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Management  summary  
 

Net zero scenarios outperform our current energy system on economic value once the prudent  

monetisation of climate, health, security  and macroeconomic  effects  is included . The energy 

transition effectively pays for itself over the transition period (2026 ς 2050).  

 

In 2025, the Netherlands spent ϵ76BN to meet its energy needs. Half of this cost, ϵ38BN was spent on 

energy carriers, predominantly fossil fuels, whil e the energy system emitt ed 157 megatonnes of CO2. 

Under EU Climate Law, the Netherlands is committed to achieving net - zero by 2050. The economic 

debate therefore matters: how much does the transition cost the Netherlands, and what value does it 

create elsewhere in the economy?  

 

Across much of the public discourse, there is a perception that the energy transition is too expensive 

for us to afford. Especially now that we live in times of geopolitical uncertainty and pressure on 

European competitiveness. This paper demonstrates the need to update this outdated perspective by 

taking a more holistic approach to calculating economic value.   

 

The starting point for th is paper is 'Energietransitie Integraal Kostenbeeld'  (EIK, 2026). This programme 

has been set up, with support of the Dutch Ministry of Economic Affairs and Climate, to develop 

integral financial cost overview s for different scenarios of the Dutch energy transition. Based on EIK 

data, if the Netherlands were to continue to  grow its economy  with its current energy mix  without any 

transition towards net - zero (No Transition or NT), it would have to foot an average annual bill of 

ϵ95BN to meet its energy needs over the period 2026 ς 2050. Under the KEV scenario, which is 

essentially the best extrapolation of the Netherlands Ω current policies scenario and which achieves a 

partial energy transition , the annual production costs are ϵ99BN. EIK has also modelled two transition 

scenarios that lead to net - zero in 2050 : TRANSFORM and ADAPT. Both scenarios have higher 

production costs than no transition , ϵ108 ς 113 BN (14% -  19%) respectively.  

 

However, production costs are only part of the economic picture and t he energy transition has more 

going for it. This paper places four additional economy - wide effects alongside the OPERA cost 

comparison: climate, health, energy security and the macroeconomic effect of increased domestic 

expenditure. These effects are deliberately limited in scope and are calculated at the level of the 

Dutch economy.  

 

The purpose of this paper is to determine whether the prudent monetisation of economic benefits 

changes the overall assessment that our political leaders will have to make when making investment 

decisions about the energy transition. It has not sought to b e comprehensive and should be seen as a 

ΨǇǊƻƻŦ ƻŦ ŎƻƴŎŜǇǘΩΦ .ŜƴŜŦƛǘǎ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀǘ ǘƘŜ ƭŜǾŜƭ ƻŦ ǘƘŜ ƻǾŜǊŀƭƭ 5ǳǘŎƘ ŜŎƻƴƻƳȅΣ ǊŀǘƘŜǊ ǘƘŀƴ ŀǘ 

the level of individual stakeholders.  
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The energy t ransition improves energy security as it reduces dependence on energy imports and 

produces more (clean) energy at home. It will reduce the Netherlands Ω carbon footprint which in turn 

reduces the cost of compensating for environmental harm. Reductions in air pollution that are the 

result of a fossil fuel dependent economy reduce the days of lost work and the cost of national health 

expenditures on respira tory and other diseases. The transition will also have broader macroeconomic 

impacts. The structural increase in capital expenditure will increase aggregate demand domestically, 

creating high - paying jobs in the Netherlands which boost consumption and tax r eceipts. 

 

The inclusion of these effects changes the comparison between the four scenarios materially. Under 

the central assumptions, annual economy - wide costs are ϵ134BN for NT, ϵ116BN for KEV, ϵ122BN for 

ADAPT and ϵ113BN for TRANSFORM. No transition is the worst perfo rmer, incurring  around ϵ39BN a 

year in climate, health and security costs , which add  ~40% to production costs . The current polic ies 

projection  roughly halves these costs, while the net - zero scenarios reduce them by around three 

quarters. Positive macroeconomic impacts of increased aggregate demand compared with no 

transition varies between ϵ2 -  5BN annually across scenarios. 

 

The net zero scenarios  (ADAPT and TRANSFORM) achieve near parity with the current policy  

trajectory  (KEV). Not much should be read into the exact ordering of KEV, ADAPT and TRANSFORM as 

there is less than 8% difference between them. The key conclusion from this analysis  is that the 

energy transition  effectively  pays for itself over the transition period (2026 ς 2050). The intentionally 

headline grabbing title of this paper Ψfree energy transitionΩ is derived from this insight . However,  parity 

should not suggest indif ference. ADAPT and TRANSFORM scenarios have deliberately incur red costs 

up front to achieve net zero ; costs which in KEV still must  be made beyond 2050.  Were the cost 

benefit analysis to  be extended beyond 2050, the net zero scenarios would compare even more 

favourably.  

 

Investment to accelerate the energy transition is economically justified because it raises the 

NetherlandsΩ expected economic output. This understanding should shift our political debate. The 

pathways differ in timing, technology choices, risk and the various stakeholders who  ultimately carry 

the costs.  Rather than focussing simply on affordability, the Netherlands needs  to  have a broader 

discussion on  risk, resilience and incentives . Policy makers should  work to align  the individual 

decisions made by  households, companies, financiers, network operators and public bodies  with the 

economy - wide value of the transition . 

 

With money on the table, we have good reason to figure out how.  
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1. Introduction  
 

EIK has sharpened the evidence on energy - system costs; this paper asks what changes 

when wider economic effects are added . 

 

It is easy to get confused when following public discourse on the affordability of the energy 

transition. We are bombarded with contradictory information. Moreover, the discussion is 

often conflated with the attainment of climate goals , which although related, ignores other 

system dynamics of the energy transition.  

 

¢Ŝƴ ȅŜŀǊǎ ŀŦǘŜǊ tŀǊƛǎΣ ǘƘŜ ΨƘȅǇŜΩ ŀǊƻǳƴŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ Ƙŀǎ ǎǳōǎƛŘŜŘΦ bƻǿ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ƴƻ 

credible pathway to the 1.5°C climate goal (UNEP, 2024), we hear about the need for a 

ƳƻǊŜ ΨǊŜŀƭƛǎǘƛŎΩ ŀǇǇǊƻŀŎƘ ǘƻǿŀǊŘǎ ƴŜǘ ȊŜǊƻΦ Many argue that in times of geopolitical 

challenge and European focus on competitiveness the necessary investment to achieve 

net-ȊŜǊƻ ŎŀƴΩǘ ōŜ ǇǊƛƻǊƛǘƛǎŜŘΦ ¢Ƙƛǎ ǎƘƛŦǘ ƛƴ ǇǊƛƻǊƛǘƛŜǎ Ŏŀƴ ōŜ ǎŜŜƴ ƛƴ ǘƘŜ ŦƛƎǳǊŜǎΦ Dƭƻōŀƭ 

investment in fossil fuel has been going up since 2024, reversing the declines of previous 

years (Banking on Climate Chaos, 2026).  

 

What is easy to miss amidst the noise is the fact that the pace of innovation and 

development of clean technology has continued unabated in the ten years since Paris and 

continues to do so. For example, the Levelised Cost of Electricity  (LCOE) generated by Solar 

PV has decreased by 67% in the decade since Paris (NEA, 2026). In Spain, it is estimated that 

ŀ нл҈ ǊƛǎŜ ƛƴ ǘƘŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎƘŀǊŜ ŦǊƻƳ нлнм ǘƻ нлнпΣ ǊŜŘǳŎŜŘ {ǇŀƛƴΩǎ ǿƘƻƭŜǎŀƭŜ 

electricity prices by nearly 20% (BBVA, 2025). The cost of battery storage has fallen even 

faster, by 75% since Paris (IEA, 2025b). 

 

The question we should be asking ourselves in the Netherlands is whether we can afford to 

spend a projected ~ϵ850 BN on predominantly fossil fuel imports from now until 2050. 1 

That is a lot of money to be spending on a volatile energy source that we are looking to 

phase out. This is money we could use instead to invest in our future energy system.  

 

The Dutch energy transition is often assessed through the cost of the energy system itself: 

investment, operating expenditure and energy carriers. These costs matter  but n ational 

energy choices also affect healthcare expenditure, labour productivity, exposure to 

international energy shocks and the economic value attached to greenhouse - gas 

emissions. 

 

 
1 OPERA output for the KEV scenario from 2025 ς 2050.  



3 
 

The 'Energietransitie Integraal Kostenbeeld ' (EIK ς energy transition holistic cost overview) 

programme has substantially improved the evidence base on the production costs of 

different Dutch energy pathways. Its work shows a shift from a fuel - intensive system 

towards a more capital - intensive system as the Netherlands decarbonises.  It has calculated 

the financial costs of several transition scenarios and show s that the cost of achieving net 

zero is now within touching distance of business as usual.  

 
¢ƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ǇŀǇŜǊ ƛǎ ǘƻ ŎƘŀƭƭŜƴƎŜ ƻǳǊ ƻǿƴ ǇǊŜƧǳŘƛŎŜǎ ǘƘŀǘ ǘƘŜ ŜƴŜǊƎȅ ǘǊŀƴǎƛǘƛƻƴ ƛǎ Ψgood  

for the world Ω ōǳǘ ǳƴŀŦŦƻǊŘŀōƭŜΦ This paper adds a further layer to the EIK comparison. It 

places selected climate, health, energy - security and macroeconomic effects alongside the 

production costs for the same scenario pathways and asks whether their inclusion 

materially changes the econo mic case for reaching net zero.  The analysis is deliberately 

narrow: it does not attempt to monetise every social or environmental consequence but  

focuses on four effects that can be linked to the scenario pathways and valued using 

existing evidence. This leads to the question behind the title of the paper: how much of the 

apparent cost premium of the energy transition remains once these wider econo mic 

effects are included?  

 

We ask the question whether we can have our cake and eat it to o: can the energy 

transition be had for free?  

 
Section 2 of this study helps the reader understand the scenarios and input assumptions 

this study is based on. Section 3 outlines the methodology used to derive economic value. 

Section 4 describes how four economy - wide effects , climate, health, security and 

investment , impact the broader economy. Section 5 brings it together to show the 

economic value across scenarios. Section 6 discusses the sensitivity of the model to several 

input variables. Section 7 argues that we should move the political debate on from 

affordability towards a discussion of resilience and the different types of risks we have to 

manage as a country. Section 8 suggests three actions policy makers could take away to 

act on the insights in this paper. Section 9 provides an overview with recommendations for 

further work to be carried out. Section 10 concludes.  
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2. The scenarios 
 

This paper builds on the scenario framework developed by the 'Energietransitie 

Integraal Kostenbeeld' (EIK ς energy transition holistic cost overview) programme .2  

 

Their model provides the analytical backbone for the economic - value calculations in this 

paper. The EIK scenarios align demand, supply, infrastructure needs and policy constraints 

over 2025ς2050, providing coherent long - run pathways within which Dutch poli cy choices 

can be compared.  

 

2.1. EIK / OPERA framework 
 

The analysis has been carried out on two net - zero scenarios and two reference 

scenarios (current policies and no transition) . 

 

The EIK scenarios are generated with OPERA, an optimisation model of the Dutch energy 

system (TNO, 2020). OPERA represents supply, conversion, infrastructure and demand 

options in detail, and finds cost - minimising system configurations under constraints su ch 

as emissions targets, technology availability, and policy assumptions. This makes the 

ǎŎŜƴŀǊƛƻ ǎŜǘ ǿŜƭƭ ǎǳƛǘŜŘ ŀǎ ŀ ŎƻƴǎƛǎǘŜƴǘ άŜƴƎƛƴŜŜǊƛƴƎςŜŎƻƴƻƳƛŎέ ōŀǎŜƭƛƴŜ ŦƻǊ ŎƻƳǇŀǊƛƴƎ 

pathways and quantifying system - level changes over time.  

 

This paper builds on two net - zero scenarios: ADAPT and TRANSFORM (TNO, 2022). OPERA 

has been used to cost these scenarios. ht9w! Ƙŀǎ ŀƭǎƻ ōŜŜƴ ǳǎŜŘ ǘƻ Ŏƻǎǘ ǘƘŜ ΨŎǳǊǊŜƴǘ 

ǇƻƭƛŎƛŜǎΩ ǎŎŜƴŀǊƛƻ Y9± όKlimaat-  en Energieverkenning  / Climate and Energy Exploration) 

(TNO, 2023). KEV is essentially a partial energy transition as it does not achieve net - zero. 

 

Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘƛǎ ǇŀǇŜǊ Ƙŀǎ ŎƻƴǎǘǊǳŎǘŜŘ ŀ Ψƴƻ ǘǊŀƴǎƛǘƛƻƴΩ όb¢ύ reference  scenario which is an 

extrapolation of OPERA output of the year 2025 only. The exact energy mix of the 

Netherlands is maintained for the entire period 2025 ς 2050. The only change is the 

 
2 ¢ƘŜ ƪƴƻǿƭŜŘƎŜ ǇǊƻƎǊŀƳƳŜ Ψ9ƴŜǊƎƛŜǘǊŀƴǎƛǘƛŜ LƴǘŜƎǊŀŀƭ YƻǎǘŜƴōŜŜƭŘϥ ό9LYύ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ Ŏƻŀƭƛǘƛƻƴ ƻŦ 
knowledge partners which include: Rijksdienst voor Ondernemend Nederland (RVO),  
Nederlandse Organisatie voor Toegepast Natuurwetenschappelijk Onderzoek (TNO), Central Bureau of 
Statistics (CBS), Centraal Planbureau (CPB), and Planbureau voor de Leefomgeving (PBL)  
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growth in energy consumption in line with GDP (1.5%) to allow for comparability with the 

other scenarios.  

 

These scenarios have been periodically updated based on the latest available data. The data 

used in this paper has been supplied by EIK and is based on the OPERA output from 

January 2026.  

 

2.2. What the paper takes from EIK / OPERA (and what not)  
 

The wider economic effects are calculated from scenario - consistent OPERA outputs 

supplied through EIK .  

 

This paper builds on the OPERA output. It takes the scenario - consistent system outputs 

needed to compare pathways on a like - for - like basis: energy demand and supply by carrier, 

the deployment and timing of major technologies and infrastructures, the system  cost 

structure (CAPEX, OPEX, and fuel and import components), and energy - related GHG 

emission trajectories.  

 

This paper departs from the EIK methodology in the treatment of the discount rate. EIK 

uses the OPERA output for calculating CAPEX with a social discount rate of 2.8% (OPERA, 

2026). This is the official  discount rate for the purposes of conducting public cost benefit 

analyses (Rijksoverheid, 2025). This paper uses the OPERA output based on commercial 

financing assumptions for its headline production - cost comparison. These assumptions are 

an 8% discount rate  for corporates and 4% for households .3 The rationale for this approach 

is that m ost investment decisions will be made by private sector actors . The commercial 

discount rate reflect s more closely the real- world  financing conditions that private actors 

face.4 This decision regarding methodology trades- off potentially undercounting the public 

benefit  at the macro level to more realistically reflect the private cost at the micro level. The 

aim of this more conservative approach of showing costs is to avoid criticism of the 

approach focussing on an argument about discount rates .  

 

 
3 More specifically. The 8% discount rate applies to market - exposed ETS1 sectors, and the 4% discount rate 
applies to all other sectors  
4 Noting that this is still an approximation as private sector actors  may add a Ψrisk premiumΩ to any investment 
decisions which will result in a higher discount factor than dictated by borrowing costs alone .  
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The analysis for this paper then layers on top additional impact data that allows for the 

quantification of economy - wide effects  consistent with the OPERA output.  
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2.3. Treatment of subsidies and taxes  
 

The effect of taxes and subsidies are included in the analysis but not in the overall value 

of the business case for the transition  as their effects are distributive and do not affect  

the size of the economy as a whole . 

 

Taxes and subsidies affect energy prices, investment decisions and the distribution of costs 

between households, companies and government. At the  aggregate level of the Dutch 

economy, many of these payments are transfers between actors rather than additional 

economic costs or benefits. A tax paid by a company is a cost to that company but revenue 

to government. A subsidy has the reverse effect.  

 

For this reason, taxes and subsidies are not added to the headline economic costs as 

separate effects . Doing so could result in double counting where their effect is already 

reflected in fuel prices, investment costs or government revenues included elsewhere in the 

analysis. 

 

This treatment does not mean that taxes and subsidies are economically irrelevant. They 

directly shape the private business case of technologies. Tax exemptions, reduced rates and 

other forms of fossil support can keep fossil consumption or investment more  attractive 

than it would be under a neutral fiscal system.  

 

The same distinction applies to the EU Emissions Trading System. The purchase of an 

emission permit is a financial cost to the buyer and a receipt to government or another 

permit holder. It is therefore not treated as a separate loss to national economic w elfare. 

The underlying climate effect is valued independently through the climate shadow price 

applied in section 4.1.  

 

Taxes, subsidies and carbon pricing are therefore treated primarily as distributional and 

behavioural instruments. Their role in investment decisions is addressed in the policy 

recommendations, while their direct budgetary effect remains outside the headli ne 

estimate.  
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2.4. The four scenarios (NT, KEV, ADAPT, TRANSFORM) 
 

No Transition (NT) 

 

No transition is the baseline scenario for this analysis which  keeps the 2025 energy 

production mix and increases energy consumption in line with 1.5% GDP growth . 

 

NT is a hypothetical counterfactual constructed for this study rather than an EIK scenario. It 

holds the 2025 energy system τincluding its cost structure, fossil - asset base, fuel mix and 

emissionsτconstant through 2050, apart from energy - demand growth in li ne with GDP. It 

therefore provides the fixed reference against which current - policy and transition pathways 

are compared.  

 

In economic terms, NT is a commodity - based system: the Netherlands pays for energy by 

purchasing fossil fuels on international markets, with no domestic technology base to fall 

back on. The result is a system that remains 8 9% dependent on imported energy in 2050, 

with no meaningful expansion of offshore wind, no hydrogen economy, and no 

electrification of buildings or industry. The gas network remains intact and fully operational. 

NT is not a forecast but a counterfactual  that enables comparison of costs and benefits 

with our current policy trajectory as well as transition scenarios.  

 

Klimaat -  en Energieverkenning ( KEV) 

 

KEV is the best estimate of the Netherlands current policy trajectory at any point in 

time . 

 

The Climate and Energy Exploration  (Klimaat-  en Energieverkenning , KEV) is the best 

available forecast  currently  of what will happen in the Netherlands based on current 

policies (PBL, 2025e). It is based on existing policy commitments as described in the 

national plan for the e nergy system (Nationaal Plan Energiesysteem, NPE) of 2023. The KEV 

is recalibrated annually to include actual investment plans extended forward. The NPE will 

also be updated in 2026 based on new EU and Dutch coalition government targets. The 

result of KEV is a hybrid system: substantially more renewable than NT, but without the 

fossil infrastructure being dismantled. It sees emissions reduce from 157 to 68 MtCO 2 (a 

reduction of 57%) but fails to achieve net - zero.  
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ADAPT  

 

ADAPT is a 2050 climate neutral energy transition that leaves the Netherlands' industrial 

structure and living patterns largely intact . 

 

ADAPT is a net- zero 2050 scenario constructed for the Dutch economy (TNO, 2023). 

ADAPT reaches near net- zero in 2050 while leaving the Netherlands' industrial structure 

and living patterns largely intact. It is the scenario of pragmatic acceleration: more 

electrific ation, faster scaling of low - carbon infrastructure, and targeted use of Carbon 

Capture and Storage (CCS) in hard- to - abate sectors, but without requiring radical 

behavioural change.  

 

The energy system that emerges in 2050 is fundamentally different from today's. The gas 

distribution network is largely decommissioned. Most homes are no longer connected to 

the gas grid, heated instead by ground - source heat pumps, air heat pumps, and dist rict 

heating networks. Offshore wind expands to 40 GW, backed by a dedicated offshore 

ŜƭŜŎǘǊƛŎƛǘȅ ƎǊƛŘ ŎƻǎǘƛƴƎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ϵрΦфōƴ ǇŜǊ ȅŜŀǊΦ DǊŜŜƴ ƘȅŘǊƻƎŜƴ ŜƭŜŎǘǊƻƭȅǎƛǎ ǊŜŀŎƘŜǎ 

12.6 GW, serving the industrial sector. CCS is deployed selectively in genuine ly hard- to -

abate applications: refineries, ammonia production, and waste incineration. There is also 

investment in nuclear energy : 3 GW of European Pressurized Reactor (EPR) capacity.  

 

TRANSFORM  

 

TRANSFORM is a 2050 climate neutral energy transition achieved through significant 

energy demand reduction and implementation of innovative technologies . 

 

TRANSFORM is another net - zero 2050 scenario constructed for the Dutch economy (TNO, 

2023). It takes a different approach from ADAPT. There is significant energy demand 

reduction  and greater renewable deployment . It also relies to a greater extent on 

technologies that are still scaling  up today, and for which the business case can only be 

made viable through new government policy and incentives.   

 

Energy demand falls to 2,695 PJ by 2050, 13% below ADAPT, driven both by efficiency 

gains and changed consumption patterns. The industrial system is transformed. Transport is 

largely electrified or switched to hydrogen. Almost all buildings have left the gas network.  
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There is greater renewable energy investment than in ADAPT. Offshore wind is nearly 

double ADAPT. Solar thermal is deployed at scale for utilities, residential, and for district 

heating. Green hydrogen electrolysis reaches significant capacity.  The most distinctive, and 

risky, element is Power- to - Liquids (P2L) at 240 PJ capacity: synthetic fuels produced via 

high- temperature electrolysis, direct air capture, and Fischer - Tropsch synthesis. This scale 

of P2L does not exist anywhere in the world today.  

 

TRANSFORM achieves the lowest import  dependency of all scenarios (4 4%). However,  it is 

reliant on several forecasts and projections to materialise. It requires that cost curves will 

fall as projected. It requires a 13% demand reduction through policy and behavioural 

interventions.  

 

Comparing the energy systems  across  scenarios  

 

The scenarios can be compared in terms of total energy system costs to supply a Dutch 

economy growing at 1.5% GDP per year  over the period 2026 ς 2050 .  

 

Except for  KEV, the four scenarios are not forecasts. In this study, the scenarios are used to 

test the same economic valuation logic under different plausible system designs: pathways 

that differ in ambition, speed, and technology mix but can be compared on a like - for - like 

basis.5 Table 1 summarises the four scenarios across key differentiating metrics.  

  

 
5 To achieve comparability t his paper has made some adjustments to public  figures (PBL, 2025e) (TNO, 2023). 
KEV, which is a forecast, differs from  ADAPT and TRANSFORMS which are scenarios. The treatment of bunker 
fuels used for energy consumption of Dutch nationals abroad (aviation and shipping) differs  in the public 
figures and have had to be corrected to achieve like - for - like comparability  
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Table 1: Key system characteristics by scenario, 2050  

Scenario  NT KEV ADAPT TRANSFORM 

Energy consumption (PJ)  4,280 6 2,9307 3,1078 2,6959 

Import dependency 10 89% 63% 65% 44% 

Offshore wind (GW) 11 ~0 ~18 40 70 

Nuclear (GW)12 0 0 3.2 3.2 

Gas network 2050  Fully intact  Fully intact  Largely 

decommissioned  

Strongly reduced  

Net- zero 2050  No No Yes Yes 

Biggest technology bet 13 None  CCS at scale (30+ 

types) 

Nuclear on 

schedule  

P2L at 240 PJ + 

nuclear  

Source: various. See footnotes  

  

 
6 Original source: TNO R10246, Fig. 3.1 (read directly from graph).  2025 numbers only. Extrapolated with 1.5% 
annual GDP and energy consumption from 2026 ς 2050  
7 Original source: TNO R10246, Fig. 3.1 (read directly from graph).  
8 Source: derived. ADAPT trajectory observed from TNO P10162, Fig. 4.3 (2025: 2,506 PJ; 2050: 2,639 PJ, 
excl. bunkers). Indexed to KEV 2025 anchor of 2,950 PJ: scale factor 2,639/2,506 × 2,950 = 3,107 PJ 
9 Source: derived. TRANSFORM trajectory observed from TNO P10162, Fig. 4.3 (2025: 2,506 PJ; 2050: 2,289 
PJ, excl. bunkers). Indexed to KEV 2025 anchor: 2,289/2,506 × 2,950 = 2,695 PJ  
10 Source: derived. Ratio of imported to total installed capacity per scenario for 2050. NT: 4,522/5,065  PJ = 
89%. KEV: 2,192/3,484 PJ = 63%. ADAPT: 3,277/5,065 PJ = 65%. TRANSFORM: 1,938/4,410 PJ = 44%. Source: 
ETM modelling based on TNO OPERA. 
11 hŦŦǎƘƻǊŜ ǿƛƴŘ όD²ύΥ ht9w!κ9¢a ƳƻŘŜƭ ƻǳǘǇǳǘΦ .!¦Υ ŜŦŦŜŎǘƛǾŜƭȅ ȊŜǊƻ όƴƻ ǘǊŀƴǎƛǘƛƻƴ ŀǎǎǳƳŜŘύΦ Y9± Ғму D²Υ 
TNO (2025), R10246. ADAPT 40 GW and TRANSFORM 70 GW: TNO (2022), P10162. 
12 Nuclear (GW): OPERA/ETM model output. BAU and KEV: 0 GW. ADAPT and TRANSFORM: 3.2 GW EPR 
capacity. Source: TNO (2022), P10162  
13 Biggest technology bet: editorial assessment of the highest - risk technology dependency per scenario. BAU: 
none. KEV: CCS at scale across 30+ application types. ADAPT: nuclear EPR on schedule. TRANSFORM: 
Power- to - Liquids at 240 PJ + nuclear. Source: TNO (2 022), P10162; TNO (2025), R10246. 
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3. From Ψproduction  ŎƻǎǘΩ ǘƻ ΨŜȄǇŜŎǘŜŘ 

ŜŎƻƴƻƳƛŎ ǾŀƭǳŜΩ 
 

The transition shifts the costs of our energy system away from imported fuels towards 

domestic investment . 

 

Production  costs are directly extracted from OPERA. Figure 1 provides an annualised cost 

overview for the period 2025 ς 2050. Note that the costs vary over the period. The figures 

shown are sum totals of the period divided by 25 years to get an annualised number. 

Energy system production costs are shown in three categories: CAPEX (capital investment 

consisting of depreciation and commercial discount rates), OPEX (maintenance of 

infrastructure) and energy carriers ( fuel costs such as oil, gas, biofuels, imported green 

hydrogen, synthetic fuels and uranium).  

 

Figure 1: annualised 14 production  costs by scenario (202 6 ς 2050)  (BN)15 

 
Source: OPERA output 

Note: although based on the same  OPERA data, these figures differ in the way they are presented in the 

Startrapport  Programma EIK (RVO, 2026). See Annex 11.6 for a reconciliation between figures  

 

 
14 The figures shown add up the total financial costs over the period 2026 ς 2050 and divide that number by 
25 years to give an annualised figure.  
15 Note that NT costs are not the same as 2025 costs. The NT grows GDP and energy consumption by 1.5% 
annually over the period 2026 ς 2050 using the 2025 mix.  
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.ŀǎŜŘ ƻƴ ŦƛƴŀƴŎƛŀƭ Ŏƻǎǘǎ ŀƭƻƴŜΣ b¢ ŎƻƳǇŀǊŜǎ ƳƻǊŜ ŦŀǾƻǳǊŀōƭȅ ǿƛǘƘ ŀ ǘƻǘŀƭ ƻŦ ϵфр.b 

ŀƴƴǳŀƭƭȅΦ IŀƭŦ ƻŦ ǘƘŜ ǘƻǘŀƭ Ŏƻǎǘ Ŏƻƴǎƛǎǘǎ ƻŦ ŦǳŜƭΣ ϵпт.b ŀƴƴǳŀƭƭȅΦ Production cost s are higher 

ŦƻǊ Y9± όϵфф.b ŀƴƴǳŀƭƭȅύ ŀƴŘ ƘƛƎƘŜǊ ǎǘƛƭƭ ŦƻǊ ǘƘŜ ǘǿƻ ƴŜǘ ȊŜǊƻ ǎŎŜƴŀǊƛƻǎ όϵмм3BN annually 

ŦƻǊ !5!t¢ ŀƴŘ ϵмлу.b ŀƴƴǳŀƭƭȅ ŦƻǊ ¢w!b{ChwaύΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ !5!t¢ ŀƴŘ 

TRANSFORM are 19% and 14% more expensive in cost terms respectively than NT.  

 

Although the cost difference is not insignificant, considering that these are average costs 

over a 25- year period, the differences are surprisingly small. Perhaps just as important as 

the overall production cost  is the composition of that cost. In the transition scenarios the 

cost of energy shifts away from fuel consumption towards capital expenditure and the 

maintenance thereof.  

 

This production cost  comparison is the starting point of the analysis in this paper. The next 

step adds selected effects outside the energy - system ledger to understand how each 

pathway affects the Dutch economy more broadly.   

 

3.1. Scope clarification: expected economic value, 

conservatively defined  
 

The analysis adds selected economy - wide costs and benefits that sit outside the OPERA 

production - cost ledger . 

 

Quantifying broader economic effects  is often perceived as problematic for two reasons . 

First, they often  ΨŦŜŜƭΩ ƭŜǎǎ ǘŀƴƎƛōƭŜ ōŜŎŀǳǎŜ ǘƘŜȅ Řƻ ƴƻǘ ŀǇǇŜŀǊ ƻƴ ƘƻǳǎŜƘƻƭŘ ƻǊ ŎƻƳǇŀƴȅ 

budget  or in the national accounts.  A cost or a Euro spent is very direct and very visible. 

There is an actual transaction. Effects mostly materialise as avoided costs or avoided risks.  

The Euro never spent is invisible and the beneficiaries are often diffuse. However, is the 

Euro one spends not worth the same as the Euro one never has to spend?16 

 

Second, the effects may accrue in the future . Consequently, when accounting for them 

there is always some uncertainty to take into consideration. Accounting is based on 

expected values rather than on actual values. To keep the maths in this paper simple and 

understandable, expected values are presented as a single value rather than a range. 

Section 6, sensitivity analysis, provides an overview of those variables which have the 

 
16 Subject to the application of an appropriate discount factor accounting for time difference  
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greatest impact on economic welfare . Neither of these points change the necessity of the 

effect  in determining our economic welfare.  

 

The method in this paper uses a deliberately narrow economic scope. It includes effects 

that can be linked to production, expenditure, healthcare costs, productivity or expected 

macroeconomic losses. Monetised quality - of - life and mortality values are outside the 

scope, even where standard appraisal methods exist. This choice keeps the analysis close to 

costs and economic flows that are familiar in public and private decision making.  

 

¢Ƙƛǎ ƛǎ ƴƻǘ ŀƴ ŀǘǘŜƳǇǘ ǘƻ ǉǳŀƴǘƛŦȅ ǘƘŜ Ŧǳƭƭ άƛƴǘŜƎǊŀǘŜŘ ǾŀƭǳŜέ ƻŦ ǘƘŜ energy transition, and the 

paper avoids indicators that depend primarily on subjective wellbeing or broader quality - of -

life framing.  The difference is best illustrated by example. Consider that the air pollution 

resulting from fossil - fuel energy production  increases instances of a number of  lung and 

heart diseases. The lost days of work and the financial costs to the health system resulting 

from treating these diseases directly affect  economic welfare. Factors relating to wellbeing, 

such as the decreased quality adjusted life years that individuals suffer from those diseases 

can also be monetised . Wellbeing values are typically included in calculations for in tegrated 

value. However, as wellbeing does not  directly affect GDP, such values are excluded from 

this analysis. The decision to focus on welfare rather than wellbeing is deliberate. It ensures 

that the monetisation factors are  more  easily recognised by accountants in companies, 

banks and government  that need to make financial decisions  about the transition . 

Excluding more subjective indicators also avoids potential  politicisation  of the findings . 

 

The four effects are also different in economic character. Climate and air pollution are 

external production costs. Energy security is modelled as an expected macroeconomic 

loss. The aggregate- demand effect captures the expected  economic consequence of 

shifting expenditure towards domestic investment and activity. They are considered 

together because each sit outside OPERA's production - cost comparison and can affect the 

national assessment of future economic output . 

 

The resulting totals should therefore be read as a partial estimate of economy - wide value. 

Where judgement is required, the central assumptions have generally been chosen to avoid 

overstating the benefits of the transition. Section 6  tests several of these assumptions and 

Annex 11 documents the methods and limitations in more detail.  
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Throughout the analysis, the approach taken aims to be conservative from the point of view 

of not overstating the economic benefit s of the transition . This choice is also deliberate,  but 

it has consequences. /ƭƛƳŀǘŜ ǎŎƛŜƴǘƛǎǘǎ Ƴŀȅ ǊŜŦŜǊ ǘƻ ǘƘŜ ΨǇǊŜŎŀǳǘƛƻƴŀǊȅ ǇǊƛƴŎƛǇƭŜΩ and argue 

that higher monetisation factors are needed to account for potential tipping points and tail 

risks. From this perspective,  a conservative estimate of  the benefits of the transition may 

result in under - pricing  of  climate  risk in no transition (NT). Social scientists may argue for a 

more expansive definition of benefit to include softer wellbeing indicators (e.g. life 

satisfaction). Readers can form their opinion by reverting to the appendices with details on 

method, assumptions and calculations.  

 

3.2. Monetising four economy - wide effects  
 

Four effects outside the production - cost comparison are quantified: climate, health, 

energy security and aggregate demand . 

 

The are a large and diverse number of economic effects associated with the energy 

transition. The challenge with any impact analysis is that there are so many  impacts , and 

they are so varied, that it is easy to lose focus.  

 

This paper has taken a top- down approach to the selection of economy - wide effects  by 

stepping back and considering how the energy transition fundamentally differs from no 

transition. Four effects analysed are material to the national debat e, can be connected to 

the scenario outputs and have an existing evidence base from which monetary values can 

be derived.  

 

Figure 2 summarises the broader economic impacts of no transition  versus both transition  

scenarios across several dimensions.  
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Figure 2: energy transition  fundamentals ς broader economic impacts  

 
Source: own analysis 
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.ŀǎŜŘ ƻƴ ǘƘƛǎ ŀƴŀƭȅǎƛǎΣ ǘƘƛǎ ǇŀǇŜǊ Ƙŀǎ ŎƘƻǎŜƴ ǘƻ ŦƻŎǳǎ ƻƴ ŀ ƭƛƳƛǘŜŘ ƴǳƳōŜǊ ƻŦ ŦƻǳǊ Ψƴƻ 

ǊŜƎǊŜǘΩ effects . They are economically substantial and are frequently discussed qualitatively 

in the national policy debate. Moreover, across each of these  effects there is a body of 

research already available from which to draw monetisation factors.  

 

¶ Value of climate  mitigation costs : the economic value of avoiding greenhouse - gas 

emissions and thereby reducing the harm done to our climate according to the 

ΨǇƻƭƭǳǘŜǊ ǇŀȅǎΩ ǇǊƛƴŎƛǇƭŜ, measured in ǘ/hі- equivalent  and monetised using a climate 

shadow price.  

¶ Value of health  benefits : the economic value of  the benefits of cleaner air, in terms 

of reduced  days of work  lost and healthcare costs, measured as the avoided damage 

through reduced emissions  in kilogram s of key pollutants (e.g., NO , PMЋ.Ў, SOЋ, NHЌ, 
NMVOCs). 

¶ Value of energy security:  the economic value of strategic independence  achieved 

through  reduced exposure to imported energy and related price/geopolitical risk, 

determined through expected macroeconomic losses based on historical frequency 

and severity of energy crises  

¶ Value of increased aggregate demand : The economic value of the boost to 

aggregate demand in the Dutch economy resulting from substantial increases in 

domestic capital and operational expenditures in transition scenarios , after 

accounting for higher production costs and supply - side constraints . The transition 

increases domestic investment and drives job growth in the Dutch economy. 

Although wages and taxes are financial costs to the energy system, the economic 

multiplier effect s from  increased aggregate demand  have positive effects for the  

wider  economy (subject to supply - side labour constraints and opportunity costs).  

This is not to say that other factors are not important. On the contrary, the degree to which 

even a limited number of effects  have a significant impact on the economic benefit of 

transition should be an encouragement to include and monetise a broader set of effects  in 

future analysis. Several omitted effects may strengthen the transition case, while others may 

add costs.17 The current totals are therefore a partial comparison of wider economic 

effects. Section 9, further work, elaborates on several effects  that were considered but not 

included in the scope of this paper.  These set out priorities for extending the analysis.  

  

 
17 For example, there are some studies which suggest that onshore wind somewhat depresses local land 
values (e.g. Schutt , 2024). 
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4. The economy -wide effects of the energy 

transition  
 

4.1. Economic value of climate  
 

The energy transition will reduce climate mitigation costs  to near zero .  

 

Although this paper makes the case that there are energy security, health and 

macroeconomic reasons to want the energy transition, the transition is often primarily 

talked about in terms of its necessity to avoid climate catastrophe.  

 

In 2025, the Netherlands emitted 157.3 Mt CO 2 (CBS, 2026b).18 The central climate value 

used in this paper is a shadow price of ϵмтп ǇŜǊ ǘ/h2, which is the price used by PBL (PBL, 

2025c) and which is based on calculations by the CE Delft  (CE Delft, 2023). The value is 

based on marginal mitigation costs and is used for Dutch cost - benefit appraisal. The annual 

Ŏƻǎǘ ƻŦ ǘƘƛǎ ŜȄǘŜǊƴŀƭƛǘȅ ƛƴ нлнр ǿŀǎ ϵнтBN. This number excludes damages from air 

pollution and other negative effects  which are captured in this paper in section  on 

ΨŜŎƻƴƻƳƛŎ ǾŀƭǳŜ ƻŦ ƘŜŀƭǘƘΩΦ  

 

Lƴ ōƻǘƘ !5!t¢ ŀƴŘ ¢w!b{Chwa ǎŎŜƴŀǊƛƻǎ ǘƘƛǎ Ŏƻǎǘ ǊŜŘǳŎŜǎ ǘƻ ϵл ōȅ нлрл ōŜŎŀǳǎŜ ƻŦ 

achieving net zero. Note that in both ADAPT and TRANSFORM scenarios there are still 

negative effects  over the entire period 2025 ς 2050 as emissions are reduced gradually 

over time. Current emissions projections (KEV) for 2050 see a reduction of emissions of 

рт҈ ōȅ нлрл ǿƘƛŎƘ ǎǘƛƭƭ ŎŀǊǊƛŜǎ ŀƴ ŀƴƴǳŀƭ ŜŎƻƴƻƳƛŎ Ŏƻǎǘ ƻŦ ϵмн.b ƛƴ нлрл όŀƴŘ ŀƴ ŀǾŜǊŀƎŜ 

cost of ϵмс.b ƻǾŜǊ ǘƘŜ ŜƴǘƛǊŜ ǇŜǊƛƻŘ нлнр ς 2050, see figure 3).  

 

It is worth noting that this economic cost is a climate mitigation cost, rather than a climate 

adaptation cost. It counts the marginal cost to abate 19 climate change but not the cost 

climate change damages, or adaptation measures to prevent those damages. The logic is 

that the Netherlands will have to pay for adaptation costs regardless of whether it achieves 

net- zero itself. Adaptation costs are a function of climate change which in turn is a function 

 
18 These are the emissions caused by Dutch nationals  whether at home or abroad, e.g. including the 
consumption of services such as shipping and aviation.  
19 in Dutch: preventiekostenmethode  
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of global emissions, not Dutch emissions.  This is an important distinction between climate 

costs and the other economic costs in this paper . Climate effects  are global rather than 

ƴŀǘƛƻƴŀƭ ƛƴ ƴŀǘǳǊŜΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ǘƘŜ bŜǘƘŜǊƭŀƴŘǎ ŘƻŜǎƴΩǘ ŘƛǊŜŎǘƭȅ ǎǳŦŦŜǊ ǘƘŜ Ŏƻǎǘǎ ƻŦ ƛǘǎ 

own emissions. The whole world does. Similarly, the Netherlands suffers a portion of the 

climate change costs caused by the rest of the wor ld.  

 

Figure 3: Annualised climate costs by scenario (202 6 ς нлрлύ όϵ.bύ 

 
Note: see Annex 11.2 for methodology and calculations  

 

The attribution of the externality  resulting from Dutch emissions  to the Dutch economy is 

rather legal and jurisprudential in nature. It follows from the fact that t he Netherlands has 

signed the 2015 Paris Agreement, the 2019 Klimaatakkoord , and is subject to the EU climate 

law since 2021, including its binding net zero target.  

 

Across Europe, judges are increasingly passing judgements to enforce climate action by 

states. In the Netherlands the courts have held the government responsible its climate 

commitments in the case of the Klimaatzaak Urgenda (Rechtspraak, 2019) and more 

recently Klimaatzaak Bonaire (Rechtspraak, 2026). Elsewhere in Europe, courts are also 

enforcing climate law, notably with ǘƘŜ ŎƻǳǊǘǎ ƛƴ DŜǊƳŀƴȅ ǊǳƭƛƴƎ ƻƴ ōŜƘŀƭŦ ƻŦ ΨȅƻǳƴƎ 

ǇŜƻǇƭŜǎΩ ŎƭƛƳŀǘŜ ƛƴǘŜǊŜǎǘǎ (Bundesverfassungsgericht, 2021) and the ECHR upholding the 

ŎŀǎŜ ƻŦ ǘƘŜ {ǿƛǎǎ ΨKlimaseniorinnenΩ (ECHR, 2024). At the macro level, therefore the 

economic impact of emissions is the result of the increased enforcement of the principle 

that the polluter pays.  

 

At the micro level, companies  in the Netherlands are subject to an expanding scope of the 

European Emissions Trading System which will increase their operating costs  (EU ETS, 

нлнсύΦ {ƛƴŎŜ нлннΣ ǘƘŜ ǇǊƛŎŜ ƻŦ 9¦ /ŀǊōƻƴ tŜǊƳƛǘǎ Ƙŀǎ ƎŜƴŜǊŀƭƭȅ ōŜŜƴ ƛƴ ǘƘŜ ǊŀƴƎŜ ƻŦ ϵсл -  

ϵфл ǇŜǊ ǘ/h2. The cost of permits is designed to increase over time. Projections for the 
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ǇǊƛŎŜ ƻŦ ǇŜǊƳƛǘǎ ōȅ нлор ŀǊŜ ƛƴ ǘƘŜ ǊŀƴƎŜ ƻŦ ϵмул ς 200 (ABN AMRO, 2025)(Bloomberg, 

2024). 

 

The ETS cost is not itself an ideal proxy for the economic cost. First, the price of a permit is 

influenced by supply and demand factors which are influenced beyond economic cost 

considerations. Second, the effect of  permits is redistributive. The transfer of a permit at any 

price from a seller to a buyer does not affect national economic welfare at the aggregate 

level. It merely transfers that welfare between stakeholders. Nevertheless, it is a cost that 

Dutch businesses will be expected to pay, and the projected price of permits is in line with 

the economic externality as calculated by PBL.  

 

!ƭƭ ŎƻƴǎƛŘŜǊŜŘΣ ǘƘƛǎ ǇŀǇŜǊ ǳǎŜǎ ǘƘŜ ǇǊƛƴŎƛǇƭŜ ǘƘŀǘ ΨǘƘŜ ǇƻƭƭǳǘŜǊ ǇŀȅǎΩ20 and hence uses the 

PBL figure  ƻŦ ϵмтп ǇŜǊ ǘ/h2 as the best available estimate to calculate the impact on 

economic welfare.  

It is unsurprising that climate cost is the greatest of the three negative effects  included in 

this paper. The annual cost  of  NT would be  Ό34BN over the period 202 6 -  2050 , greater 

than the ϵнтBN cost in 2025 owing to the growth in energy production . This adds around a 

third to the energy production costs of ϵ95BN annually over the same period.  Current 

policies (KEV) reduce this figure by about half , but they are still substantial at Ό16BN. Both 

transition scenarios reduce the by half again to Ό8BN. In the case of the transition scenarios 

the annual cost is reduced to zero by 2050, and climate costs are mostly incurred  early in 

the transition period 2025 ς 2050.  

 

Note that the figures shown in figure 3 are for the period 202 6 ς 2050 only. Unlike both 

transition scenarios, NT and KEV will continue to include climate costs beyond 2050. 

Adding the discounted climate costs 21 for the period 205 1 ς 2070 would add ϵ158BN to NT 

and ϵпт.b ǘƻ Y9± όǿƘƛŎƘ ǿƻǳƭŘ ŀŘŘ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ϵ6.3.b ǘƻ b¢ ŀƴŘ ϵ1.9BN to KEV 

annualised figures in Figure 3)  

  

 
20 In Dutch Ψde vervuiler betaaltΩ  
21 Using social discount rates (Rijksoverheid, 2025) 
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4.2. Economic value of health  
 

The energy transition will reduce the lost days of work and healthcare costs associated 

with morbidity linked to air pollution . 

 

Air pollution constitutes a major category of externality  of our energy system.  The 

combustion of fossil fuels release s particulate matter, nitrogen oxides, sulphur dioxide, and 

other NEC 22- regulated pollutants . These pollutants drive morbidity which results in reduced 

labour productivity, shorten ed working lives , and healthcare expenditure . Consequently, 

energy production currently imposes health costs on other productive sectors of the 

economy borne by individuals, corporate employers and the Dutch public health system .  

 

The impact of morbidity is not strictly economic. Reduced health has major quality of life 

and broader social implications regardless of any economic damage. As an external 

calibration anchor, PBL estimates the total wellbeing - based air pollution damage in the 

bŜǘƘŜǊƭŀƴŘǎ ŀǘ ϵмфΦр.b ǇŜǊ ȅŜŀǊ όt.[Σ нлнрōύ. The PBL analysis is based on the 

monetisation of both economic and as well as quality of life factors.  

 

This paper has sought to isolate the economic  from broader  quality of life impacts . This is 

achieved through a costs - of- illness (COI) approach: direct treatment costs and productivity 

losses. It explicitly excludes the statistical value of life (VSL) and the monetisation of lost 

life- years. This is a deliberate normative choice. VSL- based health valuation is a different 

and considerably wider concept than the economic productivity framework applied 

consistently across this paper.  

 

COI costs are calculated for the emission trajectories of five NEC- pollutants (NO Σ taіΦљΣ 

{hіΣ bIїΣ ŀƴŘ ba±h/ǎύ and valued at Dutch - specific damage cost factors from the CE 

Delft Handbook on Environmental Prices (CE Delft, 2023).  The 2025 calculated  COI of 

ϵмΦ5BN, represents around 7.5% of the PBL welfare estimate . This is consistent with the 

pollutant - specific COI fractions derived from the CE Delft Handbook, which range from 

approximately 5% to 13%. The gap between the PBL analysis and the COI approached used 

in this paper  demonstrates how conservative the economic case is compared with broader 

 
22 National Emission reduction Commitments, or national air emission ceilings. These are European 
obligations and quantitative environmental targets that include a monitoring obligation and a mandatory 
program. The NEC Directive aims to reduce the surface ar ea in Europe affected by acidification by at least 
half. 




































































































