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Overview

In many past analyses on the possible pathways to reach ambitious emission reduction targets, a strong focus has been put on the evaluation of the mitigation potentials on the energy supply side, particularly the decarbonisation of the electricity sector. At the same time, it has to be kept in mind that a substantial contribution is required from the different energy end-use sectors if the ambitious long-term targets are to be fulfilled. 
The industrial sector in the UK is responsible for about a quarter of greenhouse gas emissions and almost a fifth of final energy consumption. In the future, this sector will face the dual challenge of implementing low energy and low carbon technologies while at the same time maintaining international competitiveness. The sector’s contribution to emission mitigation is essential, but at the same time assessing the abatement potential poses a considerable challenge given the heterogeneity of the sector in terms of the manufactured products, the production processes and technologies applied as well as the end-use applications of energy. 
The objectives of this analysis are two-folded. First, a new modelling approach for the industry sector in the national energy system model UKTM is presented. This approach, called the disaggregated hybrid module (DHM), incorporates detailed process level data from a bottom-up industrial energy database into the model and constitutes therefore an advancement over the traditionally used aggregated service demand (ASD) version which is based on different types of industrial end-uses. In a second step, this approach is then applied within the scope of a comparative scenario analysis with the aim to assess the long-term potentials to reduce energy demand and greenhouse gas emissions in the UK industrial sector and its contribution to system-wide targets. 
Methods

For the model-based analysis, the new national UK energy system model UKTM is employed. UKTM has been developed at the UCL Energy Institute over the last two years as a successor to the widely used UK MARKAL model (Kannan et al. 2007). It is based on the model generator TIMES (The Integrated MARKAL-EFOM System), which is developed and maintained by the Energy Technology Systems Analysis Programme (ETSAP) of the International Energy Agency (IEA) (Loulou et al. 2005). UKTM is a bottom-up, dynamic, linear programming optimisation model representing the entire UK energy system from imports and domestic production of fuel resources, through fuel processing and supply, explicit representation of infrastructures, conversion to secondary energy carriers (including electricity, heat and hydrogen), end-use technologies and energy service demands in the industrial, commercial, residential, transport and agricultural sectors. Generally, it minimizes the total energy system costs (under perfect foresight) to meet the exogenously given sectoral energy demands under a range of input assumptions and additional constraints and thereby delivers an economy-wide solution of cost-optimal energy market development.

Due to its heterogeneity, modelling the industrial sector in a process-oriented energy system model constitutes a substantial challenge. In the past, a relatively simple model structure based on different types of industrial end uses (e.g. high temperature heat or motor drive) has often been chosen (see for example the representation in UK MARKAL (Kannan et al. 2007) or in the global ETSAP-TIAM model (Loulou and Labriet 2008)). This approach makes it, however, difficult to incorporate radical process changes that are needed to comply with the proposed emission reduction targets. Therefore, for the analysis at hand the depiction of the industry sector in UKTM has be completely redeveloped using a more technology-oriented model structure. The required technological and economic data has been taken from the Usable Energy Database (UED) for the UK industrial sector providing both the baseline energy use and emissions by technology in 2010 and a wide range of possible future improvement technologies (Griffin et al. 2013). 
UKTM now comprises eight different industrial subsectors of which four (iron&steel, cement, paper and chemicals sector) are modelled based on their actual process technologies. With respect to future technology choices, different options to reduce energy demand and emissions are taken into account: (1) exploitation of already commercial technology options with higher energy efficiency or less carbon-intensive energy inputs; (2) improvement potentials for already installed process technologies and (3) more radical process changes. The remaining four sectors (non-ferrous metals, other non-metallic minerals, food&drink and other industries) are highly heterogeneous and are therefore still modelled on the basis of industrial end uses.
The reference case (REF) reflects the current political framework but does not contain any long-term emission reduction targets. This is contrasted with the scenario GHG80 which considers the UK’s commitment to reduce GHG emissions by 80 % until 2050 compared to the level in 1990. The third scenario, GHG80_FEC takes an additional current policy target on energy efficiency into account. Thus, scenario GHG80_FEC allows to evaluate how an emission reduction and energy efficiency (formulated in terms of final energy consumption) target interact. 
Table 1: Scenario overview

	Scenario
	Description

	REF
	Business as usual reflecting the current policy framework

	GHG80
	REF + emission reduction target of 80 % until 2050 compared to 1990

	GHG80_FEC
	GHG80 + reduction in final energy consumption of 1.5% per year until 2020, of 1% per year until 2040 and 0.5% per year until 2050 


Results

In the reference case, final energy consumption in the industry sector drops by more than 300PJ (25%) between 2010 and 2050. Apart from the decline in production and the shift to high val-ue, less energy-intensive subsectors, it can be observed that already under the assumptions of the reference case some of the modelled energy efficiency measures become profitable due to the rise in fossil fuel prices. This price increase can also explain the strong shift to coal at the expense of natural gas and oil products taking place in the absence of long-term emission reduc-tion targets. 
When implementing the 80% GHG reduction target, total final energy consumption in the UK industry sector remains at about the same level as in the reference case over the projected period. Here, two opposing trends need to be taken into account. On the one hand, a stronger emphasis is put on energy efficiency measures in the scenario GHG80, especially in the paper industry and by using more efficient boilers in the less energy-intensive subsectors. On the other hand, however, three issues have to be pointed out that lead to an increase in industrial energy demand under the ambitious emission reduction regime: (1) industrial CCS technologies are installed in the iron and steel, cement and chemical industry from 2030 onwards; (2) the use of industrial CHP plants rises and (3) biomass used for the generation of industrial process heat reaches a share of over 30% of final energy consumption in the industry sector until 2050 resulting in a rise in energy demand due to the lower efficiency. 
Clearly stronger efforts in terms of energy efficiency are realized when the additional final energy demand reduction target is implemented (scenario GHG80_FEC). Apart from that, the efficiency target affects the industry sector mainly through a reduced use of biomass, CHP plants and CCS technologies. However, this additional target also significantly increases the cost burden without resulting in further emission mitigation. 

Conclusions

Modelling the industry sector in a detailed, technology-oriented manner allows to evaluate the sector’s contribution to long-term energy and greenhouse gas emission reduction targets. The scenario results indicate that substantial emission reductions will be required in the industry sector to fulfil the ambitious 80% GHG reduction target that has been implemented in the UK. This will be mainly achieved by employing additional energy efficiency measures, expanding the use of biomass, installing CCS technologies in the iron and steel, cement and chemical industry as well as applying some radical changes in the production processes of these sectors. When fixing long-term targets on energy efficiency and renewable energy in addition to overall emission reduction, it is essential to take the interactions between these targets into account. Moreover, additional justifications are needed for energy efficiency and renewable targets apart from emission mitigation, as for example a reduction of import dependency, alleviation of fuel poverty or technology promotion. Further methodological work will be needed to improve the representation of the less energy-intensive and highly heterogeneous industrial subsectors in bottom-up energy system models, to address the uncertainty in the cost and efficiency assumptions of future industrial technology options and to analyse the effects of the transition to a low-carbon energy system in the UK on the industrial production levels by combining the bottom-up model analysis with a macroeconomic assessment.
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� For further information on UKTM confer http://www.ucl.ac.uk/silva/energy-models/models/uk-times.





