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1. Introduc�on 

The world is on a path to decarboniza�on, albeit at different speeds, depending on the region 
(Systems Change Lab, 2022). The ra�onale behind this is straigh�orward: Mi�ga�ng the 
poten�ally catastrophic consequences of climate change (IPCC, 2023) requires reducing 
greenhouse gas emissions to “net zero”, that is, to a state in which the greenhouse gases going 
into the atmosphere are balanced by removal out of it, according to Oxford Net Zero. 

The economic debate lies around the precise path to reach “net zero” as well as around the 
implica�ons of the compe�ng alterna�ves.  Some think that the investments required to achieve 
the energy transi�on will be expansionary: The ‘posi�ve demand shock’ view (see, e.g., the latest 
dra�s of most of Europe’s 2030 Na�onal Energy and Climate Plans or NECPs). Others are 
concerned, however, by the energy transi�on likely leading to an accelerated obsolescence of 
the exis�ng capital stock and a significant realloca�on of resources: The ‘nega�ve supply shock’ 
view (Pisani-Ferry, 2021). Within the later camp, Hannon & Nixon (2022) argue that the 
innova�on and technological progress from the investments in the energy transi�on would likely 
be inadequate to offset the resultant nega�ve supply shocks.  

Contrary to the men�oned contradictory perspec�ves, we argue that energy transi�on is likely 
to be expansionary and that the demand side would not be responsible for most of its impact. 
Instead, the supply side would be the major influen�al factor in the form of structurally lower 
energy prices driving permanent produc�vity and purchasing power gains for corpora�ons and 
households, respec�vely. Hence, this essay introduces the ‘posi�ve supply shock’ view. 

The ra�onale underpinning our view is that the state of technology is such that two renewable 
technologies – u�lity-scale solar photovoltaic and onshore wind – are already the cheapest forms 
of power genera�on currently. 

To assess the economics of the energy transi�on, we first simulate the impact on retail power 
prices by degree of renewable penetra�on (from 50%-97.5% of demand) across four European 
countries (Germany, France, Spain, and the United Kingdom). The results reveal that real retail 
power prices could fall by between 11%-18% by 2030 (as compared to 2019) as the share of 
renewables in the genera�on mix increases. Most importantly, we find that such price 
improvements tend to vanish, or even reverse when the share rises beyond the 80-90% 
threshold. Second, we es�mate economy-wide gains from structurally lower prices in the form 
of higher produc�vity and purchasing power gains from corpora�ons and households, 
respec�vely. Finally, we calculate the Net Present Value (NPV) of the energy transi�on, defined 
as the present value of the es�mated overall economy-wide gains, assumed to be permanent, 
discounted at a rate equal to each country’s poten�al real growth rate, and net of the net capex 
required to reach that point. We find posi�ve NPVs for any share of renewables up to 80-90% of 
demand across the four countries analyzed. Among other implica�ons, this also means that 
there doesn't necessarily need to be a trade-off between development and climate change in 
emerging markets, as suggested by some (The Economist, June 29th, 2023). 
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2. The Ra�onale: (Some) Renewables Offer Poten�al for Lower Energy Costs 

Considering the most recent unsubsidized Levelized Cost of Energy (LCOE) values per technology 
in the United States as compiled by Lazard (2023), both solar photovoltaic and onshore wind are 
currently the most compe��ve technologies available for power genera�on (see Figure 1). 
Importantly, if we also add storage costs, their respec�ve LCOE increase. However, they remain 
broadly in line with that of Combined Cycle Gas Turbines (CCGT) and are s�ll meaningfully lower 
than all other renewable and conven�onal technologies available.  

Figure 1. Unsubsidized Levelized Cost of Energy (LCOE) per Technology: Mid-point Es�mates 
in the US. Real US$/MWh. 

 
 

Source: Lazard (2023) 
 

Furthermore, it is expected that the costs of solar, wind, and bateries will con�nue to decrease, 
as observed over the last few decades. For example, the US Department of Energy (2021) is 
targe�ng a 57% reduc�on in solar costs in the United States by 2030. Also, IRENA (2019) expects 
the costs of onshore and offshore wind to fall by up to 50% and 62%, respec�vely, by 2030. In 
addi�on, the US Na�onal Renewable Energy Laboratory (NREL) expects long-term lithium-ion 
batery energy storage system (BESS) costs to fall by up to 47% in the US by 2030 (Murray, 2023). 
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Were these expecta�ons prove to be close to reality, both solar and wind costs (with and without 
storage costs) would be below unabated fossil fuel genera�on costs. 

On the contrary, expecta�ons for real natural gas (including CO2) prices range between flat to 
considerably higher (ENTSO-E, 2022a and 2022b; IEA, 2021; NGFS, 2021) when compared to their 
2019 levels, if 2019 is considered as a “normal” year, clean of the nega�ve demand and supply 
shocks associated with the COVID-19 pandemic (2020-21) and Ukraine’s war (since 2022), 
respec�vely. 

Figure 2 shows our es�mates for the average real unsubsidized Levelized Cost of Energy (LCOE) 
per technology in 2019 and 2030 for the four European countries considered, based on the 
methodology described in Sec�on 3. 

Figure 2. Unsubsidized Levelized Cost of Energy (LCOE) per Technology in 2019 and 2030. Real 
EUR/MWh (2019 Basis). Simple Average of France, Germany, Spain, and the UK. 

 
 

Source: ENTSO-E; Authors’ Calcula�ons 
 

A preliminary conclusion from Figure 1 and Figure 2 is that a widening gap over �me between 
the cost of mature renewable technologies (such as u�lity-scale solar photovoltaic and onshore 
wind), on the one hand, and natural gas (including CO2), on the other, should underpin the 
economic case for the energy transi�on. Ul�mately, increasing the share of these two 
technologies in the genera�on mix should mechanically reduce power prices in virtually any 
region, with the installed capacity in each of them being a func�on of that region’s specifici�es 
and renewable resources. 

 

3. Our (Standard) Approach: Solving an Op�miza�on Problem 

This Sec�on outlines our methodological approach for assessing the economics of the energy 
transi�on. 

 

3.1. Working Assump�ons and Other Preliminary Considera�ons 
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To simplify, we make three working assump�ons: First, we focus on the economics of the energy 
transi�on within the power genera�on sector. This implies that our results should be understood 
as a lower bound of the broader impacts of electrifica�on on the economy. Second, we assume 
power demand to remain sta�c at 2019 levels and into perpetuity. This may come across as too 
strong an assump�on. However, this is not the case in actuality. In fact, our results hold true for 
virtually any level of demand, as the poten�al increase in terms of costs to supply the demand 
(higher renewable investments and electricity grids) would be propor�onal to the demand 
increase with a neutral effect in terms of overall cost per MWh consumed. Third, we assume real 
natural gas (including CO2) prices to also remain flat between 2019 and 2030. In this regard, we 
translate ENTSO-E’s (2022a) natural gas and CO2 nominal price forecasts from its National Trends 
scenario into a real natural gas (including CO2) price of €55 per MWh by 2030, on par with the 
1-year forward power price in Europe as of end-2019. 

We also highlight that our analysis does not incorporate any posi�ve second-round, country-level 
economic impacts from (1) lower fossil fuel imports, (2) less-frequent natural disasters on the 
back of poten�ally slower global warming, nor (3) the knock-on effects from higher poten�al 
growth stemming from permanent produc�vity gains due to structurally lower energy costs. 

 

3.2. The Op�mal Mix 

We start by pulling electricity demand and genera�on data per technology at the shortest �me 
span available from ENTSO-E (hourly data for France and Spain, 30-minute data for the United 
Kingdom, and 15-minute data for Germany). The data spans from January 2015 to November 
2022 (the most recent available data). Moreover, we also gather informa�on from ENTSO-E 
concerning the installed genera�on capacity for each technology in each country by the end of 
December of all years. 

We focus exclusively on three renewable-energy technologies along with storage: u�lity-scale 
solar photovoltaic, onshore wind, offshore wind, and bateries. These technologies not only offer 
the cheapest means of electricity genera�on (as referred to in Figure 1) but also hold the 
poten�al to further reduce costs in the future (as shown in Figure 2). The installed capacity of 
hydropower is kept constant over �me, under the assump�on that this already-mature 
technology has already been op�mized in each the four countries considered. Through this 
approach, we calculate seven-year �me series load-factor data (i.e., the propor�on of installed 
capacity ac�vely u�lized) in every 15/30/60-minute slot by country and renewable technology. 

Bateries, however, require a somewhat different treatment given their different nature. Hence, 
we compare electricity demand and renewable genera�on in each �me slot. If genera�on is 
above demand, we store as much of the excess genera�on as possible into the batery (and un�l 
the batery has been filled up). Any genera�on above the batery’s capacity is lost. However, if 
genera�on is below demand, we allow the batery to “supply” electricity un�l 100% of demand 
is met. If the batery falls short of the addi�onal demand to be met, we es�mate that residual 
demand will be covered by CCGTs. The purpose is to simplify the analysis, as such addi�onal 
demand could alterna�vely be met by Open Cycle Gas Turbines (OCGTs) or demand response. 

Next, we construct a four-dimensional surface that represents all possible energy-mix 
combina�ons that meet 100% of the demand in each 15/30/60-minute slot by country and 
degree of renewable energy penetra�on, considering thresholds at 50%, 60%, 70%, 80%, 90%, 
92.5%, 95%, and 97.5% of demand. We assume any residual demand (from 50%-2.5%) not 
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covered by renewable technologies to be fully met by natural gas (CCGTs). In Figure 3, our 
calcula�ons for Spain are displayed. Needless to say, that our results for the other three 
European countries are also available upon request.  

We make two further assump�ons to perform these calcula�ons. The first assump�on asserts 
that countries face no physical (e.g., available sea/land, access to cri�cal minerals) or 
administra�ve constraints (e.g., botlenecks in the permi�ng process) for addi�onal wind/solar 
farms installa�on. Second, that economic considera�ons are the only factor in deciding about 
the installa�on of each technology.  

Figure 3. Spain: All Possible Combina�ons of the Energy Mix that Meet 100% of Demand in 
Each Time Slot by Degree of Renewable Energy Penetra�on (% of Demand): Installed 

Capacity (GW) for both Wind and Solar, Energy Capacity (GWh) for Bateries. 

50% 60% 

  
  

70% 80% 

  
  

90% 92.5% 
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95% 97.5% 

  
 
Source: ENTSO-E; Authors’ Calcula�ons 
Note: We have converted our four-dimensional surfaces into three-dimensional surfaces by aggrega�ng both 
onshore and offshore wind into one “wind” category. However, this is just for illustra�ve purposes, as onshore and 
offshore wind are calculated separately. 

 

Next, for each point within the four-dimensional surface, we (1) calculate the required capex; (2) 
iden�fy the point of the surface that requires the minimum capex (referred to as “the op�mal 
point” as it allows to cover 100% of the demand with the mix of renewables that minimizes the 
required capex); and (3) plot the “curve” that links every op�mal point for every degree of 
renewable penetra�on considered - by country (as shown in Figure 4). 

Figure 4. Op�mal Energy Mix by Degree of Renewable Penetra�on and Country: Installed 
Capacity (GW) for both Wind and Solar, Energy Capacity (GWh) for Bateries. 

France Germany 
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Spain UK 

  
  
Source: ENTSO-E; Authors’ Calcula�ons 
Note: Four-dimensional surfaces are converted into three-dimensional surfaces by aggrega�ng both onshore and 
offshore wind into one “wind” category. However, this conversion is solely for illustra�ve purposes, as onshore and 
offshore wind are calculated separately (as explained in the essay content). 
 

It is significant to men�on that the es�mated energy mix would face no stability issues as the 
CCGTs, the bateries, and the new wind turbines would provide stability to the grid, covering 
requirements such as iner�a.  

 

3.3. Wholesale and Retail Power Prices 

Employing a three-step process, in parallel to the es�ma�on of the op�mal mix (Sec�on 3.2), we 
also calculate average electricity prices by country for each degree of renewable penetra�on. All 
LCOEs are calculated in real (i.e., infla�on-adjusted) values of 2019. 

 

3.3.1. Wholesale Prices 

To start with, we approximate the 2019 Levelized Cost of Energy (LCOE) for each renewable 
technology and country. Two factors are considered for this calcula�on: the average load factor 
es�mated over the considered period and the required returns in line with actual market data. 
We assume that these technologies will obtain compensa�on through long-term supply 
contracts, such as Power Purchase Agreements (PPAs). This implies that all genera�on through 
renewable power plants will be remunerated, despite it exceeding the actual demand. Later, the 
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2030 LCOE is calculated by integra�ng the presumed cost trajectory for solar and wind 
technologies over that period (as shown in Figure 2). 

Secondly, we expect Combined Cycle Gas Turbines (CCGTs) to determine the marginal cost based 
on the carbon and gas power price assump�ons from ENTSO-E’s (2022a) National Trends 
scenario (Sec�on 3.1). We see this as a conserva�ve assump�on as all the other scenarios run 
by ENTSO-E (2022a) assume higher commodity prices that would make renewable power plants 
even more price-compe��ve than implied by our analysis.  It is also important to highlight that 
the amount to CCGTs is calculated to always cover demand per 15/30/60-minute slot. 
Consequently, we do not assume any demand response at all. 

Thirdly, following Europe's current electricity market design, we assume that hydropower plants 
will be remunerated at the marginal electricity cost (i.e., just as CCGTs). 

Finally, as es�mated in Sec�on 3.2., we will use the weights derived from the op�mal energy mix 
of each country and compute wholesale prices as the weighted average of each technology's 
LCOE individually.  

 

3.3.2. Retail Power Prices 

For the four selected countries, we obtain actual retail prices from Eurostat for 2019 (second 
half). The obtained prices are then split into wholesale prices (applying the 1-year forward 
price/MWh in Europe as of end-2019) and other components, such as tariffs and taxes. We 
assume that there would be no change in the end-2019 tariffs and the effec�ve tax rate (defined 
as taxes shelled out over the totality of wholesale prices and tariffs) over �me for each country. 
Later, we combine our projected 2030 wholesale prices (Sec�on 3.3.1) with end-2019 tariffs and 
the effec�ve tax rate to calculate 2030 retail prices. 

 

3.3.3. Adjustments 

We make three further adjustments to our es�mated retail power prices.  

First, we assume CCGTs are remunerated with a capacity payment on top of the marginal cost to 
cover all the fixed costs (maintenance capex and opex). This payment is to ensure that the CCGTs 
will con�nue to operate despite their rela�vely low usage. This could be considered a kind of 
insurance that is paid by consumers to guarantee the security of supply, increasing retail power 
prices as a result. 

Second, we include the cost of the bateries assuming they receive a regulated remunera�on, 
like electricity grids. 

Finally, we deduct from retail prices the revenues that each government receives from the sale 
of CO2 permits. This has been put forward by several authors (Pütgen & Bamberger, 2021) and 
is already being implemented in some countries, such as Spain, as a measure to hedge 
consumers from the higher costs faced by pollutants.  

 

4. The Posi�ve Supply Shock: Lower Power Prices 
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Following the approach described in Sec�on 3, our analysis yields the following results (see 
Figure 5): First, power prices – for both households and corporates – fall as the share of 
renewables in the genera�on mix rise; second, such price improvements tend to vanish when 
that weight increases beyond the 80-90% threshold, although there are excep�ons; and third, 
once the share of renewables is above the 80-90% threshold, power prices tend to rise 
asympto�cally. These three observa�ons hold across the four countries considered, even though 
the impact seems to be more gradual in Spain.  

Figure 5. Retail Power Price by Degree of Renewable Penetra�on and Country (Real 
Percentage Change between 2019 and 2030) 

 
 

 
 

Source: Eurostat; Authors’ Calcula�ons 
Note: We refer to as “corporates” to what Eurostat refers to as “non-households”. 

 

Considering the drivers of the expected price evolu�on through 2030 (as described in Sec�on 
3.3), the majority of the change is explained by the expected decline in the costs of both solar 
and wind energy genera�on, as well as of bateries (as illustrated in Figure 2). Also, we include 
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the full reversion of government revenues associated with the sale of CO2 permits. The 
defla�onary effect of these two factors is greater than the infla�onary impact caused by the 
obliga�on of financing a capacity mechanism. The results for Spain (with renewable penetra�on 
at 80% of demand) are presented in Figure 6. Similar results for the other three European 
countries considered are available upon request. 

Figure 6. Spain: Retail Power Prices (Real EUR/MWh) by Degree of Renewable Penetra�on at 
80% of Demand; Drivers of the Expected Evolu�on between 2019 and 2030 

 
 

 
 

 
Source: Eurostat; Authors’ Calcula�ons 
Note: “Price ‘19” refers to the actual retail power price (taking 2,500-5,000 kWh consump�on for household 
consumers and 500-2,000 MWh for corporates) as of 2H 2019; "mix" refers to the impact of transi�oning to the 
country’s actual mix to its es�mated op�mal mix (Sec�on 3.2) assuming unchanged LCOEs by technology; 
“technology” refers to the impact from lower LCOEs for both solar and wind assumed between 2019-2030; 
“capacity” refers to the impact from having a ‘capacity mechanism’ in place; “CO2 permits” refers to the impact 
from alloca�ng all government revenues from the sale of CO2 permits to reducing power prices. 
Note: We refer to as “corporates” to what Eurostat refers to as “non-households”. 
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5. Minimizing Power Prices: The Op�mal Energy Mix 

At this point, an obvious ques�on should surface: If it is so easy to reduce power prices, why 
don’t we just do it? The answer is simple. While the current state of the technology would allow 
us to have a renewable-only power genera�on system (without subsidies), it would be too 
expensive. As shown in Figure 5, power prices tend to increase quasi-asympto�cally once the 
share of renewables in the genera�on mix exceeds a certain threshold. This is due to the 
variability of renewable genera�on, which – beyond that par�cular point – can only be offset by 
over-installing renewable genera�on capacity. 

In this regard, we find that the energy mix that minimizes the electricity price is remarkably 
similar across countries, with wind (both onshore and offshore) being the largest source of 
electricity (Figure 7). The op�mal mixes in France and Germany are considerably similar. In the 
United Kingdom, lower hydro would be compensated with higher wind. In Spain, however, the 
contribu�on of wind would be dras�cally lower than in the other countries, given the large 
contribu�on from solar (which is rela�vely cheaper due to compara�vely higher load factors).  

Figure 7. Energy Mix with Renewable Penetra�on at 80% of Demand by Country 

 
 

Source: Authors’ Calcula�ons 
 

Considering that CCGTs mechanically account for the por�on of demand not covered by 
renewables, it may be concluded that installed capacity should fall as the share of renewables 
grows. Although this is true, the rela�onship between the two is not linear. As shown in Figure 
8, all countries are necessitated to keep a significant por�on of their CCGT genera�on capacity 
in service – even with very low usage levels – to guarantee the security of supply. For example, 
covering 2.5% of demand with CCGTs (which is 95% less than in a scenario where CCGTs covered 
50% of demand) would s�ll require an installed capacity just 10-15% lower, depending on the 
country. This finding underpins the need for a 'capacity mechanism' that we have already 
incorporated into our power price es�mates (see Sec�on 3.3.3). 

11%
5%

11%

2%

21% 21%

35%

21%

71% 71%

47%

83%

20% 20% 20% 20%
24%

18%
13%

26%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

France Germany Spain UK

Hydro Solar Wind CCGT Lost Energy



12 
 

Figure 8. CCGTs: Installed Capacity (MWs) by Renewable Penetra�on and Country 

 
 
Source: Authors’ Calcula�ons 

 

Another interes�ng observa�on is that none of the four countries considered seem to need any 
electricity storage for a degree of penetra�on of renewables under the 80% threshold (Panel A 
of Figure 9). Figure 7 shows that the amount of lost energy differs per country, ranging from 13% 
of demand in Spain to 26% in the United Kingdom, in a scenario where renewables account for 
80% of demand. One may expect bateries installed to be propor�onal to the amount of lost 
energy. However, this is not necessarily true. In deciding whether to install bateries or not, there 
is a trade-off between the cost of installing the required bateries and the cost of installing 
addi�onal renewable capacity (solar, wind, or both). Panel B of Figure 9 shows the results of such 
a trade-off for Spain (for illustra�ve purposes). 

Figure 9. Bateries 
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Source: Authors’ Calcula�ons 

 

6. The Capex Required to Reach the Op�mal Mix 

The net capex required to reach a penetra�on of renewables of 80% ranges between 4% in Spain 
to 8.5% in France. Generally, net capex will be higher (lower) where renewable penetra�on is 
lower (higher) currently. Hence, the star�ng point maters. Figure 10 shows our net capex 
es�mates, defined as gross capex less the capex already commited in each country.  

Figure 10. Net Capex (% of 2019 GDP) Required by Degree of Renewable Penetra�on and 
Country 

 
 

Source: Authors’ Calcula�ons 
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In this Sec�on, we will run a cost-benefit analysis to assess whether the energy transi�on makes 
economic sense or not (for each degree of renewable penetra�on between 50% and 97.5% of 
demand). 

First, using Eurostat’s input-output tables per country for 2018 (the latest available), we calculate 
firm produc�vity gains per sector resul�ng from our expected reduc�on in retail prices for 
corporates. Only corporate power prices change is assumed, keeping everything else constant. 
Similarly, we also calculate household purchasing power gains by mixing consumer-level data 
from the input-output tables and the breakdown of the 2019 HCPI in each country (also obtained 
from Eurostat), and following the same approach as before, but applying our expected decline 
in retail prices for households. 

Second, we aggregate produc�vity and purchasing power gains by corporates and households, 
respec�vely, to es�mate the overall economy-wide gains from lower power prices, which we 
assume to be perpetual, in each country. 

Finally, we calculate the Net Present Value (NPV) of the energy transi�on by country and degree 
of renewable penetra�on, which we define as the present value of a permanent income equal 
to the overall economy-wide gains es�mated earlier, discounted at a rate equal to each country’s 
poten�al real growth rate (taken from the IMF’s WEO database, April 2023), net of the net capex 
required to reach that point. 

As per the results (shown in Figure 11), the energy transi�on within the power genera�on sector 
makes economic sense (posi�ve NPV) up to a degree of renewables penetra�on of around 80-
90% of demand for most countries.  In the case of Spain, however, our results suggest that this 
could hold true for a degree of renewables penetra�on of up to 95% of demand. 

Figure 11. Energy Transi�on in the Power Genera�on Sector: NPV (% of 2019 GDP) by Degree 
of Renewable Penetra�on 

 
Source: Authors’ Calcula�ons 
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“last mile”, that is, with the last 10% of demand which electrifica�on would be too costly (see 
Figure 11). 

The answer is that probably a few things could be done. First of all, the passage of �me may do 
part of the job, as we expect solar and wind costs to con�nue to fall beyond 2030. Second, 
demand response (poten�ally even remunerated under the umbrella of a ‘capacity mechanism’) 
could also play a more ac�ve role, something that we have not considered in our analysis. And 
third, a bunch of other technologies may also play a residual role, including temporary solu�ons 
such as the life extension of fully-amor�zed nuclear power plants or even “expensive” 
technologies such as green hydrogen and/or biogas, given they become compe��ve as the cost 
of installing addi�onal renewables increases.  

 

9. Policy Conclusions 

To conclude, our analysis yields the following eight policy conclusions:  

First and foremost, given the current and expected state of technology, the energy transi�on 
makes economic sense, regardless of one’s posi�on on the climate change debate.  

Second, while higher CO2 prices (as expected by ENTSO-E, 2022b; IEA, 2021; and NGFS, 2021) 
would obviously accelerate the energy transi�on by making fossil fuels rela�vely less price-
compe��ve than renewable technologies over �me, we show that we do not really need higher 
exogenous CO2 prices for the energy transi�on to proceed. Rather, lower solar and wind costs 
are likely to do the job, even assuming flat real natural gas (including CO2) prices over �me. 

Third, we address any concerns around the intermitent nature of renewable technologies, 
par�cularly solar, by explicitly incorpora�ng the costs of both energy losses and storage (in the 
form of bateries) into our es�mates. 

Fourth, given the current and expected state of technology, we find the es�mated op�mal 
energy mix (i.e., that which minimizes the wholesale power price) in 2030 generally features a 
share of renewables of around 80-90% of demand (95% in Spain). Importantly, such a share is 
likely to grow over �me as both solar and wind costs con�nue to fall beyond 2030. 

Fi�h, installing bateries only makes financial sense if the share of renewables is above the  
threshold implied by the es�mated op�mal energy mix, sugges�ng that over-installing 
renewables is likely to be a cheaper alterna�ve than bateries up to that point. 

Sixth, policymakers should ensure they keep part of their combined cycle power plants in service, 
regardless of their low u�liza�on, as a backstop for the system via a ‘capacity’ or similar 
mechanism. 

Seventh, provided the energy transi�on relies on mature renewable technologies, such as u�lity-
scale solar photovoltaic and onshore wind, there is no reason to think that the energy transi�on 
would not be mostly, if not en�rely, financed by the private sector. However, any departure from 
this by including less-mature technologies in the energy mix (such as, e.g., green hydrogen 
and/or biogas; see Figure 1) would likely increase real retail power prices, rela�ve to our 
es�mates, poten�ally requiring a higher share of government funding and/or subsidies. 

Last but not least, decarboniza�on may not be possible without ci�zens’ broad engagement. 
Therefore, in a context of elevated polariza�on (Herold, Joachim, Oteni, & Vorländer, 2023), 
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policymakers should abandon the rhetoric of climate catastrophism that has been broadly used 
so far to jus�fy decarboniza�on policies and replace it with a policy goal of minimizing energy 
costs by leveraging on the most compe��ve technologies available. These policies should include 
an applica�on of any government revenues from the sale of CO2 permits to reduce retail power 
prices (as already considered in our analysis). Most importantly, policies based on this new 
rhetoric will eventually lead to the economy's decarboniza�on, just as those emana�ng from the 
current rhetoric, but their nature will be welfare-enhancing by achieving it at the minimum cost 
possible. 
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