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Biomass or batteries: the role of three technological innovations in the energy 
transition. 
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Introduction 
Mankind is on the verge of an energy transition, during which society has to shift from a 
dependency on fossil fuels towards the use of renewable energy. Currently, about 10% of the 
final energy consumption originates from modern renewables. The aim of the Paris Agreement 
is to mitigate the consequences of climate change by keeping the increase in global mean 
temperature below 2°C. Given the current emissions of greenhouse gases (GHG) and the 
remaining carbon budget, from now on, a linear decrease should be realised towards zero 
emissions around 2060, in order to have a successful energy transition. In addition to the 
mitigation of climate change, by reducing GHG emissions, there is a second argument to organise 
an energy transition, namely resource depletion. Recent estimates for the ratio of reserves over 
production, for oil, natural gas and coal are, respectively 50, 52 and 153 years. Despite the clear 
arguments in favour of an energy transition, such as mitigating climate change and reducing the 
dependency on finite resources, a transition is not a straightforward procedure.  
 
An energy transition requires system change. Here, system change is regarded as the change to 
a sustainable energy system, where current carbon dependency is overcome. This is a challenge, 
since industrialised countries have become addicted to the use of fossil fuels to foresee in 
continued economic growth and increasing consumption. The fossil based energy system is a 
complex system where the combination of and interaction between technologic, institutional 
and societal factors hampers change; this is also known as carbon lock-in. The challenge of 
system change can be understood with the concept of path dependence that ultimately led to 
carbon lock-in. The existing carbon based energy system can be regarded as the outcome of the 
accumulation of historic decisions. These decisions subsequently affect future decisions, 
independent of the current relevance of these historic circumstances. The accumulation of these 
decisions, related to the development of the energy system, is driven by increasing returns to 
scale and has therefore led to a state of carbon lock-in.  
 
A number of factors is known to affect system change, of which policy is regarded as an 
important one. The European Union (EU) aims to play a role in guiding the energy transition, 
since the EU put a variety of energy policy in place and ratified the Paris Agreement. Innovation 
plays a key role in the policy put forward by the EU and, in addition, the expectations for the role 
of technology in the energy transition are high.  
 
The question remains whether technological innovation is enough to overcome the challenges 
of climate change and resource depletion within the remaining timeframe. Therefore, the main 
aim of this thesis is to explore the potential contribution of three technological innovations to 
the energy transition. Cases are studied addressing two crucial materials, namely lithium and 
biomass, and three sectors, namely private transportation, energy production and the 
residential sector. 
 
Lithium availability in the European Union for electric vehicles 
The adverse impacts of climate change are widely recognized as well as the importance of the 
mitigation of carbon dioxide (CO2). Therefore, battery driven vehicles are expected to have a 
bright future, since GHG emissions can be reduced, since the efficiency of these vehicles is higher 
than conventional vehicles and there are no tail-pipe emissions. Lithium-ion (Li-ion) batteries 
appear to be the most promising, due to their high energy density. The current challenge is the 
needed increase in flow rate of lithium carbonate (Li2CO3) into society to foresee in the 
forecasted demand.  
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This research determines ten factors which influence the availability of Li-ion batteries for the 
EU in the coming decades. They are used in a system dynamics analysis, where the stocks, flows 
and feedback loops of the system were analysed. The results of this research show that 
undersupply of Li2CO3 can be expected to be between 0.5 to 2.8 Mt in the EU, until 2045. 
Substitution of Li2CO3 in other end-use markets and recycling can relieve the strain on Li2CO3 

supply to some extent. The increase in flowrate of Li2CO3 is limited and therefore, 20% of the 
vehicle fleet in the EU can be battery electric vehicles (BEVs) in 2050. The lack of resources in the 
EU and the geographical distribution of Li2CO3 in politically sensitive areas suggest that the shares 
of Li2CO3 available for the EU will be even less than assumed in this research.  
 
An alternative way to apply the available Li2CO3 is by producing plug-in hybrid vehicles (PHEVs). 
They require less Li2CO3 and therefore a 100% PHEV scenario is feasible in 2050. This would result 
in a more substantial decrease in tailpipe emissions of the total vehicle fleet, compared to the 
introduction of 20% BEVs. This has a positive effect on climate change, but it does not contribute 
to a decrease in carbon dependency and it is subject to the risk of postponing the consequences 
of climate change further into the future instead of mitigating climate change.  
The increase in flow rate shows to be the bottle-neck for a transition to BEVs in the EU, at least 
when Li-ion batteries are used. The large scale application of BEVs with Li-ion batteries in order 
to substantially mitigate CO2 emissions in transport and reduce dependency on liquid fossil based 
fuels is therefore not guaranteed. 
 
Biomass co-combustion in a coal-fired power plant 
In the last century, coal combustion has been widely applied for electricity generation. Coal is 
known to be the most polluting fossil fuel. Despite this, the lock-in effects of coal firing power 
plants have increased, due to cheap emission certificates, low coal prices and deregulation of 
the European power sector. A variety of technological innovations is available to decrease the 
environmental impact from coal combustion, such as carbon capture and storage, increasing 
boiler efficiency and co-combustion of coal with biomass. This thesis explored the contribution 
to the mitigation of climate change of biomass co-combustion. A variety of supply chain 
scenarios were analysed, for different co-combustion scenarios in coal-fired power plants. They 
were analysed on energy efficiency, energy consumption, renewable energy production and 
GHG emissions and subsequently compared with the performance of a 100% coal supply chain 
scenario, in the Netherlands. Calculations were executed for biomass shares of 10%, 25% and 
60% in the form of wood chips, pellets, torrefied wood and a combination of torrefied and 
subsequently pelletized (TOP) wood.  
 
The 60% biomass co-combustion supply chain scenarios show possibilities to reduce emissions 
up to 48%, assuming that biomass is carbon neutral. The low co-combustion levels are effective 
to reduce GHG emissions, but the margins are small. Currently, co-combustion of pellets is the 
norm, but co-combustion of TOP shows the best results, but is also the most speculative. In 
addition, the scenarios showed that the indicators from the Renewable Energy Directive, which 
aims to promote the use of energy from renewable sources, cannot be aligned. These indicators 
are, GHG emission reduction, renewable energy production, increased energy efficiency and 
decreased energy consumption. Hence, GHG emissions are decreased in all scenarios, but the 
total energy consumption increases.  
 
In conclusion the results show that when biomass is regarded as scarce, co-combustion of small 
shares or no co-combustion is the best option from an energy perspective. When biomass is 
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regarded as abundant, co-combustion of large shares is the best option from a GHG reduction 
perspective. 
 
Chain analysis of biomass gasification for synthetic natural gas 
Woody lignocellulosic biomass can be co-combusted with coal, but an alternative application 
may be thermo-chemical conversion into a green gas, or synthetic natural gas, with biomass 
gasification technology. This synthetic natural gas has properties similar to natural gas, making 
it suitable for injection into the existing supply grid. A quarter of the total primary energy 
demand in the EU is met by natural gas, providing opportunities for the large scale application 
of synthetic natural gas. Synthetic natural gas produced through biomass gasification can 
contribute to a more sustainable energy supply system, since GHG emissions may be reduced. 
The performance of the possible large scale application of biomass gasification for synthetic 
natural gas production should be determined by a supply chain analysis where the upstream, 
midstream and downstream part are included. Therefore, in order to find the energy 
performance and GHG emission reduction potential of biomass gasification, a chain analysis of 
synthetic natural gas, was undertaken. A variety of supply chain scenarios was explored where 
dry wood chips, wood pellets and torrefied wood were compared. A model was designed to 
analyse the performance of the biomass to synthetic natural gas chain and to estimate the 
impact of 1% synthetic natural gas in the energy system.  
 
This 1% represents 0.25% of the primary energy demand of the EU and can result in reduction 
of GHG emissions of almost 70% at the cost of 1.3 Mha of arable land. Replacing the use of 
natural gas in the EU with synthetic natural gas would require 140% of the arable land currently 
in use, which emphasises the risk of upcoming import dependency on biomass if such a system 
would be applied on a large scale. In order to optimise the transportation logistics of biomass, a 
break-even distance was introduced in order to determine which transport means in 
combination with biomass pretreatment is the most efficient from an energy perspective. 
Results show that torrefaction and pelleting are energetically unfeasible, when comparing the 
energy use for these pretreatment options, with the energy savings in transportation in the EU.  
 
Opportunities and barriers for large scale biomass gasification in the Dutch 
residential sector 
The Dutch residential sector is largely dependent on the use of low-caloric natural gas for heating 
purposes, since about 90% of this sector has a connection to the natural gas grid. The expected 
depletion of national reserves and induced earthquakes in the production area are reasons to 
aim to escape this lock-in. The Dutch government and key players in the natural gas sector have 
expressed large green gas ambitions. Hence, green gas is complementary to the existing supply 
system and therefore suitable to replace natural gas. Introducing green gas on such a large scale 
would require a suitable technology, such as biomass gasification. However, this technology is 
still in a developing phase. Therefore, the opportunities and barriers of biomass gasification for 
green gas production and application in the residential sector were explored.  
 
The Technological Innovation Systems and Multi-Level Perspective were applied as sustainability 
transition frameworks to explore the current technological state of biomass gasification and the 
developments in the residential sector. Four limitations were observed from a supply 
perspective; little financial space for demonstration plants, absence of technology specific policy, 
lagging market developments and insecurities related to biomass availability. On the demand 
side, clear barriers hampering change are observed, which provide opportunities for green gas. 
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Key players in the natural gas regime take no substantial responsibility, despite their potential 
ability to contribute to overcoming systemic barriers.  
 
Therefore, this research concludes that the current green gas ambitions set by the Dutch 
government are not yet feasible and that the government may address this with technology 
specific policy, substantial research and development subsidies and funding. 
 
Conclusion 
This thesis aimed to explore the potential contribution of three technological innovations, which 
are, electric vehicles, biomass co-combustion and biomass gasification, to the energy transition. 
The contribution of these technological innovations to the energy transition is small. There are 
some positive short term effects, but on the long term these positive effects are annulled. Hence, 
efficiency increases cannot keep up with continuously increasing demand. Despite European 
policy expecting a substantial contribution from biomass for energy purposes and electric 
vehicles, there is no long term effect resulting in an energy transition to a sustainable energy 
system. This may have potentially dire consequences, since the expected time remaining to 
implement the required system change and overcome carbon dependency, to prevent the 
effects of climate change from becoming acute instead of chronic, is about four decades. 
Biomass gasification technology could theoretically contribute to the energy transition, but 
diffusion of this technology is in the order of decades and in addition, substantial upscaling is still 
required. In conclusion, both electric vehicles with lithium based batteries and biomass for 
energy are still subject to high expectations during the energy transition, which are, as 
emphasised by this thesis, not feasible. Therefore, the three explored technological innovations 
have at best, a marginal contribution to the energy transition. 
 
The explored technological innovations can be regarded as incremental innovations. Incremental 
innovation basically improves that what already exists (i.e. in this case, the energy system) and 
generally results in more efficient use of resources. European energy policy aims to ensure 
supply of energy, at affordable cost and introduce renewable energy. These three objectives 
tend to have incremental innovations as the optimal outcome. For example, co-combustion for 
electricity contributes to security of supply at a low cost and is more environmentally friendly 
than coal combustion. This outcome may be the optimal outcome of the three policy objectives, 
but it does not lead to an energy transition nor to a sustainable energy system. That what already 
exists (i.e. the energy system) can be regarded as the accumulation of the outcomes of historic 
decisions. This so-called path dependence, where historic decisions affect future decisions, has 
led to a state of carbon lock-in. Despite, the clear gains of a successful energy transition, its 
implementation appears impractical and resolving carbon lock-in with technological innovations 
alone is therefore not enough. Jevons paradox already showed that the environmental problems 
related to an increasing population with continuously growing demand cannot be resolved with 
technology alone. Therefore, in order to have a successful energy transition, other factors, 
besides technology, that also affect the energy transition, such as economy, politics and its 
interactions, should be taken into account. The emphasis of policy should not be on the 
introduction of technology to continue economic growth, but to increase quality of life and 
decrease consumption and dependency on finite resources. Besides a clear vision on which 
technologies should be introduced, other factors influencing diffusion of innovations have to 
change, in order to substantially decrease resource use. Currently, the most important global 
agreement to address climate change is the Paris Agreement (United Nations, 2015). It literally 
states, “[a]ccelerating, encouraging and enabling innovation is critical for an effective, long term 
global response to climate change and promoting economic growth and sustainable 



 
   

147 
 

SU
M

M
AR

Y 

development”. Unfortunately, the part about promoting economic growth and sustainable 
development is not an oxymoron, but a contradictio in terminis, given the finite amount of 
resources available. Given the timeframe that remains to introduce the required change, in order 
to have a successful energy transition, substantial change should not be expected from 
technological innovation alone. Therefore, not only should a clear vision be developed on a 
European level addressing the design of a sustainable energy system from a technological 
perspective, but also how the energy transition towards this sustainable system should be 
realised from an institutional and infrastructural perspective.  
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