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ABSTRACT: Denmark’s vision of achieving a fossil independent energy system by 2050 implies that the Danish 

energy system will undergo a substantial transition towards an energy system based on renewable energy sources. In 

this paper, bioenergy is modelled as an integrated part of the future energy system, through a co-simulation of the 

comprehensive energy system model, Balmorel, and the generalised spatiotemporal network optimisation model, 

OptiFlow. The results of this study show that biomass plays a key role in particular when transforming the 

transportation sector to a renewable-base sector. To efficiently utilise the limited biomass resource, hydrogen is used 

to boost the biofuel production. The applied modelling framework allow investigations of the transportation of 

biomass resources and illustrate that a spatial representation of the resources is necessary when including bioenergy 

in energy systems modelling. Moreover, the results show positive systems benefits from the extensive biofuel 

production, such as efficient utilisation of excess heat in the Danish district heating network, and flexible production 

of hydrogen, which can help to balance the power system. Thus, this study concludes that biomass has a key role to 

play in a future Danish system, which is based on renewables. 
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1 Introduction 

 

Denmark’s vision of achieving a fossil independent 

energy system by 2050 implies that the Danish energy 

system will undergo a substantial transition towards an 

energy system based on renewable energy sources (RES). 

An integrator for higher penetrations of RES in the future 

is stronger couplings and interactions between energy 

subsystems as well as interconnections to adjacent power 

markets.  

Biomass plays a crucial role in Denmark, accounting 

for approximately 22% of the Danish primary energy 

supply. Biomass resources can be converted to various 

energy carriers, i.e. bioenergy, electricity, heat, gas, and 

liquid fuels, which can be used in various energy sectors. 

Therefore, given the ambitious Danish energy and 

climate policy agenda, bioenergy could potentially also 

become a significant energy carrier in future renewable-

based energy systems.  Thus, answers to the crucial 

question of the sectoral role of the limited biomass 

resource in future renewable-based energy systems are 

urgently demanded by the Danish society, stakeholders 

and policymakers.  

To meet the energy targets, the Danish energy system 

is expected to be even more integrated through sector 

couplings. In such future energy system, bioenergy is one 

of the energy carriers that can strengthen the couplings 

between energy vectors. To sufficiently capture the 

positive systems benefits from utilizing bioenergy in 

future renewable-based energy systems, a holistic energy 

system perspective is needed. Thus, a comprehensive 

energy systems model is essential to address the role of 

biomass in future integrated energy systems. 

This paper applies a unique modelling framework, 

where bioenergy is modelled as an integrated part of the 

future energy system. This modelling framework is 

applied through a co-simulation of the comprehensive 

energy system model, Balmorel, and the generalised 

spatiotemporal network optimisation model, OptiFlow. 

Following this introduction, Section 2 describes the 

modelling framework applied in this paper, Section 3 

presents the main findings of the study and Section 4 

provides conclusions.  

 

 

2 Methodology 

 

The modelling framework applied in this study joins two 

energy models in a co-simulation, i.e. Balmorel and 

OptiFlow [1-2]. This modelling framework is applied 

because it 1) features high temporal resolution, 2) has a 

flexible spatial aggregation, which enable both a large 

geographic area i.e. several countries, as well as a 

detailed representation of local availability of biomass 

resources within the countries, to be included in the 

model, 3) take into account existing infrastructure, and 4) 

perform endogenous investment optimisation along with 

operation optimisation. All these features are important 

when modelling of energy systems, which has high 

shares variable renewable energy sources (VRE) as well 

as locally distributed biomass resources – such as the 

Danish energy system.  

Balmorel is a comprehensive energy model covering 

primarily the power and district heating systems. 

Therefore, to compute the transport and conversion of 

biomass resources to renewable transport fuels and 

renewable gas for industry or power and heat production, 

model developments in the generalised spatiotemporal 

network optimisation model, OptiFlow, is undertaken. 

The modelling framework, as well as the model 

developments, enable detailed results of the role of 

biomass in future sustainable energy systems to be 

presented in the research field as well as to stakeholders 

and policymakers.    

 

2.1 Balmorel 

Balmorel is an open-source energy system 

optimisation model, which currently includes the power 

and district heating sectors [1]. The model has been 

developed for last 17 years, and has been deployed for 

energy scenario assessments and policy analyses around 

the world. As most energy systems models, Balmorel 

relies on a bottom-up modelling approach. Balmorel is a 

partial equilibrium model where economic rationality and 

perfect market competition is assumed. The model is 

deterministic and has a yearly myopic foresight, i.e. it has 

perfect information within the simulated year. Balmorel’s 

objective function is formulated so the model maximises 



social welfare. However, the model is often simulated 

assuming inelastic energy demands, and thus, the 

objective function minimises the total systems cost. A 

key feature of the Balmorel model is that is has a 

comprehensive representation of technical components in 

the current energy system, that is, generation and storage 

technologies as well as power transmission lines. The 

model computes the energy conversion from primary 

energy sources to electricity and heat. Moreover, it finds 

the optimal investments and operations of the storage 

facilities and the investments of interconnectors and the 

operation of trade of electricity between adjacent power 

makets. In this way, Balmorel enable simultaneous 

optimisation of both investments and operational 

decisions. 

 

2.2 OptiFlow 

OptiFlow is a network model, which allow modelling 

of any flow related to, for example, energy, mass, 

economy or environment, taking into account the 

spatiotemporal integration with the systems. The 

modelling structure of OptiFlow is similar to Balmorel, 

and it has the same features such as being a partial 

equilibrium model built upon a bottom-up approach. 

OptiFlow is an open source energy model, which 

facilitates modelling of generalised networks with high 

temporal and spatial resolution. This modelling feature is 

essential when modelling systems with high penetrations 

of VRE generation and locally distributed biomass 

resources, production and consumption, such as the 

Danish energy system.   

The modelling setup in OptiFlow allow transportation 

of resources and production between areas. Moreover, 

investments and operations of production and storage 

technologies are optimised. 

Thus, the results of the optimization in OptiFlow 

include the location, size and operation of conversion 

plants, which depend on various input parameters, for 

example, techno-economic costs of the conversion plant, 

costs related to the transportation of local biomass 

resources, the seasonal availability of locally distributed 

resources and the existence of district heating networks 

and demands. 

 

2.3 Data inputs and the co-simulation of Balmorel and 

OptiFlow  

 The modelling framework applied for the co-

simulation of Balmorel and OptiFlow covers the Nordic 

countries and Germany. This study focuses on the energy 

system in Denmark, and thus Denmark is modelled with 

greater details, for example, 35 areas are modelled within 

Denmark in order to representing the locally distributed 

biomass resources and the district heating networks with 

higher resolution. The other countries modelled in this 

study has only few areas modelled.  

 Transportation of resources across connected 

geographical areas is included in the OptiFlow modelling 

framework. Therefore, the Geographic Information 

System (GIS) is used to determine the distance between 

the different areas in OptiFlow. Moreover, the costs of 

transporting locally distributed biomass resources are 

included as input data. The purpose of including a high 

spatial resolution in OptiFlow and estimating the distance 

between the areas is because of the high transportation 

costs per unit of energy associated to transport of low-

energy-density and high water-content resources, such as 

manure. 

 

 

3 Results 

 The study investigates the integrated Danish energy 

system by 2050. The modelling framework applied in this 

study enables system dynamics to be investigated with 

high temporal and spatial resolution. The results from the 

co-simulation and thus the simultaneous optimisation of 

Balmorel and OptiFlow represents the socio-economic 

optimal system, subject to the given boundary conditions 

such as, specified energy demands, fuel and resource 

potentials, and fuel prices.  

 The scenario assessment in this study include various 

future energy scenarios where, in particular, different 

biofuel demands from the transportation sector are 

analysed to represent a diverse representation of plausible 

future energy scenarios.  

 The results show that biomass plays a key role in the 

simulated renewable-based Danish energy system by 

2050. The results furthermore show that biomass 

resources should primarily be prioritised for transforming 

the transportation sector to be based on renewable 

energies, as well as, for renewable gas production, which 

can be utilised in industrial processes or for flexible peak-

load electricity generation and heating generation for 

district heating networks. Therefore, the results show that 

biomass resources are used in thermal gasification plants 

and anaerobic digestions biogas plants. 

 The results point to the finding that methanol/DME is 

the most socio-economic attractive biofuel for 

transportation means. The methanol/DME is produced 

downstream to the thermal gasification process and is 

using biomass resources according to the endogenously 

dertermined priority where straw and wood based 

biomass constitutes a high utilisation share. Hydrogen is 

utilised in the methanol/DME synthesis process, which 

leads to production levels of hydrogen according to 

demands of biofuels. Moreover, the results show the 

general trend of producing biomethane from anaerobic 

digestion, which can be injected into the natural gas 

pipeline network and can be utilised for industrial 

processes or for power and heat generation. 

 Biorefineries are assumed to be located within large 

district heating networks. As this study applies an 

integrated energy systems assessment approach, analyses 

of the potential benefits of the energy system with having 

high demands of transportation fuels can be investigated, 

e.g. efficient utilisation of excess heat from biorefineries 

in the Danish district heating network, and flexible 

production of hydrogen, which can help to balance the 

power system. The results confirm the logic behind 

locating biorefineries in the large district heating 

network, as the combination of thermal gasification 

plants and synthesis process can benefit from economy-

of-scale, as well as revenues from excess heat, can 

increase the economic-attractiveness when being located 

in areas with significant district heating demands.  

 The modelling framework applied in this study 

enable detailed analysis of the transportation of biomass 

resources between connected geographical areas. The 

analysis shows that the geographical allocation of 

resources has an impact on the results, e.g. transportation 

of biomass to centrally located biorefineries, or straw to 

co-digestion biogas plants. These results emphasise the 

importance of a spatial representation of the resources 

when including bioenergy in energy systems modelling. 

 



  

 

4 Conclusions 

 In this study a co-simulation of OptiFlow and 

Balmorel is facilitated to model bioenergy as an 

integrated part of the energy Danish energy system by 

2050. The results represents the socio-economic optimal 

energy system, and the modelling framework allow 

optimization of both investments and operations of 

generation, and storages technologies as well as 

interconnectors.   

 The results of this study show that biomass plays a 

key role when transforming the transportation sector to a 

renewable-based sector. To efficiently utilise the limited 

biomass resource, hydrogen is used in the biofuel 

production and to a certain extent when biogas and 

syngas are upgraded through the methanation process. 

Biogas or biomethane can be utilised in industrial 

processes, for heat production to the district heating 

network and for flexible peak-load electricity generation. 

 The modelling framework applied for modelling 

bioenergy as an integrated part of the energy system, 

leads to potential system benefits, for example, 1) excess 

heat from biorefineries is used efficiently in the Danish 

district heating networks, and 2) the hydrogen is 

produced flexible which can help to balance the power 

system.  

 This analysis show furthermore that the geographical 

allocation of resources has an impact on the results, 

which implies that a spatial representation of the 

resources is necessary when including bioenergy in 

energy systems modelling. 

 Thus, this study concludes that biomass has a key 

role to play in a future Danish system, which is based on 

renewables. 
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