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Preface 

It is a great pleasure to welcome you to the first International Conference on Smart 
Energy Systems and 4th Generation District Heating at Aalborg University, Copenhagen 
Campus on 25-26 August 2015. The conference is organised by the 4DH Strategic 
Research Centre in collaboration with Aalborg University and offers more than 70 
presentations in 3 parallel sessions with more than 180 participants from 25 countries 
around the world. The aim is to present and discuss scientific findings and industrial 
experiences related to the development of Smart Energy Systems and future 4th 
Generation District Heating Technologies and Systems (4GDH). This development is 
fundamental to the implementation of the European 2020 goals as well as future 
sustainable energy solutions in general. 

The Smart Energy System approach was defined in 2011 in the CEESA project. The project 
addressed Danish scenarios with a particular focus on renewable energy in the transport 
system in a context with limited access to bioenergy. 

The Smart Energy System concept is essential for 100% renewable energy systems to 
harvest storage synergies and exploit low-value heat sources. As opposed to, for instance, 
the smart grid concept, which takes a sole focus on the electricity sector, the smart 
energy systems approach includes the entire energy system in its identification of suitable 
energy infrastructure designs and operation strategies. Focusing solely on the smart 
electricity grid often leads to the definition of transmission lines, flexible electricity 
demands, and electricity storage as the primary means to dealing with the integration of 
fluctuating renewable sources. However, these measures are neither very effective nor 
cost-efficient considering the nature of wind power and similar sources. The most 
effective and least-cost solutions are to be found when the electricity sector is combined 
with the heating and cooling sectors and/or the transport sector. Moreover, the 
combination of electricity and gas infrastructures may play an important role in the 
design of future renewable energy systems.  

In its research on low-temperature district heating, the Strategic Research Centre for 4th 
Generation District Heating Technologies and Systems enhances the understanding of 
supply system design, infrastructure and heat savings. In future energy systems, 
combinations of low-temperature district heating resources and heat savings represent a 
promising alternative to individual heating solutions and passive or energy+ buildings. 
This change in the heating system also requires institutional and organisational changes 
that address the implementation of new technologies and enable new markets that can 
provide feasible solutions to society. 

We hope you all will have a fruitful conference. 

Prof. Henrik Lund and Prof. Brian Vad Mathiesen 

Conference organisers 
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assumed which is gradually substituted by a developing biomass market with 
international biomass prices. 
The results show that the discussed excess heat collaboration would be cost-efficient 
under most scenarios but also that it is sensitive to assumptions of the development of 
the district heating systems and the pipeline cost.  
The environmental impact of the excess-heat collaborations depends on the district 
heating fuels being substituted by the excess heat and also on the amount of combined 
heat and power in the systems. Thus, they are highly case sensitive. The system carbon 
impact varies from positive to negative depending on the assumptions made on the 
marginal electricity production. The reason is that the excess heat is likely to reduce the 
use of combined heat and power and thus leads to reduced electricity generation in the 
local or regional district-heating grid. Finally, due to the partly counterintuitive results of 
the environmental impacts calculations, the paper concludes that a careful 
methodological approach is essential. 
 
 

52



mailto:duquette@uvic.ca


efficiency gains made possible when using a district energy grid in lieu of an independent 
electrical grid for wave energy integration. 
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 A.R. Razani is a Research Associate at Fernwärme Forschungsinstitut in Hannover since 2012 and 
holds a M.Sc. in Computational Science in Engineering. 

Genetic Algorithm Technique to Optimize the Configuration of Heat Storage in DH 
Network 

A.R. Razani* (razani@fernwaerme.de) and I. Weidlich 
FFI, Fernwärme Forschungsinstitut in Hannover e.V., Germany  

The technical and economical evaluation of heat storage layout and configuration in the 
DH network is one of important aspects for optimizing the heat production from the heat 
supplier point of view at one side. In the other side, it is also necessary to adapt the heat 
customer behaviour and heat demand due to heat production capacity of the supplier. 
Generally, this paper has considered three optional planning layouts for DH network. A 
classical network with centralized heat storage, some decentralized storages in the 
middle of the network, and decentralized small storages at the substations or in the 
customer building. All of those heat storage configurations are operated by CHP in a DH 
system. 
As a matter of fact, Genetic Algorithm (GA) is proven to be a robust technique for finding 
a good approximation of the optimal solution from nonlinear, stochastic data set. In this 
paper, the proposed investigation will be performed through the implementation of 
genetic algorithm technique. Three different scenarios will be compared to find the 
optimal planning of heat storage layout in CHP based DH system according to economical 
and technical aspects of the network. The investigation includes results from various 
network planning processes and further results of the simulation in virtual DH network 
with the comparison of proposed scenarios. 
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 Benedetto Nastasi is Architectural and Building Engineer and PhD Fellow at Sapienza University of 
Rome, Italy. His research is focused on the role of eco-fuels in transition towards a low carbon city 
and society, in a new relation between the urban and rural environment in the energy planning 
field. He is an expert of Sustainable Energy Action Plans, renewable energy technologies and their 
integration in urban and agricultural planning. 

Hydrogen to Link Heat and Electricity in Transition Stage to Future Smart Energy 
Systems 

Benedetto Nastasi* (benedetto.nastasi@outlook.com) 
Department of Astronautical, Electrical and Energy Engineering (DIAEE), Sapienza University of 
Rome, Italy 

Combined Heat and Power (CHP) and District Heating and Cooling (DHC) technologies 
provide clear thermodynamic and environmental benefits as well, thanks to their 
enhanced system efficiency and integration with Renewable Energy Sources (RES). CHP 
and DHC are also well-proven options to link heat and electricity production, which will be 
the energy challenge in smart energy systems at urban, regional and national scale. 
Currently, two fundamental issues are related to the energy field: the design of new high 
efficiency systems and the use of new Eco-fuels. However, the substantial contribution 
should be addressed how to manage this energy transition. 
As regards the first issue, waiting for new cutting-edge solutions and their wide 
deployment, both CHP and DHC can therefore be an essential part of the transition phase 
towards 4th Generation District Energy Systems. While, in the matter of new fuel, 
hydrogen (H2) can play a key role due to its double application: as a fuel for combustion 
or chemical conversion as well as an energy storage medium for RES mismatch 
compensation. Indeed, H2 dual use allows it to be identified as a viable energy carrier and 
ideal for smart energy systems interaction in producing both thermal and electrical 
energy.  
From such point of departure, the study defines different energy scenarios in which 
suitability of local and large scale of Renewable H2 production is discussed along with its 
uses: a direct use in Fuel Cell (FC) for electricity purpose, a direct mixing in Natural Gas 
(NG) pipelines or indirect in Hydro-methane (H2NG) blends to feed DHC grids. By use of 
Carbon Avoidance Cost Analysis, the best solution will be a combination of centralized 
and distributed generation, involving building, district and regional scales to minimize the 
need of new national infrastructures. 
In order to enable large scale commercial availability of H2 technologies, this paper makes 
a first attempt to compare the feasible scenarios, allowing the competitiveness with fossil 
fuel-based conventional solutions under prevailing economic and regulatory conditions. 
The results indicate that such scenarios, in current energy transition, should be promoted 
by a dedicated incentive scheme to achieve overall sustainability levels. 
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Track 3: Energy Planning and Planning Tools 

Professor Bernd Möller holds an engineering degree in power systems and a PhD in energy 
planning. Research interest is centred around the geographical link between technology, economy 
and location of sustainable energy systems. He is in charge of the global M.Eng. programme Energy 
and Environmental Management in Developing Countries at Europa-Universität Flensburg, 
Germany. 

Session Keynote: 

A Pan-European Thermal Atlas of Potentials, Costs and System Properties 

Bernd Möller* (Bernd.Moeller@uni-flensburg.de), Energy and Environmental Management, 
Europa-Universität Flensburg 
Sven Werner and Urban Persson, Halmstad University, Sweden 

Heating and cooling are important elements in the formulation of energy strategies in all 
EU member states. One of the elements of such strategies is a transition from individual, 
carbon intensive and fuel cost sensitive to collective heat and cooling supply based 
increasingly on renewable energy sources. It is here pertinent to know where and to 
which extent these systems of district heating and cooling can be developed, at which 
cost, and with which local resources available. The present paper presents a hitherto 
unprecedented approach to map heating and cooling demands, the costs of district 
heating and cooling systems, as well as the available sources of waste heat and 
renewable energy sources at a very high geographical resolution. A Pan-European 
Thermal Atlas is being developed, at the core of which there is a common spatial 
reference of fixed area units such as grid cells. Each of these cells contains data for the 
potentials as well as costs, mapped as continuous fields. A combined bottom-up and top-
down approach associates highly detailed population and land use data to qualitatively 
and quantitatively describe the urban thermal energy demand pattern by means of 
spatial statistics. National energy statistics are distributed to small scale statistics of 
demography and economic development in order to meet the geographical basis of urban 
energy demands. Costs of district heating and cooling infrastructures are calculated for 
each location on the basis of calculated heating and cooling demand densities as well as 
empirically derived cost functions. Coherent urban areas are joined to form 
agglomerations of heat demand, which may be candidates for district heat development. 
For these systems a number of properties are derived by means of spatial analysis, such 
as system size, administrative or topographical data. Potentials for renewable energy 
sources such as biomass, solar, geothermal or ambient energy (for large-scale heat 
pumps) are mapped. The overlay of potentials and costs as well as additional system 
parameters then allows for an analytical approach to cost-supply analysis by means of a 
relation between cumulative potentials of district energy supply and their marginal costs. 
In-depth cost-supply analysis enables planners to distinguish between technical and 
economic potentials and a series of other decision parameters such as size of operation, 
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socio-economy, or competing technologies. The results show that district heating and 
cooling supplies are economical in several large metropolitan areas as well as many cities 
and towns across Europe. By means of cost-supply analysis of potentials by system size 
and the availability of waste heat and renewable energy resources the socio-economic 
potentials for integrated sustainable energy systems analysis have been produced. The 
heat and cooling markets for each member state have been described by potentials, costs 
and supply technologies. The results of the present paper have been used in the ongoing 
Stratego project, where district heating and cooling options are identified and analysed as 
part of national energy scenarios for several target countries.  
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 Ekaterina E. Iakimetc graduated from The Amur State University (Blagoveshchensk, Russia) in 
2009. She is currently a Junior Researcher at the Department of Pipeline systems, Melentiev 
Energy Systems Institute SB RAS. Her area of research is the innovative directions of heat supply 
systems' development on the basis of an optimum combination of the centralized and distributed 
energy systems.  

Heat Supply Planning in the Conditions of Development of Energy-efficient 
Technologies in Construction 

Ekaterina E. Iakimetc* (yakimetse@isem.sei.irk.ru) and Valery A.  Stennikov 
Department of pipeline systems, Melentiev Energy Systems Institute SB RAS, Irkutsk, Russia 

New challenges, including modern urban policy, formation of the market of power 
effective technologies and the equipment of wide range of power, increased 
requirements to reliability, quality, economic availability of heating cause importance of 
the solution of problems of territory zoning by type of heat supply on centralized and 
decentralized areas. The modern energy effective technologies which application is 
regulated by the legislation have reduced heat consumption of buildings by 30-40%. In 
addition to this, low-rise construction is actively developing. The construction of such 
energy efficient buildings has changed the map of heat load density. The need to solve 
the problems of planning and justification of the rational level of centralization and 
concentration of sources' heat capacity was noted in the law "About a Heat Supply". For 
the solution of these tasks, authors developed a technique1,2) which allows to define the 
locations of heat sources and border of their action at the predesign level of heat supply 
schemes' development of settlements. Basing on results of the previous researches3,4), 
the real work continues and develops main pro-visions of these investigations and takes 
into account features of a modern situation and new tendencies in a heat supply. Other 
scientists5,6) are holding research in this area, but their results cannot be applied to the 
Russian systems due to the fundamental differences in the conditions of their operation. 
In the work, except the technique the algorithm for heat supply planning is offered. In the 
technique, standard values of heat density per unit of the area (heat density) and per unit 
of the pipelines' length (linear heat density) are criteria of systems scales restriction. The 
important task is to find their normative values. Authors offer dependences for 
determination of standard values of heat density indicators for carrying out the predesign 
analysis of heat supply systems. Main attention in the article is paid to working out these 
dependencies. Also, proposals for differentiation of criteria' normal values on the country 
territory are offered, taking into account economy of regions and features of formation of 
heat supply systems. Standard values of indicators depend from building density, rise of 
buildings, type of a heat source, the characteristics of pipes (roughness factor, local 
resistance, etc.). 
The carried out analysis showed that a heat supply of part of consumers is inefficient if 
the value of heat density indicators less than standard value. The less are heat density 
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indicators in system, the more are specific costs for production and transport of heat 
energy.  
1) Stennikov V.A., Iakimetc, E.E., Zharkov, S.V., 2013. Optimal planning of urban district heating, 
Industrial power engineering vol. 4. p. 9-15. 
2) Iakimetc, E.E., Stennikov V.A. Optimization methods of heat supply systems' scales, 2014, 14th 
International Symposium on District Heating and Cooling, Stockholm, SWEDEN. P. 526-529. 
3) Merenkov, A.P., Hasilev, V. Ya., 1985. Theory of hydraulic circuits. Science, Moscow. 
4) Sennova, E.V., Sidler, V.G., 1985. Mathematical modeling and optimization of developing district 
heating systems. Novosibirsk.  
5) Frederiksen, S., Werner, S., 2013. District Heating and Cooling. Studentlitteratur AB, Lund. 
6) Zinko, H., Bohm, B., Kristjansson, H., Ottosson, U., Rama, Miika & Sipila, K., 2008. District heating 
distribution in areas with low heat demand density. IEA DHC Annex VIII. International Energy 
Agency. 
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 Lars Grundahl is a 1st year PhD fellow at Aalborg University and part of the 4DH research centre. 
The focus of his research is to use GIS (Geographical Information System) in the development of 
energy atlases to support spatial heat planning. 

Comparison of Heat Atlas Results with Real-world Measurements 

Lars Grundahl* (lgr@plan.aau.dk) 
Department of Development and Planning, Aalborg University, Denmark 

Recent Danish studies show that higher heat coverage by district heating is an important 
part of a smart energy system with a high renewable energy penetration. These studies 
also show economic benefits of expanding the district heating coverage. In order to 
determine where the border between district heating and individual heating should be, 
an accurate tool is needed. In Denmark a heat atlas has been developed with the single 
building as the smallest unit. However, the heat atlas is, to some extent, based on 
average national values on heat consumption in different building types and ages. It is 
therefore not a certain measure of the consumption in the specific building as this also 
depends highly on the use of the building. This study is looking into the differences and 
similarities between the calculated heat demand of individual buildings in the heat atlas 
and actual measured data of the heat consumption in the same buildings. 
The aim of the study is to investigate the accuracy of the Danish heat atlas by comparing 
the results with real-world data. In this way, it is possible to identify areas where 
improvement in the prediction capability of the heat atlas is needed. It is also a 
verification process of the heat atlas with a focus on defining to what level it can 
accurately be used to estimate heat demands in areas of buildings. 
A comparison between the calculated heat demands of the single buildings in the heat 
atlas and real world measurements of the actual buildings is performed. Statistical 
analysis is applied to the two datasets with a two-fold focus. Firstly, to identify similarities 
in results for building types or areas where the heat atlas has a high accuracy and 
secondly, to identify buildings types or areas where the need for improvement is high. In 
this way the focus on improvements to the heat atlas can be focused on the latter.   
The study results in higher certainty of the accuracy of the heat atlas. It also identifies 
building types and areas where there is a need for improvement of the calculation model 
in the heat atlas. 
By verifying the accuracy of the heat atlas, it can be used with more certainty and better 
knowledge of the accuracy of the results. In this way, the utilization of the tool in actual 
planning for the Danish heating sector is improved. Further, by identifying in which areas 
or building types the heat atlas is lacking accuracy it is possible to consider this in the 
results of calculations using the tool. It also encourages further work on improving the 
accuracy. 
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Track 4: Low-temperature District Heating Grids  

Markus Köfinger has been working for AIT (Austrian Institute of Technology) in the field of 
sustainable thermal energy systems for more than 5 years. As project manager and project 
team member, he is currently involved in national and international district heating research 
projects. He is also active in the international CEN-Workshop for Eco-efficient substations. 

Session Keynote: 

Low Temperature District Heating Micro-networks in Austria: Comparison of Four Case 
Studies 

Markus Köfinger* (markus.koefinger@ait.ac.at), Daniele Basciotti and Ralf-Roman Schmidt, 
Austrian Institute of Technology, Energy Department, Vienna, Austria 
Lucas Konstantinoff, Management Center Innsbruck, Austria 
Ernst Meißner, Grazer Energieagentur, Graz, Austria 
Christian Doczekal, Güssing Energy Technologies, Güssing, Austria 
Heinrich Ondra, Wien Energie, Vienna, Austria 

In order to economically and ecologically meet the low heat demand (space heating and 
domestic hot water) of passive and low energy houses by district heating networks, 
innovative concepts for the production, distribution and supply of thermal energy have to 
be developed. For that scope one option is to distribute low supply temperatures 
(defined below 65°C) in the network. This enables on the one hand the use of heat from 
(renewable and alternative) sources that have so far been neglected due to the high 
supply temperatures used in conventional district heating systems and on the other hand, 
lower supply temperatures reduce the heat distribution losses (therefore operational 
costs) as well as investment costs (possibility to use plastic pipelines). 
In the present study economically and ecologically optimized concepts for low 
temperature district heating (LTDH) micro-networks tailored to different regions in 
Austria were developed: In particular the following four representative case studies were 
investigated on a simulation basis: Aktivpark Güssing, Seestadt Aspern (Vienna), 
Winklweg Siedlung (Wörgl, Tyrol) and Hummel Kaserne (Graz). For all case studies 
appropriate scenarios were developed and different coupling concepts (e.g. cascaded 
usage of heat, usage of DH return lines, etc.) and framework conditions were considered 
with reference to the local consumption and production of heat. At the same time 
different economic developments were compared and assessed. Customised technical 
approaches which guarantee the hygienic supply of domestic hot water were developed 
resulting in 6 alternatives for domestic hot water preparation (e.g. direct heating, 
additional heating, micro booster HP). 
To determine advantages and disadvantages, LTDH network scenarios were compared 
with conventional high temperature DH scenarios and individual heating systems (e.g. 
fossil boilers). In the simulation environment Dymola, Modelica models of the case 
studies were developed and dynamic simulations of the different scenarios were run to 
display the complex interactions between the different components in the systems and to 
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test different control strategies and connection types. In order to develop economically 
meaningful options, monitoring concepts were developed and models assuring a high 
level of consumer acceptance were conceived and discussed resulting in appropriate 
business models. 
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 Wiet Mazairac is runner-up award winner of the DHC+ Student Award. As PhD Fellow at VITO and 
Eindhoven University of Technology, The Netherlands, he is developing a city energy networks 
model, which enables the integrated modeling and simulation of electricity, gas and heat networks 
underlying a sustainable city infrastructure. 

Integrated Modeling and Simulation of Electricity, Gas and Heat Networks Underlying a 
Sustainable City Infrastructure 

Wiet Mazairac* (wiet.mazairac@vito.be), (TU/e, VITO), Robbe Salenbien (VITO), Dirk Vanhoudt 
(VITO), Johan Desmedt (VITO) and Bauke de Vries(TU/e) 

The energy sector faces numerous challenges, e.g. the depletion of fossil fuel reserves 
and the impact of fossil fuels on our environment. A transition towards a renewable 
energy system will resolve these issues. However the current energy distribution system, 
which was designed to distribute energy from few producers among many consumers, is 
not able to cope with mass integration of renewable energy systems. 
Multi-carrier hybrid energy distribution networks will be able to cope with mass 
integration of renewable energy systems. Instead of a network connecting few producers 
to many consumers, future networks will interconnect energy units, which are 
simultaneously producer and consumer. Hybrid energy networks also provide flexibility in 
the case of network malfunctions, energy shortages or price fluctuations. The strong 
interconnection between the different energy carriers makes it possible to convert 
energy from one form to another, which enables consumers to change from carrier or to 
bypass a broken connection. 
This paper presents the ongoing PhD research project in which an approach is being 
developed to determine the optimal topology of a hybrid energy distribution network. 
This approach determines the location of energy distribution lines, conversion and 
storage units, given the location of energy producers and consumers in order to find the 
optimal balance between capital, operational and maintenance costs on the one hand 
and revenue on the other hand. 
Two optimization techniques have been applied, first to single-carrier networks and then 
to multi-carrier networks. The first, the cross-entropy method, clearly separates the 
model and the optimization algorithm, which allows for a flexible, detailed model. The 
second, the linear programming method, integrates the model and the optimization 
algorithm, which imposes a restricted model. Both methods return plausible results, 
however the cross-entropy method is computationally expensive. 
In the near future an algorithm, which determines the optimal location and 
characteristics of possible storage units, will be added to the optimization model. This 
requires a dynamic optimization model for which load profiles are generated by a hidden 
Markov model. 
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Cooling of the water to be sprinkled in is done in the network heat exchanger with the 
help of return water. In this way, network water performs the function of cooler, and the 
efficiency of the cooler is determined by the temperature of return water. This means 
that the first condition is fulfilled on the way to creating a 4th generation DH system, and 
an added value is obtained to an engineering and technical solution for the transition to a 
low temperature DH system. 
The authors use the obtained experimental results as input data for a model to compare 
development alternatives for DH systems both with and without flue gas condensers in 
the transition to 4th generation DH systems. 
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Figure: The changes in the condenser efficiency indicator depending on the DH network return 
temperature. 
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The described solution does not consider that only now end-consumers of Riga are 
prepared to implement building energy efficiency measures, which may lead to a 30-40% 
cut in the heat load of buildings. Also, this solution ignores that new renewable energy 
technologies are available, for instance, sun power collectors to accumulate heat for hot 
water preparation during summer. In addition, this solution aggravates the fact, that the 
currently effective legislation on district heating and tariffs are not friendly to the 
introduction of the 4th generation district heating systems in Latvia. Consequently, as 
processes of innovation diffusion are not considered as well, it is easy to predict that 
installation of the new boiler house is useless and economically unjustified investment, 
lagging behind for 7 to 10 years.   
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