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Impetus: third scenario needed besides “Electrons” and “Molecules”
In April 2018, Berenschot published scenarios indicating two possible directions in the energy transition: “Electrons”, where 

maximum effort focuses on sustainable sources and all-electric electrification; and “Molecules”, with maximum focus on clean fossil 

and hybrid electrification. In each direction, a CO2 reduction of 95% in 2050 can be achieved, in ways that differ considerably.  

These electrons and molecules scenarios [1] differ sufficiently to gain insights about options and consequences in the energy 

transition. These scenarios do depict an extreme representation of variants, where a ‘mid-way solution’ is unavailable as yet. 

The above led to a call for a third scenario, in which elements of Electrons and Molecules are used and efforts are made to 

progress towards a CO2-neutral optimum via a third axis - via heat. This so-called “heat scenario” aims to find an optimal use of 

heat sources in all sectors within the Netherlands, in order to be able to level off extreme peaks in the system. In addition, it also 

addresses the possibility of including import of sustainable energy carriers, i.e. hydrogen and (limited) biomass, whereas in 

Electrons and Molecules only import of natural gas is assumed. 

Summary of heat scenario (1/4): impetus and result

3

Result of heat scenario: highly sustainable, limited costs
This scenario exercise demonstrates that with a focus on heat, a hybrid mix and some 

sustainable import, a CO2-neutral future will be achieved in 2050 with a high level of 

sustainability, and against relatively limited additional costs. Earlier scenarios gave either high 

sustainability with relatively high costs (“Electrons”), or clean-fossil with lower additional costs 

(“Molecules”). Consequently, the “heat scenario”, is more than merely a mid-way solution 

between those two; it brings added value. It does this especially by diversifying the sustainable 

use and focusing more on the extensive final demand for heat. This means less conversions with 

fewer losses in the energy system, and a incremental increase of the electric peak capacity. The 

practical challenge in this scenario will be the actual realisation of the additional heat-

infrastructure.
[1] Berenschot, 2018: Elektronen en/of Moleculen: twee transitiepaden voor een CO2-neutral toekomst

Electrons Molecules

Heat

https://www.berenschot.nl/actueel/2018/april/elektronen-moleculen-transitie/
https://www.berenschot.nl/publish/pages/6131/infographic_energiescenarios_2050_elektronen_en_moleculen.pdf
https://www.berenschot.nl/publish/pages/6131/infographic_energiescenarios_2050_elektronen_en_moleculen.pdf
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This scenario uses the highest possible coverage of final demand for heat through sustainable heat: geothermal, solar thermal and 

residual heat from businesses (industry, datacentres). The residual demand then uses heat pumps and green gasses. For 

geothermal, new research on its potential was consulted [2]. Solar thermal is comprised of solar boilers and also PVT (photovoltaic 

thermal) panels; these combine well with heat pumps and ensure a better use of scarce space in the Netherlands. We see a 

decrease of industrial residual heat flows that are released due to savings and internal use of residual heat, but in this scenario the 

utilisation of this residual heat will improve over the years. 

Summary of heat scenario (2/4): covering the heat demand 

4

In this scenario (i.e. fully sustainable with base heat from geothermal or 

residual heat and auxiliary boilers on green gas or hydrogen), heat 

networks are used especially in cities containing high-rise buildings and 

(old) homes that are difficult to insulate. These are made sustainable 

without using more expensive architectural adaptations and thus result in 

reasonable living costs. The remainder of the extensive existing buildings 

will switch to hybrid heat pumps on CO2-free power and green gas, with 

a limited upgrade of the network infrastructure. Newbuild is all-electric. 

In the industry a sizeable part of heat demand concerns high 

temperature, for which sustainable heat sources are less suitable. The net 

heat demand in the industry does decrease through savings, internal 

residual heat-reuse, cascading and steam recompression (hybrid where 

possible). 

In 2050 the combined heat potential (besides internal 

efficiency in the industry) may rise to 370 PJ

[2] Stichting Platform Geothermie, DAGO, Stichting Warmtenetwerk, EBN (2018), Masterplan Aardwarmte in Nederland 
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Summary of heat scenario (3/4): system effects and comparison 

5

Direct heat coverage and hybridisation ensure a high coverage of peak demand and more flexibility (less back-up needed)

The direct coverage of heat demand by sustainable heat allows for a lower peak demand at system level. This demand is lowered

further or covered by flexibility from hybrid systems. Here, heat-generation by electric heat pumps can be taken over by boilers

running on green gas or hydrogen. In this scenario, a hybrid system in the industry and built environment produces a total flex of 

6 GW (Gigawatt), as a result of which fewer peak power plants are needed. 

Compared to earlier drawn-up scenario's less central back-up is needed. In addition, there is wider spread over biomass, green 

gas and hydrogen. This requires a relatively limited volume of hydrogen, covered, moreover, by spread sources: “green hydrogen” 

from wind energy combined with electrolysis, “blue” hydrogen from natural gas with CCS, and import of hydrogen from abroad.

Comparison with electrons scenario and molecules scenario: key differences 

• The heat scenario is nearly as sustainable as the electrons scenario, and nearly as cheap as the molecules scenario. 

• There is import of hydrogen and biomass, resulting in more uncertainty around the development of these international markets.

• Whereas “Electrons” has a wind capacity of 113 GW in 2050, the heat scenario only needs 43 GW. There are also lower 

investments in the electricity network, off-shore and on-shore. This improves integration and reduces costs. 

• Compared to “Molecules”, which in 2050 no longer uses oil and coal , but does still roughly require the current natural-gas 

volume (34 billion m3) as input for blue hydrogen, the annual use of fossil natural gas is much lower in this heat scenario (6 

billion m3). The need for CO2-storage capacity in the heat scenario is also much lower, of course. 

• The heat scenario has lower energy conversion loss. As in other scenarios, there are costs for infrastructure and production 

reserves for intermittent generation and electrification, but these are lower. There are indeed extra network costs due to 

installation and maintenance of a considerable heat infrastructure, which might be a big challenge in its realisation. 
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The heat scenario is not without challenges. Implementation of 

the heat networks is a big task, and its realisation depends on 

innovation in both thermal engineering technology and policy.  

Scale-up, system integration and temperature-optimisation

To realise the potential of sustainable heat, a number of 

engineering techniques must be scaled up to mass-application 

such as PVT panels and controllable hybrid electrification (both 

in the built environment and industry). Optimisation of heat 

networks is important, for example heat buffering, cascading 

and solutions in the existing buildings for switch to lower heat 

system temperatures.  

Innovation for additional heat technology

Besides the options in this scenario exploration, additional 

techniques can contribute: high-temperature heat pumps in 

industry; a bigger role for absorption cooling in civil engineering 

works, residual heat from datacentres, waste heat, minewater, 

and solar thermal with seasonal storage. Further research into 

this potential is recommended.   

Summary of heat scenario (4/4): pathway to realisation

Policy innovation

In the area of policy and rules and regulations, the following 

aspects are important for the heat transition: a strong and 

consistent organisational framework for exploration of 

geothermal; support for a project-based approach (project 

office) for areas with heat networks, a financial stimulus for heat 

networks and thermal engineering on the same basis as other 

techniques for CO2 reduction and sustainability, inclusion in the 

ETS of the value of the CO2 reduction through industrial 

residual heat supply, and adequate reward for consumers with 

heat systems that reduce the flex requirement or that supply 

flexibility to the electricity network, such as controllable hybrid 

heat systems.

Labour and availability of staff for the Energy transition

The high growth in human resources needed for the measures 

and installation of infrastructure must be met by stimulation, 

education and innovation. Additionally we recommend that an 

integral study is carried out into the human resource efficiency 

of the Energy transition: how do we maximise the transition 

with a limited quantity of technical human resources.  
66
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The policy of Dutch government is to strive for a 80 to 95% net reduction of national CO2-emissions in 2050 compared to 1990. 

This presents a huge challenge for society, but in particular for the industry as high temperature process (>250°C) are related to 

high energy demands.

Currently, work is ongoing to create the Climate agreement, in which various parties are preparing concrete agreements to 

achieve a 49% CO2 reduction in 2030 compared to 1990. As yet, the substance of these agreements is still unsure and in many 

cases requires deepening of insights with regard to possible transition pathways towards 2030 and 2050. In April 2018, Berenschot

published a deepening study of two possible directions in the energy transition: Electrons, where the maximum focus is on 

electrification and Molecules, where fossil energy sources are used at maximum levels (with CCS). Both directions set a >95% CO2

reduction in 2050 as minimum condition. 

Further examination of the scenario-analysis showed that the electrons and molecules scenarios differ sufficiently from each other 

so as to gain insights about options and consequences in the energy transition. At the same time, these scenarios emphatically 

showed an extreme representation of variants, where a possible ‘third axis’ was missing. For this reason, examination of these 

scenarios gave rise to a call for a scenario in which elements of Electrons and Molecules are used and, along a third axis, a CO2-

neutral optimum is worked towards, via heat. This so-called “heat scenario” seeks to find an optimal use of heat sources in all 

sectors in the Netherlands, in order to be able to level off extreme peaks in the system. In addition, it also addresses the possibility 

to include import of sustainable energy carriers, i.e. hydrogen and (limited) biomass, whereas in Electrons and Molecules only 

import of natural gas is assumed.

Background

8
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Objective

The objective of this report is to offer insight in an energy 

system that is optimised via heat for 2030 and 2050, in 

combination with the elements from both the electrons 

scenario. As such, the report offers insight into:

• the possibilities for the optimal use of heat sources in 

different sectors;

• the extent to which the use of heat sources leads to CO2 

reduction;

• the extent to which heat can enable hybridisation, and, 

through this, a reduction of peak demand;

• the financial consequences and preconditions for the use of 

heat sources.

The focus of this report is on an integral inventory of 

(consequences of) the use of heat sources, with emphasis on 

the role of the industry.

Doel & scope

9

Scope

This report offers an insight into the energy system in 2030 and 

2050 on the basis of:

• Heat flows

• Installed capacities

• Energy mix

• Costs

• Infrastructure costs

• Employment

• Comparison between Electrons and Molecules

• Extent of hybridisation and flex requirement

The calculations were made with the use of the most recent 

version of the Energy Transition Model (ETM), supplemented by 

calculations carried out by Berenschot where necessary.
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Reader’s guide

10

This report contains 6 chapters:

1. Introduction, objective and scope

2. Heat scenario: starting principles

3. Images of the energy supply in the heat scenario in 2030 

and 2050

4. Extent of hybridisation and required flexibility

5. Conclusions

6. Appendix

Chapter 2 focuses on the starting principles of the heat scenario, 

presenting an overview of possible heat sources and their 

respective potential. Chapter 3 describes the integral outcomes 

of the scenario, with focus on installed capacities, costs, and 

comparisons with the electrons and molecules scenarios. This 

chapter also includes a further examination of sectors.

The extent to which the optimal use of heat enables 

hybridisation is described in chapter 4. Chapter 5 presents the 

main conclusions of the heat scenario.
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The heat scenario assumes 3 main heat sources: residual heat, 
geothermal and solar thermal

12

Heat sources with temperatures between 100 and 250 °C Heat sources with temperatures between 40 and 70 °C

The starting principle for this study is the optimal use of heat sources for all sectors in the Netherlands. The objective of this is 

to clarify to what extent heat can provide an optimisation of the energy system and a levelling-off of (costly) peaks in the 

electricity network.

The utilisation of sustainable heat sources is possible in three ways: via residual heat (from industry), via geothermal and via

solar thermal. For each of these three options an estimation was made of the total potential and accompanying preconditions 

(such as the availability of heat networks) - see following slides. The demand for sustainable heat is smaller than the potential 

of these sources added together, as a result of which these sources will compete with one another.

These heat sources offer advantages for the entire energy system, but in the current system are often disadvantaged. 

Opportunities to value heat and stimulate scale-up: rewarding the savings made in flex capacity; allocating value to heat also 

for savings to CO2 emission in other sectors; level-playing field in Stimulation of Sustainable Energy Production (SDE+) with 

other sustainable techniques.

Return
Return

InIn

GeothermalIndustrial 

heat demand

Residual heat Heat demand 

homes / horticulture

Ultradeep

Geothermal

Solar thermal Solar thermal 

e.g.: PVT with 

WP
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The potential of industrial residual heat in heat networks is estimated 
at 100 PJ in 2050

13

Residual heat from industry (including data centres) can greatly contribute to the heating of low temperatures (< 250 °C) in other 

sectors. Cascading of high-temperature heat (> 250 °C) in industry can, as already happens to a limited extent, ensure stepped 

heating of heat processes at lower temperatures, both in and outside of industry. The potential of residual heat is estimated at 50 

PJ for (local) industry and 50 PJ for the (local) built environment and agriculture. The presence of heat networks is a precondition 

here, of course. At higher temperatures heat cascading and revaluation of heat flows already occurs in industry; we assume that 

towards 2050 this will become increasingly important. In addition, heat demand decreases in industry towards 2050 due to i.a. 

savings, but the remaining residual heat will then be used more efficient than than currently within the industry and built 

environment 

1: Hoogervorst, N. (2017), Toekomstbeeld klimaatneutrale warmtenetten in Nederland, Den Haag: PBL.

HT heat (industry) 

LT heat (industry)

LT heat (built environment & 

agriculture)

• Metal

• Chemical

• Refineries

• Other

• Metal

• Chemical

• Paper

• Food, beverage & tobacco

• Other

250-1000> °C

0-250 °C

0-100 °C

Residual heat

Residual heat 

(cascading) local 

industry

Residual heat built 

environment & 

agriculture

50 PJ

50 PJ

100 

PJ1

2050

• Homes

• Utility

• Glass horticulture

Current heat demand: 382 PJ

Current heat demand: 123 PJ

Current heat demand: 680 PJ

Heat use within business (energy 

saving of ~45 PJ by i.a. cascading 

and ~20 PJ by steam 

recompression)
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The potential of geothermal is estimated at 210 PJ in 2050 

14

Geothermal

Geothermal is a large potential source of sustainable energy in the 

Netherlands. Currently, some 17 doublets have been installed in the 

Netherlands. In order to realise a large role for geothermal, scale-up 

combined with heat networks is required. Energiebeheer Nederland 

(EBN) has developed a method for this in cooperation with TNO, the 

so-called ‘play-based portfolio approach’. The potential of this 

method has been simulated by IF-technology and CE Delft. Based on 

the indications generated from this exercise, in het Geothermal 

Energy Masterplan for the Netherlands, the Platform Geothermie, 

DAGO, the Dutch association for district heating & cooling (Stichting 

Warmtenetwerk) and EBN set out an ambition for geothermal energy 

in the Netherlands in het Masterplan Aardwarmte in Nederland. This 

ambition shows a potential of approx. 210 PJ geothermal in 2050 for 

the whole of the Netherlands (all sectors). 

NB: this does not necessarily mean that the potential is fully used: in 

the heat scenario we use only 60% of this total potential, but we do 

assume the total potential of connections (since energy saving in the 

built environment leads to a reduction of heat demand). 

Source: Stichting Platform Geothermie, DAGO, Stichting Warmtenetwerk, EBN (2018), Masterplan Aardwarmte in Nederland 
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The potential of solar thermal is estimated at 107 PJ in 2050 
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Solar thermal

Solar heat has been used since the ‘70s and is a large 

sustainable source of hot water. Solar heat generated by solar 

collectors is stored in a boiler vessel and in this way can 

provide space heating or (after additional electrical heating) 

tap water. 

Although within the energy transition great emphasis is 

currently placed on electrification through solar PV, solar 

thermal can make an important contribution as a heat source 

and at the same time reduce electric peak demand in winter. 

For instance in the case of a fully-electric house with heat 

pump, resistance heating with a high capacity is installed to 

provide tap water. When the heat pump is combined with 

solar collectors this peak demand can be reduced. Moreover, 

the solar collector can increase the COP of the heat pump. 
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Source: Holland Solar (2015). Ruimte voor zonne-energie.

Potential of solar thermal in the Netherlands (PJ/yr)

Potential

In a study by Holland Solar the practical potential for the 

Netherlands in 2050 is estimated at 107 PJ/yr. Precondition for 

this is the combination of space for photovoltaic systems with 

solar thermal systems. For instance with PVT panels, in which 

both are integrated. 

Utility

Industry

Households
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The use of heat calls for a large-scale supply of heat networks

16

Heat networks

In many cases, the transport of heat involves the installation of 

new heat infrastructure. Compared to other energy 

infrastructures, heat shows significant losses (~15 to 25% in 

current heat networks), which is why transport of heat over large 

distances must be kept at a minimum.

Heat sources

For sustainable heat in heat networks there are four options:

- Geothermal

- Residual heat (from sustainable production)

- Heat pumps (possibly in combination with solar collectors or 

surface water) 

- Incinerators (Biomassa, hydrogen or green gas) 

Geothermal and residual heat cannot viably fulfill the full 

requirement of heat throughout the entire year, due to seasonal 

fluctuations. In this scenario the use of back-up installations (30%) 

is opted for, to meet the extra demand in winter. Buffers (to 

balance the winter peak and summer overproduction) and their 

impact will be subject of further study and optimisation. Time of year 

Overproduction

(Buffer opportunities)Geothermal heat can provide

three quarters of the heat 

demand but cannot cover the

winter peak.

70% in built environment 

80% in greenhouse horticulture

W
a
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d

e
m
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n
d

 

Heat profile homes

Heat profile glass horticulture

Illustration of demand profile and fulfilment through residual 

heat / geothermal heat compared to winter back-up

Winter back-up
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Transport of 
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Hydrogen production

Currently, a large quantity of hydrogen is already produced as 

feedstock for example for the fertiliser industry. This hydrogen is 

made from natural gas via SMR (steam methane reforming) and, as 

yet, the CO2 released in this process is still emitted into the open air: 

so-called grey hydrogen. Through SMR it is possible to capture part 

of the CO2 (CCS). 

By using the process of ATR (auto thermal reforming), all CO2 can be 

captured in this process and stored away; the “blue” hydrogen 

released is than fully CO2-free.  

A third option is renewable hydrogen production, i.e. ‘green’ 

hydrogen, via electrolysis using sustainable power from wind or solar 

energy. The green hydrogen can be produced in the Netherlands 

itself or be imported from abroad.
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In this scenario we assumed a gradual introduction of blue hydrogen 

towards 2030. Green hydrogen production is still too costly until 2030 and 

needs a large additional volume of sustainable sources; this must be 

developed in demos up to 2030, but will only get proper momentum in 

terms of volume after 2030. The mix for 2050 is assumed as an equal 

distribution between blue hydrogen, green hydrogen from the Netherlands 

and import of foreign green hydrogen. 

Hydrogen mix and energetic use (in PJ)

2050: 600 PJ

2030: 90 PJ

Use Use

Hydrogen use

Hydrogen chain
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The combined heat potential (not taking into account internal use in 
industry) leads to an optimal heat use of 215 PJ in 2030

19
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Here, datacentres are included in Industry. 

PJ
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Residual heat: 50.0 PJ

Geothermal: 54.0 PJ

Sustainable back-up: 37.5 PJ

Solar thermal: 39.0 PJ

Gas & AVI: 34.0 PJ

Built environment: 76.0 PJ

Agriculture: 38.5 PJ

Industry 100.0 PJ

Production Use
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In 2050 this combined heat potential can grow to 370 PJ
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35 PJ

60 PJ

73 PJ

41 PJ

50 PJ

35 PJ

19 PJ

15 PJ

32 PJ

2 PJ

8 PJ

Heat use within businesses in the industry is regarded by the model as energy savings and therefore is not included in 

the below figure. The assumption here is ~45 PJ savings by i.a. cascading and ~20 PJ by steam recompression. High-

temperature heat pumps were not included in this study.

Here, datacentres are included in Industry. 

Residual heat : 100 PJ

Geo thermal: 127 PJ

Production Use

Sustainable back-up: 49 PJ

Solar thermal: 94 PJ

Built environment: 209 PJ

Agriculture: 57 PJ

Industry: 104 PJ
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In 2050 an installed electric capacity of 112.5 GW is needed

21

Installed capacity

In the heat scenario a considerable proportion of heat 

demand in the built environment and industry is met by 

residual heat, geothermal and solar thermal. As such, the 

growth of the installed Off-shore wind capacity in 

particular, is relatively limited compared to the electrons 

scenario (in which all-electric plays a bigger role). 

Nevertheless, a large growth in installed solar capacity is 

assumed (reaching 40 and 53.5 GW in 2030 and 2050 

respectively).

For the baseload electricity capacity, gas power plants 

with CCS and hydrogen power plants will be used in 

2050. Next to the electric capacity, 30 GW of electrolysers 

will be deployed for hydrogen production, a part of which 

will convert energy from wind far off-shore into hydrogen, 

which subsequently will be transported to shore. 

Additional electrolysers will be built onshore to capture 

excess solar and wind energy.
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19,0

8,0

23,2

40,0

7,5

15,0

53,5

0,4

10,1
32,8

2,1

10,1

0

10

20

30

40

50

60

70

80

90

100

110

120

GW

1.1
0.5

Reference (2016) 2050

0.5

2030

0.5

33.7

84.8

112.5

Gas power plants/CHPs

Coal power plants

Hydrogen power plants

Solar PV

On-shore wind

Off-shore wind

Other

E-Peak demand

27 28

19

Installed electric capacity in heat scenario (in GW)
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The industry is moving towards a balanced mix of energy carriers

22

Final energy mix in 2050: 642 PJ

Final energy mix in 2030: 692 PJ
Final energy mix in industry

Despite the growth of industry, the total energetic 

demand will decrease until 2050 as a result of 

energy savings*. In the heat scenario, natural gas use 

in industry is gradually decreased and replaced by 

heat, green gas, electricity and hydrogen. This 

includes that industry does not directly rely on one 

sole option in 2050, but on a balanced mix of energy 

carriers. 

Green gas and hydrogen cover the largest part of 

high-temperature heat supply, while electricity and 

heat are mainly used for lower temperatures (up to 

200 degrees Celsius). Here, the heat is generated in 

part by local cascading to lower temperatures (50 

PJ), and partly by ultra deep geothermal energy (35 

PJ). A small proportion (19 PJ) is contributed by solar 

thermal.

Note: HT heat pumps are not included in this study.

Residual heat between 

industries 25 PJ 

Natural gas & AVI: 34.0 PJ

Biomass back-up 24 PJ

*A 1% efficiency improvement per year is assumed up to 2030, which equates to ~13% more efficiency in 2030 compared 

to now. Between 2030 and 2050 the assumption is to achieve another ~6% efficiency improvement.



Public

In the built environment, heat plays a central role in the energy mix

23
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Final energy mix in the built environment (in PJ)
Energy mix in the built environment

In the built environment, insulation and efficiency 

improvements cause a considerable reduction of heat 

demand. Due to the higher levels of insulation in 2050 the 

required electricity for heat pumps also decreases compared 

to 2030. Over 60% of the final energy demand of 332 PJ in 

2050 is met by heat, of which 73 PJ from solar thermal and 60 

PJ from geothermal.

Measures

In the heat scenario it is assumed that in 2050 45% of 

households is connected to a heat network. Similar for civil 

engineering works, 48% of those buildings are provided with 

heat from the heat network. The meet demand from remaining 

homes and buildings is met by solar thermal or via (hybrid) 

heat pumps. This distribution results in a highly reduced peak 

demand compared to the electrons scenario, with the same 

level of sustainability. Homes are also less heavily insulated 

compared to the earlier scenarios, wherefore this scenario 

requires far less invasive adaptations within the homes.

Residual heat 35 PJ

Geothermal 60 PJ

Solar thermal 73 PJ

Biomass back-up 41 PJ

Residual heat 17.5 PJ

Geothermal 20 PJ

Solar thermal 31 PJ

Biomass back-up 7.5 PJ
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Energy system costs increase until 2050, mainly caused by the
production of hydrogen, network costs and insulation

24
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Costs in the heat scenario

Due to better insulation in the built 

environment and a higher level of energy 

savings in industry, increasingly fewer/smaller 

heat converters are needed; this leads to 

lower fuel costs in 2050 compared to 2030.

Hydrogen production in 2050 is 12% of the 

yearly energy system costs.

Network costs increase due to growth in heat 

networks and further electrification.

Heat sources will partly compete with one 

another (depending on local circumstances): 

geothermal (€ 0.6 bn for 127 PJ in 2050) 

seems cheaper, for instance, than solar 

thermal (€ 1.2 bn for 94 PJ in 2050). 

Energy system costs in 2030: 31.7 bn 

Euro/year for CAPEX and OPEX

Energy system costs in 2050: 37.5 bn 

Euro/year for CAPEX and OPEX

Fuele costs are the costs of fuel import. Fuel that is produced within the system itself, such as green gas and hydrogen, is not included. These costs relate to the 

installations with accompanying costs for M&M costs. For the same reason electricity costs are neither taken into account.
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Network costs increase due to the heat network
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Distribution of network costs

A breakdown of costs for the energy network shows 

that particularly the costs associated with heat network 

increase strongly, due to its central role in the built 

environment. In 2050, 3.8 million homes will be 

connected to the heat network.

The electricity network will become more expensive 

because demand for electricity increases until 2030. By 

adding flex solutions and by connecting more off-shore 

wind turbines and solar PV in 2050, the peak load of 

the network increases and the costs increase further. 

The gas and hydrogen network, on the other hand, will 

become slightly cheaper, despite the introduction of 

hydrogen. This can be attributed to the disappearance 

of connections, mainly in the built environment. 

Network costs (€ bn / year)
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Fuel costs: shift from fossil fuel to sustainable fuels
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€ 1,0

€ 0,5

€ 0,3

€ 0,1

Hydrogen import

Biofuels

Natural gas

€ 0.0

€ 8.0 bn

Green gas

Biomass

€ 3.3

€ 2.7Oil

Coal

Other

€ 0.0
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€ 0,1

€ 0,3

€ 0,1

Hydrogen import

€ 2,2Green gas

Biofuels

Biomass

€ 1.1Natural gas

Oil

Coal

Other

€ 7.4 bn

Fuel costs in the heat scenario

• Costs do not decrease much despite decrease in fuel 

consumption.

• Sustainable energy carriers are relatively expensive 

compared to fossil energy carriers.

• Price for coal seems to remain equal, whilst CSS is used 

in 2050; in the case of biocoal this would not be 

required, but then the fuel price might again be higher.

• For green gas we only take into account the costs of 

import; the costs for domestic production are included in  

installation costs. In 2030 there is only domestic 

production of green gas and so the fuel costs are nil. 

However, in 2050 import is used along domestic 

production and the fuel costs of green gas increase to 

2.2 billion Euro.
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The scenario is predominantly sensitive to offshore wind generation 
(WOZ) costs

27

“Heat 2050”

€ 37.5 bn

-€ 2,7 bn

-€ 1,4 bn

-€ 1,4 bn

-€ 1,2 bn

-€ 1,1 bn

-€ 0,6 bn

-€ 0,3 bn

€ 2,7 bn

€ 1,4 bn

€ 1,4 bn

€ 1,2 bn

€ 1,1 bn

€ 0,6 bn

€ 0,3 bn

Hydrogen import (2.0 €/kg)

LCOE WOZ (40.2 €/MWh)

(incl. off-shore cable)

LCOE Electrolysis (35.1 €/MWh)*

LCOE Solar PV (53.7 €/MWh

Green gas import (8.6 €/kJ)

Solar thermal (46.2 €/MWh)

LCOE Geothermal (14.7 €/MWh)

+50%-50%

Costs in the heat scenario (2050)

The figure shows that the total costs of the heat scenario is 

predominantly sensitive to the Levelized Cost of Energy 

(LCOE) for Off-shore Wind (referred to as ‘WOZ’) and solar 

PV in terms of installation. These are indeed the main 

sustainable sources in this scenario. The LCOE does 

decrease to 2050:  

WOZ from 60.9 €/MWh in 2030 to 40.2 €/MWh in 2050; 

Solar PV from 78.2 €/MWh in 2030 to 53.7 €/MWh in 2050.

Besides this, hydrogen and green gas import (incl. biomass) 

represent a high level of sensitivity in terms of fuel costs. 

Obviously, a different ratio between import of sustainable 

energy carriers and sustainable energy generation can be 

chosen. This would result in a rearrangement of the 

depicted order in the figure. In relation to this, the 

importance of hydrogen opposes an important question: 

How will the international hydrogen market evolve? A 

similar question arises for biomass as for green gas a ‘fair 

share’ was assumed. It is also the question here how such a 

biomass market will evolve (see appendix Discussion ‘fair 

share’ biomass).
*At 4000 operating hours per year
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Reduction in CO2 emissions start mainly in built environment and
subsequently proceed in industry and mobility

28

CO2 emissions through time

CCS remains necessary to compensate coal consumption in 

the steel industry. This could possibly be done using biocoal; 

in this scenario we assumed the use of CCS. Emission of CO2 

decreases at a higher rate in the built environment than 

industry and mobility towards 2030. Considerable reduction 

in industry and mobility is only expected after 2030 to 

subsequently gain momentum. 

21
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Built environment CCS Steel 

Mobility

Industry
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2050

0 Mton (100%)

CO2 emissions and percentage of reduction compared to 1990 
Note: CCS measures are stated separately and emission from electricity production is attributed to the sectors
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Employment to treble mainly as a consequence of installing and
maintaining sustainable energy production and building installations
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Employment (nationwide)

The energy transition is expected to drive a trebling of nationwide 

employment in the energy sector, from 60k to 190k FTE. The figure 

depicted here indicates energy-technology-related nationwide 

employment. 

The installation of different technologies such as heat pumps and 

intermittent sources drives a strongly growing demand for labour. The 

task is enormous: millions of homes need to be upgraded, industry must 

implement adaptations and renewable sources must be put in place. In 

addition, these installations lead to adaptations of current, and roll-out 

of new energy networks. Old power plants, some dense gas grids, but 

also old drilling platforms need to be dismantled. On top of that a 

hydrogen infrastructure must be built. All these changes are highly 

impactful and large-scale. This sharp rise in employment offers 

opportunities for the Netherlands in terms of technology development 

and the export of the same. However, it can also be a bottleneck in the 

realisation of the energy transition. 

1 FTE assumed to equate to 1800 manhours per year.



Public 30

4

Date

Extent of hybridisation and flexibility



Public

0

5000

10000

15000

20000

25000

30000

35000

40000

Decentrale WKKs Centrales Windenergie Zonne-energie Import Vraag - flex Vraag - geen flex Elektrificatie

Simulation of electricity demand in coldest winter heat scenario 2030
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Demand when using flex 

hybrid heat pumps in 

BE and industry

Demand without use of flex

Demand if electrification

Large-scale electrification 

leads to larger peaks and a 

more volatile pattern. 

• Conclusions: heat leads to lower peak demand than with large-scale electrification (11 GW less)

• In combination with hybrid systems in the industry and hybrid heat pumps in the built environment, this 

also provides an additional 3 GW flex. 
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Simulation of electricity demand in coldest winter heat scenario 2050
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30 January 31 January

Elektrificatie

Demand when using flex 

hybrid heat pumps in 

BE and industry

Demand heat scenario 

without use of flex

Demand if electrification • Conclusions: heat leads to lower peak 

demand than when large-scale 

electrification is used (28 GW less)

• In combination with hybrid systems in the 

industry and hybrid heat pumps in the 

built environment, this also provides an 

additional 6 GW flex. 
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Heat scenario costs are in between the costs of electrons and
molecules scenarios*

34

22

38

45*

2015

31*

Electrons 

2050

Heat scenario 

2050

Molecules 

2050

Costs of the entire energy supply in billion Euro/jaar

Cost comparison of the different scenarios

The costs for the total energy supply in the heat scenario are 

in between those of the electrons and molecules scenarios*. 

All three scenarios are CO2 neutral. 

• The molecules scenario relies on hydrogen from natural gas 

and hybrid electrification of heat, largely based on the 

current infrastructure. This explains the low costs.

• The electrons scenario no longer uses fossil, but runs on 

heat from all-electric and hydrogen from high wind, with 

high levels of adaptation and extension of the infrastructure. 

This leads to higher costs on average.  

• In the heat scenario the heat is partly covered directly by 

sustainable heat sources. Because of this less wind and 

hydrogen is needed, with less energy-conversions and, 

hence, lower energy losses than in the other scenarios. This 

depresses yearly costs. Other than that, this scenario is a mix 

of the previous ones, with limited adaptation of existing infra 

but with addition of new heat networks. 

For the electrons and molecules scenarios, please visit: 

https://www.berenschot.nl/actueel/2018/april/elektronen-

moleculen-transitie/

*Note: The costs of the Electrons/Molecules scenarios were calculated in an earlier study, with a previous version of the ETM. The new ETM version, used to now calculate 

the heat scenario, contains data that are more recent for the costs of energy infrastructure, based on latest research by network operators. If these new data were 

adopted in calculations, then the costs of the Electrons and Molecules scenarios would turn out higher, whilst the largest impact would befall Electrons.

https://www.berenschot.nl/actueel/2018/april/elektronen-moleculen-transitie/
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Comparing against Electrons / Molecules: capacity and energy mix
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Compared to the electrons and molecules scenario, it is clearly noticeable that the installed capacity of the heat scenario lies in the 

middle of the capacities of these two scenarios and the energy mix is more equally distributed over the different energy carriers. 

Because in the heat scenario the baseload capacity is not geared towards peak demand (merely 16 GW compared to a peak 

demand of 28 GW), system flexibility is required at all times. In the heat scenario we emphatically assume the possibility to switch 

the hybrid installations in industry and built environment over to sustainable fuels in the event of shortages. In order to actually 

materialise this in reality, we do expect that this will require financial compensation.
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2050 scenarios, fossil use includes CCS

Comparison with Electrons / Molecules: decline in the use of fossil
energy carriers

36

Fossile footprint of the current supply and the 2050 scenarios electrons, molecules and heat, in billion m3 equivalent per year

Compared to the electrons and molecules scenario, the heat scenario lies in between these in terms of its fossil footprint, but close 

to the electrons scenario. In 2050, the fossil streams are approx. 85% smaller than at the moment of writing, and makes use of 

CCS: coal use steel industry and gas use for blue hydrogen. In the molecules scenario gas utilisation remains, albeit using CCS,

significantly higher.  
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Technical innovation and system integration

The realisation of thesustainable heat potential calls for further 

development of a number of techniques:

• Use of PVT panels, for more efficient use of space and 

energy efficiency

• Development of efficient hybrid electrification systems, for a 

more cost-effective flex use

• Electrolysis, development of higher-efficiency electrolysis 

with which the costs of green hydrogen can be decreased

• Heat networks for example low temperatures, cascading and 

heat loss reduction

• Hydrogen network / conversion issue of existing gas network

• Research into techniques that can produce sustainable high 

temperature heat is desirable (in this scenario only the low-

temperature industry requirement is supplied with “heat”; 

higher temperatures are still predominantly using 

sustainable gasses) 

In order to realise a future with sufficient sustainable heat, technical 
and policy innovations will be essential

Policy innovation

In the area of policy and rules&regulations, the following 

aspects are important for the heat transition:

• Employability: large growth in personnel for the installation 

of, amongst others, networks will need to be managed by 

stimulation, education and innovations.

• Valuation of flex for covering ultimate winter peak: 

compensation for systems that lower the flex need or that 

can supply flex capacity, such as hybrid systems.

• Heat networks: stimulus to the possibilities for open heat 

networks / Third Party Access, to remove  barriers for 

sustainable heat in (existing) heat networks.

37

The above leads to new research questions that will contribute to enabling the realisation of a possible heat scenario.

37
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Additional new heat techniques can further complete and improve this scenario

A number of heat options could not yet be included in this scenario because these need further development, specification in 

terms of rates of return and/or because these had not yet been modelled in the ETM, such as, in particular: 

- High-temperature heat pumps in industry; 

- A larger role for absorption cooling, for example in offices and other public sector buildings; 

- Heat networks fed by “lukewarm water” temperature sources, the heat of which is boosted with heat pumps: residual heat from 

data centres, waste heat, mine water, surface water; 

- Solar thermal combined with seasonal storage (for example in the “Ecovat” concept);

- Better cascading of heat, especially in industry and in heat networks;

- A larger role for heat buffering at various levels in the system, both in heat networks, industry, as in homes.  

These techniques require development, but this also applies to many other options that are perceived to contribute to the Climate 

agreement, such as electrolysis and hydrogen. The heat options mentioned here are certainly not inferior to those - or they are 

even more effective.

The added value of many of these new heat options is also, that they improve the utilisation of heat infrastructure. For instance, 

absorption cooling (cold from heat ) not only provides climate neutral cooling, but also better utilisation and rates of return of a 

heat network. This similarly applies for many of these techniques. Therefore, a targeted development programme is desirable. 

We advise a system integration study aimed at a quantification of the added value of these options to substantiate the above.

Further research into the added value of heat solutions

38
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• The heat scenario is nearly as sustainable as the electrons scenario, and nearly as cheap as the molecules scenario.

• Heat provides a sustainable system with a lower peak demand. Moreover, this peak demand is covered by a spreading of supply from 

green gas, hydrogen (both blue and green) and a sustainable import mix. 

• High degree of flexibility by hybridisation prevents expensive peak power plants. A hybrid system in the industry and built environment 

in this scenario will yield a flexibility of 6 GW; this will eliminate the requirement of costly power plants that have limited operating 

hours. 

• Network costs grow less than in other scenarios. Due to the lower peaks, the increases in cost in the existing power network remain 

limited. There are, however, costs related to extra heat infrastructure, with accompanying demand for labour. 

• Greatest efforts for heat up to 2030 are required to make the existing networks more sustainable in the built environment. This means 

growth of heat networks will remain limited to 2030, but will gain much greater momentum towards 2050. 

• The potential for sustainable heat to industry is more limited, since industry needs heat at higher temperatures. Nevertheless, much 

can be achieved there through heat cascading, steam recompression and residual heat from industry to heat networks.

• Savings and adaptations in existing buildings are used efficiently in this scenario. The heat networks enable high-rise buildings in cities 

and old homes to be made highly sustainable without more expensive architectural or structural adaptations.  

• The heat scenario relies less on hydrogen than the “Molecules” and “Electrons” scenarios do. Because of this there are fewer energy 

losses, fewer extra wind farms (compared to “electrons”) or less gas use (compared to “molecules”).  

• Efficient use of space leads to better integration of sustainable energy. PVT panels represent a better use of space and, together with 

lower need for wind power, provide much better space-efficiency than in other scenarios. 

• Follow-up research is merited: into the additional potential and advantages of further heat innovation and into efficient solutions for 

the human-resource question in the energy transition. 

Key outcomes of the heat scenario 
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Biomass/fuels (energetic)

Appendix

Starting principles for biomass (energetic) and mobility

Mobility
For this scenario exercise, mobility has been included in the 

model, so that system consequences affect this as well. 

However, given the scope of the present study, thorough 

analysis of mobility was not conducted.  

We indicate the assumptions for mobility below:
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22
Green gas

Fluid biofuels

Solid biomass

Of which 75 Petajoule 

green gas produced in 

the Netherlands, the 

other 192 (PJ) import.

Of which 140 Petajoule green 

gas from the Netherlands, 

the other 215 (PJ) import.

Import of biomass/fuels of 192 to 

215 PJ remains below the 

proportion the Netherlands would 

be permitted to import based on 

“Fair Share” (economic ratio)*.

*Strengers B. , H. Eerens, W . Smeets, G .J. van den Born en J . Ros (2018), NEGATIEVE EMISSIES. Technisch potentieel, realistisch potentieel en 

costs voor Nederland, Den Haag: PBL; DNV GL, Biomassabeschikbaarheid in Nederland (2017); Natuur & Milieu, Energievisie 2035 

Energietransitie in the hoogste versnelling (2016). 

Mobility - 2030

Cars electric/petrol/diesel 

60%/18%/18%

Busses electric/diesel/CNG 

60%/33%/7%

Freight traffic diesel

100%

Mobility - 2050

Cars electric/hydrogen 

60%/40%

Busses electric/hydrogen

80%/20%

Freight traffic 

electric/hydrogen 

20%/80%




