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Disclaimer notice (IEA DHC): 
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Energy Agency Technology Collaboration Programme on District Heating and Cooling (IEA 

DHC). 

Any views expressed in this publication are not necessarily those of IEA DHC. IEA DHC can 

take no responsibility for the use of the information within this publication, nor for any errors or 

omissions it may contain. 

Information contained herein has been compiled or arrived from sources believed to be 

reliable. Nevertheless, the authors or their organizations do not accept liability for any loss or 

damage arising from the use thereof. Using the given information is strictly your responsibility. 

Disclaimer Notice (Authors): 

This publication has been compiled with reasonable skill and care. However, neither the 

authors nor the DHC Contracting Parties (of the International Energy Agency Technology 

Collaboration Programme on District Heating and Cooling) make any representation as to the 

adequacy or accuracy of the information contained herein, or as to its suitability for any 

particular application, and accept no responsibility or liability arising out of the use of this 

publication. The information contained herein does not supersede the requirements given in 

any national codes, regulations or standards, and should not be regarded as a substitute. 

Copyright: 
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publication may be reproduced, or transmitted in any form or by any means, electronic, 
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source. Republishing of this report in another format or storing the report in a public retrieval 
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1 ENERGY MANAGEMENT SYSTEMS FOR DHC 

This fact sheet on application topics describes control systems for DHC for multi producers. 

The findings are based on the experience from a range of international cases.  

1.1 CASE 1 – OPTIMIZATION-BASED ENERGY MANAGEMENT 

SYSTEMS 

1.1.1 MOTIVATION FOR OPTIMIZATION-BASED EMS 

A key task for operators of hybrid networks is to decide when and how to utilize each asset 

(generators and controllable consumers) in the network. In particular, the operators must 

decide when to start up which heat/electricity producer, what thermal/electrical output each 

producer should provide, or controllable consumer should consume at any given time and 

when to charge and discharge energy storages. Their decisions must ensure that the energy 

provision and consumption is always balanced while simultaneously allowing the producers 

and controllable consumers to be operated under optimal conditions, i.e., efficiently and with 

the lowest possible pollutant emissions. This task is still often performed directly by the network 

operators who make the necessary decisions based on their personal experience. However, 

the increasing complexity of hybrid networks has prompted the development of tools that 

support energy network operators in their decision-making processes. The highly complex task 

of finding efficient operating strategies can be solved by formulating an optimization problem 

and letting a solver-software such as Gurobi or CPLEX handle the tedious work of finding an 

optimum.  

1.1.2 GENERAL DESCRIPTION  

The problem with such an optimization-based energy management enables intelligently 

formulate and optimize a cost function. It also identifies simple, yet sufficiently accurate 

mathematical models, so-called prediction models which describe the energy grid at the 

current and future state, given a certain operating strategy. This is even further complicated by 

possibly varying energy prices, fluctuating yield from renewable energy sources, and varying 

demand. For the prediction models, complex simulation models offering high fidelity have been 

used in the research. However, in practical approach simpler, linear, possibly hybrid models 

are applied which can be solved using highly effective mixed-integer linear program (MILP) 

solvers such as Gurobi or CPLEX, functioning principle shown in Figure 1 
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Figure 1 Functioning principle of an optimization-based EMS. 

Apart from avoiding problems of non-linear optimization such as become trapped in local 

optima and convergence issues, simpler models also allow a much quicker configuration of 

the optimization problem based on the energy grid definition. Less information is necessary to 

parametrize the models, and thus libraries of energy technologies can be used by the operator 

to put together bespoke configuration. 

Mathematically, the individual components of the grid are nodes in a graph, and the grid 

connecting them is represented by edges of the graph that ensure energy and mass balance 

in the optimization problem. For simple problems, open-source projects exist or are currently 

being developed, see e.g.,1. Within BEST (Bioenergy and Sustainable Technologies Gmbh) a 

more sophisticated MILP-based framework has been developed in previous research projects 

which is still improved and extended in ongoing projects. This involves solving such issues as 

scalability (the difficulty of solving the optimization problem increases almost exponentially with 

the number of discrete optimization variables, which appear naturally in the unit commitment 

context) and actively scheduling controllable consumers (demand side management). 

1.1.3 PREREQUISITES FOR THE APPLICATION OF AN OPTIMIZATION-

BASED EMS 

The central prerequisite for the application of an optimization-based energy management 

system is an extensive SCADA infrastructure in the hybrid network. To provide the energy 

management systems with sufficient information to plan an optimal operating strategy for all 

 

 

1 OMEGAlpes: https://gricad-gitlab.univ-grenoble-alpes.fr/omegalpes/omegalpes   
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assets, data on the status of these assets, i.e., the current thermal/electrical output or the 

current consumption, must be available. All this data must be updated at regular intervals and 

be centrally accessible in a common place, e.g., one server, by the energy management 

system. In addition, this SCADA infrastructure must also forward the optimized schedules 

created by the energy management system to the individual plants, thus enabling the energy 

management system to actively manipulate the operation within the hybrid network. 

1.1.4 TRL 

Currently, optimization-based (MILP-based) energy management systems mostly range from 

TRL5 to TRL7, between technology demonstration and system/subsystem development. 

There already exist non-optimization-based energy management systems for large-scale 

problems such as the operation of district heating grids with multiple heat producers. These 

are often developed individually by the grid operators and thus not available to the public or on 

the market. 

Product development is ongoing with different companies cooperating with research facilities. 

Due to the early development status, finished products are not yet available for heating grids. 

However, similar products are available in the electricity sector. Research institute spin-offs 

such as Decision Trees GmbH provide stochastic optimization services for power plant and 

electricity grid operators. At the lower end of the scale, optimization techniques have found 

their way into building management systems, see e.g., meo ENERGY; they have even scaled 

to energy communities. Fronius sells inverters which already have an EMS integrated for 

private homes which optimizes the combined usage of PV-systems, batteries and the 

Ohmpilot, which is an electric water heating system. This EMS autonomously decides on how 

the PV power should be used to optimize self-consumption. 

1.1.5 CAPEX AND OPEX NOW AND EXPECTED DEVELOPMENT 

to the estimated cost of integrating the EMS into a new heating network is about 35,000 EUR 

(for a standard scenario without any new district heating components). The product consists 

of solver hard- and software (Gurobi) and optimization-based EMS for approximately 10 

heating networks. This also includes a license cost for the optimization-solver MOSEK and the 

optimization-server at the customer's site if one is not place (including personnel costs). 

The running costs include the updates for the software – and are estimated at about 340 EUR 

per year. In addition to the licence costs, IT staff is required for the software- and hardware 

maintenance. However, for the operation of a server that can provide services for 10 heating 

networks, not even one full-time equivalent would be needed. One full workday per week (8 

hours per week) which is sufficient for maintenance depends on local wage levels and can 

approximately reach 2000 EUR per year. 
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1.2 CASE 2 – VARMELAST – DH IN THE GREATER AREA OF 

COPENHAGEN  

1.2.1 DESCRIPTION OF VARMELAST AND THE DH SYSTEM OF 

COPENHAGEN 

Varmelast is the system transmission operator in the greater Copenhagen area of transmission 

and distribution systems. The high temperature transmission system transmits the heat to the 

distribution system in 17 municipalities, all located in the Copenhagen metropolitan area which 

is shown in Figure 2. The transmission network is operated by VEKS in the western part of the 

system and CTR/HOFOR the eastern part. The distribution network is owned by the local 

district heating companies from which the individual customers are supplied. Most of the heat 

delivered to the customers is supplied from the transmission network, while a small part of the 

heat is produced locally.  

 

Figure 2 The district heating network and producers in the Copenhagen area. The three district 

heating companies VEKS, CTR and Vestforbrænding (waste incineration plant) is 

represented with different colours (Varmelast 2022). 
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The difference between the transmission and distribution network is a higher pressure and 

temperature. The temperature in the transmission network is up to 120 °C in winter and the 

temperature in the distribution network depends on the local district heating company – but 

usually in winter reaches around 89 °C. The large producers such a CHPs and waste to energy 

CHPs supply heat to the transmission network and is transmitted via pumps, pipes and heat 

exchanger stations to the distribution network.  

The energy production mix in the greater Copenhagen systems consists of multiple 

technologies e.g., Waste-to-energy, heat pumps, CHPs, excess heat, and peak load capacity 

as seen in Table 1. 

Table 1 The energy mix  

Production unit System details 

CHPs Four larger biomass fired plants with a total of 1,665 MW 

Waste-to-energy CHPs Three plants with a total of 493 MW 

Heat pumps Decentral heat pumps 43 MW 

Heat depots Two accumulators with a total of 660 MW 

Peak and reserve load plants Approx. 40 distributed throughout the DH network with a 

total of 2,290 MW 

1.2.2 OPERATIONAL STRATEGY 

Varmelast handles the planning of heat production thus economical optimization the system 

to provide the cheapest heating for the consumers in the greater metropolitan area of 

Copenhagen. This procedure and an organizational set-up begin with producing heat plans for 

the upcoming 59 hours and the earliest data was registered on the 7th of January 2008. The 

heat plan must meet the heat demand from the district heating companies. The district 

prepares prognoses for the heating demand for the following day based on meteorological 

data.  

The producers send offers to Varmelast on the production costs for every hour on the following 

day. The productions costs depend on many parameters, listed below:  

• Fuel prices  

• Capacities and efficiency of the plants 

• Variable operating and servicing expenditures  

• Energy and CO2 taxes on the heat production  

• CO2 quota costs  

• Forecasts for incomes from the power market 

• The production subsidy for biomass-based power production  
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The heat from the combined heat and power plants are normally the cheapest than 

from heat on plants.  

The day ahead planning shows the expected heat plan for the next 48 hours.  

Since the economy of the system is highly depended on the market price of power and 

unforeseen breakdowns on the production facilities the intraday heat plan can be adjusted 

up to 6 times a day.  

Varmelast is then calculating the optimum load dispatch when they have received all 

the capacities and marginal costs of the heat production from the producers. Not only 

the heat production price is considered, as it is also necessary to take into account the 

limitations on the DH network. These includes physical constrains regarding the 

amount of heat possible to transport from one place to another.  

When Varmelast has calculated the cheapest way to cover the heat demand in every single 

hour they order the needed deliveries from the producers. Varmelast orders a total of 32-34 

PJ heat annually with a total cost of approx. 600 million EUR. The plans are adjusted six 

times during a day to take into consideration deviations in heat demand, electricity prices, 

physical limitations on production plants.  

In the Varmelast webpage (www.varmelast.dk) live data is showing the hourly production 

(central and decentral plants) and storage, a printout from the display in Figure 3.  

 

Figure 3 On Varmelast.dk live data is showing hourly production (central and decentral plants) 

and storage. Also, the striped line with arrows is indicating in which direction the 

http://www.varmelast.dk/
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heat is transferred, from CTR/HOFOR to VEKS or the opposite direction (in this 

case) 

1.2.3 TRL 

The energy management procedure and an organizational set-up of Varmelast is fully 

operating. It has been running in almost 15 years, therefore it is a developed system. 

1.2.4 CAPEX AND OPEX NOW AND EXPECTED DEVELOPMENT 

The investment costs (CAPEX) and maintenance costs (OPEX) of the whole Varmelast energy 

management procedure are difficult to estimate. The system consists of multiple IT tools which 

are developed and maintained independently by the three cooperating district heating 

companies (VEKS, HOFOR, CTR.). It is managed by a total of five people representing each 

of three district heating companies. Moreover, a critical part of the energy management 

procedure is load balancing which is managed by individual producers and their control rooms. 

The costs elements associated with establishing of this organizational set-up and its annual 

expenditures overlap with the standard running cost of the organizations, and thus are not 

possible to separate.   
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SYMBOLS, ABBREVIATIONS, INDIZES 

ABBREVIATIONS 

Abbreviation Meaning 

EMS Energy Management Systems  

MILP Mixed-Integer Linear Program  

SCADA Supervisory Control and Data Acquisition 
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