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6 
Conclusion and discussion 
 
“Modern man has turned his back on old philosophies, […] what use are logic, power 

and wealth with no society“. 
 

-Threshold - Wounded Land - Days of Dearth (1993) 
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6.1 General introduction 
This thesis started its introductory chapter with the current challenges humankind faces, related 
to resource dependency and climate change due to global pollution. These challenges and the 
ambitions put forward by the Paris Agreement, to remain well below a global mean temperature 
increase of 2°C compared to pre-industrial times (United Nations, 2015), require an energy 
transition. It appears that system change is required in order to have a successful energy 
transition. In this thesis, system change is regarded as the change required for an energy 
transition to a sustainable energy system, where current carbon dependency is overcome. From 
literature we know that such system change is comprised of a multitude of factors, such as, 
technology, politics, economics and its interactions (Geels, 2011). Currently, technological 
innovation is seen as important in European policy (European Commission, 2015a) as a force to 
solve the challenges related to the energy transition. Some technological innovations are 
addressed in this PhD thesis with the analysis of the contribution and limitations of three 
technological innovations. The innovations are, the introduction of electric vehicles, co-
combustion of biomass in a coal-fired power plant and biomass gasification technology for the 
large scale production of green gas. This thesis focused mainly on technological innovation (i.e. 
electric vehicles, biomass co-combustion and biomass gasification) as a force for the energy 
transition, in chapters 2-4. However, the importance of the other factors, besides technology, is 
recognised. Therefore, chapter 5 was applied to explore the interaction between economics, 
politics and technology. This was done by looking at the potentials and limitations of biomass 
gasification technology for heat supply in the Dutch residential sector.  
 
This final chapter is organised as follows. The most important conclusions from the explored 
innovations are presented in section 6.2. This section is also used to provide an answer to the 
overarching research question; to what extent do some technological innovations, contribute to 
the energy transition? Subsequently, section 6.3 is applied to reflect on the results from this 
thesis. It first reflects on the different cases discussed in chapters 2-5, and identifies some causes 
to explain the results. The second part is the general reflection, which looks at the role of 
innovation and politics in a system where demand continues to increase. This thesis studied 
three sectors, namely the residential, energy and private transportation sector. The final section 
6.4 is used to explore some options for the required energy transition in these sectors. Aside 
from looking at the role of technology, this section discusses some implications of system change 
by addressing the possible role of factors, such as economy and politics. 
 
6.2 General conclusions 
This section gives an overview of the most important conclusions of the three explored 
innovations in order to answer the main research question of this thesis.  
 
6.2.1 Lithium and battery electric vehicles 
Chapter 2 explored the potential contribution of electric vehicles in the European Union (EU) to 
the energy transition. The availability of lithium for vehicle batteries, and thus an increased 
flowrate of lithium into society, is the bottle-neck for implementation of such an end-of-pipe 
solution. Hence, electric vehicles may have no tailpipe emissions, but the overall emissions from 
transportation are not guaranteed to decrease when the energy supply system is not adjusted. 
The main factors affecting the future lithium availability for electric vehicles were determined. 
The chosen values for these factors were quite optimistic, which was argued to result in the 
determination of the lower boundaries for lithium demand per vehicle and upper boundaries for 
vehicle penetration rates. The projected lithium supply curve assumed a doubling of supply in a 
period of 10 years (i.e. growth rates of 8% per year). 
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The results from chapter 2 show that due to the estimated supply limitations on lithium for 
batteries, a full electric scenario results in 95 million battery electric vehicles in 2050; 
corresponding to 20% of the total fleet. The estimated absolute increase in vehicles in the EU 
between 2000 and 2030 is estimated to be 146 million. This means that even when high 
penetration rates of battery electric vehicles are realised, the absolute amount of conventional 
vehicles still increases, resulting in a transport sector performing worse from a climate 
perspective. Full adoption of plugin hybrid electric vehicles instead of battery electric vehicles is 
possible in 2050, due to smaller lithium demand. Such a scenario can potentially result in a 
reduction in gasoline use of about 40%, which is a much larger efficiency increase than the 20% 
when battery electric vehicles are introduced. Given the estimated supply limitations on lithium, 
the results emphasise that small adjustments to the whole private transport sector (i.e. full 
plugin hybrid electric vehicle adoption) have a more positive effect than relatively large 
adjustments to 20% of the transport sector. This holds for both a CO2 emissions and energy 
efficiency perspective. Electrification of the vehicle fleet can contribute to the mitigation of 
climate change when plugin hybrid electric vehicles are introduced on a large scale. However, 
such small adjustments do not result in the required energy transition in transportation, since it 
would legitimise continued use of fossil fuels. In addition, the challenges related to greenhouse 
gas (GHG) emissions in transportation are also not solved with the large scale introduction of 
battery electric vehicles, due to the limitations on supply of lithium. 
 
Thus, the actual introduction of electric vehicles should be regarded as an efficiency 
improvement of the existing private transportation system, on the short term, and not so much 
as an innovation that contributes to system change. Due to continued expansion of the private 
transportation sector, electric vehicles, only have a short term, and very limited, effect on the 
energy transition. Increasing the efficiency of the private transportation systems with electric 
vehicles, results in increased GHG emissions on the long term, as long as the mobility system 
continues to expand. 
 
6.2.2 Co-combustion of biomass and coal 
Chapter 3 explored the climate contribution of co-combustion of biomass in a coal-fired power 
plant. In this case the energy efficiency of the supply system decreases. Co-combustion of 10% 
biomass on an energy basis only results in 4% to 7.5% reduction in GHG emissions and a 4% to 
6.5% increase in renewable energy. Thus, roughly half of the potential decrease in emissions and 
half of the energy content of biomass is annihilated by decreased supply chain and conversion 
efficiency. In the cases where 60% biomass is co-combusted, GHG emissions can be reduced with 
almost 50%. This is a large potential, but an emission reduction of such magnitude can also be 
achieved by simply replacing coal with natural gas for electricity production. In that case one 
would not require a doubling of mass transport and the development of a large logistic system 
for biomass production and supply.  
 
In addition, the temporal dimension was not taken into account in the co-combustion scenarios. 
When the absolute electricity demand increases over time, the net effect of co-combustion on 
the reduction of GHG emissions can very well be negligible or even negative, especially in the 
cases where small quantities of biomass are co-combusted. 
 
6.2.3 Biomass production for green gas supply 
Given the expected limitations on future supply of biomass in 2050, which are a factor two to 
four lower (Laugs and Moll, 2017) than current global energy use, the need to use biomass as 
efficient as possible is clear. Therefore, another option for the use of biomass for energy was 



 
   

 

107 
 

CH
AP

TE
R 

6:
 C

O
N

CL
U

SI
O

N
 A

N
D 

DI
SC

U
SS

IO
N

 

explored in chapter 4: green gas production through biomass gasification. This technological 
innovation is accompanied with high expectations, since it can theoretically produce a green gas 
with an efficiency of 70%, which can be converted to electricity with a combined cycle gas turbine 
with efficiencies around 60%. However, such high efficiencies do not take away the limitations 
on supply. Indigenous supply of biomass from extensive systems within the EU is limited 
(Asikainen, 2008). When looking at extensive production systems, like forests, where the annual 
increment can be sustainably harvested, its possible contribution to the supply of energy is 
marginal. Such extensive production systems cannot foresee in the required amounts of 
renewable energy. Hence, 16% of the technically available biomass from extensive systems is 
required to foresee in 1% of the European natural gas consumption. Application of gasification 
technology with biomass as feedstock for green gas from intensive production systems would 
require 140% of the arable land currently in use in the EU, when aiming to replace the total 
natural gas demand and assuming no increase in demand. When taking into account that natural 
gas contributes for 25% to the total demand in the EU, replacing substantial quantities of fossil 
carbon with renewable carbon in the EU must result in biomass imports from all over the world 
and with that a shift in geographical resource dependency. The explored supply chains for large 
scale green gas production show that the energy efficiency and energy ratio performance are 
always worse than the reference scenario of natural gas. GHG emission reductions can, however, 
be substantial, up to almost 70% when transport logistics are optimised and torrefaction of the 
biomass is applied. Green gas, via biomass gasification, can potentially contribute to the energy 
transition on the long term. Its contribution is limited by the available biomass quantities, since 
the potential domestic production in the EU is small.  
 
Besides availability, there is the increase in transport movements within the EU, which is 
substantial when using biomass on a large scale. Replacing 1% of the natural gas consumption 
with green gas in the EU already showed limitations, whilst this 1% corresponds with about one-
tenth of the annual increase required to fulfil the targets formulated for renewable energy in 
2020. Besides this, the energy requirements for transport of biomass can be 1.7 to 6.4 times 
higher than natural gas supply via pipelines. Additionally, this thesis showed that there is no 
energetic advantage in pretreatment of biomass when looking at transport. Hence, the savings 
in transport energy, due to increased energy density of the biomass, are neutralised by the 
energy cost for pretreatment. Increasing the energy density of biomass before transport, may 
affect the conversion efficiency of the biomass, but increases the total energy consumed in the 
supply chain. 
 
6.2.4 Green gas implementation in the Dutch residential sector 
Besides the aforementioned availability of biomass, the effect on transport logistics and shifting 
geographical dependency, there is the question of actual large scale diffusion of biomass 
gasification technology for green gas production. Therefore, this thesis looked at a case where 
the possible contribution of biomass gasification technology for the supply of heat in the Dutch 
residential sector was explored. The ambitions for green gas use in the Netherlands are high and 
there is large potential for green gas supply to the Dutch residential sector given their large 
dependency on the use of natural gas for heating purposes. Such quantities require large scale 
production. Biomass gasification technology can theoretically address a scale in the order of 5 
gigawatt, which is required to supply about a quarter of the current natural gas consumption in 
the residential sector in the form of green gas. However, the results of this thesis show that a 
number of factors form barriers for the diffusion of this technology. Four limitations were 
observed on the supply side. First, the inability to increase the scale on which experimentation 
with the technology occurs, due to financial constraints. Second, on an institutional level there 
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is absence of technology specific policy. Third is the absence of a substantial market required to 
foresee in the goals that are set. Fourth is the limitations related to insecure future biomass 
prices and availability. Financing the commissioning of commercial scale plants is difficult, since 
the investments are large and the risk is high. Continued technological development and with 
that upscaling from demonstration to a (pre-)commercial scale is therefore hampered. In 
addition, this upscaling is also a lengthy process, which given the current state of development, 
is going to cost a decade at best. Ending up with 5 gigawatts installed capacity in 2030, which is 
required considering the aimed quantities of green gas, is unfeasible. The substantial challenge 
with which the Netherlands is confronted in order to develop a sustainable heat supply system 
is not solved with green gas from biomass gasification. 
 
6.2.5 Contribution to the energy transition: biomass and batteries 
The extent to which the explored technological innovations contribute to the energy transition 
and to the mitigation of climate change is small. On the short term there may be a contribution 
from electric vehicles, but on the long term, potential increases in energy efficiency of the private 
transportation system are annihilated by an increasing vehicle fleet. The effect is therefore 
limited to the short term. For co-combustion the contribution to the energy transition is similar. 
The effect is confined to the short term, in which it legitimises the continued use of coal. In 
addition, there is also a material demand for carbon which puts a strain on the potential 
availability of biomass for energy. Contradictory to the expectations of EU politicians, who see a 
bright future for electric vehicles and bioenergy, the contribution of these innovations to the 
energy transition is marginal, especially on the long term. 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 (chapter 1). An alternative future innovation such as 
biomass gasification could theoretically contribute to the energy transition, but the time 
required for diffusion of the technology on a substantial scale is in the order of multiple decades 
(Karltorp, 2016). In addition, biomass gasification is subject to the same limitations on supply of 
biomass, as co-combustion. 
 
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. In two explored cases, (i.e. electric vehicles and biomass co-combustion) the 
potential contributions to the energy transition in the required time-frame are small. In the case 
of biomass gasification, it is clear that there may be, at best, a marginal role for this technology 
within the timeframe where the energy transition should take place.  
 
6.3 Reflection on the results 
 
6.3.1 Reflection on the results from the cases 
The introduction of electric vehicles improves the existing private transportation system when 
looking at energy use and local air pollution. Hence, the energy efficiency is increased, since the 
energy requirements per unit of distance for a battery electric vehicle are smaller than a 
conventional vehicle; that is, the conversion from mechanical to kinetic energy is done more 
efficient in the case of a battery electric vehicle compared to a conventional vehicle. In addition, 
there are no tailpipe emissions, and when renewable electricity is used, the GHG emissions per 
unit of distance decrease substantially. Thus, a technological innovation, such as electric 
vehicles, can improve the private transportation system. However, due to continued expansion 
of the private transportation system there is no change of the existing system and a negative 
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effect when it comes to a reduction in energy consumption and GHG emissions. This is also visible 
in historic developments in the EU, where the energy efficiency of transport increased by 15% 
between 1990 and 2008. In the same timeframe per capita energy consumption in the transport 
sector increased by 26% (EEA, 2011). Besides this, 2015 sales of electric vehicles, both battery 
and plugin hybrid electric vehicles, were about 1.2% of the total vehicle sales (EEA, 2016). This 
emphasises again, that electric vehicles will not contribute substantially to the energy transition, 
since the required sales numbers are 6.5% in the analysed scenario in chapter 2. There are some 
exceptions in Europe, such as the Netherlands, where new sales of electric vehicles were almost 
10% in 2015. However, in the two consecutive years there was a steep decline to 2.6% 
(Netherlands Enterprise Agency, 2018). The issue of transportation becomes even more 
challenging when considering other means of transport like air traffic, which is expected to 
increase with on average 4.5% per year between 2016 and 2035 (MacDonald, 2017). This means 
that air traffic will more than double in this period. 
 
Contrary to the case of electric vehicles, where the energy efficiency of the private 
transportation system as a whole was increased, co-combustion shows a decrease in energy 
efficiency. When regarding biomass as a renewable energy carrier and its availability as 
abundant, the decrease in energy efficiency of the system is not an issue, especially since all co-
combustion scenarios resulted in a reduction in GHG emissions and the production of renewable 
energy. This also holds in the case of large scale green gas production, where the energy 
efficiency is much lower than a reference scenario with natural gas, but GHG emissions do 
decrease and renewable energy is produced. These arguments to use carbon from biomass as a 
substitute for fossil carbon to supply energy, legitimise the continued use of coal and natural 
gas. Therefore, a successful energy transition is hampered by the large scale application of 
biomass for energy. Despite this, the application of biomass for energy is the norm in the EU, 
since two-thirds of the current renewable energy production has an organic origin (Eurostat, 
2018). 
 
As resource use is interconnected (Verhoef et al., 2004), the implementation of technological 
innovation in expanding systems is subject to the risk that alleviating dependency of one 
resource leads to scarcity of another resource. The explored innovations shift dependency from 
a fossil resource to a potentially scarce resource when such innovations become successful. 
Martin et al. (2017), showed that production of virgin lithium has roughly doubled between 2000 
and 2015. In the same period, the price for Li2CO3 increased with a factor 3.5. When looking at 
current (i.e. 2018) prices, this increase is more than a factor 7 (Ober, 2018). Therefore, the 
projected discrepancy in supply and demand, and thus scarcity, is already present. Furthermore, 
large scale introduction of electric vehicles in the EU is limited by the fact that the EU has very 
limited domestic lithium carbonate resources for batteries; thus, imports from politically 
sensitive areas are required. 
 
When aiming to apply biomass for energy on a large scale, the EU may become dependent on 
worldwide imports, which are subject to possible scarcity. This import dependency is likely, given 
that the available area is a limiting factor (section 6.2.3) and the role for biomass as a renewable 
energy source is expected to remain substantial in the EU (European Commission, 2016a). In 
addition, there are various applications for biomass besides energy, such as food, feed, 
pharmaceuticals and chemicals (European Commission, 2012). Application of biomass for those 
purposes may become at risk when biomass is used for energy on a large scale (chapter 4). On a 
small scale, local use of biomass may, however, provide opportunities as a back-up in order to 
balance other intermittent renewables and guarantee continued supply (Pierie et al., 2017). 
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The high expectations from the EU, when it comes to the contribution of the explored 
innovations, are based on the technological potential. These technological innovations are not 
enough, since the realised increase in energy efficiency cannot keep up with growing demand, 
and they shift the resource use to other potentially scarce resources, as addressed in this thesis. 
Therefore, it appears that more is required than technological innovation alone to realise an 
energy transition. This is in line with existing visions in literature (Alcott, 2005; Geels, 2011; 
Markard et al., 2012; Walrave and Raven, 2016). Actual diffusion and success of a technological 
innovation is subject to more factors than technology alone. The social or behavioural aspects in 
human mobility should also be addressed in order to have a successful energy transition in the 
transportation sector. The emphasis on reduction of CO2 emissions in EU policy (European 
Commission, 2009), in the case of co-combustion, leads to short term effects and no system 
change that positively affects the energy transition. In addition, chapter 5 showed that it is clear 
that the gasification technology is subject to a number of factors that hamper its diffusion and 
potential effect on the energy transition. 
 
In summary, two causes are identified for the small contribution of the explored innovations. 
First, the innovations contribute to improvement of existing systems, but do not change them. 
Second, shifting resource demand results in continuous scarcity effects in a system where 
demand continues to increase.  
 
6.3.2 General reflection 
The explored technological innovations do not result in an energy transition, even when policy 
is present to stimulate these innovations. The question remains whether the combined effects 
of other technological innovations and the organisation of the alignment of other factors besides 
technology, such as, politics and economics are enough to realise an energy transition. 
Therefore, this section first explores insights from literature, about the role of technological 
innovation in the energy transition. Second, it elaborates on Jevons paradox, path dependence 
and lock-in to find how the results from this thesis relate to wider insights in literature. Without 
going into detail about the other factors affecting the energy transition this section finalises with 
some insights about the effect of current policy resulting from European politics. 
 
The explored technological innovations can be regarded as incremental innovations, which 
improve that what already exists. Such improved performance actually slows down change of 
the system. This slow rate of change is also recognised by Kern (2015) and Markard et al. (2012) 
whom observe that incumbent systems are only subject to incremental adjustments instead of 
radical ones. Here, radical innovation should be regarded as a new solution that is not based on 
the existing previous solutions (Beck et al., 2016). In addition to the observed slow change, Kern 
(2015) argues that structural rigidities within the energy sector hamper a transition. These 
structural rigidities can be explained by entrenched technology and the accompanied powerful 
agency of the incumbent energy system (Kern, 2015). Walrave and Raven (2016) and Markard et 
al., (2012) argue that incremental innovation does not automatically lead to the required system 
change to foresee in the required adjustments to deal with the challenges humankind currently 
faces. This shows that the results from chapter 2 – 4 in this thesis are in line with existing visions 
in literature. 
 
Jevons paradox, or more popular, the rebound effect, is the theory that argues that efficiency 
increases are annihilated by additional consumption (Polimeni et al., 2015). When demand 
continues to increase, through a growing population and increasing affluence, technological 
innovation cannot keep up. Such technological change is also thought to be the actual driver of 
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consumption together with increasing returns to scale (Alcott, 2005). The private transportation 
system is a perfect example of this paradox. First, efficiency increases on a fuel level were 
counterbalanced by increased consumption (EEA, 2011), and in addition, this thesis shows that 
projected future efficiency increases on an engine level are counterbalanced too, for the same 
reason. Biomass use for energy introduces some change on the supply side, but given Jevons 
paradox, this is not obvious to have a positive long term effect. Furthermore, in a system where 
demand continuously grows, technological innovation shifts the consequences of resource use 
to other environmental domains, which in a finite world always leads to scarcity effects. Thus, as 
long as technology and economics are applied to stimulate growth and affluence, environmental 
problems will persist.  
 
Even when technology is pushed with policy it is clear that these technological innovations do 
not result in an energy transition. It appears that instead of incremental adjustment of the 
existing system, more radical change is required. Such radical system change is, however, not 
easily implemented. This inability to induce system change with technological innovation can be 
explained by the concept of path dependence with lock-in as an outcome. The existing carbon 
based energy system can be regarded as the outcome of the accumulation of historic decisions. 
These historic decisions subsequently affect future decisions, independent of the current 
relevance of these historic circumstances. The accumulation of historic decisions, or path 
dependence, related to the development of the energy system, is driven by increasing returns 
to scale and has led to a state of carbon lock-in. The historic decisions have led to the 
establishment of the carbon based fossil energy system in a techno-institutional context. Unruh 
(2000), explains that over time, not only technology, but also the institutions were adjusted in 
order to increase this energy system. Currently, the same institutions slow down the diffusion of 
renewable energy technology. This so-called carbon lock-in leads to policy failures that hamper 
the diffusion of renewable energy technology (Unruh, 2000). 
 
On a political level, the illusion that the optimisation of three policy objectives of the EU, namely 
security of supply, economic competitiveness and the environmental objective, will result in a 
successful energy transition is still present. On the short term, incremental innovation is the 
optimal solution for security of supply and economic competitiveness. On the long term, 
however, these objectives are not guaranteed when shifting to potentially scarce resources, nor 
does a successful energy transition happen. Thus, within the existing economic system driven by 
growth, the three objectives of EU energy policy do not lead to the required energy transition 
and the transformation of the energy system. Proposed policies, such as the bioeconomy 
strategy (European Commission, 2012) where linear cascading of biomass based on economic 
value is introduced (figure 1-1), results in more efficient use of resources. The same holds for the 
circular economy strategy where, due to increased recycling and reuse, the burden on virgin 
materials is decreased (European Commission, 2015b). As elaborated, increasing efficiency does 
not appear to solve the problems that society is confronted with, and therefore, as long as 
demand increases, such policies only postpone the consequences of resource consumption on 
to future generations. 
 
The advantage of incremental over radical innovation is that it can contribute to all three 
objectives of European policy. For example, prices for electricity from coal were the lowest in 12 
years in 2016 (European Commission, 2016b). This has a positive effect on the affordability and 
the security of supply; the combination with an incremental innovation such as biomass co-
combustion in a coal power plant decreases the environmental burden, since emissions of fossil 
carbon per unit output are decreased. Besides that, such adjustments are relatively easy to 
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realise within the short term horizon of national politics. Additionally, such a power plant has an 
economic and technical life time in the order of 35 and 50 years, legitimising continued use of 
fossil fuel. This suggests that incremental innovation is the “optimal” trade-off between the 
three objectives of European energy policy. The success of the energy transition is therefore 
endangered by a trade-off between these three policy targets. Thus, incremental innovation is 
driven by EU policy, which actually reinforces system lock-in instead of overcoming it. 
 
6.4 Exploration of options 
The first chapter of this thesis explained the need for an energy transition. Hence, the large scale 
combustion of fossil fuels for energy purposes has led to depletion of fossil resources and climate 
change. Subsequently, this thesis looked at technological innovations, which are expected to 
contribute to this transition. Incremental innovation in itself is argued not to overcome the 
existing challenges and the focus should therefore be, on replacing existing systems (Geels, 2011; 
Markard et al., 2012; Kern, 2015; Kivimaa and Kern, 2016; Walrave and Raven, 2016). The 
existing challenges are clearly not overcome by the innovations addressed in this thesis. In order 
to have a successful energy transition, technology push policy can be an option, when the need 
for the potential purpose of the technology is recognised and its introduction is stimulated. For 
example, gasification technology can be stimulated in such a way that biomass is used on the 
short term for energy, where it can have a positive effect. On the long term gasification 
technology may have potential in a circular economy where it uses carbon containing waste as 
feedstock instead of biomass. This does require a clear vision of a future sustainable energy 
system in order to determine which technology should be stimulated with which purpose or 
application. Such a vision should therefore also integrate other factors influencing the energy 
transition in order to realise the implementation of this vision and with that the energy 
transition. For example, chapter 5 showed that there is a vision in the Netherlands, addressing 
future heat supply, where green gas also plays a role. The applied frameworks (i.e. the multi-
level perspective and the technological innovation systems) in chapter 5 show that the 
embedding of biomass gasification technology and the organisational aspect related to heat 
supply with green gas, are barriers hampering its implementation. Hence, a number of 
institutional and infrastructural aspects were observed on the supply side, that slow down the 
diffusion of the technology. In addition, on the demand side there are economic constraints and 
institutional barriers. Therefore, not only should a clear vision be developed 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. For the three explored sectors in this thesis, private transportation, 
large scale energy supply and the residential sector, this has some implications on how to embed 
new technology and organise its implementation. To finalise this thesis, some options, related 
to technological, economic and social factors are provided to address some implications for the 
sectors studied in this research. 
 
In transportation, a decrease in resource consumption can be achieved by a shift to the use of 
public instead of private transportation, requiring many adjustments. Driving such change 
requires compelling policy, enforcing the development of such a new system and the required 
behavioural change. The actual performance of such a system for the environment and the 
consumer, should be the main objective, instead of economic growth. This requires more 
adjustments than shifting the means of transportation, but actual reconsideration of the 
necessity of transportation. Technological change can contribute, for example by introducing 
more efficient ways to communicate in a work environment without the need for people to be 
in the same physical location. This does however, require substantial adjustments on the 
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consumption side. Options to overcome potential barriers for the consumer may be found in 
improved transport networks of public and other types of transportation, such as car sharing and 
the combination of buses and bicycles (Cruz, I. S., & Katz-Gerro, 2016). In addition, no financial 
compensation for commuting with private transport can be an option, which is an example of an 
economic incentive to stimulate desirable behaviour.  
 
When it comes to the supply of power, an option can be to develop decentralised self-sustaining 
communities and the use of renewable sources, which are not subject to economic scarcity, like 
solar and wind. Secondary energy carriers such as hydrogen can be applied for storage or as a 
transportation fuel (Koirala et al., 2016). However, such systems do depend on light and heavy 
rare earths and platinum group metals which may also be or become subject to scarcity issues 
and import dependency (European Commission, 2017b; De Boer and Lammertsma, 2013). In 
addition, the role for consumers is large in such small decentralised communities, which requires 
substantial social adjustments. The encouragement of such adjusted behaviour on the consumer 
side needs governmental support, not only with financial means, but also by engaging local 
communities in its decision-making (Bomberg and McEwen, 2012). 
 
In the Dutch residential sector, substantial adjustments in insulation levels should be realised in 
order to decrease demand for heat by renovation of existing dwellings (Olonscheck et al., 2015). 
Additionally, in line with the aforementioned scale reduction, options for heat supply can be 
organised through local heat grids, supplied with heat from, seasonal storage of solar heat, 
geothermal energy and waste heat from industry. Biomass gasification can potentially contribute 
with green gas as a back-up for heat supply, using local biomass on a smaller scale. In this case it 
should be applied in areas with limited renewable energy available, such as old city centres, or 
in rural areas, when there is no business case for large heat grids. This requires a clear long term 
vision and even more important a clear implementation plan from politics, on which technology 
should be pushed and with which purpose. 
 
This thesis started with a quote believed to originate from the Greek philosopher Socrates, 
arguing that one should focus on building the new instead of fighting the old in order to induce 
change. However, instead of fighting the old, or building the new, the optimal trade-off between 
the three objectives of EU energy policy results in incremental innovation of technology, which 
in practice, results in improvement and continued legitimisation of that what already exists. 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 development”. Unfortunately, the part about promoting economic growth and 
sustainable development is not an oxymoron, but a contradiction in terms 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 technology alone. Policy should therefore aim to simultaneously realise change 
on a societal, institutional, political and economic level. A clear vision on what such a system 
should look like should be developed through scenarios. Additionally, pathways should be 
developed on how to arrive in such a system and the required measures for implementation 
have to be enforced to realise the energy transition.  
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