
   

 

 

 

Overview 

The European industrial transformation will play a key role in the net-zero transition. Besides decarbonizing 

production processes themselves, industries are facing changes in the industrial production output as well. As 

pointed out by Mario Draghi in the 2024 report on European competitiveness [1], Europe is facing a competitivity 

crisis, warning about the region's lagging innovation, industrial strategy, and economic resilience compared to 

global competitors like the U.S. and China. As European production facilities are producing at an all-time low, 

increasing concerns surrounding the industrial competitivity in Europe have led to the 2024 Antwerp declaration, a 

call from industry to restore the business case in Europe [2]. Industries are facing the difficult challenge of balancing 

global competitivity with Europe’s climate ambitions, leading to increasing uncertainty on future European 

industrial production capacities. 

Recent studies that investigate how to transition to net zero in Belgium [3], [4] often rely on the assumption that 

industrial production levels remain constant or increase slightly, with only a few exceptions. Other studies have 

explored the potential role of limiting energy demand through sufficiency measures, increased material efficiency or 

behavioral shifts  [5], [6], [7]. These however fall short in understanding what drives the change of industrial 

production levels concerning the energy transition and broader macroeconomic trends. More recently, studies have 

emerged on the potential impact of so-called ‘green relocation’ of energy-intensive industries to areas with more 

favorable renewable generation conditions [8], [9]. Existing research identifies energy-intensive industries, such as 

steel [10], [11], as being at risk for green relocation, outlining the region-specific cost benefits of relocating parts of 

the future green value chain [8], [12]. However, they do not adequately address the effects of industrial relocation on 

(1) the energy system and (2) the feedback interactions with the economy [9].  

In summary, a better understanding of the impact of a changing industrial demand on the energy transition is 

needed. To assess this interaction, a detailed energy-economy model can be deployed to endogenize the industrial 

demand within the framework. Ideally, a highly detailed energy-economy framework is developed by fully 

integrating a macroeconomic model with a long-term capacity expansion model. In practice, the uncertainty 

regarding consistency between the two models does not always outweigh the cost of building and running these 

types of models. Instead, this paper proposes an exploration of different more basic approaches to incorporate 

macroeconomic interactions in an energy system model. Moreover, we introduce a novel approach to endogenize the 

industrial demand by linking material demand to the deployment of renewable technologies.  

Methods 

 

We explore different approximative methods to incorporate macroeconomic characteristics in energy system models 

to account for a dynamic industrial production, avoiding the need to build expensive integrated assessment models 

that link a full energy system model with a full macroeconomic model. For the purpose of comparability, the same 

model is used in all methods which will be the Belgian TIMES model. The same scenario is executed for each 

approach, resulting in five different pathways (including the reference scenario) that all represent the same outlook. 

This paper aims to identify the strengths and weaknesses of the different approaches and compare their overall 

performance in national long-term capacity expansion models. The different approaches are described as follows: 

 

0. Exogenous assumption for a static industrial landscape 

The stand-alone energy system model that assumes a constant industrial production output throughout the 

whole modelling horizon, serves as a reference case.  
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1. Exogenous assumptions on the future industrial production trajectories 

A first and simple approach is to implement an exogenously defined industrial production trajectory by 

replacing the basic (nearly) constant demand curves with the new pathways. These new pathways are based 

on findings in literature or recent reports of industries that indicate possible changes in future industrial 

activity for Belgium. They aim to illustrate the possible impacts on the energy transition in case of certain 

changes in the industrial landscape. 

 

2. Endogenous representation through price elasticities 

A second strategy to endogenize industrial production in energy system models is the use of price 

elasticities that allow for a changing domestic industrial output depending on the production cost. Own 

price elasticities are not often used on long-term capacity expansion models, as they aim to determine the 

cost-optimal pathway to reach a certain demand, instead of determining the demand itself. Certain energy 

system models do include price elasticities to include demand response, which refers to a variable 

production output that can match a price signal to a certain extent [13]. This implementation of price 

elasticities does not aim to alter the total yearly production output but rather aims to analyse the possibility 

of power system balancing. In this paper, we aim to include price elasticities on the intermediate level of 

domestic industrial production, reflecting the possibility of domestic industries closing down as a result of 

increasing energy prices. This does imply a change in yearly production output, but it does not necessarily 

imply a reduction of final end-consumption of the product, as domestic production could be replaced by 

increased imports. 

 

3. Endogenous representation using macroeconomic modules 

In this approach, we explore existing integrated energy-economy linkages. These modules typically include 

a macroeconomic model that can either exchange information with the energy system model or can be fully 

integrated into a single mathematical problem. Most often, one of the two models is reduced or aggregated 

to be compatible with the other model’s architecture. This setup is what Helgesen and Tomasgard refer to 

as ‘hard-linked’ models [14].  

  

4. Endogenous representation of material demand emerging from the uptake of energy system 

technologies 

Lastly, industrial production levels can be linked to the investment volumes of a decarbonization 

technology to reflect increased material needs as a result of the new capacities required for the energy 

transition. For instance, demand for steel should increase because of the increased deployment of wind 

turbines. This is a novel approach that, to our knowledge, has not been reported in literature before. We 

assess the magnitude of the impact of such a material link and explore its application possibilities.  

Results and Conclusions 

All four approaches are able to integrate a dynamic industrial demand in the long-term energy system outlooks. All 

pathways indicate that a reduced industrial production results in a more feasible energy transition, mainly referring 

to a reduction of investment needs in new capacities both for the industry sector and the power sector as the 

industrial energy demand decreases. However, only the third method, is able to capture the impact of the changing 

industrial activity on the economy to a limited extent. None of the approaches are able to capture the implications of 

carbon leakage into the outlooks, as a reduction in domestic production does not necessarily imply a reduction of 

final consumption within that country. On the contrary, it implies an increase in imports of energy-intensive 

products. A more detailed national energy-economy framework is needed to assess the feedback interactions 

between the energy system and the economic indicators. Such a framework could provide a more nuanced pathway 

that balances industrial activity and GDP growth with climate ambitions. 
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