat straw, miscanthus, short rotation coppice poplar and 

willow. However, each offers different opportunities and no one crop can be 

considered 'best' or 'worst' ” [NNFFC (2011b)]. 

“The potential feedstock for second generation biofuels production considered in this 

study are biomass from crops residues, other non-food energy crops, wood/forestry 

residues, and jatropha and algae. 

Following the information given by Carriquiry, et al. (2010) the major components of 

lignocellulosic feedstock are cellulose and hemicellulose (over 67% of dry mass), 

which can be converted to sugars through a series of thermochemical and biological 

processes and eventually fermented to bioethanol. In general, lignocellulosic 

feedstock is divided into three categories:  

1. agricultural residues (e.g., crop residues, sugarcane bagasse),  

2. forest residues, and  

3. herbaceous and woody energy crops.  

Current availability and potential energy contribution of each feedstock are 

discussed next. 
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Agricultural residues differ in their chemical composition, which leads to different 

biofuel yields per unit of feedstock. Table 2-2 shows the composition of select 

agricultural residue feedstock, fraction of crop residues produced, and potential 

ethanol yield. 

 

Table 2-2: Composition and yields of different feedstock (data source: Carriquiry, et 
al. (2010)) 

 

 

Green waste such as forest residues or garden or park waste may be used to 

produce biofuel via different routes. Examples include Biogas captured from 

biodegradable green waste, and gasification or hydrolysis to syngas for further 

processing to biofuels via catalytic processes” [Wikipedia (2013)]. 

2.4.4.2 Municipal solid waste 

“Municipal solid waste comprises a very large range of materials, and total waste 

arisings are increasing. In the UK, recycling initiatives decrease the proportion of 

waste going straight for disposal, and the level of recycling is increasing each year. 

However, there remain significant opportunities to convert this waste to fuel via 

gasification or pyrolysis” [NNFFC (2009b)]. 

The following text is taken from Hoornweg, et al. (2013): 

“Solid waste — the stuff we send down our chutes, discard at work and put on the 

curb every week — is a striking by-product of civilization. The average person in the 

United States throws away their body weight in rubbish every month. When waste 

management works well, we give it little thought: out of sight and, usually, quickly 

out of mind. Discarded materials are collected, some are recycled or composted, 

and most are landfilled or incinerated. But the global view is troubling. 
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In the past century, as the world's population has grown and become more urban 

and affluent, waste production has risen tenfold. By 2025 it will double again. 

Rubbish is being generated faster than other environmental pollutants, including 

greenhouse gases. Plastic clogs the world's oceans and rivers, causing flooding in 

developing-world cities. Solid-waste management is one of the greatest costs to 

municipal budgets. 

The waste problem is acute in emerging cities. Landfills such as Laogang in 

Shanghai, China; Sudokwon in Seoul; the now-full Jardim Gramacho in Rio de 

Janeiro, Brazil; and Bordo Poniente in Mexico City vie for the title of the world's 

largest. Each typically receives more than 10,000 tonnes of waste per day. Rapidly 

developing cities such as Shenzhen in China are adding to the world's 2,000-plus 

inventory of waste incinerators. With the largest able to process more than 5,000 

tonnes per day, concerns over ash disposal, air pollution and costs are rising too. 

As city dwellers become richer, the amount of waste they produce reaches a limit. 

Wealthy societies tend to curb their waste. So as living standards around the world 

rise and urban populations stabilize, global solid-waste generation will peak. 

Just when is difficult to predict. But by extending current socio-economic trends to 

2100, we project that 'peak waste' will not occur this century. Unless we reduce 

population growth and material consumption rates, the planet will have to bear an 

increasing waste burden. 

Solid waste is mostly an urban phenomenon. In rural communities there are fewer 

packaged products, less food waste and less manufacturing. A city resident 

generates twice as much waste as their rural counterpart of the same affluence. If 

we account for the fact that urban citizens are usually richer, they generate four 

times as much. 

As urbanization increases, global solid-waste generation is accelerating. In 1900, 

the world had 220 million urban residents (13% of the population). They produced 

fewer than 300,000 tonnes of rubbish (such as broken household items, ash, food 

waste and packaging) per day. By 2000, the 2.9 billion people living in cities (49% of 

the world's population) were creating more than 3 million tonnes of solid waste per 

day. By 2025 it will be twice that — enough to fill a line of rubbish trucks 5,000 

kilometres long every day. 

Together, the member countries of the Organisation for Economic Co-operation and 

Development (OECD) are the largest waste generators, producing around 1.75 



Master Thesis 
MSc Program 
Renewable Energy in Central & Eastern Europe 

Rudolf Jost  23 

million tonnes per day. This volume is expected to increase until 2050, owing to 

urban population growth, and then to slowly decline, as advances in material 

science and technology make products smaller, lighter and more resource efficient. 

Some countries generate more waste than others. Japan issues about one-third less 

rubbish per person than the United States, despite having roughly the same gross 

domestic product (GDP) per capita. This is because of higher-density living, higher 

prices for a larger share of imports and cultural norms. Waste quantities worldwide 

can also vary seasonally, by up to 30%, as horticultural and food wastes fluctuate. 

For example, household waste volumes double in the week after Christmas in 

Canada. 

Waste reduction and dematerialization efforts in OECD countries are countered by 

trends in East Asia, particularly in China. China's solid-waste generation is expected 

to increase from 520,550 tonnes per day in 2005 to 1.4 million tonnes per day in 

2025. East Asia is now the world's fastest growing region for waste, a distinction that 

is likely to shift to south Asia (mainly India) in 2025, and then to sub-Saharan Africa 

around 2050. 

As a country becomes richer, the composition of its waste changes. With more 

money comes more packaging, imports, electronic waste and broken toys and 

appliances. The wealth of a country can readily be measured, for example, by how 

many mobile phones it discards. Solid waste can thus be used as a proxy for the 

environmental impact of urbanization. Most of a material's impact is through 

production and use. Less than 5% stems from waste management, which includes 

emissions from collection trucks, landfills and incinerators. 

The rate at which solid-waste generation will rise depends on expected urban 

population and living standards growth and human responses. In 2012 the World 

Bank report “What a Waste” estimated, that global solid-waste generation would rise 

from more than 3.5 million tonnes per day in 2010 to more than 6 million tonnes per 

day in 2025. These values are relatively robust, because urban populations and per 

capita GDP can be well forecast for several decades. 

Extending those projections to 2100 for a range of published population and GDP 

scenarios shows that global 'peak waste' will not happen this century if current 

trends continue (see 'When will waste peak?'). Although OECD countries will peak 

by 2050 and Asia–Pacific countries by 2075, waste will continue to rise in the fast-
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growing cities of sub-Saharan Africa. The urbanization trajectory of Africa will be the 

main determinant of the date and intensity of global peak waste. 

Using 'business-as-usual' projections, we predict that, by 2100, solid-waste 

generation rates will exceed 11 million tonnes per day — more than three times 

today's rate. With lower populations, denser, more resource-efficient cities and less 

consumption (along with higher affluence), the peak could come forward to 2075 

and reduce in intensity by more than 25%. This would save around 2.6 million 

tonnes per day. 

How can today's situation be improved? Much can be done locally to reduce waste. 

Some countries and cities are leading the way. San Francisco in California has a 

goal of 'zero waste' (100% waste diversion by reduction and recycling) by 2020; 

already more than 55% of its waste is recycled or reused. The Japanese city of 

Kawasaki has improved its industrial processes to divert 565,000 tonnes of potential 

waste per year — more than all the municipal waste the city now handles. The 

exchange and reuse of materials connects steel, cement, chemical and paper firms 

into an industrial ecosystem. 

North America and Europe have tried disposal fees, and found that as fees 

increase, waste generation decreases. Another tactic is to steer people to buy less 

with their increased wealth, and to spend more on experiential activities that require 

fewer resources. 

But greater attention to consumption and improvement in waste management is 

needed in rapidly urbanizing regions in developing countries, especially in Africa. 

Through increased education, equality and targeted economic development, as in 

the sustainability scenario we evaluated (SSP1), the global population could 

stabilize below 8 billion by 2075, and urban populations shortly thereafter. Such a 

path reflects a move towards a society with greater urban density and less overall 

material consumption. Also needed is a widespread application of 'industrial 

ecology' — designing industrial and urban systems to conserve materials. This 

begins with studies of the urban metabolism — material and energy flows in cities. 

Reducing food and horticultural waste is important — these waste components are 

expected to remain large. Construction and demolition also contribute a large 

fraction by mass to the waste stream; therefore, building strategies that maximize 

the use of existing materials in new construction would yield significant results. 
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The planet is already straining from the impacts of today's waste, and we are on a 

path to more than triple quantities. Through a move towards stable or declining 

populations, denser and better-managed cities consuming fewer resources, and 

greater equity and use of technology, we can bring peak waste forward and down. 

The environmental, economic and social benefits would be enormous.” 

2.4.4.3 Black liquor 

“Black liquor, the spent cooking liquor from the kraft process that contains 

concentrated lignin and hemicellulose, may be gasified with very high conversion 

efficiency and greenhouse gas reduction potential [WTW (2007)] to produce syngas 

for further synthesis to e.g. biomethanol or BioDME.” 

2.4.5 Greenhouse gas emissions 

“Producing second generation biofuels offers greater greenhouse gas emissions 

savings than those obtained by first generation biofuels” [Wikipedia (2013)]. 

“Lignocellulosic biofuels can reduce greenhouse gas emissions by around 90% 

when compared with fossil petroleum, in contrast first generation biofuels offer 

savings of 20-70%.” 

“The energy sector is by far the largest source of greenhouse-gas emissions, 

accounting for more than two-thirds of the total in 2010 (around 90% of energy-

related greenhouse-gas emissions are CO2 and around 9% are methane [CH4], 

which is generally treated, in this analysis, in terms of its CO2 equivalent effect). The 

energy sector is the second-largest source of CH4 emissions after agriculture and 

we have estimated total energy-related CH4 emissions to be 3.1 Gigatonnes (Gt) of 

carbon-dioxide equivalent (CO2-eq) in 2010 (around 40% of total CH4 emissions). 

Accordingly, energy has a crucial role to play in tackling climate change. Yet global 

energy consumption continues to increase, led by fossil fuels, which account for 

over 80% of global energy consumed, a share that has been increasing gradually 

since the mid-1990s” [IEA report (2013a)]. 

New technologies have to be developed and implemented in the energy market, 

which extract CO2 from the atmosphere by using biomass as principle feedstock.  

2.4.6 Commercial development 

“Based on information given by [Wikipedia (2013)] an operating lignocellulosic 

ethanol production plant is located in Canada, run by Iogen Corporation. The 
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demonstration-scale plant produces around 700,000 litres of bioethanol each year. 

A commercial plant is under construction. Many further lignocellulosic ethanol plants 

have been proposed in North America and around the world. 

The Swedish specialty cellulose mill Domsjö Fabriker in Örnsköldsvik, Sweden 

develops a biorefinery using Chemrec's black liquor gasification technology. When 

commissioned in 2015 the biorefinery will produce 140,000 tons of biomethanol or 

100,000 tons of BioDME per year, replacing 2% of Sweden's imports of diesel fuel 

for transportation purposes. 

In the UK, companies like INEOS Bio and British Airways are developing advanced 

biofuel refineries, which are due to be built by 2013 and 2014 respectively. Under 

favourable economic conditions and strong improvements in policy support, NNFCC 

projections suggest advanced biofuels could meet up to 4.3 per cent of the UK's 

transport fuel by 2020 and save 3.2 million tonnes of CO2 each year, equivalent to 

taking nearly a million cars off the road. 

Second generation biofuels are not yet produced commercially, but a considerable 

number of pilot and demonstration plants have been announced or set up in recent 

years, with research activities taking place mainly in North America, Europe and a 

few emerging countries (e.g. Brazil, China, India and Thailand). Current IEA 

projections see a rapid increase in biofuel demand, in particular for second 

generation biofuels, in an energy sector that aims on stabilising atmospheric CO2 

concentration at 450 parts per million (ppm).” 
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3 Methodology 

This study is based on research and experience of engineers developing 

technologies for the production of first and second generation biofuels. The long-

term contact with investors and suppliers of feedstock materials for the processes 

gave an impression on the acceptance of the CCC-Technology in the market. 

3.1 Investigation of the CCC-Technology via literature research 

The direct contact with WEA engineers over thirteen years was an important pool of 

information about the CCC-Technology and the implementation of the process - 

shown in this study in different own documents. 

In order to get an overview on different technologies in production of first and 

second generation of biofuels and the technology internet research, scientific papers 

and journals have been used for background information. 

3.2 Description of the first industrial scale CCC-application 

A pilot CCC-power-plant, running over three years near Munich/Germany was the 

first big (almost industrial) scaled plant to get an impression of the technical 

feasibility of the CCC-Technology and the product as well. 

The technical realization of an industrial scaled CCC-power-plant is based on the 

results of the pilot. The main components, the process parameters and the input 

materials for the implementation of an industrial scaled CCC-power-plant are 

defined. 

Therefore two groups of investors are interested to enter in one CCC-project each – 

first in Switzerland, second in Herne/Germany. Working on the necessary permits 

for the application of the plant it could be realistic to enter the production process of 

a marketable product in Q II 2014. 

3.3 Methodology of financial analysis 

In this study the financial feasibility is created in a cash flow analysis. Up to now a 

CCC-power-plant was not implemented. This means for the financial feasibility that 

lots of input will be based on estimations and outlook into the future. The cash flows 

are presented in three scenarios over a project period of 20 years: 
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- The basecase will show the investors economical situation for running the 

CCC-power-plant in Herne. 

 

- The bestcase scenario is created under the condition that input materials are 

subsidized by the supplier of shredded light fractions from the car recycling 

industry. 

 

- The third case – worstcase scenario – handles with a higher input price for 

shredded materials of the yellow sack then in the basecase scenario. This 

could be a situation in the next future if a number of CCC-power-plants will 

be installed and running in the long-term production of second generation 

biofuels.  
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4 The Cold Catalytic Conversion Technology 

In the next sub-chapters an overview of the current status of the Cold Catalytic 

Conversion Technology will be given. 

4.1 Historical development of the technology 

4.1.1 History  

The basis of CCC-Technology, anaerobic carbon enrichment, goes back to the time 

of 400,000,000 years ago. The nature process, the reaction of biomass in tight oil 

caverns, which are outlined with Aluminiumsilicat, is understood with higher 

temperature in the CCC-process. Anaerobic carbon enrichment dates back to the 

former technology of making charcoal. But even more recent process such as dry 

distillation and pyrolysis gasification were also used as long ago as the 19th century, 

enabling, among other things, city gas and fuel to be produced for a long time from 

coal. 

These reductive fuel preparation and refining processes have already been used 

over the past 200 years: carbonisation of lignite coal, wood or turf; production of 

char tar and char oil to produce liquid hydrocarbons; and using mid- and high-

temperature carbonisation with this gas production method for various industrial 

processes. 

But only nowadays, the potential of these depolymerisation technologies is slowly 

being acknowledged and the new CCC-Technology can also implement them at 

industrial level. When adequate process technologies are applied optimum process 

flows and significantly improved environmental protection are combined with 

considerably higher efficiency in electricity production. 

4.1.2 Variants of systems for de-polymerization and regulatory prospects 

In Table 4-1 an overview on the realized variants of systems based on de-

polymerization is given. They represent the known exemplary systems put into 

operation for test purposes within the last 10 to 15 years. The input materials in all 

variants have been selected as they do not generate any costs for feedstock. They 

include neither gate fees nor subsidies for input materials. It represents a cost-

neutral financial aspect regarding the production costs per litre. High production 

costs mainly depend on high energy, the provision of high process temperatures 
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and pressures during process execution; high maintenance costs or costs for to 

deposit polluted residues out of the process.  

In the special case of CCC-Technology the production costs per unit product oil are 

a result of the cold catalytic process carried out in a rotating milling-drum. The 

process runs with low temperature, without pressure and almost without polluted 

residues that has to be deposited. In comparison to the other two catalytic 

technologies (KDV and Clyvia) the CCC-Technology has the advantage of lower 

maintenance costs due to the effective realisation of the process engineering. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Master Thesis 
MSc Program 
Renewable Energy in Central & Eastern Europe 

Rudolf Jost  31 

Table 4-1: List of exemplary systems and utilized input materials for 
depolymerisation of biomass and secondary raw materials (data source: 
Winkelkötter (2010)) 
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“The Directive 2008/98/EC of the European Parliament and of the Council of 19 

November 2008 on waste and repealing certain Directives and of the Council of 5 

April 2006 establishes a legal framework for the treatment of waste within the 

European Community” [Directive 2008/98/EC (2008)]. It aims the waste hierarchy, 

waste management as well as regulations of permits and registrations. In case of 

increasing waste in the European Union the European Parliament had taken regard 

to prevention and the reduction of waste.  

Key terms used in the act are [Directive 2008/98/EC (2008)]: 

• “Waste: any substance or object, which the holder discards or intends or is 

required to discard.  

• Waste management: the collection, transport, recovery and disposal of 

waste, including the supervision of such operations and the after-care of 

disposal sites, and including actions taken as a dealer or broker. 

• Prevention: measures taken before a substance, material or product has 

become waste.  

• Recovery: any operation the principal result of which is waste serving a 

useful purpose.  

• Recycling: any recovery operation by which waste materials are reprocessed 

into products, materials or substances whether for the original or other 

purposes.” 

In the CCC-process the solution of recovery and recycling will be realized in an 

economical and ecological way according to the directive (see Table 4-2). “This 

Directive should also clarify when the incineration of municipal solid waste is energy-

efficient and may be considered a recovery operation” [Directive 2008/98/EC 

(2008)]. 
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Table 4-2: Comparison of the CCC-Plant and the European Standard Incineration 
Plant (data source: Winkelkötter (2010)) 
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The comparison of the CCC-Technology and the European standard incineration 

plant (see Table 4-2) shows the efficiency of the CCC-Technology in municipal 

waste management. According to the directive mentioned above the CCC-process 

allows a treatment of municipal waste that is more diverse with respect to the 

marketable products than the simple incineration of waste. In the CCC-case besides 

heat and electricity the outcomes are several types of energy carrier like crude oil 

and fertilizer.  

The water content of the feedstock (350,000 Mt/a) is about 55%, which has to be 

squeezed out for the CCC-process. That means an amount of 180,000 Mt press 

water with a content of 8% of organic material, which could be converted in a biogas 

power plant for production of electricity and heat for the preparation (drying) of the 

feedstock. 8% OTS out of the biogas power-plant are 16,000 Mt organic materials 

which could be sold like fertilizer for energy crops. In the incineration process the 

water content of the feedstock is not reduced by pre-treatment. So, the thermal 

conversion required a relatively high share of energy for vaporisation which makes 

the incineration less efficient. 

The content of minerals (7%) and metals (5%) will be separated in the preparation 

phase of the feedstock for the CCC-process or in the rotating milling-drum at the 

end of the conversion process. These materials could be implemented in different 

existing recycling lines. Residues out of the incineration process have to be 

deposited and are not available for further utilisation. 

33% SORM out of the feedstock means 115,500 Mt/a input for the conversion into 

gasoil. Mixed municipal waste has at least an efficiency in the CCC-process 

approximately 45% with a potential of 50,000 Mt of gasoil. 10% are needed for the 

process-energy additional to the energy out of the biogas produced by using the 

press water. The marketable potential of crude oil coming out of the CCC-

conversion-process is round about 45,000 Mt with a market price of at least 500 

€/Mt in accordance to the market price of crude oil class Brent (581 €/Mt 11/2013). 

In case of incineration the production of gasoil is not an issue and therefore not 

considered.  
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4.2 Present state of the technology: the CCC-process 

4.2.1 Base process 

The base process was researched and developed in 1994- 2004. While the patent 

application was fairly extensive, it has meanwhile been diversified and developed 

further. The new steps are specified as narrowly limited processes and secured in 

special process PCT of their own. 

4.2.2 Description of the process: crude oil or gasoil out of organic secondary 
raw material by catalytic depolymerisation heated in a rotating mixing–
milling–system 

The invention contains a procedure and a device for the catalytic depolymerisation 

of hydrocarbons and a separation of mineral substances of waste at temperatures 

from 280°C to 390°C with mixture of aluminium silicate as catalyst in zeolite-

crystalline form, doted with the elements of Natrium, Calcium, Magnesium and 

marginal other minerals with an energy input mainly in form of a combination into the 

rotating-milling mixing. 

Known is the catalytic depolymerisation with a special catalyst from sodium-doted 

aluminium silicate from the international patent application No.WO 2007/056982 A2. 

With this catalyst the residual with hydrocarbons is split to gasoil and gasoline. The 

energy source for this process of depolymerisation and evaporation is heating with 

gas or gasoil combustion or heating with electrical energy disconnected by a wall. 

Disadvantage of this procedure is the temperatures drop through the wall into the 

reaction batch to reach the reaction temperature. This over heating, caused by the 

temperature drop produces coke in crystalline form. The quantity of coke increases, 

if the temperature rise of the wall rises in relation to the reaction. The higher the 

temperature drops the higher the coke production. 

This reaction coke reacts now with the catalyst to a non-reactive product, which litter 

the plant and which stops the reaction. This reaction mixture of the catalyst and the 

reaction coke connects itself with the wall of the plant to hard residue and requires a 

high cleaning expenditure. The invention describes now a process without this 

disadvantage by avoiding the production of crystalline coke and therefore the 

product between the catalyst and the coke. This reduces dramatically the 

consumption of catalyst. 
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The economical procedure is also not possible with an intensive heating of the wall 

and the transportation of heat through the wall into the reaction. The heat is needed 

together with a mixing of the reaction partners waste and catalyst. Therefore an 

economical way of this catalytic process can only be the combination of the mixing 

and the heat transfer in one process. This contents an energy input of 0.2 kWh/kg 

produced diesel for depolymerisation, evaporation and final heating from 250°C to 

the reaction temperature of 330°C – 380°C. With the entry of plastics the energy is 

higher for the melting of the material. 

Now a process of the heat entry and in addition adapted catalyst system were 

found, which these disadvantage to avoid perfectly. The system transported not the 

heat by the wall, but develops the heat directly in the reaction system by conversion 

of mechanical energy to thermal energy. 

The energy input takes place thereby in a system from an O2-evacuated screw-

feeder and moving of the rotating-cylinder-mill in opposite directions, in a tight 

system with separation of gasoil steam over a lock into an upper part of the plant. 

The milling system serves thereby also the complete cleaning of the surfaces for 

heat exchanging in the cycle. 

Also the catalyst is again developed. Only for the plastics, bitumen and waste oils 

thereby the doping of a full-through-crystallized y-molecule with sodium was 

determined as optimal. For the biological materials, as fats and biological oils, the 

doping with calcium became as optimally discovered. For the conversion with wood 

the doping with magnesium is necessary, in order to produce high-quality diesel. For 

the material with a higher content of halogens, like oil for electrical transformation 

and PVC, the additional input with potassium is necessary. 

The product of the plant is crude oil or gasoil. This product is needed to 10% for the 

production of the process energies in the form of heat and electric power. The 

exhaust gas of the “Turbine-Gen-Set” is used to heat the processing rotating-

cylinder-mill and for preheating and drying of the input (see Figure 8: [3]). The 

“Turbine-Gen-Set” also is used for the combustion of the 1% hexangas, produced in 

the process. 

Figure 8 shows the rotating-cylinder-mill [1]. This shows 4 sections, the central-

cylinder is the reactor. In this part works the screw-feeder in opposite direction to the 

mill, controlled with a control valve. The second section is the lock-separator section 

at the right side. The upper pump works against the venture nozzle in the 
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condenser, controlled by a second control valve. The third section is the sword-

washer with the separation of the residue and recycling the long-chained 

hydrocarbon steam to the plant again. The fourth section is the condensing or 

distillation of the oil-steam. 

With the screw-feeder [2] is designated, which the material input on the sucking mill-

cylinder [1] and the connection to the cycle catalyst-batch [4]. On the opposite side 

the central-outlet-pipe [5] into the lock [6]. 

At the reactor outlet [5] and [6] is the product vapour line [7] for processed oil steam 

to the distilling plant [9] with the condenser [8]. The condenser [8] is a tube water 

radiator; the water in the cooling circuit is re-cooled. 

In the front part of the condenser [8] possibly developing water separates, which is 

separated over a conductivity sensor with regulated drain valve, so that the product 

is free of water. The product gasoil is derived in the top of the column. The quality of 

the gasoil is regulated over the reflux tube over the return flow quantity. 

The reflux tube has a connection to the gasoil storage. This storage-heat is used for 

the preliminary drying and preliminary heating of the internal consumed 10% of the 

produced gasoil. All containers are provided for the purpose of the phase of the 

heating up with an electrical external heating-system. 

 
Figure 8: The rotating-cylinder-mill of the Cold Catalytic Conversion system (source: 
own document) 
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Cold Catalytic Conversion is a multi-stage cold catalytic depolymerisation process 

and a “soft” method comparing to incineration. Conversion temperature is well below 

400°C. The CCC-process uses no incineration but converts organic waste to very 

high-grade carbon-steam. This progressive cold-catalytic conversion with integrated 

oil distillation and residue cleanings carried out in an entirely closed system, 

minimizing the emissions against zero. Conventional incineration systems convert 

only a small part of the waste input into electricity and release the majority as 

hazardous slag and heat, which cannot be easily transported or stored. 

CCC-systems have a guaranteed energy efficiency ranging from 45 to 90% 

depending on the composition of the feedstock. This is possible because the CCC-

process is designed as a circulating energy process, which the entire process heat 

is consumed by treatment of the conversion process. 

The closed system and the low conversion temperature of a CCC-plant guarantees 

nearly zero emissions. Unlike incineration plants, CCC-plants do not overheat 

inorganic materials present in the feedstock. Instead these materials pass through 

the system without creating pollutants and can be easily recycled. 
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5 Implementation of the first industrial scaled CCC-power-
plant 

In the next chapter an overview of the current status of the implementation of the 

first industrial scaled CCC-power-plant will be given. 

5.1 The CCC-power-plant pilot 

In 2009/2010 the CCC-power-plant pilot was installed with a capacity of 500 kg/h 

shredded fractions of yellow sack as well as shredded light fractions from the car 

recycling industry. The rotation-mill in Figure 9 (5 m length, 1.5 m diameter) was 

heated by electrical power with a stabile temperature of 320°C. For a detailed 

description of the pilot plant realized in the year 2009/2010 please refer to Annex 1: 

Documentation of pilot project: The patent.  

The product oil was tested by SGS (see chapter 6.2 Analysis of the Product). It will 

be sold to refineries for blending with fossil crude oil and will be distillated for market 

supply.  

 

Figure 9: Several views on the main component of the CCC- power-plant pilot 
(source: Winkelkötter (2009)) 
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5.2 The patent 

The specification of the patent describes the conversion process of secondary 

organic raw materials into oil steam or gasoil and the realization of the process (see 

Annex 1: Documentation of pilot project: The patent). It gives an overview of the 

process itself as well as the technical equipment and components for the installation 

of a CCC-power-plant. The conversion process by catalytic depolymerisation in 

between 320° – 380°C reacts in an oxygen evacuated rotating-milling-drum. The 

inner surface of the milling-drum is constructed of high-temperature-, high-acid-, 

high-abrasion-resistant composed material, i.e. Hastelloy. The process rotating-

drum will be heated with the exhaust-gas of a gas turbine, disconnected from the 

process by a wall. 

5.3 The first industrial scaled CCC-power-plant  

One of the first industrial scaled installations of a CCC-power-plant will be in 

Herne/Germany (see Figure 10). The power plant is outlined for a capacity of 

120,000 Mt/a of input material. 60,000 Mt of shredded fractions of yellow sack 

collections is in the moment the present available feedstock for this power plant. The 

size of the two rotating milling-drums is outlined for double of feedstock material. In 

the next future shredded rubber of used tires will be tested in the plant for converting 

into gasoil. 

Near by the location in Herne are several recycling companies who are able to 

support the power plant with additional feedstock material in the future for a higher 

efficiency of the plant. In this study only the actual situation with the defined input 

material will be calculated. The advantage of this plant site is the easy access via 

railway and waterway transport.  
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Figure 10: Plant site of first industrial scaled CCC-power-plant in Herne/Germany, 
Hafenstrasse 2 (source: Google Maps (2013)) 

 

As shown in Table 5-1 most of the components for the installation of a CCC-power-

plant are state of the art.  

 

 

Table 5-1: List of modules for the 5 Mt/h Cold Catalytic Conversion plant HERNE 
2013 (data source: Winkelkötter (2013)) 

Quantity Module Remark 

1 Raw material reception mill/grinder with approx. 70 

kW electric engine 

 

2 Reactor drums 20,000 mm length, 2,200 mm 

diameter, Heat–exch.-cylinder coated wall inside 

cylinder with 8 mm DIN 1.4571 pressed steel plate 

plain wall process temperature 250° – 500°C 

See Figure 11 
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Quantity Module Remark 

3 Reception silos twin walled with perforated tubes for 

CO2 ventilation for air evacuation   

 

1 De-metallisation station with electric magnetic roller 

packages  

 

4 Spiral conveyors 300 mm diameter   

2 Twin screw press with 60 kW electric engine  

1 Milling station with a fast running millwheel    

1 Silencer drum to recover the catalyst powder out of  

the oil steam  

 

6 Condenser towers and optional 1 distillation column    

1 Collection pool under the distillation/condenser plant   

 Frameworks for the whole installation CCC-plant   

3 Product oil tanks capacity approx. 1,500 m3 each  

2 Power stations diesel fuelled-gas turbine-set 

(approx.: 1.5 MW) and heat recovery unit  

 

 Containerised control centre   

 Basic foundation works   

1 Fork lifter approx. capacity 2.5 tons   

 Several piping, mounting and electrical works    

4 Weeks test running incl. 4 engineers   

 

One of the main components of the CCC-power-plant is the rotating milling-drum 

(see Figure 11). Each drum is mounted on two heavy bearings - which require 

appropriate dimensioned foundations out of concrete. They also serve as basis for 

the electric drive motor. 
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Figure 11: The picture above shows two of the conversion-drums. The drums are 
about 22 meters long, and 3 meters in diameter (source: own document) 

 

The construction and installation of the conversion-drum with screw feeder on the 

left and central-outlet-pipe on the right is shown in Figure 12. The total construction 

of the milling-drum is about 22 meters long and 3 meters in diameter. The drum 

itself is about 12 meters long, double walled for indirect heating the process with 

exhaust gas out of the gas turbine. Part of the rotating drum is the screw feeder 

shown on the left in Figure 12 as well as the central-outlet-pipe on the right.  

In the upper part of the outlet-pipe the oil steam flows to the condenser for to 

become liquid gasoil. On the bottom side of the outlet-pipe the overflow of used 

catalyst containing metals and minerals are washed out of the milling-drum and 

separated for recycling; the used catalyst will be purified and reused in the process. 

The milling-drum is installed with an incline of 5° from the screw feeder (left side) to 

the outlet-pipe with the sword-washer on the right hand side. Rotating two times a 

minute, catalyst, metal and mineral residues move slowly from the feeder to the 

outlet-pipe.  
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Figure 12: Construction scheme of the conversion-drums implemented in the first 
industrial scaled CCC-power-plant in Herne/Germany (source: Winkelkötter (2013)) 
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6 Analysis and Assessment 

6.1 Analysis of the possible input materials 

The CCC-power-plant is able to convert any kind of organic materials into a kind of 

high classified crude oil. The efficiency of the power content of the organic raw 

material depends on the content of carbons, hydro carbons and convertible proteins. 

The complete biomass harvested in plantations or the free nature areas is a raw 

material, which was grown by solar energy. The content of carbon in this kind of 

input material is not that high then modern cultural waste. The energy content of bio 

feedstock is nearly 50% lower than plastic and rubber waste out of the recycling 

industries. In Table 6-1 an overview on useable input materials for Cold Catalytic 

Conversion plants, system WEA is given. 

Table 6-1: Declaration of useable input materials for Cold Catalytic Conversion 
plants, system WEA (data source: Winkelkötter (2013)) 

Usable input materials [kW/kg] 

Standard plastic (PE, PB, PP,PU) 9.0 

Rubber (car tires shredded granulate) 8.2 

Synthetic textiles 8.4 

Hard wood 4.7 

Soft wood, straw, grass 4.1 

Fluid oil press cake 7.6 

Oil sludge with 50 % sand content 4.5 

 

6.2 Analysis of the Product 

The Cold Catalytic Conversion process makes a gasoil that can be used like fossil 

crude oil. The product is a liquid fuel that can be blended in the common refineries 

with fossil fuels or used 100% pure compared with refinery diesel fuel and can be 

used in conventional diesel engines. 

In Annex 2: Analysis of the product and in Annex 2a: Analysis of the product two 

analysis reports of SGS Laboratory, Speyer and ASG Analytik-Service, Neusäss are 

shown. SGS analysed the product produced in the power-plant pilot in 2011 made 



Master Thesis 
MSc Program 
Renewable Energy in Central & Eastern Europe 

Rudolf Jost  46 

out of shredded fractions of the yellow sack by conversion with a process 

temperature of 320°C and condensed at the end of the process. Contents like heavy 

metals and sulphur will be separated in the refinery process. The gasoil proved by 

ASG in 2007 was a sample out of a small laboratory scaled plant. The feedstock 

was shredded plastic material from yellow sack collection. In that analysis the 

cetane (Cetanzahl) of 55.2 needs attention because it is about 10% higher than the 

cetane number in the standard diesel (cetane number: 45 -51). 

6.3 Financial assessment via cash flow analysis  

6.3.1 Financial aspects 

The financial feasibility is based on several forecasts of the CCC-Technology as well 

as the first industrial scaled project. The result of the financial analysis is the 

indicator for the investor to take over a technology in renewable energy that will be 

profitable and bankable in the future. 

6.3.2 Three scenarios/financial aspects 

The cash flow analysis will be described in three different scenarios: 

- basecase 

- bestcase 

- worstcase 

The CCC-power-plant will be constructed and set up production of crude oil within 

16 months; life time of the plant is calculated on 20 years.  

6.3.3 Parameters basecase 

The basecase scenario will show the actual situation in establishing a CCC-power-

plant. Most of the indicators are forecasts or based on information and data from the 

investors in Herne/Germany. 

6.3.3.1 Total investment costs 

The total investment costs are defined on an offer of WEA engineers/Germany who 

is also the holder of the patent. These total investment costs are including all 
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components for the power plant. The investment of the CCC-power-plant is 

calculated without subsidies of the government or any other sponsoring. 

6.3.3.2 Operating costs 

The operating costs are based on assumptions according to information from the 

investors and WEA engineers.  

- Property lease is calculated on the aspects of the investor. 

- Property maintenance  

- Repairs are continuously services, spare parts, maintenance services over 

20 years. The value is based on the information of WEA engineers. 

- Personal includes all costs for running the plant 24/7 over 8200 working 

hours/year. 5 working people, 2 technicians per shift. 

- Management fees  

- Insurance is based on the information of WEA engineers. 

- Annual report  

- Input material is calculated on the investor’s information. Yellow sack input 

materials are calculated on 30 €/Mt.  

6.3.3.3 Depreciation 

The depreciation is calculated based on life time of the power plant linear over 20 

years. According to the costs of repairs of the total equipment the technical status of 

the CCC-power-plant will be on time over lifetime.  

6.3.3.4 Inflation 

According to ECB the inflation is calculated based on 2%. 

6.3.3.5 Equity/debt proportion/interest payment 

The proportion in the investment equity/debt financing is calculated in the basecase 

with 10% equity by the investor, 90% debt loan with 5.75% interest rate fix over 15 

years. 
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6.3.3.6 Revenues 

The revenues are calculated based on the price for crude oil Brent/Mt (581 € - 14%).  

6.3.4 Parameters bestcase 

A high efficient feedstock for the CCC-process are shredded light fractions form the 

car recycling industry, subsidized with 80 €/Mt. Over the first 4 years in the bestcase 

scenario the subsidies are calculated like additional payment, decreasing 25% per 

year. 

6.3.5 Parameters worstcase 

The worstcase scenario is based on a market price for input materials of 110 €/Mt. 

6.3.6 Basecase scenario 

The basecase scenario is the most realistic financial guess from today’s point of 

view. Feedstock is calculated on market price, operating costs are calculated on a 

high level, repairs are calculated over 12% of the total investment costs per year 

and guarantees a 24 hours/7 days a week (8200 hours/a) production of the plant 

including spare parts. CCC-power-plants are generally constructed in two lines with 

one conversion-drum and one gas turbine each, sufficient for a bypass operation 

during maintenance time of one of the turbines.  

The estimated revenues are based on the available input of 60,000 Mt/a. With an 

efficiency of 83% of the CCC-process a production of 49.800 Mt of crude oil is 

estimated, 10% of the product is used for own consumption for energy supply, 

44,820 Mt are marketable crude oil sold for 500 €/Mt to the refinery. 

After payback of the equity in year 1 the cash flow is stable over the life time of the 

project. Increasing the revenues and costs by 2% over 20 years the cash flow is 

also increasing over 20 years. In year 15, after payback of the debt financing, the 

cash flow is rather high over the last 5 years.  
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Table 6-2: Basecase scenario: Project cost data (data source: AKKON AG (2013)) 

  
 

Eingaben

22.11.13 AKKON AG Seite 1 von 2

Projekt
Name Herne1 (Basecase)

Code 1014

Standort
Standort Herne

Land Deutschland

Input 60.000 mt / p.a. 30,00            € / mt

Anlagedaten
Output 49.800 mt/a

Inbetriebnahme & Laufzeit
Inbetriebnahme Datum 04/2014 MM/JJJJ

"Rumpfjahr" Index 9/12 Anteilig im Jahr der Inbetriebnahme

Laufzeit 20 Jahre

Vergütung
Output Rohöl 500,00 € / mt

Zuschlag 0,00 € / mt

Inflationsbedingte Anpassung 2,00% % 1*)

Haben-Zins
Haben-Zins 1,2% €

Rückstellungen
Rückstellungen % von Ertrag 2,2% % 604800,00 € / kWp

Betriebskosten (jährlich)
Kosten € gesamt (p.a.)
Hinweis: Inflation greift nach dem ersten vollen Jahr

Pacht
Anteil Fix pro Jahr 222.000,00 € 267469,88 € / kWp

Übrige Betriebskosten
Grundstückspflege 256.230,00 € 308710,84 € / kWp

Kostensteigerung (Inflation) p.a. 2,0% % 1*)

Instandhaltung 5.850.000,00 € 7048192,77 € / kWp

Kostensteigerung (Inflation) p.a. 2,0% % 1*)

Personal 1.389.150,00 € 1673674,70 € / kWp

Kostensteigerung (Inflation) p.a. 2,0% % 1*)

Verwaltungskosten 768.690,00 € 926132,53 € / kWp

Kostensteigerung (Inflation) p.a. 2,0% % 1*)

Versicherungen 1.219.500,00 € 1469277,11 € / kWp

Kostensteigerung (Inflation) p.a. 0,0% % 1*)

steuerlicher Jahresabschluss 256.230,00 € 308710,84 € / kWp

Kostensteigerung (Inflation) p.a. 2,0% % 1*)

Kosten für Input 1.800.000,00 € 2168674,70 € / kWp

Kostensteigerung (Inflation) p.a. 2,0% % 1*)

Summe Betriebskosten 11.761.800,00 € 14170843,37 € / kWp

Hinweis: Eingaben nur in die grau-blau markierten Felder

Ölpreis je metrische Tonne 
(Brent)= 581,62 € 2*)
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Table 6-3: Basecase scenario: Project input data (data source: AKKON AG (2013)) 

  

Eingaben

22.11.13 AKKON AG Seite 2 von 2

Investitionskosten Anlage
Kosten € gesamt Kosten € / kWp

Gesamtkosten 49.691.000 € 59868674,70 € / kWp

Nebenkosten

Abschreibung
Investitionsaufwand Anlage 49.691.000 € 59868674,70 € / kWp

Abschreibungsdauer 20 Jahre

Pacht (bei Vorabzahlung) 0 €

Abschreibungsdauer Pacht 20 Jahre

Restwert der Anlage

Finanzierung
Eigenkapital

Einlage Investor für Anlage 4.969.100 € 10,00%

Fremdkapital
Darlehen 1
Hinweis: Aufnahme des Darlehens immer im Rumpfjahr

Kreditsumme 44.721.900,00 €

Beginn (Datum, MM/JJJJ) 01/2014 für Berechnung Zins im Rumpfjahr

Laufzeit 15 Jahre

Tilgungsfrei Jahre 1 dennoch Zinszahlung

Zinssatz 5,75% % p.a.

Tilgung (im Rumpfjahr keine Tilgung) Annuitäten bitte auswählen

Finanzierung Übersicht (Rumpfjahr)
Investitionsaufwand gesamt 49.691.000,00 € ggf. inkl. Pacht vorab

Betriebskosten Rumpfjahr 8.821.350,00 €

Eigenkapital 4.969.100,00 €

Fremdkapital 44.721.900,00 €

Steuern
Gewerbesteuer 16,80% %

Steuermesszahl 3,5% gemäß § 11 Abs 2 GewStG (3,5%)

Hebesatz 480,0% Herne

Körperschaftssteuer 4,220%

Körperschaftssteuer Satz 4% %

Solidaritätszuschlag 5,50% %

Steuersatz gesamt 21,02% %
auf das Betriebsergebnis

Jahre steuerfrei (Rumpfjahr + X) 0 Jahre

1*) 2*)
Gleichzeitig erklärte der EZB-Rat, dass er beim Streben nach Preisstabilität darauf 
abzielen wird, eine Preissteigerungsrate von nahe 2 % beizubehalten. 
Quelle: Pressemitteilung EZB 08.04.03 

Stand: 11.11.13
Quelle: www.finanzen.net/rohstoffe/oelpreis
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Table 6-4: Basecase scenario: Profit and loss statement of year 1 to 10 (data 
source: AKKON AG (2013)) 
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Table 6-5: Basecase scenario: Profit and loss statement of year 11 to 20 (data 
source: AKKON AG (2013)) 
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6.3.7 Bestcase scenario 

In the bestcase scenario all parameters are equal to the basecase, except the 

feedstock depends on the subsidies for shredded fractions of the car recycling 

industry. This additional payment is calculated of 80 €/Mt over 4 years, decreasing 

25% per year. By installation of more CCC-power-plants it might be possible, that 

the additional payment for these feedstock materials will be nearly zero over the 

next 5 years. The bestcase scenario is almost similar to the basecase over the life 

time but much higher in the total result. The additional payment for the feedstock is 

that low, it is marginal in that overview of the bestcase scenario.  
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Table 6-6: Bestcase scenario: Project input data (data source: AKKON AG (2013)) 

  
 
 

Eingaben

22.11.13 AKKON AG Seite 1 von 2

Projekt
Name Herne1 (Bestcase)

Code 1014

Standort
Standort Herne

Land Deutschland

Input 60.000 Mt / p.a. (80,00)           € / mt

Anlagedaten
Output 49.800 mt/a

Inbetriebnahme & Laufzeit
Inbetriebnahme Datum 04/2014 MM/JJJJ

"Rumpfjahr" Index 9/12 Anteilig im Jahr der Inbetriebnahme

Laufzeit 20 Jahre

Vergütung
Output Rohöl 500,00 € / mt

Zuzahlung 0,00 € / mt

Inflationsbedingte Anpassung 2,00% % 1*)

Haben-Zins
Haben-Zins 1,2% €

Rückstellungen
Rückstellungen % von Ertrag 2,2% % 604800,00 € / kWp

Betriebskosten (jährlich)
Kosten € gesamt (p.a.)
Hinweis: Inflation greift nach dem ersten vollen Jahr

Pacht
Anteil Fix pro Jahr 222.000,00 € 267469,88 € / kWp

Übrige Betriebskosten
Grundstückspflege 256.230,00 € 308710,84 € / kWp

Kostensteigerung (Inflation) p.a. 2,0% % 1*)

Instandhaltung 5.850.000,00 € 7048192,77 € / kWp

Kostensteigerung (Inflation) p.a. 2,0% % 1*)

Personal 1.389.150,00 € 1673674,70 € / kWp

Kostensteigerung (Inflation) p.a. 2,0% % 1*)

Verwaltungskosten 768.690,00 € 926132,53 € / kWp

Kostensteigerung (Inflation) p.a. 2,0% % 1*)

Versicherungen 1.219.500,00 € 1469277,11 € / kWp

Kostensteigerung (Inflation) p.a. 0,0% % 1*)

steuerlicher Jahresabschluss 256.230,00 € 308710,84 € / kWp

Kostensteigerung (Inflation) p.a. 2,0% % 1*)

Kosten für Input -4.800.000,00 € -5783132,53 € / kWp

Kostensteigerung (Inflation) p.a. 0,0% % 1*)

Summe Betriebskosten 5.161.800,00 € 6219036,14 € / kWp

Hinweis: Eingaben nur in die grau-blau markierten Felder

Ölpreis je metrische Tonne 
(Brent)= 581,62 € 2*)
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Table 6-7: Bestcase scenario: Project cost data (data source: AKKON AG (2013)) 
 

 

Eingaben

22.11.13 AKKON AG Seite 2 von 2

Investitionskosten Anlage
Kosten € gesamt Kosten € / kWp

Gesamtkosten 49.691.000 € 59868674,70 € / kWp

Nebenkosten

Abschreibung
Investitionsaufwand Anlage 49.691.000 € 59868674,70 € / kWp

Abschreibungsdauer 20 Jahre

Pacht (bei Vorabzahlung) 0 €

Abschreibungsdauer Pacht 20 Jahre

Restwert der Anlage

Finanzierung
Eigenkapital

Einlage Investor für Anlage 4.969.100 € 10,00%

Fremdkapital
Darlehen 1
Hinweis: Aufnahme des Darlehens immer im Rumpfjahr

Kreditsumme 44.721.900,00 €

Beginn (Datum, MM/JJJJ) 01/2014 für Berechnung Zins im Rumpfjahr

Laufzeit 15 Jahre

Tilgungsfrei Jahre 1 dennoch Zinszahlung

Zinssatz 5,75% % p.a.

Tilgung (im Rumpfjahr keine Tilgung) Annuitäten bitte auswählen

Finanzierung Übersicht (Rumpfjahr)
Investitionsaufwand gesamt 49.691.000,00 € ggf. inkl. Pacht vorab

Betriebskosten Rumpfjahr 3.871.350,00 €

Eigenkapital 4.969.100,00 €

Fremdkapital 44.721.900,00 €

Steuern
Gewerbesteuer 16,80% %

Steuermesszahl 3,5% gemäß § 11 Abs 2 GewStG (3,5%)

Hebesatz 480,0% Herne

Körperschaftssteuer 4,220%

Körperschaftssteuer Satz 4% %

Solidaritätszuschlag 5,50% %

Steuersatz gesamt 21,02% %
auf das Betriebsergebnis

Jahre steuerfrei (Rumpfjahr + X) 0 Jahre

1*) 2*)
Gleichzeitig erklärte der EZB-Rat, dass er beim Streben nach Preisstabilität darauf 
abzielen wird, eine Preissteigerungsrate von nahe 2 % beizubehalten. 
Quelle: Pressemitteilung EZB 08.04.03 

Stand: 11.11.13
Quelle: www.finanzen.net/rohstoffe/oelpreis
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Table 6-8: Bestcase scenario: Profit and loss statement of year 1 to 10 (data source: 
AKKON AG (2013)) 
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Table 6-9: Bestcase scenario: Profit and loss statement of year 11 to 20 (data 
source: AKKON AG (2013)) 
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6.3.8 Worstcase scenario 

The worstcase scenario has the same parameters like the basecase and bestcase 

scenario, except the feedstock has to be paid on a higher tariff then in the basecase. 

The price/Mt is calculated on 110 € for the feedstock. Similar to the bestcase it could 

be possible, that feedstock material like shredded fractions of the yellow sack or 

from the car recycling industry will rise in the price. In that case biomass could be a 

feedstock with marketable input prices.  
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Table 6-10: Worstcase scenario: Project input data (data source: AKKON AG 
(2013))  

 

Eingaben

22.11.13 AKKON AG Seite 1 von 2

Projekt
Name Herne1 (Worstcase)

Code 1014

Standort
Standort Herne

Land Deutschland

Input 60.000 mt / p.a. 110,00          € / mt

Anlagedaten
Output 49.800 mt/a

Inbetriebnahme & Laufzeit
Inbetriebnahme Datum 04/2014 MM/JJJJ

"Rumpfjahr" Index 9/12 Anteilig im Jahr der Inbetriebnahme

Laufzeit 20 Jahre

Vergütung
Output Rohöl 500,00 € / mt

Zuzahlung 0,00 € / mt

Inflationsbedingte Anpassung 2,00% % 1*)

Haben-Zins
Haben-Zins 1,2% €

Rückstellungen
Rückstellungen % von Ertrag 2,2% % 604800,00 € / kWp

Betriebskosten (jährlich)
Kosten € gesamt (p.a.)
Hinweis: Inflation greift nach dem ersten vollen Jahr

Pacht
Anteil Fix pro Jahr 222.000,00 € 267469,88 € / kWp

Übrige Betriebskosten
Grundstückspflege 256.230,00 € 308710,84 € / kWp

Kostensteigerung (Inflation) p.a. 2,0% % 1*)

Instandhaltung 5.850.000,00 € 7048192,77 € / kWp

Kostensteigerung (Inflation) p.a. 2,0% % 1*)

Personal 1.389.150,00 € 1673674,70 € / kWp

Kostensteigerung (Inflation) p.a. 2,0% % 1*)

Verwaltungskosten 768.690,00 € 926132,53 € / kWp

Kostensteigerung (Inflation) p.a. 2,0% % 1*)

Versicherungen 1.219.500,00 € 1469277,11 € / kWp

Kostensteigerung (Inflation) p.a. 0,0% % 1*)

steuerlicher Jahresabschluss 256.230,00 € 308710,84 € / kWp

Kostensteigerung (Inflation) p.a. 2,0% % 1*)

Kosten für Input 6.600.000,00 € 7951807,23 € / kWp

Kostensteigerung (Inflation) p.a. 2,0% % 1*)

Summe Betriebskosten 16.561.800,00 € 19953975,90 € / kWp

Hinweis: Eingaben nur in die grau-blau markierten Felder

Ölpreis je metrische Tonne 
(Brent)= 581,62 € 2*)
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Table 6-11: Worstcase scenario: Project cost data (data source: AKKON AG (2013)) 

 

Eingaben

22.11.13 AKKON AG Seite 2 von 2

Investitionskosten Anlage
Kosten € gesamt Kosten € / kWp

Gesamtkosten 49.691.000 € 59868674,70 € / kWp

Nebenkosten

Abschreibung
Investitionsaufwand Anlage 49.691.000 € 59868674,70 € / kWp

Abschreibungsdauer 20 Jahre

Pacht (bei Vorabzahlung) 0 €

Abschreibungsdauer Pacht 20 Jahre

Restwert der Anlage

Finanzierung
Eigenkapital

Einlage Investor für Anlage 4.969.100 € 10,00%

Fremdkapital
Darlehen 1
Hinweis: Aufnahme des Darlehens immer im Rumpfjahr

Kreditsumme 44.721.900,00 €

Beginn (Datum, MM/JJJJ) 01/2014 für Berechnung Zins im Rumpfjahr

Laufzeit 15 Jahre

Tilgungsfrei Jahre 1 dennoch Zinszahlung

Zinssatz 5,75% % p.a.

Tilgung (im Rumpfjahr keine Tilgung) Annuitäten bitte auswählen

Finanzierung Übersicht (Rumpfjahr)
Investitionsaufwand gesamt 49.691.000,00 € ggf. inkl. Pacht vorab

Betriebskosten Rumpfjahr 12.421.350,00 €

Eigenkapital 4.969.100,00 €

Fremdkapital 44.721.900,00 €

Steuern
Gewerbesteuer 16,80% %

Steuermesszahl 3,5% gemäß § 11 Abs 2 GewStG (3,5%)

Hebesatz 480,0% Herne

Körperschaftssteuer 4,220%

Körperschaftssteuer Satz 4% %

Solidaritätszuschlag 5,50% %

Steuersatz gesamt 21,02% %
auf das Betriebsergebnis

Jahre steuerfrei (Rumpfjahr + X) 0 Jahre

1*) 2*)
Gleichzeitig erklärte der EZB-Rat, dass er beim Streben nach Preisstabilität darauf 
abzielen wird, eine Preissteigerungsrate von nahe 2 % beizubehalten. 
Quelle: Pressemitteilung EZB 08.04.03 

Stand: 11.11.13
Quelle: www.finanzen.net/rohstoffe/oelpreis
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Table 6-12: Worstcase scenario: Profit and loss statement of year 1 to 10 (data 
source: AKKON AG (2013)) 
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Table 6-13: Worstcase scenario: Profit and loss statement of year 11 to 20 (data 
source: AKKON AG (2013))  
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7 Comparison and Financial Results 

The financial feasibility of the project in this study is done by a cash flow analysis. A 

cash flow analysis is one of different kinds of statements for the measure of the 

financials of a project. To implement a project and for the life time of the project it is 

important to get sufficient cash out of the project for to finalize the transaction. 

The input parameters for the financial scenario are given in chapter 6.3 “Financial 

assessment via cash flow analysis”. As already described three different cases have 

been set up and calculated over the life time of the project.  Revenues and costs are 

based on values for the entire year 2013. 

The presented and calculated CCC-project in Herne is up to now not set up and 

there is not any kind of similar power-plant running in an industrial scale over the 

world. Most data derived on information from the engineers and the group of 

investors. 

In order to compare the results of the previously examined cash flow analysis Table 

7-1 gives an overview on the results of the main financial aspects investigated by 

this method. The bestcase scenario should be mentioned in this case as the input 

material costs are negative because of subsidized feedstock. 

 

Table 7-1: Overview on the results for the main financial aspects considered in cash 
flow analysis: Accumulated values for revenue, input material costs, costs for 
maintenance & repairs, other operating costs and the accumulated cash flow over 
the course of 20 years of project life time (data source: AKKON AG (2013)) 

Scenario in 

Cash Flow 

analysis 

Revenue 

 

 

[M€] 

Input 

material 

costs 

[M€] 

Costs for 

maintenance 

& repairs 

[M€] 

Other 

operation 

costs 

[M€] 

Accumulated 

Cash flow  

 

[M€] 

Bestcase 561.3 - 15.3 146.5 96.8 270.3 

Basecase 561.3 45.1 146.5 96.8 156.0 

Worstcase 561.3 165.3 146.5 96.8 61.0 
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To assess the temporal progress of annual cash flows related to the three scenarios 

Figure 13 provides the shape of development of annual revenues, annual input 

material costs for the three investigated scenarios, annual costs of maintenance and 

repairs and annual operating costs over the course of time.  

 

Figure 13: Summary of main financial aspects for cash flow analysis: Shape of 
development of annual revenues, annual input material costs for the 3 investigated 
scenarios, annual costs for maintenance & repairs and annual operating costs over 
the course of time (data source: AKKON AG (2013)) 

 

Based on the summary of these financial aspects in the further subchapters more 

detailed discussion and evaluation of the cash flow analysis results will be outlined. 

7.1 Revenues 

All three scenarios stay constant in the revenue and will only change in case of a 

higher or lower market price for crude oil. The development of the oil market gives 

the indication of increasing revenues of the CCC-power-plant because of higher oil 

prices. As the market developed in the past decreasing oil prices could not be 

expected. On the other hand new oil fields are explored but increasing oil 

consumption will still push the demand for oil and consequently the prices will rise. 

The energy outlook to the future is promising for any scenario in any case. 
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7.2 Input Material Costs 

Table 7-1 clearly shows that in the bestcase scenario the input costs are the lowest 

compared to the basecase because of the highest share of subsidies. The bestcase 

scenario is characterised by input material from the car recycling industry, which 

means high energy content in the feedstock put into the process. Due to the high 

energy content (conversion efficiency in depolymerisation is almost reached up to 

94 %) and the potential for toxic emissions thermo-chemical conversion (i.e. 

incineration) is not permitted.  

That is a reason why the supplier for this input materials of the CCC-process has to 

give additional payments. These materials are actually available in a high quantity in 

the world wide market for secondary raw materials. 

The basecase describes the scenario of input material based on shredded yellow 

sack fractions. This type of secondary raw material is collected all over Europe with 

a high level of purity with low content of enclosed non-convertible matter. The 

energy content is as high as in case of shredded fractions of the car recycling 

industry. It has to be paid with 30 €/Mt by the operator of the plant. 

In the worstcase scenario an input material price of 110 €/Mt is assumed. This price 

could be the result of a lack of secondary raw materials of any type of the market or 

could be the consequence of a competitive situation on the market for raw material 

in general (i.e. biomass). 

As biomass is a multiple feedstock for energy generation it is in competition between 

common use and the CCC-process. The input price is related to the current market 

price of unit feedstock for the wood fuel industry. Due to the energy content of 

woody biomass the effective efficiency in the CCC-process will be about 46%. This 

is about half of the conversion efficiency, which can be achieved with the material 

from bestcase and basecase. 

7.3 Costs for Maintenance & Repairs 

In all three scenarios the maintenance costs represent a high share within the 

operating costs in general. Due to the permanent operation of the plant and the high 

throughput of material the wear and tear is assumed to be above average. 

Consequently the estimated percentage rate for the annual maintenance costs 

clearly indicates this basic assumption.  



Master Thesis 
MSc Program 
Renewable Energy in Central & Eastern Europe 

Rudolf Jost  66 

As the basic investment is equal in all three scenarios and the resulting 

maintenance costs are the same in bestcase, basecase and worstcase a variation of 

price change rate for maintenance costs would affect all three scenarios to the same 

extent. That means that in all three scenarios a remarkable increase of maintenance 

costs will lead to a significant change in the annual cash flow. 

For example, if the accumulated maintenance costs increase about 20% the 

accumulated cash flow in the bestcase scenario will affect the cash flow at all but 

will not influence the positive economical results of the project. In the basecase 

scenario higher maintenance costs will decrease the accumulated cash flow equally 

as the maintenance costs will increase. 

Considering the same frame conditions in the worstcase scenario the accumulated 

cash flow will be reduced to the half if maintenance costs increase for about 20% in 

the accumulated maintenance costs. In the reverse case of decreasing maintenance 

costs the influences on the accumulated cash flow will be vice versa with respect to 

the different investigated scenarios. 

7.4 Other Operating Costs 

In other operating costs besides personal, management, insurance and property 

costs also consumption costs are not assumed. The relation of used energy for the 

process to energy content of input materials stays the same for all three scenarios. 

The own consumption will not influence the cash flow, as the energy supply is 

provided of about 10% of the product oil. 

Compared to the other portion of costs insurance costs are relatively high but equal 

in all three scenarios. The installation of a CCC-power-plant is already new and for 

the insurance company this type of technology is more or less unknown. That could 

be the reason for the applied level of insurance costs. Despite of this fact the impact 

on the accumulated cash flow is low. 

7.5 Cash Flow 

The main result of the cash flow analysis is the development of accumulated cash 

flow over the period of the investment project. Figure 14 displays the course of the 

cash flow curves based on the three scenarios calculated in chapter 6.3. Obviously 

the scope of the curve is similar in the three case studies. 
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Figure 14: Summary of scenarios: Shape of cash flow analysis for worstcase, 
basecase and bestcase over the course of time (data source: AKKON AG (2013)) 

 

In the start up phase of the project the first year of operation is considered as period 

were the full equity – 10% of investment – will be paid back.  

After the first full year of operation all three scenarios are in a positive cash flow. In 

Figure 14 this effect is represented by the first sharp bend of curve. In the upcoming 

period of the following 13 years the annual cash flows increase linearly within the 

positive cash flow range (year 14 min. 1.7 mio. €, max. 12.2 mio. €). 

In year 15 the total loan will be paid back and annual cash flows are rising to a new 

level because of missing debt and interest payments. This hike of 4.7 mio. € is valid 

for all three calculated models. 

In the following 4 years the cash flow still grows due to the assumed inflation rate on 

a high level. The final year is characterized by the release of reserves accumulated 

by annual surplus funds. The different level of the annual cash flow behaviour is the 

consequence of different prices for the feedstock. 

The financial highlights of a CCC-project are the positive cash flow after full year 

one in all three scenarios as well as the return of equity within a period of maximal 

two years in the worstcase scenario. Typically other projects in renewable energy 
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will calculate with at least six to ten years to reach a positive cash flow and the 

return of equity. 

Figure 15 is a graph displaying the cash flow column of Table 7-1 with the 

accumulated cash flows over a period of 20 years for all three scenarios. The 

accumulated cash flow is positive in all cases. 

 

Figure 15: Overview on accumulated cash flow for the investigated finance models: 
worstcase, basecase and bestcase (data source: AKKON AG (2013)) 

 

If the equity finance is compared to the accumulated cash flow of the three 

scenarios the following results can be determined: 

- In the worstcase the applied equity is multiplied 12 times in relation to the 

accumulated cash flow. 

- In the basecase the applied equity is multiplied 31 times in relation to the 

accumulated cash flow. 

- In the bestcase the applied equity is multiplied 54 times in relation to the 

accumulated cash flow. 

Based on the results for accumulated cash flow the financial risk for the potential 

investor is low in any case and the attractiveness rises with the type of converted 

input material. 
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8 Conclusions 

The technology described in this study implies a number of issues relating to the 

development of second generation biofuels industries. The CCC-Technology is a full 

commercial, unsubsidized and economic potential. Every investor will need to be 

able to adapt CCC-conversion-technologies to local conditions and long term 

feedstock. The focus of this study has been on describing the CCC-Technology and 

its economic status. The return of equity is realized even in the worstcase scenario 

within the first two years that means almost small risk for the investor. 

Second generation biofuels transform in use of biomass the total biomass of the 

plant, which is not used for food production. In case of use of secondary raw 

material as feedstock – shown in the financial scenarios – the system is running in 

an economical and ecological way. Depending on that kind of feedstock the 

conversion costs are on the right way to implement the CCC-Technology for the 

efficient production of second generation of biofuels. The costs of feedstock for 

production second generation biofuels are lower than the feedstock of first 

generation biofuels. Secondary raw materials will be paid at the moment. That 

means in the future – the costs of second generation biofuels from the CCC-process 

in large scaled commercial production will be similar or relatively lower than fuels out 

of fossil oil.  

At the moment The CCC-Technology is a stand alone process with a high potential 

for its establishment in the market for liquid fuels. The possible feedstock is 

available world wide and mostly residues of agricultural production, industry or 

waste collection. The energy content and the purity of the input material are 

important for the efficiency in the conversion process.  

The product can be implemented in the market by use of the existing distribution 

and filling infrastructure of conventional fuels, so the product is for multifunctional 

use for energy supply. The development of the revenues by operating a CCC-

power-plant depends on the market prices for crude oil. The higher the price for 

crude oil, the higher the cash flow for the investor. Even the worstcase scenario with 

high input prices shows a positive accumulated cash flow. 

The CCC-process running in the power-plant pilot was a clear demonstration of a 

new technology that has to be implemented comprehensive. This system is proven 

in an industrial way and in a stable process. It is easy to implement the plant at 

almost every site. The CCC-Technology has to be multiplied for a greener and 
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cleaner future for next generations. It is helpful to establish waste disposal systems 

in developing countries that have not to be paid by the people. 

As reflected the implementation and operation of a CCC-power-plant will be in all 

three scenarios like a cash cow. The investor has low risk because of a short period 

of payback; the high maintenance costs will not influence the high cash flow over 

twenty years. From this point of view the investment is a must. 
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Annex 

Annex 1: Documentation of pilot project: The patent 
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Figure 16: Offenlegungsschrift by Deutsches Patent- und Markenamt, page 1 to 5 
(source: Winkelkötter (2007)). 
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Annex 2: Analysis of the product 
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Figure 17: Analysis report of gas oil generated out of yellow sack material, page 1 to 
3 (source: SGS (2011). 
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Annex 2a: Analysis of the product 

 
Figure 18: Analysis report of “Agro-Diesel” Projekt 0704 (source: ASG (2007). 
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Annex 3: Checklist for factory planning 
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Annex 4: Example of a application according to Federal Control of 
Pollution Act (Bundes-Immissionsschutzgesetz (BlmSchG) –Antrag) for 
a Cold-Catalytic-Conversion-Plant 
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