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Abstract: The energy transition to decarbonize the economy will require mobilizing additional 

investment for a capital intensive low carbon energy structure. This is most obvious in the power 

sector with renewable energy being more capital intensive than fossil generation technologies. The 

electrification of other sectors (e.g. buildings or, transport) further increases the demand for 

electricity, requiring additional investments. Standard CGE models may not capture these dynamics 

and this paper argues that this can be improved by e.g. the coupling with energy models. Moreover, 

the additional investments also constitute a demand for sectors producing capital goods. We show 

the relevance of accounting for which sectors deliver capital goods for other sector’s investment 

needs, as opposed to modelling a generic capital good. 

 

 

 

 

  



 

 

Introduction 

The global energy transition towards climate neutrality requires large-scale mobilization of investment 

(IEA, 2021; Keramidas et al., 2023). We here show why it is important to capture investment 

developments when using CGE models to assess these effects of macroeconomic relevance: they can 

affect the capital/labour ratio in the economy and increase the investment share in the composition 

of GDP, while the increase in investment has general equilibrium effects on sectors producing capital 

goods. 

Energy models commonly project an increase in investments resulting from a shift towards low carbon 

or carbon free energy, e.g. from the use of renewables (European Commission, 2024; IEA, 2021; 

Keramidas et al., 2023). This is driven by replacing the current energy system, which has significant 

running costs from purchasing fuels, by one without fuel costs but higher capital costs. This change is 

most obvious in the power sector, which itself also plays an important role to allow other sectors to 

decarbonize through electrification (notably buildings and transport, but also industry under higher 

climate policy ambition). Similarly, energy use in other sectors of the economy can be substituted by 

capital through investments in energy efficiency. 

In this paper, we show why it is important to account for this in CGE models, noting that a standard 

CGE model may have difficulties to project the strong increase in capital intensity.1 One way to tackle 

this issue is to couple CGE models with energy models (Delzeit et al., 2020; Fæhn et al., 2020)2, as 

energy models are able to better take into account the physical constraints of energy transformation. 

The additional investments projected by the energy models can guide CGE models, further 

constituting a demand for sectors producing capital goods. In addition, the GTAP database does not 

contain a link between investing sectors and sectors delivering capital goods, as each country has a 

single vector (cgds) characterized by the same shares for all sectors of activity, i.e. investment is made 

of the same composition. Accounting for this link could alter patterns on which sector benefits from 

additional investments in e.g. renewable electricity generation technologies. 

Why the energy transition leads to higher investments (and why this may not be captured in CGE 

models) 

CGE models may have difficulties to show a strong increase in investments under ambitious climate 

policies. Older or simpler CGE models do not differentiate various power generation technologies and 

thus may represent a shift to renewable electricity generation only implicitly through increases in the 

capital intensity in the sector (and a corresponding decrease in the share of fuel costs). Newer models 

capture different power generation technologies (Peters, 2016; Chepeliev, 2023) that explicitly 

feature different production structures with a higher reliance on capital for renewable electricity 

(Figure 1a). A shift towards renewables then leads (ceteris paribus) to a larger use of capital in the 

(aggregate) power sector, requiring additional investments to build up the capital stock in the power 

sector. This need for additional investments is even larger when one limits capital mobility across 

sectors, i.e. taking into account “stranded assets” from obsolete fossil generation technologies that 

are phased out and new investments that are required to build a new capital stock in the growing 

renewable electricity sectors (Figure 1b). 

                                                           
1 This can also be a due to model closures of savings-driven investments, which limits the scope for changes in 
the capital/labour ratio. However, the issue goes deeper as e.g. capital rental rates may not show the scarcity 
of capital in such models if the capital intensity of low carbon production is low. 
2 Linking energy and CGE models does not come out without own limitations. See also Delzeit et al. (2020) and 
Fæhn et al. (2020), for a discussion of the alternatives and challenges involved. 



 

 

Energy models further project large-scale electrification of the energy system as an important driver 

of decarbonization (Keramidas et al., 2025), e.g. through replacing (fossil) heating systems by heat 

pumps and vehicles internal combustion engine vehicles by electric vehicles. This is projected to 

increase electricity demand in the economy. This may also hold for certain industrial processes which 

electrifies either directly or indirectly, e.g. though the use of hydrogen or e-fuels. These changes in 

energy use may be more difficult to capture in standalone CGE models, especially if the share of 

electricity as an input is relatively low in the benchmark. The sectoral substitution options to replace 

fossil fuels with electricity are more explicit in an energy model that may calculate the energy use 

required to a certain type of useful energy (e.g. a passenger-kilometre or ton-kilometre as transport 

activity or heating demand in buildings). 

Running an off-the-shelf CGE model may thus risk underestimating electricity demand in 

decarbonization scenarios. One way to integrate the increased share of electricity use in sectors with 

important electrification trends is to make use of detailed energy modelling results, e.g. by linking or 

coupling those with CGE models. With the additional demand for electricity in transport or heating 

(both for services as well as for households), overall electricity demand then may also increase in a 

CGE model (Figure 1c). The link with bottom-up models thus brings a better depiction of within sector 

change, both in terms of energy use as well as capital requirements (Figure 1d). 

 

 

Figure 1. Capital use dynamics in the power sector and its drivers. (a) Capital intensity by electricity 

generation technologies, indicating the higher capital share for zero emission technologies. (b) The 

share of renewable electricity generation technologies rises in a decarbonization scenario. (c) Higher 

electricity intensity of GDP in decarbonization scenarios. (d) Capital use by power generation 



 

 

technology in 2050. Based on scenarios underlying the Global Energy and Climate Outlook 2024 

(Keramidas et al., 2025). 

 

Capturing the investment drivers in a CGE model in more detail can have wider consequences on 

results. The shift towards more capital production technologies can lead to an overall increase in 

investments or at least to an increased share of investment in GDP. This is at odds to “naïve” CGE 

findings of reduced capital demand driven by a relocation of economic activity from sectors that are 

energy and capital intensive (e.g. industrial production as well as energy provision) towards less 

energy and capital intensive sectors (e.g. services). On the other hand, this may point to rigidities in 

(partial equilibrium) energy models that may overly restrict the options for economic structure.  

 

Who is delivering the capital goods for the additional investment demand? 

In addition, the increased share of investment translates into production of specific types of capital 

goods. The GTAP database (and thus many models based on GTAP data) only have a generic capital 

good, which is the same regardless of where investment demand originates from. However, if this 

additional investment is driven by additional investment in clean energy/electricity technologies, the 

provision of these technologies may have a different supply profile than the generic capital good 

(Figure 2). Using a sector specific investment matrix (e.g. Norman-López et al., 2023) can thus also 

have implications on overall projections for the output of upstream sectors delivering equipment 

goods or construction services. 

For example, key technologies like wind and solar exhibit lower shares of services but a higher share 

of equipment/electric in the sector specific investment matrix compared to the generic investment 

matrix (dashed bar in Figure 2). This implies that certain upstream sectors producing these goods 

would benefit from additional investment activities for those power technologies. This is also relevant 

to understand socio-economic implications of the additional investment demand in the power 

generation sector, as it allows for an accounting of e.g. upstream jobs (Keramidas et al., 2023; 

Fulvimari et al., 2025) for renewable energy technologies as opposed to reporting only jobs related to 

operation and maintenance of these technologies. 



 

 

 

Figure 2. Sector specific investments (for the EU) as opposed to composition of a generic investment 

vector (dashed bar). Figure taken from Norman-López et al (2023). 

 

Consequences and implications for policy recommendations 

Higher demand for capital in the economy also has further consequences, e.g. for distributional 

impacts driven by the income side. Several studies combining CGE models with microdata have argued 

that the decline in (aggregate) capital demand depresses capital rents, which reduces the income 

overproportionally for richer households with a higher share of capital income (Rausch et al., 2010; 

Landis et al., 2021; Mayer et al., 2021; Wallenko and Bachner, 2025). This can then render climate 

policy progressive despite the fact that poorer households suffer overproportionally from higher 

energy prices, as they spend a larger fraction of their income on energy products on the consumption 

side. 

Within sector changes of technologies are relevant abatement options. Switching to more capital 

electricity generation technologies allow for decarbonization of the power sector and should either 

be modelled explicitly (ideally informed by energy models) or via the appropriate calibration e.g. in 

terms of elasticities are required. The same paradigm likely also extends to other sectors, such as the 

transport sector, where more capital-intensive electric vehicles are a logical abatement option. Even 

in industrial sectors like iron and steel, capital intensive hydrogen routes could replace blast furnaces 

for decarbonization. 
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