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Abstract 
District heating is considered an environmentally friendly, efficient and cost-effective way of providing 

heat to buildings but even so, the industry will be facing several challenges in the upcoming years. A 

combination of higher operating costs, growing demand, competition from alternative heating 

technologies, national and international climate and energy goals and the need for transparency towards 

customers places high requirements on many thermal energy suppliers. One path to try to meet many of 

the demands is to introduce heat load control in the shape of thermal inertia in buildings as a short-term 

thermal energy storage. Several pilot tests have been performed in the matter but no study regarding 

large scale implementation and effects on the network has been performed. Adding to this, several 

different thermal energy suppliers are developing similar technologies alongside each other but there is 

currently no documentation on different approaches on the matter.  

Stockholm Exergi, a thermal energy supplier in Stockholm, have just started a project regarding heat 

load control and wanted deeper understanding in the matter. The overall purpose of this thesis has 

therefore been to evaluate how heat load control could be performed successfully by Stockholm Exergi 

to continue to promote competitive and sustainable delivery of district heat. This was done through 

analysis of other heat load control projects which resulted in eight key performance indicators. These 

were; revenue, costs, fuel mix, greenhouse gas emissions, customer satisfaction, energy demand, 

available capacity and peak load. The key performance indicators were used to evaluate one ongoing 

test run of heat load control performed by Stockholm Exergi to determine the profitability of the 

approach. The test consisted of a control period of three hours in four buildings. The base of the study 

consists of a literature study and interviews performed both internally and externally.  

From the data analysis it was concluded that the energy savings due to heat load control were between 

13-19% for the individual buildings. The average total energy saving compared the entire day was 15.8% 

and the average total energy saving during the control period was 57.3%. It could also be concluded that 

the average total available capacity for all four buildings due to heat load control was 410 kWh 

corresponding to 20.34Wh/m2 floor area. 

With the current price agreements, it was found that customers could save 0.145% on their monthly bill 

due to this reduction. For Stockholm Exergi, cost savings took the shape of avoided fuel costs and the 

total average cost savings were during the control period 0.072% with heat pumps as marginal 

production. Due to lack of data it was not possible to calculate other costs. The avoided GHG emissions 

due to the reduction in generation was 3.4 kg CO2-equivalents. During the control, the indoor 

temperature was reduced by a maximum of 0.587⁰C but no residents in the test buildings complained 

about bad indoor conditions. 

It was concluded that the current method and process for heat load control at Stockholm Exergi show 

similar results as other heat load control projects. Even though it is too soon to know for certain, it was 

also found that it has the potential to be economically, socially and ecologically successful in large scale. 

The thesis also concluded a list of recommendations for the future development of the heat load control 

project within Stockholm Exergi that would contribute to increase the probability of a successful 

implementation.  

Lastly, it was found that Stockholm Exergi is in the forefront of the development of heat load control 

on large scale and are therefore in a position of trial and error where caution is paramount.  

Keywords: district heating, peak shaving, capacity control, smart heating, demand side management
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Sammanfattning 
Fjärrvärme anses vara ett miljövänligt, effektivt och ekonomiskt lönsamt sätt att tillhandahålla värme 

till byggnader men fjärrvärmeindustrin kommer ändå att stå inför flera utmaningar under de kommande 

åren. En kombination av högre driftskostnader, ökad efterfrågan, konkurrens från alternativa 

uppvärmningstekniker, nationella och internationella klimat- och energimål samt behovet av öppenhet 

gentemot slutanvändarna ställer höga krav på många fjärrvärmeleverantörer. Ett sätt att försöka möta 

dessa krav är att införa värmelastkontroll i form av termisk tröghet i byggnader som en kortsiktig 

värmeenergilagring i fjärrvärmenätet. Flera pilot tester har gjorts inom området men ingen studie 

rörande storskalig implementering och effekter på nätverket har utförts. Vidare utvecklar flera olika 

fjärrvärmeleverantörer liknande tekniker parallellt med varandra, men det finns för närvarande ingen 

dokumentation gällande de olika metoderna. 

Stockholm Exergi, en fjärrvärmeleverantör i Stockholm, har nyligen påbörjat ett projekt inom 

värmelastkontroll och har önskat djupare förståelse inom ämnet. Det övergripande syftet med denna 

avhandling har därför varit att utvärdera hur kontroll av värmelasten kan genomföras framgångsrikt av 

Stockholms Exergi för att fortsätta främja konkurrenskraftig och hållbar leverans av fjärrvärme. 

Detta gjordes genom analys av andra projekt rörande värmelastkontroll vilket resulterade i åtta nyckeltal. 

Dessa var; vinster, kostnader, bränslemix, växthusgasutsläpp, kundnöjdhet, energibehov, tillgänglig 

kapacitet och toppbelastning. Dessa användes för att utvärdera en pågående testkörning av 

värmelastkontroll i Stockholms Exergis fjärrvärmenät för att bestämma lönsamheten med metoden. 

Testkörningen gjordes i fyra byggnader under en kontrollperiod på tre timmar. Avhandlingen hade sin 

grund i en omfattande litteraturstudie och interna samt externa intervjuer. 

Från dataanalysen drogs slutsatsen att energibesparingen var mellan 13–19% för de enskilda 

byggnaderna. Den genomsnittliga totala energibesparingen jämfört hela dagen var 15,8% och den 

genomsnittliga totala energibesparingen under kontrollperioden var 57,3%. Den genomsnittliga totala 

tillgängliga kapaciteten på grund av värmelastkontroll blev därigenom 410 kWh vilket motsvarade 20,34 

Wh/m2 golvyta. 

Med de nuvarande prisöverenskommelserna konstaterades det att kunderna kunde spara 0,145% på sin 

månatliga faktura på grund av denna minskning. För Stockholm Exergi fanns kostnadsbesparingar i 

form av undvikna bränslekostnader för spetsproduktion. Den genomsnittliga besparingen för undvikna 

bränslekostnader var under kontrollperioden 0,072% med värmepumpar som marginalproduktion. Inga 

andra kostnader kunde beräknas på grund av begränsad data. De undvikna växthusgasutsläppen på grund 

av denna minskning var 3,4 kg CO2-ekvivalenter. Under kontrollen reducerades innertemperaturen som 

högst med 0,587 °C men inga boende klagade över försämrade inomhusförhållanden. 

En slutsats var att den nuvarande metoden och processen för kontroll av värmelasten utförd av 

Stockholms Exergi visar liknande resultat som andra projekt inom samma område. Det kunde även 

fastställas att det har god potential att vara ekonomiskt, socialt och ekologiskt framgångsrikt i stor skala 

i framtiden. Avhandlingen fastställde också en lista med rekommendationer för den framtida 

utvecklingen av värmelastkontroll inom Stockholms Exergi. Dessa rekommendationer ska bidra till 

ökad sannolikhet för en framgångsrik implementering. 

Slutligen konstaterades det att Stockholms Exergi ligger i spetsen för utvecklingen av värmelastkontroll 

i stor skala. Detta innebär att de är i en position där det gäller att försiktigt och långsamt prova sig fram. 

Nyckelord: fjärrvärme, toppkapning, effektstyrning, värmestyrning, efterfrågesidahantering
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1. Introduction
In a world where climate change and negative effects on the environment are becoming increasingly 

evident, sustainable alternatives for fossil fuels are gaining importance. To support this sustainable 

development, worldwide climate change and sustainability goals have been set [1]. In 2015, the United 

Nations decided upon 17 measurable goals to ensure a sustainable future. The seventh of these 

sustainable development goals state that by 2030 humankind must “Ensure access to affordable, reliable, 

sustainable and modern energy for all” [2]. There are several ways to reach these goals and it is 

forecasted that they can be reached if the share of renewable energy (RE) is doubled by 2030. It is also 

expected that RE solutions, working together with actions regarding energy efficiency, have the 

potential to reach the carbon reductions required by 90% alone. Hence, RE solutions is an obvious 

pathway to replace fossil fuels and reach a more sustainable future. RE technologies can use various 

sources such as solar, wind, geothermal, bioenergy or hydropower to generate electricity or heat [1].  

From a global perspective, the sector using the most amount of energy is buildings [3]. In Sweden in 

2014, 40% of the total energy demand derived from just that [4]. Many energy efficiency actions are 

therefore taken on the end user side but how the energy is generated is at least equally important [3].  

RE solutions can be used for several purposes where one is as a part of a district heating (DH) network 

to provide a population with renewable heat. This is a more efficient way to generate heat than heat 

generation in individual households and hence it is more environmentally friendly [5]. DH supplied 55% 

of the heat demand in Swedish buildings in 2014 [4]. Generally, DH networks consists of RE solutions 

and plants using fossil fuels are only used to cover peak loads [6]. 

The initial fundamental idea of DH is said to be “to use local fuel or heat resources that would otherwise 

be wasted, in order to satisfy local customer demands for heating, by using a heat distribution network 

of pipes as a local market place” [6]. Traditionally, excess heat resources in DH systems consist of 

waste-to-energy (WtE) plants, combined heat and power (CHP) plants and industrial processes. 

Currently other technologies for renewable heat are emerging on the market consisting of solar 

collectors, geothermal wells and biomass fuels. This creates a combination of renewable heat and heat 

recycling as current focus in DH [6].  

Sweden has successfully implemented and used DH since the late 1940s and the current situation is 

characterized by an efficient use of heat sources available, high supply security and low CO2 emissions. 

Today all major Swedish cities have DH and together with small towns and villages this adds up to 

about 500 individual systems [6]. The DH system in Stockholm is one of the largest in Sweden and 

Stockholm Exergi owns and operates the greater part of this network. The current system is designed so 

that the production capacity, together with accumulators, meet the demand. When demand is low it 

might be necessary to turn off CHP plants, heat pumps or heat boilers. All the same, high demand might 

result in the need to turn on additional plants. This causes costs, increased emissions and decrease 

lifetime since multiple starts and stops tear on the materials. It goes without saying that this is neither 

cost-effective nor good for the environment and hence not an efficient way to operate the DH network. 

This mismatch causes economic and environmental losses for Stockholm Exergi and its customers that 

could be avoided if heat could be efficiently stored (Meander P.O., personal communication, December 

15, 2017).  

On top of that, in line with climate and sustainability goals, Stockholm Exergi is planning on phasing 

out their last fossil fuel dependent plant by 2022. This causes a need to replace this capacity in one way 

or another (Meander P.O., personal communication, January 22, 2018).  

One solution to address these issues and improve the DH network is thermal storage. But installation of 

such in large scale is not always feasible, especially in urban areas. Another possibility is virtual thermal 
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storage [7]. Therefore, Stockholm Exergi started to explore solutions for virtual short term thermal 

storage in real-estates through heat load optimization and control. The first step was cooperation with 

an external actor that started to perform heat load control in a part of the network in 2015. Now the 

project regarding optimization and control of heat load in real-estates is developed internally as one part 

of an ongoing digitization project in the company. This concerns the possibility to short-term store heat 

in buildings and how that could be executed. The outcome of this project is expected to reduce peaks in 

demand and production as well as contribute to a better overall system optimization. Moreover, this will 

in turn result in decreased energy use and hence be beneficial for the environment (Meander P.O., 

Personal communication, January 22, 2018). 

 

1.1 Objectives 
The overall objective of this master thesis is to examine the opportunity to control the heat load in the 

DH system in Stockholm. The aim is to bridge this current knowledge gap regarding thermal inertia as 

short-term thermal energy storage (TES) in buildings and consequently, the bigger aim is to increase 

energy and heat recovery, reduce emissions and energy waste and possibly also decrease costs for both 

Stockholm Exergi and its customers. To evaluate the current plan for heat load control at Stockholm 

Exergi, comparison will be done with similar projects in other companies or organizations. Two main 

research questions have been formulated as: 

 

How does Stockholm Exergi’s current plan for heat load control compare to other heat load control 

projects? 

 

What can Stockholm Exergi learn from other heat load control projects performed? 

 

To reach the goal and to be able to answer the research question the following sub-goals have been set: 

▪ Examine the usefulness and benefits of control and optimization of heat load.  

▪ Find important parameters to consider in heat load control. 

▪ Examine diverse ways of performing heat load control in real-estates while maintaining indoor 

comfort for residents. 

▪ Identify Key Performance Indicators (KPI) from literature and interviews to use as basis for 

data analysis. 

▪ Analyse data outcomes from pilot tests with heat load control in the DH network in Stockholm 

against a reference scenario. 

▪ Determine profitability in terms of social, ecological and economic terms.  

▪ Give recommendations for further development of heat load control at Stockholm Exergi. 

 

This master thesis was performed in collaboration with an ongoing project regarding optimization and 

control of heat loads in buildings at Stockholm Exergi. The thesis contributed with a broader perspective 

through literature reviews, interviews and analysis of current ideas and test runs of implementation.  

 

1.2 Methodology 
The work will be divided into two parts. The first part concerns the general future of the district heating 

network. This part will consist of evaluation of how heat load control can be performed from both a 

business perspective and a technical perspective. The second part will consist of analysis of data from 

outcomes from test runs of heat load control performed at Stockholm Exergi.  This together will provide 

recommendations for tools and method. Point 1-4 and 6 below are included in part 1 of the project while 

point 5-7 are in the second part. The work will consist of the following: 

 

1. An extensive literature review 

2. Interviews 
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3. Compilation of collected information 

4. Analysis of collected information 

5. Analysis of outcomes from test runs with heat load control 

6. Identification of variables for determination of heat load control 

7. Recommendations of tools and ways of implementation for Stockholm Exergi 

 

The literature review will be performed to obtain knowledge about the DH network in Stockholm, how 

control of heat load can be done in practice and to find similar projects in other organizations or 

companies. Interviews with relevant people will complement the information gathered from literature. 

The interviews will be performed within Stockholm Exergi to gain deeper knowledge in the area as well 

as externally with other companies working with heat load control. Both the literature review and the 

interviews will work as knowledge basis for recommendations on how Stockholm Exergi can work with 

and develop their model for heat load control. 

 

As this master thesis was initiated as a part of an ongoing project regarding control and optimization of 

heat load in buildings the thesis also coincide with test runs of heat load control. Therefore, an analysis 

of the outcomes from these test runs will take place to evaluate Stockholm Exergi’s current approach on 

heat load control. During this analysis KPIs identified from part one was used.  

 

Based on the information gathered recommendations for Stockholm Exergi and their continuous work 

with heat load control will be developed.  

 

1.2.1 Literature study  

A literature review was carried out to gain more information about DH, Stockholm Exergi and previous 

research in heat load control. The sources used for this part of the study were mainly identified from 

Primo (KTHB), Science Direct or from companies’ internal document databases. 

 

Overall, only published work has been used as sources for this part of the study. Also, the most recent 

research or information of each matter has been used to get information dated as current in time as 

possible. However, the DH technology has been around for a very long time with very little changes and 

therefore older publications (from the 1990s) can still be validated sources of information regarding the 

basics of the DH system.  

 

A lot of sources have been used to be able to give an unbiased description and to be able to double check 

information in several sources. This worked as a security in obtaining as accurate information as 

possible.  

 

1.2.2 Interview study 

The aim of the interviews performed was to increase knowledge about existing structures and systems 

at Stockholm Exergi and to get input from experienced people within the area of heat load control. 

External interviews were performed with the aim to learn from others experiences of heat load control. 

 

For this master thesis, interviews have been performed semi structured. This interview technique allows 

for a structured set of questions but at the same time allows open dialog. This makes it possible for 

supplementary information to be gained and to follow the interviewees thought process. Using this 

technique, it is also allowed to explain the questions in case needed to make the interviewee understand 

the relevance behind them as well as asking follow-up questions [8].  

 

The interview protocols in this study started with a brief description of the project and was followed by 

a set of structured questions. The brief information was the same for all respondents while the questions 
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changed from case to case. The information included a brief description of the research question and the 

background for the project with the aim to make the respondent have enough information to understand 

the relevance behind the questions asked. The questions following the introduction was designed to gain 

the most relevant information from each interviewee. Even so, all interviews performed with external 

people representing other companies working with heat load control consisted of a base with the same 

set of questions. A detailed list of the interviews with information about dates, respondents and questions 

is presented in Appendix I. 

 

1.2.3 Data collection 

The data that was analysed came from measurements in the test buildings in the DH network. This 

data came as an outcome of changes done in the network and buildings when heat load control was 

activated. The different data collected for analysis was: 

▪ Indoor temperature in the buildings  

▪ Energy demand in the buildings  

▪ Outdoor temperature 

These values were then analysed and compared to a business as usual (BAU) scenario, a scenario 

without heat load control, to determine the difference that Stockholm Exergi’s method have had on the 

system.  

 

1.2.4 Analysis of data 

Stockholm Exergi performed test runs of heat load control starting in 4 buildings with the ambition to 

ramp it up to 200 during the spring of 2018 to evaluate the designed model for heat load control. In April 

and May, when the analysis was performed for this thesis, there were still only four buildings connected. 

As a part of this thesis, real-time data was analysed for these buildings. The analysis was performed to 

evaluate the current process for heat load control at Stockholm Exergi. The following questions could 

be answered through the analysis: 

▪ Is it economically feasible for Stockholm Exergi and its customers to perform heat load control? 

▪ How much available capacity is there as a result of heat load control? 

▪ How much can the energy demand of the customer be reduced through heat load control? 

▪ How much did the customer’s indoor climate change due to heat load control?  

 

The actual analysis was performed through identification of KPIs, calculations and comparison with a 

BAU-scenario as reference.  The BAU scenario consisted of several reference days. 

 

1.3 Limitations and assumptions 
The following limitations have been set for this master thesis: 

▪ This thesis only concern district heating and not district cooling 

▪ This thesis only looks at options for heat load control on the supplier side, not solutions with 

focus on customer or third-party actions.  

▪ This thesis has a focus on capacity control and not smart heating since smart heating is a more 

mature and developed technology and concept. 

Another limitation set for the thesis was the scope of how to perform heat load control. This is very 

wide, and one can, for example, investigate the overall idea, the actual model in the buildings that control 

the optimization or how to work with heat load control hands on at the company level. In this thesis the 

focus will be on the bigger picture of heat load control, not a great deal of focus will be on the actual 

technical model and how that work but rather on information flows surrounding the technology. When 

looking at how heat load control can be performed the focus will be on the following aspects: 

▪ Different situations that calls for diverse types of heat load control and what differentiates these 

different types of heat load control 
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▪ Parameters or variables that affect how the heat load control can be performed  

▪ If the control is performed manually or automatically 

▪ If the solution for the heat load control is dynamic or not  

 

Assumptions have also been made as the following:  

▪ During calculations it was an assumed that the one heat load control performed could 

represent a typical heat load control and was therefore used to estimate the effect on several 

heat load control actions throughout a longer time period.  

  



6 

 

2. Background 
In this chapter background information regarding the project is presented.  The purpose of this 

information is for the reader to get the general picture of the project, good insight into the subject and 

be able to easier understand the results. The information regard Stockholm Exergi, DH in general and 

the DH network in Stockholm.   

 

2.1 Stockholm Exergi 
Stockholm Exergi (formerly known as Fortum Värme co-owned with the City of Stockholm) is equally 

owned by Fortum Sweden and the City of Stockholm. Stockholm Exergi provides 800 000 of 

Stockholm’s residents with heat, 400 hospitals, computer halls and other important businesses with 

cooling and recycle surplus heat. As of now the company has 700 employees working towards a better 

tomorrow every day. Based on the value chain Stockholm Exergi has three core functions: fuel supply, 

production and distribution, and market. In support of these there are also several functions to guide, 

support and manage business operations [9]. The vision of Stockholm Exergi is: “Together with our 

customers, partners and society, we create the most resource-efficient and sustainable energy solutions 

there are for cities”. Stockholm Exergi works towards increased resource management, climate 

efficiency and renewability [5].  

 

Today the DH of Stockholm Exergi consist of 89% renewable or recycled energy and the company has 

an aim set for 100% by 2030 with the goal to phase out the last coal dependent plant by 2022 [9]. The 

business plan for Stockholm Exergi is to provide heat to the residents of Stockholm to a lower price, 

over time, than any other option on the market. This is based on the idea that any other option makes 

the customer dependent on electricity prices or the price for pellets as well as interest rate, since other 

options normally implies a high initial investment for installation. Further on it is assumed that the price 

curve for the aforementioned will increase with time as resources go scarce and hence, the production 

costs for Stockholm Exergi must be lower than that, ideally, flat. To be able to reach this the fuel mix 

must be changed (Khan S, personal communication, February 12, 2018).  

 

2.2 District heating 
Heat in buildings is used for two different purposes; either hot tap water or space heating. The working 

principle of heat supply to real-estates by DH is based on centralized heat generation.  The heat is then 

distributed to the consumers via culverts, with water as heat carrier, and the transfer of heat to the 

properties is performed with heat exchangers. A DH network consists of technical methods for heat 

supply, distribution and deliveries [6].  

 

The first DH system in Sweden was introduced in 1948 in Karlstad. This system was built by a thermal 

power station that got converted into a CHP plant to provide heat to an industrial facility. From then, 

DH networks has been introduced and developed all over Sweden and currently DH owns more than 

half of the market shares for heat supply. The main users of DH are service sector buildings and multi-

family houses, but DH is also used in industrial premises, single-family houses and for ground heating 

purposes [6]. The heat demand varies throughout a day depending on social behaviour and outdoor 

temperature. These are the two main factors that affect the energy that is required to heat the building, 

but it also affects the amount of used tap water as well as heat losses in the pipes in the distribution 

network [10].   

 

Since the 1980s the heat sources in the DH system of Sweden has gone through a transition from mostly 

oil-based fuels to a very diverse mix of heat sources. The fuel mix from 2015 is shown in Figure 1. The 

fuels differ a lot in terms of both environmental impact and costs [3].  
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Figure 1. Fuel mix of DH in Sweden in 2015. Own processing from [3]. 

Generally, Swedish DH systems use waste incineration, industrial excess heat and/or some kind of 

biofuel as base load while expensive fossil fuels are used to cover the peak loads [3].  

 

2.2.1 Heat load  

In a DH system there is both a heat load and a heat demand. These concepts are very similar but not 

equal. The heat load is the actual amount of energy delivered to the customer whereas the heat demand 

is the amount of energy that the customer’s needs require [11]. With this reasoning a fulfilled demand 

should equal the load in a DH system. Anyhow, unfulfilled demand can occur. Often unintentionally as 

a result of limitations or failures in the DH system or as a consequence of an intended active control 

strategy [12].  

 

Heat in buildings is either used for hot tap water or space heating. Space heating is mainly depending 

on outdoor temperature, an environmental load, whereas hot tap water depends on occupancy behaviour, 

a social load. All individual consumer loads, together with distribution losses which can be viewed as a 

load, add up to the total system load. Further, loads can be split into two groups [3] [13]: 

▪ Energy load – Delivered amount of energy to consumer over a given time period. This amount 

decreases the closer it gets to the end users due to losses along the way. See Figure 2. 

▪ Thermal power load – Maximum thermal power delivered to consumer. This is the speed of 

which heat is produced and distributed. This unit express the size of the flow of heat that in 

every point in time passes through the DH network.  

 
Figure 2. Sankey diagram for typical losses in a DH system. Own processing from [13]. 

 

To make up the total system load the energy load can be added to the distribution losses. When talking 

about thermal power load it is more complicated. The fact that all customers does not experience their 

individual maximum load at the same time needs to be taken into consideration. Different thermal power 

loads will have different diversity factors which result in aggregation to different extents. Space heating 

loads are generally mainly depending on the outdoor temperature and will hence occur simultaneously 
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for most consumers in the same geographical area. Therefore, the sum of individual maximum power 

loads as a result of space heating is very close to the total maximum power load due to space heating.  

The specific individual behaviour occurs instead for loads created by domestic hot water usage. To 

compensate this in the aggregation of the individual power load a diversity factor is used. The sum of 

the individual loads from domestic hot water is normally much larger than the aggregated load. This 

difference depends on e.g. the size of the connected customers, customer type and number of aggregated 

loads [3].  

 

Load variations influence both ecological and economical aspects of operation of DH and there are 

several reasons for these variations [12]. First, the outdoor temperature and its effect creates a 

temperature dependent heat load resulting in annual patterns due to seasonal changes. Adding to this are 

short term fluctuations in weather, such as clouds, wind and solar irradiation. These can contribute to 

rapid temperature changes that affect daily load variations. A study performed on this matter concluded 

that heat loads vary with 3-6% of the annual volume on an hourly level and with 17-28% on a daily [14]. 

When talking about demand variations, energy saving strategies have a profound influence [12]. Daily 

variations in heat load arise from social heat demands. This could be time clock ventilation operation or 

hot water usage. Normally daily load variations are counteracted by heat storages of some sort [6]. 

 

The heat load depends on several parameters as discussed above and is shown in Figure 3. This figure 

tries to represent the parameters that in some way affect the heat load for hot tap water use and space 

heating. Since the heat load in a DH network depends on many things it is easy to understand that the 

heat load experience variations in time and geography [15].   

 
Figure 3. Variables affecting the heat load. 



9 

 

The heating in buildings have the purpose to ensure comfortable indoor temperature and heat losses 

affecting this occur mainly in ventilation and through walls (heat transmission). The flow of which heat 

must be delivered is also depending on the properties of the building and the thermal power load can 

therefore be described as shown in Equation (1) [13]. 

 

𝑃 = (𝑘𝐴 + (1 − 𝜂) ∙ 𝑛𝜌𝑐𝑉) ∙ (𝑇𝑖𝑛 − 𝑇𝑜𝑢𝑡)    (1) 

 

In this equation P [W] is the power load, k [W/m2K] is the heat transfer coefficient, A [m2] is the area 

of the outer walls,  𝜂 is the efficiency for eventual heat exchanger with heat recycling, n [l/h] is the 

ventilation rate, 𝜌 [kg/m3] is the density of air, c [Wh/kg,K] is the heat capacity of air, V [m3] is the 

enclosed air volume  and Tin and Tout [⁰C] are the wanted indoor temperature as well as the current 

outdoor temperature. Equation (1) represents the thermal power needed for heating in one building in a 

normal case without interference factors included. In reality, the thermal power should be affected by 

solar irradiance, wind and local climate which affects the heat balance of a building [13].  

 

A measurement for heat load variations widely used is called relative daily heat load variation. This 

measurement is independent of the size of the system and can be applied to any time dependent variable 

to describe its individual variation. The relative daily variation is defined as shown in Equation (2) [14]: 

 

𝑄𝑑.𝑟𝑒𝑙.𝑣𝑎𝑟 =
1

2
∑ |𝑄ℎ−𝑄𝑑|24

ℎ=1

𝑄𝑦𝑟∙24
∙ 100[%]     (2) 

 

In this equation, Qh stands for the heat load during the hour h, Qd is heat load daily average, Qyr is heat 

load yearly average and Qd.rel.var is the sought relative daily variation in heat load. This can also be 

represented graphically as shown in Figure 4.  

 

 

Figure 4. Relative variation of daily heat load [3]. 

In some cases, the weakly relative variation of the heat load is also used for evaluation. The heat load 

per hour is then compared to the weekly average heat load instead [3].  
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2.2.2 Heat supply  

There are many ways to supply heat to a DH network. In Sweden there are generally seven different 

methods: 

▪ Recycled heat  

▪ Recycled CHP  

▪ Fossil CHP 

▪ Renewable CHP 

▪ Renewable boilers 

▪ Fossil boilers 

▪ Electricity 

Comparing the Swedish DH network with other European countries the share of CHP is low. The main 

reason for this is the Swedish fossil fuel taxation which has forced thermal energy suppliers to find 

alternative technologies for heat supply from the beginning [6].  

 

A DH system consists of several different production plants where some are dedicated to base 

production and hence produce maximum power as often as possible. In addition to these there are other 

facilities dedicated to take care of demand peaks, peak load production facilities. These facilities are 

turned on or off depending on whether they are needed or not and tend to use fossil fuels to run. They 

are typically easy to both turn on and off, but the lighting of a boiler is expensive and hence it is 

favourable with as smooth production as possible. Demand peaks can also be handled by accumulators 

in the network which is a cheaper option than turning on an extra plant [10].  

 

There is a direct relation between heat load and outdoor temperature which causes seasonal variations 

in the heat load. The heat load also gets affected by solar irradiation, wind infiltration and heat inertia 

from previous days which also somewhat change with season but mainly on a daily basis. Daily 

variations in heat load arise from social behaviour. This could be time clock ventilation operation or hot 

water usage. Normally daily load variations are counteracted by heat storages of some sort. In 2016 

there was an available total storage capacity of 900 000 m3 of hot water volume in the system. This 

corresponded to around 150 TJ storage heat. This storage can take care of both daily variations and 

additional load variations. Apart from this type of storage, heat storage capacity can be found in the 

existing system in the connected buildings where the radiator settings can be used to store heat short-

term [6].  

 

2.2.3 Heat distribution 

There are four generations of heat distribution. In the first one steam was used as heat carrier, in the 

second introduction to high temperature water in pipes in concrete ducts was made and in the third 

current generation, medium temperature water is used in pipes buried in the ground. The future, fourth, 

generation will work with lower water temperatures by enhancing modern distribution technology. In 

Sweden the first generation was never used and the use of the second generation was changed to the 

third rapidly in the 1970s and 1980s [6].  

 

The designed temperature difference between supply and return water temperature when distributing 

hot water in DH networks is normally 50 ⁰C but studies show that the average temperature difference 

between supply and return water in reality is closer to 39 ⁰C . The difference between designed and real 

temperature difference is mainly due to substations or customer heating systems that malfunction. If 

these temperature errors could be systematically identified a lower distribution temperature could be 

obtained. Even so, the current low temperature difference has another consequence. Two thirds of the 

exergy content are lost before reaching the final customer and before being able to fulfil the customer’s 

temperature demand [6].    

 

The working principle of the system is based on the fact that the heat is distributed by the temperature 

difference between supply and return water and the product of flow. The overall control system that 

corresponds to this is in turn based on four independent control systems. The flow control and heat 

demand systems are located in substations and in each individual customer heating system. The supply 
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temperature and centralised differential pressure control systems are on the other hand the responsibility 

of the heat supplier [6].   

2.2.4 Heat deliveries 

For delivery of heat, brazed plate heat exchangers are used in compact substations through indirect 

connections, schematically shown in Figure 5. Currently 75% of all customer heating systems or 

substations have high return temperatures as a result of some kind of temperature error. These 

temperature errors account for an annual average failure rate of 6%. Inside of buildings the heat is 

distributed with distribution pumps. When pumps are turned off natural circulation starts but even, so 

this reduces heat deliveries to some extent [6].  

 
Figure 5. Simplified schematic sketch of a substation. Own processing from.  

The temperature of the water that enters the substation is called supply water temperature and the 

returning water flow has a return water temperature. Generally, the supply water temperature differs 

between 67 ⁰C and 115 ⁰C in Swedish DH networks all depending on the system limitations. A higher 

supply water temperature entails for a slower flow to ensure the same heating demand in a building. To 

ensure that the flow in the system is at a reasonable level the supply water temperature has to be high 

enough in proportion to the heat demand. Even so, a lower supply water temperature is favourable since 

that results in lower heat losses and for CHP plants a higher electricity efficiency. The possibility to 

provide low supply water temperatures is most important when the need for electricity is high which 

often coincide with peaks in heat demand [10]. 

 

The DH distribution network consists of a supply water pipe coming from the production site branching 

out into smaller pipes to all customers. At the customer the water enters a substation on the primary side 

where the warm supply water is heat exchanged against the cold water in the building on the secondary 

side before it returns to the production site. The now warm water in the building is then used for 

radiators, faucets and showers. In the most common substation set-up there are two parallel coupled heat 

exchangers, one dedicated to space heating via radiators in the building and one for hot water 

preparation, as shown in Figure 6. Downstream each heat exchanger there is a valve that through a 

control system automatically controls the flow. The flow to the radiator is controlled based on both the 

temperature in the radiators and the outdoor temperature while the flow for hot water preparation only 

is controlled based on the tap water temperature. The principle to control the supply water temperature 

on the secondary side is based on the fact that a higher supply water temperature on the primary side 

enables a lower flow to reach the required temperature on the secondary side. Hence, the flow is 

controlled to each customer depending on the heat demand and the required supply temperature on the 

secondary side [10].  
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Figure 6. Schematic sketch of a customer substation. Own processing from [10]. 

The total flow from all customer substations corresponds to the flow that the production facilities in the 

DH network have to deliver. An increase in the flow to the customer substations result in a decrease in 

pressure in the system, since the flow in the system decreases. To compensate the pumps at the 

production site, have to increase the pressure, and thereby increase the flow in the system. This increase 

in flow happens almost instantly in the entire system unlike a change in temperature that can take hours 

to reach the outer parts of a DH system. Pressure and flow changes spread in the network with a speed 

of 1000 m/s while a temperature wave only can spread at the same speed as the flow [10].  

 

For large DH networks it can take hours for the supply water to reach the customers the furthest away 

from the production site. To take the distribution time into account, careful planning in advance is 

needed so that the transmitted supply water temperature takes account to future variations in the network 

heat load. Currently it is normal that the supply water temperature is constant throughout the day 

independent of variations in heat demand. This results in the fact that generated energy and flow varies 

in the same way as the heat demand [10].  

 

2.2.5 Environmental context 

High levels of sulphur dioxide in air as a result of high use of fuel oil and high air concentrations of 

nitrogen dioxides from combustion were two early environmental concerns regarding DH. The latest 

concern is the climate change issue that grew particularly strong in the 1980s. This drew attention to the 

energy sector due to its CO2 emissions. In the early 1990s Sweden introduced a national carbon tax 

which now is at a high tax level contributing to development of non-fossil dependent production in DH 

networks. Current climate and energy policies in Sweden state an ambition to have a fossil fuel free DH 

network by 2020 [6]. 

 

2.3 The district heating network in Stockholm 
The DH network in Stockholm was implemented in the 1950’s. The aim back then was to improve the 

local environment with large-scal generation of heat. Since 1980 the DH owned by Stockholm Exergi 

has decreased the emissions of CO2  with 60%, SO2 with more than 95% and NOx with more than 80% 

in Stockholm. Today the focus has switched from the local environment towards environmental benefits 

from a global perspective. This with regard to climate and, most importantly, resource conservation. 

Overal, DH has contributed to better air quality and less contribution to the global warming from the 
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Stockholm region. The resons for this is that large-scale production allows for increased fuel flexibility 

and advanced purification equipment. The fuel flexibility refers to large investments that creates 

possibilites to handle difficult fuels, that are hard to handle in individual heat generation, such as 

household waste, wood chips and industrial residues. A DH network also allows for CHP generation 

which means higher energy efficiency since heat and electricity is cogenerated. Today Stockhom Exergi 

owns 15% of the total market of DH in Sweden. In long-term (year 2030) the DH demand is assumed 

to decrease with 7%. This forecasted decrease is based on population growth forecasts and assumptions 

about residual potential in existing buildings, estimated energy efficiency of existing customers and the 

greenhouse effect. New customers will increase the volume but existing customers will doactrions 

regarding energy efficiency  and contribute to a decrease [5].  

 

The DH network owned by Stockholm Exergi consists of two networks that are not connected, the 

South-Central network and the Northwestern network, both shown in Figure 7. The DH network of 

Stockholm Exergi is also connected to other companies DH networks, such as Norrenergi, Söderenergi, 

E.on and Sollentuna Energi [5].  

 

 
Figure 7. Model of Stockholm Exergi's DH network in Stockholm [16]. 

 

The DH distribution network of Stockholm Exergi is 290 000 km long and the much shorter district 

cooling network, of 25 000 km, is the longest district cooling network in the world [9]. The heat demand 

in the South-Central network amounts to 7 TWh and residential buildings dominate with only 1% of the 

demand originating from manufacturing industries. The North-western network has a demand of 2 TWh 

and also have a customer base consisting of mostly residential buildings with 5% industry [5].   

 

The requirement of heating of an average customer varies with outdoor temeprature linearly below 17⁰C. 

For outdoor temperatures above that there is no need for space heating and the DH is used for hot tap 

water only. This linear relation is normally presented in a heat curve which is used to control the supply 

water temeprature to achieve a good indoor climate. Every individual household has its own heat curve 

and every production unit therefore has its own supply and return water temperature curve dependent 
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on outdoor temeprature to dimension delivery to customers, an example of such is shown in Figure 8 

[5].  

 
Figure 8. Supply and return water temperature curve for a typical production site [5]. 

The larger the difference between supply and return water temperature the more efficient system. The 

average return water temperature in the DH network of Stockholm Exergi is 44⁰C and the lowest 

achieved in Sweden lies around 35⁰C. The average supply water temperature is 85⁰C [5]. 

 

2.3.1 Fuel mix 

The fuel strategy for base and middle load of Stockholm Exergi is to provide heat and electricity 

generated by waste energy, waste incineration, residual or by-product fuel stock and renewable biomass. 

Apart from that all electricity used in production is also labelled with origin [5]. The goal for Stockholm 

Exergi is to reach 100% renewable or recycled energy which is resource efficient and without any net 

impacts on the climate by 2030. The current (2016) fuel mix concerning Stockholm Exergi’s own 

production is shown in Figure 9 [16]. 

 

 
Figure 9. Production fuel mix [16]. 

The choice of fuel for a new facility is depending on several factors. First of all, it depends on the current 

fuel mix due to fuel availability and risk spreading. Secondly, the type of facility and local environmental 

and permit limits affect the choice [5].  
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The yearly dispatch for Stockholm Exergi’s DH system in Stockholm is shown in Figure 10. No import 

or export of thermal energy from other thermal energy suppliers in Stockholm is included in this figure, 

only generation by Stockholm Exergi.  

 
Figure 10. Heat generation 2017 (Lindström A, Personal communication, April 24, 2018). 

It can be observed that the peaks are covered by fossil fuel generation while base load consists of waste 

energy and wood chips to a considerable extent. The CHP plants, the heat pumps and the electric boilers 

have a heat cost depending on the electricity price [3]. This creates a situation where the environmental 

impact and the cost of the heat generation is heavily dependent on the time when the heat is used.  

 

2.4 Virtual power plants 
Virtual power plants (VPP) is a fairly new concept that is starting to be integrated into DH to handle 

small production units better. A VPP is essentially several decentralized and remote energy sources 

connected together with centralized intelligent hardware, a route for data transmission and a user 

interface that is used to configure, control and manage the sources. The system collects information 

about steering parameters, state of connected plants, disposable power output and quality of this power. 

The concept goals are to increase grid flexibility and decrease fluctuations in local loads. This together 

help to postpone future grid investments [12]. 

 

The connected remote plants are generally RE solutions, but the concept can be used with any energy 

sources connected. The aim of VPPs is optimizing the system and energy mix with environmental and 

economic benefits as result. VPPs can be utilized in DH networks in combination with the electricity 

grid. In this case storage units, often hot water tanks, function as thermal buffers to decouple heat and 

electricity and match requirements of heating to times when spot prices are high [12].  

 

In active grids with high shares of RE technologies, CHP plants are assets to further reduce GHG 

emissions through cogeneration of heat and electricity. For RE technologies and cogeneration solutions 

to guarantee grid stability, and to reduce the complexity of this kind of network, several plants can be 

put into clusters as a VPP. Through overall management the clustered can be operated to achieve a more 

valuable generation than one single plant can contribute with. This enables a possibility to balance out 

uncontrollable fluctuations in e.g. wind and solar plants with intelligent CHP. In this sense a traditional 

power plant can be replaced by a virtual one [17].  



16 

 

3. Control of heat load in buildings 
The heat demand in a DH network varies throughout the day and causes problematic heat generation 

conditions as described briefly in chapter 2.2.5. This makes it difficult to generate the required heat 

efficiently [11]. DH systems are demand-driven systems in the sense that consumption controls the heat 

demand that the DH supplier needs to deliver [18]. The idea behind control of heat load is that the 

demand side can work as a power reserve which can be used in well-chosen times to make consumption 

reductions instead of producing more DH energy [18]. This is basically done by, in one way or another, 

manipulating the measured value of outdoor temperature to adjust the DH supply. Nowadays customer 

can install effect guards that work locally to cut energy use above a pre-set value of momentary usage 

of thermal effect. However, this solution is not ideal from a system perspective since the actual system 

status and a locally reduced energy usage is not connected. This lack of system perspective creates a 

sort of distributed information problem since each local effect guard have no way of deciding if it is 

appropriate to perform the heat load control. To be able to do that each system needs to know the status 

of the total DH network which the total heat load in relation with the current state of production is. This 

is the base of a successful heat load control [19]. 

 

Since the production in a DH network is dependent on consumption in the network, it is valuable for an 

operator to be able to control the thermal power and heat loads in order to optimize production. This can 

be done both indirectly and directly. Indirect techniques are operators trying to influence the consumer 

to control their heat load themselves. This can be achieved, for example, by introducing different forms 

of power or flow tariffs. Direct control concerns control when operators have the ability to control 

thermal power and heat load at consumer level themselves. This is where optimization and control of 

heat load fits in. The idea of direct control is not new, but it is only in recent years that the development 

of the technical infrastructure has made the method practically useful and possible [18]. Different 

strategies for direct heat load control are shown in Figure 11.  

 
Figure 11. Different strategies for direct control. Own processing from [20]. 
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The direct control that is of interest in this project is all control connected with the supplier branch. This 

thesis will mainly focus on the left branch concerning control at customer level directly when needed 

but the other two branches under supplier is also of interest. The branches for third party and customer 

is not included in the scope of this master thesis.  

 

Any direct heat load control can be categorized as a type of demand side management (DSM). Heat load 

control as DSM enable more capacity in the DH network without expensive construction work on the 

existing DH network. It would also contribute to less use of large pumping plants that as of now pump 

the water around in the network rather inefficiently. This can for example contribute to the fact that 

Stockholm Exergi can replace the capacity of KVV6 when it is phased out in 2022 and reduce the need 

of pump energy (Meander P.O., personal communication, January 22, 2018). 

 

Thermal inertia as short-term TES is one way of dealing with aforementioned problems. This storage 

capacity is already present in the DH distribution network to some extent. Even though it is limited it 

can be utilized by optimization and control of heat loads in buildings. This kind of heat load control do 

not concern the hot tap water but only the radiator system. Optimization and control of heat load can 

serve different purposes and can therefore be performed in two different main ways. Either by smart 

heating or by capacity control. The two approaches are thoroughly described in chapter 3.2.1 and 3.2.2 

below. The possible capacity control in a property is dependent on what the property owner accepts. 

The equipment for intelligent capacity control is generally individually adapted to imitate the property 

in terms of capacity and response times for the heat capacity of the property. Limits are also set for the 

maximum temperature change that the property owner can accept. The equipment used can either be 

connected to the energy meters in the building or individual energy signatures can be used. These energy 

signatures are based on historical consumption to estimate the energy needed to heat a building in a 

given location. A building's energy signature is a measure of the power requirement of the building 

related to the outdoor temperature [18]. 

 

To be able to perform heat load control new measurement instruments have to be installed in the 

substations that can measure supply and return temperature and energy consumption in real-time. 

Together with indoor temperature measurements this will enable control of the heat load [11]. Hence, 

there are investment costs for installation of heat load control and these investments are summarized in 

Table 1. Both the thermal energy supplier and the customer might experience investment costs. This 

depends on how the service is designed, if it is only energy savings for the customer or system wide 

benefits that are the scope of the installation. 

 
Table 1. Investment costs for heat load control for suppliers and customers [20]. 

Investments for heat load control 

Supplier Customer 

Flow limiter addition Additional automation system in building 

Metering addition  

Communication unit addition  

Heat storage tank addition (if needed)   

 

There are some general equations used for intelligent heat load control systems to evaluate the 

profitability of the system. When talking about system wide benefits they are in direct proportion to the 

size and number of buildings available for heat load control in relation to the size of the entire system. 

A rough estimation of number of buildings needed in a DH system can be made with Equation (3) [19]. 

 

𝐴𝑚𝑜𝑢𝑛𝑡 =
𝐻𝑒𝑎𝑡 𝑙𝑜𝑎𝑑

𝑒𝑆𝑖𝑔∙(𝑇𝑏−𝑇𝑜𝑢𝑡)∙𝐿𝐶𝑚𝑎𝑥
    (3) 

 



18 

 

The heat load [W] implies the total heat load that the DH system should manage to handle, eSig [W/⁰C] 

refers to the average energy signature in the network, Tb [⁰C] is the limiting outdoor temperature above 

which buildings no longer needs heating, Tout [⁰C] is the current outdoor temperature and LCmax (Lumped 

Capacity) is the maximum total heat load share that should be allowed to be controlled. This share works 

as a general limit to ensure that the heating never is completely shut off. This will give the maximal 

value of the heat load that the DH system can control, in normal operation the system will control 

significantly less. When the amount of buildings has been calculated one can also calculate the time that 

these buildings can uphold the heat load control at each time using Equation (4) [21] . 

 

𝜏 = − (𝜏𝐵 ∙ 𝑙𝑛 (
𝑇𝑜𝑢𝑡−𝑇0+𝑇𝑑𝑖𝑓𝑓+𝐿𝐶(𝑇0−𝑇𝑜𝑢𝑡)

𝑇𝑜𝑢𝑡−𝑇0+𝐿𝐶(𝑇0−𝑇𝑜𝑢𝑡)
))    (4) 

 

In this equation 𝜏 stands for the time [h] that the DH system can run heat load control with LC put to 

1.0, Tdiff [⁰C] entails the acceptable drop in indoor temperature during the heat load control, T0 and Tout 

[⁰C] is the initial indoor and current outdoor temperature respectively during the control and 𝜏𝐵 [h] is 

the time constant of the average system building. The time constant entails how fast the indoor 

temperature will decrease if the heat load is completely shut off with a nominal outdoor temperature of 

-20⁰C. If a time constant of a building is 150 this entails that it will take that individual building 150 

hours before the temperature indoors have fallen (1-e-1) (or around 63%) of the difference between the 

nominal outdoor and the initial indoor temperature. Generally, the time constant can be assumed around 

80 h for light buildings, 150 h for semi light buildings and 300 h for heavy buildings. This 

mathematically describes why heavy buildings are more suitable for heat load control. In reality a DH 

system will therefore have a certain ability to enforce the heat load control which will decrease when 

individual properties exhaust their buffers. Heat load control can therefore be upheld longer if there is a 

larger number of buildings connected with intelligent management. The ability to control the heat load 

is directly dependent on the total heat load level in all buildings which means that a drop in outdoor 

temperature increase the ability to perform heat load control. This is very convenient since the ability 

will be at its highest when the need for it is the largest [19].  

 

3.1 Thermal inertia as short-term thermal energy storage 
Below previous research in the area is presented. Here projects or research regarding TES, heat load 

control or similar is summarized to give an overview of the current situation regarding heat load control 

research. Control and optimization of heat load in real-estates can be performed in diverse ways to 

achieve the same outcome. As the concept is fairly new no one knows what method is the most 

successful one and companies are trying out diverse ways to perform heat load control to achieve the 

best outcomes.  

 

For heat generation in a DH network, short-term TES can help to increase the overall efficiency. The 

working principle of this storage is to generate more heat than needed when the generation of heat is 

favourable. This heat is then stored and utilized when heat generation is less favourable. This helps to 

move the heat generation from peak production plants to base load plants with lower impact on the 

environment and better fuel economy. Hence, this reduces the number of starts and stops of peak plants 

and decreases the daily variation in heat generation. Short-term TES also improves security of supply. 

In a DH system with CHP and heat pumps short-term TES also enable electricity generation when 

electricity prices are high and generation of heat when the electricity price is low. Due to this, in the 

electrical grid, DH systems can act as a balancing force [11]. 

 

There are diverse ways to short-term store thermal energy in DH. These strategies include [11]: 

▪ Hot water tanks 

▪ Varying DH network temperature  
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▪ Phase changing materials 

▪ Thermal inertia of buildings 

These strategies can furthermore be roughly divided into two groups, strategies with or strategies 

without larger investment costs. Both phase changing materials and hot water storage tanks require an 

initial investment in the storage capacity while the capacity for the other two is already present in the 

network. Hot water tanks are currently very common in Swedish DH networks while phase changing 

materials are not. However, competitive materials are starting to enter the market. For varying water 

distribution temperature and utilizing the thermal inertia of buildings the capacity is already existing, 

but it might be necessary to invest in control equipment to be able to utilize it. The time delay between 

the changes of output temperature at production site to when the water reaches the customer is used 

when utilizing a varying water temperature. This presents a very limited storage capacity but is used in 

many DH systems throughout Sweden. Adding to this there are two other main drawbacks. An increase 

of supply temperature, even temporarily, will contribute to a decreased boiler and heat pump efficiency 

as well as increase risks of distribution pipe fatigue. When utilizing a building’s thermal inertia, you 

traditionally charge or discharge heat in a building periodically resulting in small indoor temperature 

variations. This strategy requires cooperation with consumers but can often be implemented at a low 

cost. This commonly falls under the category DSM [3] [11].  

 

Some benefits with TES are that it has been proven that TES in combination with CHP plants could 

improve the CO2 emissions’ net reduction by a factor of three. The main reasons are increased 

continuous operation and higher operating times. Another benefit is that it can increase the economics 

of a CHP unit with 15% when looking at the electricity tariff’s yearly [22]. In this thesis the possibility 

of utilizing the thermal inertia in buildings as TES through heat load control will be evaluated.  

 

3.1.1 Previous research 

To use the thermal inertia of buildings as short-term TES is not a new concept and many pilot tests and 

research papers have been performed and written in the subject. The first pilot test known to the author 

was performed in 1982 with the aim to increase security of supply in case of shortage for customers 

located furthest away from a production site [23]. Below follow summaries of previous projects 

performed within the area of short-term TES and heat load optimization and control. First research about 

TES is presented followed by research of thermal inertia in buildings as means of TES solution. 

 

A study by Wille-Haussmann et. al. [17] looked into decentralised optimization of VPPs with 

cogeneration. An optimization method was developed for management of DH systems with TES, boilers 

and CHP plants. Generally, CHP plants are designed for base load production and are hence operated 

independent of the thermal demand in the network. This implies that these plants operate continuously 

throughout the year to provide the base load in the network. This also works as a perfect strategy for the 

constant electricity market. However, there are other ways of selling electric energy. From a marked 

based perspective, a variable tariff with hourly pricing result in many possibilities of energy trading. For 

example, CHP generated electricity could be offered to the day-ahead spot market at the European 

Energy Exchange (EEX). This market fix both prices and quantities for each connected participant one 

day ahead [17].  

 

In Germany a fixed feed-in bonus for energy from cogeneration has been applied regardless of 

momentary demand. This created incentives for maximum power operation hours. The management of 

CHP operation has an immense potential for optimization. CHP plants can rarely supply electrical peak 

loads due to the fact that thermal and electrical demands do not occur at the same time. With TES, the 

generation of thermal and electrical energy can be decoupled which enables new possibilities for 

optimization. An optimization method was used with an algorithm that worked with electrical and 

thermal generation with maximum benefit. The objective function produced required heat at minimum 

cost and maximum gains at EEX. It scheduled CHP generation of electricity when the prices at EEX 
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were high. Due to the day ahead foresight at EEX the model worked with forecasted heat load and spot 

market price prognoses. When calculating costs, it was assumed that generated electricity was sold at 

dynamic prices in addition to maintenance and fuel costs. A case study was performed in Germany in a 

network with five similar CHP plants in 2004 and a 10% increase of benefits could be achieved with 

TES [17].    

 

It was concluded that using a VPP there is a high economical potential with management of cogeneration 

plants and that TES units increase the flexibility. The importance of appropriate tariffs was also 

established and how to adjust optimization with tariffs. A fixed feed-in tariff result in more operation 

time and hence more benefits while a variable tariff curve can utilize the degrees of freedom to shift 

operation to maximize profit [17].  

 

Another study examined the theoretical maximum flexibility that could be achieved in a system with 

CHP plants coupled to a decentralized or centralized TES solution. This was done due to the fact that a 

more intermittent production, as a result of an increased share of RE technologies, requires more 

flexibility on the demand side of the energy system. A reference district was used to evaluate drawbacks 

and advantages of both concepts and the flexibility was determined from how the system handled 

situations with forced or delayed operation. The flexibility was notably affected depending on concept 

[22]. 

 

In this study the TES consisted of a water reservoir due to its low cost and market maturity. For the 

decentralized concept it was assumed that the tanks where located in multiple dwellings and had a fixed 

volume of 75 litres per person. The total storage capacity reached 810 kWh. The flexibility was very 

limited with this decentralized concept, with no flexibility at all during winter time. The main difference 

between a centralized and decentralized storage solution in the DH network was that the CHP plant in 

the decentralized storage concept network had to engage more often. This was due to the fact that it had 

to interact every time the capacity of one single storage unit was too low to meet respective demand. 

This created a situation of weakest link, which was the heaviest customer at the time, and affected the 

flexibility negatively. One peak in an individual facility would activate the CHP system regardless of 

capacity in other storage units in other parts of the system since they were not connected to each other 

On the other hand, one advantage with this concept was that many buildings might already be equipped 

with a water tank that is easy to adopt for this purpose [22]. 

 

The study concluded that increased storage capacity increases the flexibility in the system while 

increased CHP capacity does not have to. It was also clear that a centralized storage unit created 

significantly more flexibility than decentralized units [22].   

 

One side note was that heat losses were not included in this model and that might affect the result. The 

centralized storage unit will have heat losses that are entirely lost while heat losses form a decentralized 

TES unit might enter rooms and thereby reduce the heat demand of a single building. Adding to this is 

the fact that buildings become more and more energy efficient and hence the heat demand decrease. 

This will result in an increased importance of heat losses to a level where they might become the most 

important aspect when looking at network feasibility. Therefore, the decentralized concept might be 

more attractive in the future depending on the development [22].  

 

Another thesis was performed which presented a model to apply the thermal capacity of a building as a 

TES unit. This research focused only on commercial or office buildings since the occupancy in 

residential buildings vary a lot and the social pattern is hard to predict. An artificial DH network was 

developed to achieve dynamic price signals. There were two simulations performed in order to utilize 

these price signals. First of all, the existing heat load from heavy buildings was optimized to evaluate 

the effect of DSM. The second simulation regarded the individual behaviour of rooms. In both 
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simulations heat was stored beforehand which later could be discharged during peaks in price. This 

approach offered a possibility to only take action if the entire system required it and otherwise consume 

heat based on the individual demand. The actual objective of the thesis was to develop an algorithm that 

could be used to control cooling and heating loads in diverse types of buildings. The model therefore 

aimed at finding the most cost-efficient solution for both producer and consumer and hence evaluated 

various data from the DH network. The data analysed consisted of the following [12]: 

▪ Indoor temperature 

▪ Outdoor temperature 

▪ Hourly heat consumption 

▪ Weather forecasts 

▪ Occupants social behaviour 

The DSM concerned peak shifting rather than peak shaving and focused on economic benefits since this 

was found to be the main incentive for customers [12].  

 

This thesis created a model to control heat loads based on market signals instead of peak hours. The 

reason for this was that peak hours in the network did not have to coincide with peak hours in the 

building. Another reason is also that high load does not have to mean a high production price and market 

signals for DH include previous investment decisions, dynamic grid load and electricity prices. In this 

model an autonomous action platform was used to find the most suitable building for DSM at any point 

in time. Building participation, and the order of such, was determined by thermal dissipation and 

consumer comfort in individual buildings. The producer and customer requirements were merged to an 

agent-based auction platform. This platform optimized the heat load on a system level and 

communicated with both producers and consumers to be able to take action in a situation when heat load 

control was needed. The step by step process of the model is described as the following [12]: 

1. Input data as basis for decision making indicates that DSM is needed. Then an auction request 

is created, with information regarding required amount of load to be shifted and distributed 

among the connected buildings. 

2. Within each individual building the request is presented to the control devices. These devices 

predict individual rooms demand and get back with information about amount of heat load that 

can be reduced in this specific building. This creates the customers marginal cost.  

3. The user can set the enforced load shifting amount to any value and by this the system enables 

users the opportunity to refuse participation in an event when DSM is needed. This should 

increase customer awareness and reliability.  

4. The operator calculates which building should perform the DSM each hour. 

5. The information obtained from the calculations is then distributed throughout all connected 

buildings with instructions for each control device to behave.  

In this model consumers also had the possibility to change the boundaries of the DSM and in that sense 

extend cost savings. This was made reality through possibilities for consumers to change reference 

temperatures as well as limits for maximum and minimum temperatures [12]. 

 

A conclusion from this thesis was that DSM with dynamic price signals could help to reduce costs during 

the heating period with 4%. The energy producers experience the main cost savings due to a reduction 

of variable production costs with 6%. The reason for this is load control that use 15% of the stock heated 

floor area of the building. Through intelligent forecasts of prices, weather and building occupancy it was 

also concluded that the components of a building are able to dynamically store heat. Lastly, a DSM 

concept is complex and requires engaged DH consumers and producers as well as dynamic pricing. 

According to this thesis the best way to tackle this is to try to create a win-win situation for all included 

stakeholders. New business models that challenge both producers and consumers to revaluate DH as a 

concept could help to ensure reasonable benefit allocation and hence create this desirable win-win 

situation. This situation is shown in Figure 12. The outer columns present what individual producers or 

consumers can do to increase efficiency while the central columns show gained value [12].  
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Figure 12. Producers and consumers in a win-win situation of DSM [12]. 

 

Johan Kensby is an expert within the field of smart buildings and energy grids with a Ph.D. from 

Chalmers University of Technology. Kensby has performed a lot of research regarding heat load control 

in buildings with one of his latest works focusing on how the space heating of a building can be 

controlled when the energy supply system is taken into consideration. This in order to obtain cost 

improvements. In this research he looks into two types of heat flexibility. The first one considers the 

thermal inertia of buildings to be able to short term store heat and shift heat load peaks to hours with 

low cost of generation. The second type of flexibility concerns properties with both a heat pump and 

DH and looks into how the heat load can be shifted in between the two. This in order to favour the 

cheapest generation at that point in time. For it to be possible to utilize these two types of flexibilities 

there has to be a control system in place that can integrate with the supply side of the energy system. In 

this case, marginal cost based hourly heat prices of generation are used as control input [3].   

 

This research consisted of energy system modelling, building models and pilot tests in addition to a 

literature review. Two pilot tests were performed. One focused on the quantification of thermal storage 

capacity to utilize while maintaining a good indoor climate. The second one consisted of tests in 19 

multifamily buildings where hourly heat prices were used as input to the control system of the space 

heating. The modelling consisted of dynamic and linear models for TES in buildings and were based on 

measurements from the previous pilot tests. In turn these models were used in the modelling of the 

energy system to quantify benefits of utilizing buildings as short term thermal storage in a DH system. 

When looking into heat source shifting the benefits were determined from evaluation of residential 

buildings’ heat load profiles and hourly heat and electricity prices [3]. 

 

The study only evaluated multifamily houses due to the following reasons [3]:  

▪ Multifamily houses are the largest customer segment in most DH systems and the demand from 

multifamily buildings cover over 50% of the heat load in Gothenburg. 

▪ Multifamily houses have a homogenous configuration of their heating systems. Heating is 

performed with water circulating radiator systems and no cooling is possible. 

▪ Multifamily houses with their structural material and large thermal mass are well suited as short-

term TES. Adding to the structure is also the radiator system that has a high thermal inertia on 

its own. 

 

The study concluded among other things that multifamily houses with a concrete core have a storage 

capacity of 0.1 kWh/m2
heated area while keeping the changes in indoor temperature within the limit of 

±0.5⁰C. This limit has been researched to be the acceptable limit before residents start to notice a change 
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in indoor climate. The project did also look into large scale implementation through modelling and 

concluded that if buildings accounting for 20% of the heat load were utilized as thermal storage the load 

variations on a daily basis could be reduced by 50% in the whole DH system. There are also significant 

cost savings connected with this. In Gothenburg, where the pilot tests were performed, the costs of heat 

generation could be reduced by 5.5-11% in controlled buildings. This cost includes net bought electricity 

and fuel costs [3].  

 

When talking about the heat source shifting this method could be economically viable. The viability 

depends on whether there are situations where the cheapest heat source shift in times where both heat 

sources are available. The possibility to shift mainly depended on the electricity price and how much it 

fluctuated as well as the coefficient of performance for the heat pump and all factors correlation to the 

marginal cost [3].  

 

Noda Intelligent Systems AB (Noda) is a company that provides a service for DH suppliers regarding 

control and optimization of heat load in the DH network that use a multi agent (MA) based control. For 

heat load control in buildings the MA framework generally work on a virtual auction market. Each 

individual building (or a cluster of buildings, depending on set up) with heat load control has its own 

agent that works in its interest. This agent keeps track of the buildings current situation and how much 

heat load control it can offer as well as the directions from the production planning unit that order heat 

load control. When heat load control is ordered these agents have an “auction” to decide which buildings 

that should participate. This results in the best heat load control at that current time [17]. Noda’s solution 

makes it possible, not only to affect supply water temperature and pressure, but also enables operational 

heat load management in real time without affecting delivery quality. This flexible platform is called 

Smart Heat Grid and can be used to reach several advantages in the DH network. According to Noda, 

the main advantages of their heat load control are to [24]: 

▪ Reduce peak loads  

▪ Level out load profiles 

▪ Optimize CHP 

▪ Provide a platform for energy services  

▪ Provide a platform for data analysis  

Under the Smart Heat Grid platform there is a system called Smart Heat Building with the aim to reduce 

heat costs for individual customers. This system requires indoor measurement equipment and is based 

on several control methods that work with the aim of saving energy in relation to the wanted indoor 

temperature [25]. The Smart Heat Grid system consists of three basic system modules [26]: 

▪ Forecaster –Performs forecasts of future heat load demand at individual customer level 

▪ Planner – Performs optimization of operational heat load control  

▪ Tracker – Implement the heat load control in the system of real-estates 

Noda also provides their customers with yearly reports of energy savings and the dynamics of the indoor 

climate in connected buildings [24].  

 

The actual heat load control performed use the buildings surplus heat which exists as a result of the fixed 

heat curve used to control the supply water temperature. This heat curve is very none dynamic and does 

only take outdoor temperature in relation with supply water temperature in consideration. Even though 

this curve can be well adjusted for that, it cannot work dynamically for different kinds of situations. In 

practice Noda use this leeway to control the heat load towards a target indoor temperature. When this 

target is reached the temperature is allowed to rise again until it gets too warm and the heat load control 

kicks in again and lower the temperature yet another time [27]. The system collects data from all 

buildings connected and create an individual digital model for each building. This model learns about 

the parameters of the building and its behaviour in different situations. This can be; how the building 

reacts to wind, rain or cold, if it is full of people or empty and behaviour at different times of a day as 

well as the physical construction of the building. The created detailed model is then compared to similar 
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buildings. The whole concept is based on the idea that a model can represent the way the building store 

heat, the heat inertia of the building, and use that to improve and control energy use [28].  

 

The solution for heat load control uses the merged energy buffer of a number of properties to achieve 

system-wide benefits. An operator can initiate capacity control either manually in real-time or in 

advance through a time schedule. When an actor wants to start with capacity control the system will 

analyse size and time for the total heat load control and based on this distribute the control between the 

connected buildings. This is done automatically and continuously during the whole time the capacity 

control is performed. As the energy buffer in individual buildings is used the system redistributes the 

capacity control within the property portfolio. It can be described as the redistribution is based on an 

auction procedure with the aim to identify the most suitable buildings for capacity control at any point 

in time. The individual system in each building is continuously calculating the amount of capacity 

control that the property can carry out without compromising the indoor climate. The calculated amount 

is then used, for every individual building, as a bid in the auction process. Every bid consists of three 

things: 

1. The change in outdoor temperature. 

2. How much the power usage change.  

3. How long time the capacity control can run without the change in indoor comfort exceeding 

pre-set limits.  

These lists of bids are used by the system to calculate the current possible capacity change and estimate 

available energy buffer in the system. In summary, the system continuously works on generating the 

winning bids as a percentage control of the local installations maximum control. The system then sends 

instructions regarding capacity control to each substation which then control the heat load according to 

local conditions [18].  

 

To be able to calculate the effect on the indoor temperature in individual buildings the system is using 

a mathematical model that has unique parameters for every building. These parameters should be based 

on the building materials in combination with ventilation flow, the geometry of the property and the 

continuous power usage. The model is based on an energy balance in the property where the ratio 

between supplied energy and energy losses gives an analysis of the current status of the indoor climate. 

The model calculates both the current status but also the future ability of the building to participate in 

future capacity control. For the local system in the building the main parameters to handle are energy 

supply and indoor climate. Due to the physical process of energy loss in buildings, there is a delay 

between the impact of energy supply and change of comfort. This delay creates a time window which 

makes it possible to make changes in the supply of energy without appreciably affect the indoor comfort. 

In other words, there is an energy buffer in each property and the size of this determines how much the 

property in question can contribute to the system-wide control [18].  

 

Apart from aforementioned the solution also include a user interface application. This application 

consists of different modules working together to generate the web pages that are accessible by the user. 

The feature included during this project was the following [18]: 

▪ Generation of reports 

▪ Information about the building 

▪ Operational drive management  

▪ Historical operation  

▪ Alarm management 

▪ Message handling 

Noda have several ongoing projects regarding heat load control and did during 2017 show average 

energy savings of 11.6% on the 2000 buildings connected [28].  
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One project with the solution provided by Noda was performed in 2009 and aimed at analysing two 

demonstration installations of operator-controlled capacity and heat control. The purpose was to 

evaluate the potential of the technology under commercial conditions. The project was sponsored by 

Stockholm Exergi AB, Mälarenergi AB, Svensk Fjärrvärme and Noda Intelligent Systems AB. The 

study had two primary goals: 

▪ To validate and verify the technical aspects in the system and to scale up the technology. 

▪ To economically motivate a large-scale installation and find future market channels towards 

customers.  

The technology from Noda was installed in 40 buildings in the DH network of Stockholm Exergi AB in 

Stockholm and 20 buildings in the DH network of Mälarenergi AB in Västerås [18].  

 

An important aspect raised with heat load control during this project was to have a working 

communication system so that all parts of the network could communicate. A working two-way 

communication is significant for a successful heat load control. Another aspect raised was the need for 

a good database to store and handle all data as well as a backup solution [18].  

 

The project also discussed the reintroduction of the controlled heat load and how that should be 

performed. If done badly this can, itself, result in a new peak and hence counteract the entire process. 

The risk for this increase with shorter control time and result in no energy savings for the property owner 

as well as new peaks for the operator. This can be a problem when working with the static night 

reduction. To avoid this type of return heat load peak, the system used controlled return in connection 

with each individual capacity control. In practice this means that the system continues to perform 

capacity control decreasingly until the normal thermal power level is reached. The length and shape of 

this controlled return is dynamically calculated by the system and depends on the property as such [18].  

 

This study concluded that the capacity control in each individual substation had no problem running 

successfully. The complexity occurred when trying to coordinate all capacity controls to achieve system-

wide benefits and at the same time maintain a good indoor climate. For this project the energy signature 

for a large building was 10 kW/⁰C and it was assumed that no building would have to experience any 

kind of heat load control for a longer period than 8 hours a day. It was also set that the outdoor 

temperature sensor could be changed with 10⁰C in any situation. From this it was assumed that for a 

large system of 400 MW there would have to be 400 connected buildings to control a load of 40 MW. 

Some conclusions from the project were that the power usage could be reduced with 20% in connection 

with the highest peaks (even so, this is far from the full potential stated at 70% of the total capacity for 

heating of the connected properties), the total energy consumption could be decreased with 7.5% and 

that buildings with heating systems where the indoor temperature strongly depend on ventilation were 

complicated to control through changes of supply water temperature on the secondary side. The effect 

of capacity control on the indoor temperature could not be identified since the natural variations made 

it impossible to distinguish the effects of heat load control from social behaviour [18]. 

 

Norrenergi also work with capacity control but in a completely unique way, mainly by using the same 

method as for night setback. The heating of a building is normally controlled by a heat curve as discussed 

before, here shown in Figure 13. The substation has access to measurements regarding the outdoor 

temperature and the temperature of the supply water and control the supply temperature to the radiators 

according to the heat curve [29].  
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Figure 13. Example of a typical heat curve for a building.  

Normally night setback is a method to reduce the indoor temperature in buildings during the night when 

it is common that lower temperatures are favourable for better sleep and also allows an opportunity to 

save some energy. In the case of capacity control this function is used during times of the day when the 

usage of hot tap water is peaking instead, normally in mornings and evenings. During pre-set times the 

heat curve will then be lowered with, for example, 10 ⁰C and thereby reduce the supply water 

temperature during that time of day, as shown in Figure 14. This enables more capacity for hot tap water 

[29]. 

 
Figure 14. Example of typical heat curve with night setback applied.  

According to Norrenergi the number of degrees Celsius to lower the heat curve with has to be tried out 

for any individual building. The same goes for the time period of which the night setback is activated 

[29]. To avoid peaks after night setback has been active as a result of the reintroduced controlled heat 

load, the last hour of night setback slowly adjust the settings back to normal [30]. 

 

Apart from night setback as capacity control Norrenergi also uses another method. This method limits 

the power output at the production site. The site gets coupled with the substations and energy measuring 

meters that send information about current power output from the DH network. When the power exceeds 

a pre-determined value, the delivery gets throttled. After a short time period (around 5 minutes) of 

throttled heat delivery the system checks the situation again against the pre-set value and adjust settings 

accordingly. This method reduces peaks in situations with really cold weather and run capacity control 
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24 hours a day automatically [29] [30]. A risk with this is that customers experience cold indoor 

temperatures since the system then only delivers thermal power to a maximum value that might not be 

enough to cover a peak situation, this contributes to the desirable peak shaving but can result in cold 

indoor climate [29].  

 

The decision between whether to use the night setback method or the power limitation settings depend 

on the controller in the substation and its available settings. The night setback function is possible to use 

in almost all controllers since only a clock and time settings have to be available to make it work. The 

settings for power limitation is present in newer controllers only [30].  

 

If a customer is interested in capacity control Norrenergi help the customer with settings and if needed 

installations to make it work and teach the customer how to use the tool. When this is complete the 

operation of the actual capacity control is done by the customer in their own substation and Norrenergi 

is available for advice and help if needed. This system enables customers to adjust the settings in 

situations when, for example, they experience bad indoor climate. Normally the decision to start with 

heat load control does not cost the customer anything since the controller is already present in the 

substation. The outcomes differ from building to building depending on model of controller, settings 

and building type but common for all is that heat load control save energy and reduce thermal power to 

some extent [30].   

 

Norrenergi started their capacity control with test runs in three residential buildings the heating season 

of 2011/2012. Some feedback from these tests was evaluated in 2013. Norrenergi evaluated one building 

with power limitation settings and two buildings with the night setback method during morning and 

evening peaks. The indoor climate was not measured in any way but Norrenergi trusted residents to 

complain if there were any problems. One of the buildings with the night setback method had residents 

complaining about cold indoor temperature in the evenings. The reason for this was that the building 

had a mechanical exhaust ventilation where supply air was taken through the outer wall. When the heat 

was lowered a lot and the radiators cool off and cold air could emerge through the valves which was not 

heated and hence contribute to a colder climate indoor. In this case the night reduction method could 

only be used during the mornings successfully [30]. 

 

The building with power limitation settings did not experience any savings during this project. The 

reason for this was that a new controller was installed in the substation and therefore no reference values 

were available for comparison when capacity control was running. However, the building had a 

noticeable power reduction but no energy savings. The other two buildings had a 10% and a 20% energy 

saving respectively. When looking at thermal power reductions hourly average power was evaluated, 

and it was found that for the first building the savings was 6% for outdoor temperatures between -6⁰C 

and -15⁰C and 4-5% for temperatures above -6⁰C. The other building had thermal power savings of 13% 

with outdoor temperatures between 6⁰C and -2⁰C and 7% savings for colder temperatures. The reason 

for the lower percentage with colder climate can depend on the settings for the night reduction function. 

In many controllers there is a pre-determined setting that night reductions should not be performed for 

too cold outdoor temperatures. If this was not changed when night reduction was used as capacity control 

it might have affected the results [30].  

 

The biggest challenge currently for Norrenergi is to spread the information about the capacity control 

service to the customers in the network. Few people know that it exists as of now and with better 

information about the service it could be better used throughout the network [30]. 

 

Another project performed had as main aim to show that DSM could make it possible to lower the costs 

of DH. Proper heating system control and utilization of a buildings thermal mass should, according to 

this study, result in a peak reduction of 25-30%. Optimum DSM control strategies were developed, and 
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indirect savings evaluated. Three buildings were used for case studies with DSM, two buildings were 

examined in Jyväskylä in Finland and one building in Mannheim in Germany. To be able to evaluate 

the possibilities of DSM a calculation tool was developed specifically for test buildings. The building 

model was based on a thermal capacity-resistance description. The tool was used to evaluate effects as 

a result of large scale DSM use in the tested DH systems. Methods to equally share benefits from DSM 

between end users and thermal energy suppliers where developed and tariffs suitable for DSM created 

and recommended [20].  

 

In Finland the DSM was performed using multiple temperature control curve applications (DSM 

curves). For different demand, different curves where be activated. The curves will generally have the 

same shape as the normal heat curve already existing but the vertical position or the slopes will be 

different. These DSM curves are located below the normal control curve to be able to reduce heat 

demand. In the case of preheating or reintroduction of load after control the DSM curve will be located 

above the normal control curve level instead. DSM cause extra stress on a heating system due to 

temperature transients and it is important to reduce this stress as much as possible by changing the 

temperature as slowly as possible. In a larger system an acceptable rate account for 1⁰C every 5 minutes. 

During peak hours, with a 20% peak reduction, the drop-in temperature can reach 8⁰C. These large 

temperature changes entail several steps when going from DSM control to normal heating. Floating 

temperature control can therefore be applied which is based on, and follows, the difference in 

temperature between supply and return side [20].  

 

In Germany there was another approach. Naturally the decrease of heat load is greatest in the beginning 

of the DSM control due to the thermal capacity of the network. This means that it takes time before the 

network cools down and reaches the lower DSM flow temperature level. When the pre-set DSM 

temperature level is reached by the water circulating the system the heat load is increased. This increase 

continues up to the load level that is defined by current DSM temperature settings. A radiator network 

that has a normal thermal capacity generally have a delay of one hour, at least, before the heat load starts 

to grow after temperature reduction has been ordered. This study also looked into how to handle 

ventilation together with DSM solutions. The intake air heating load is large while the ventilation intake 

air thermal capacity is relatively small (comparing room heating radiators). Temperature changes in 

ventilation therefore have to be handled carefully by the DSM control since these temperature changes 

can be felt immediately. Thus, the DSM control measures have to be sensitive and small for ventilation. 

The only feasible way to keep the intake air heat demand low during DSM is by reducing the temperature 

of the air flow with 1-2⁰C [20].  

 

In the two Finnish buildings the peak heat load could be reduced with 20-25% during a time period of 

2-3 hours. This was due to the thermal capacity of the radiator network. A peak cut of 20% in this area 

corresponds to 160 buildings of a total volume of 20 000 m3. This resulted in total savings of 13 000 €/a 

in Jyväskylä. Consequently, this corresponds to average savings of 82 € per customer and thus, 

investment of 845 € per customer for DSM was reasonable. The maximum change in indoor temperature 

was ± 2⁰C and this was achieved when the lowest control curve (-60%) was used. This DSM resulted in 

increased heat consumption due to the pre-heat period. In this case it was increased 10% due to DSM 

and 40% due to additional ventilation capacity (as a result of increased ventilation to counteract 

problems with high humidity) [20]. 

 

In Germany the possible peak cut was much less, the daily heat load peak could only be reduced with 

4.1% during a time period of 1-2 hours a day. The reason was the ventilation system. However, this 

reduction increased the heat production efficiency at the production site with 3%. Larger reductions 

could be possible if the system was turned off completely during short time periods, but this was not a 

feasible option since subsequent peaks with restarting would increase and contribute to a higher daily 
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heat load maximum. The shifting of peak load to times of low demand according to this strategy was 

not an option due to the far too long-time span of three around hours [20].  

 

The German building’s heat demand was met by 70% with an air conditioning system and was equipped 

with a computer-based control system connected to it. This air heating system consisted of two separate 

water pipe distribution systems as well as pipes entitled for preheated air on each side of the building. 

All floors in the building then had air injectors equipped with water/air heat exchangers connected to 

the system. The indoor temperature was measured individually on each side of the building and the 

control was performed by changing the temperature on the water circulating the water/air heat 

exchangers separately for each side. This system did start the air conditioning system earlier with lower 

outdoor temperatures to ensure an indoor temperature at 6:30 am of 21.5⁰C. This automatically levelled 

out the daily heat load when low outdoor temperatures were experienced and hence it was not possible 

to reach further peak reductions through DSM with outdoor temperatures below 0⁰C. The actual control 

performed changed the indoor temperature through variations in the water temperature circulating the 

heat exchangers and not through heat control curves as in Finland. One conclusion from the study is that 

the heat consumption increased with 14% as a result of preheating. This increase did overweigh the 

benefits from increased efficiencies and therefore no economic gain could be achieved with DSM in 

Germany [20]. 

 

The study resulted in two recommendations of tariff structures. One fixed agreement where the supplier 

could cut daily peak heat loads by remotely controlling the consumer in agreed limits. The supplier had 

the right to do this for up to a reduction of 25% and for a maximum of 3 hours per day in maximum two 

periods. The thermal effect should be returned linearly, and the post heating period should be between 

1.5 and 2 hours longer than the actual control period. The reason for this was to reduce risks of high post 

heating peaks that counteract the DSM control. In this case the consumer could have a discount in fixed 

annual payments. The second suggestion was a tariff where the consumer decide on its own how the 

peak load should be cut. The tariff would consist of a thermal power capacity payment every year based 

on the relation between the maximum monthly or annual heat peak load and the daily hourly peak load 

[20]. 

 

It was also concluded that cost savings for the supplier could be experienced due to the following [20]: 

▪ Reduced pumping energy demand at peak hours 

▪ Reduced number of starts and stops of peak load production plants 

▪ Reduced fuel costs 

 

The consumer also had some cost savings connected with [20]: 

▪ Capacity limits that result in a reduced fixed cost 

▪ Reduced pumping use and lower heat losses which result in reduced running cost  

 

Another study looked into peak shavings in Turin to increase the waste heat and renewable heat shares 

in the DH network. In this study they examined changes in customer heat demand as a result of changes 

in the start-up time of heating systems to reduce the morning peaks. This is a possible solution in the 

Mediterranean area since heating systems are generally turned off during the night and hence a large 

demand peak occurs when all systems are switched on in the morning. The study was performed on 

different users in the same area and an optimization tool was used to evaluate the optimal set of start-up 

times with regard to minimized boiler use [7].  

 

To be able to perform the study, measurement equipment was installed in the substations of examined 

buildings to be able to real-time measure inlet and outlet temperatures of the heat exchanger as well as 

mass flow rate in the system. This data was used to evaluate the change in heat demand with a change 

in external temperature to estimate thermal profiles for all buildings. A thermal fluid-dynamic network 
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model was first used in order to account for the distances in the network and how that affects parameters 

such as water temperature. This model mainly used the mass conservation equation and momentum 

conservation equation. Apart from that, a compact user model was used with the aim to find the 

maximum change in start-up time with regard to indoor comfort. This model included both the building 

and its substation, and the heating system of each building was modelled with two heat exchangers. The 

model is essentially an energy balance consisting of the provided heat to the radiator system, losses and 

the unsteady term. The changes of effects of the start-up time depend on a request by the distribution 

network if evolution is obtained by the physical model. Lastly, an optimization model was used to find 

the optimum set of start-up times in relation to maximum peak demand reduction. The time demand 

modifications were performed with 10 minutes slots and the change in temperature profiles was selected 

based on the user models result regarding indoor temperature to ensure good indoor comfort [7]. 

 

It was found that most systems where switched of at night and switched on at around 5 or 6 am again. 

Only a few where left on throughout the night. At start-up in the morning the inlet temperature varied 

between 118⁰C and 113⁰C depending on the position of the building in the network. The difference is 

due to increased heat losses in the DH network for buildings further away from production sites. As a 

result of this, and in addition heat flux exchange and mass flow, the outlet temperature differed between 

45⁰C and 65⁰C [7].   

 

From heat load profiles it was found that the largest peaks most relevant for minimization occurred 

between 5:30 am and 8:30 am. Outdoor temperature from weather forecasts and calendar data 

determining type of day were used for optimizations for future days. In this case there were four types 

of days that generally had different temperature requests; Saturdays, Sundays, Mondays and other days. 

A past day with similar outdoor temperature and same type of day as the future day to be forecasted was 

then selected and used to calculate expected thermal request for the future day [7].  

 

When looking at the effect of thermal request delay on indoor temperature it was found that with user 

ranges of 0, 10 and 20 minutes the indoor temperature only differed a maximum of ±0.3 ⁰C with an 

average below ±0.2 ⁰C. It was also established that a new strategy always resulted in a higher indoor 

temperature compared the current strategy except for a timespan of one hour in the middle of the day. 

Furthermore, all strategies resulted in a reduced heat demand peak. The study could not be performed 

for all users in the network since only 30 out of 103 users had a variable time schedule. This means that 

only 30 users had the possibility to change the start-up time of the heating system in the building. 

Therefore, only these where examined and future scenarios with 60 and 95 variable users where 

developed from these results. With 95 variable users most of the thermal request could be modified. It 

was also found for all cases that generation using fossil fuels were reduced and that the thermal peak 

decreased while the total energy request increased [7]. 

 

The conclusion from the study, apart from results stated above, was that the best possible reduction of 

primary energy consumption reached 0.8% with 30 variable users at outdoor temperatures of 0⁰C. It was 

expected that this number could exceed 1% if more than half of the users could have a variable start-up 

time. Furthermore, the variable start-up times resulted in negligible changes in indoor temperature a 

therefore the new strategies can still guarantee a good comfort standard [7].  

 

A continuation of this study was also performed to look into the possibility of peak shaving using a 

physical simulation tool to examine possibilities for installation of a local storage or variations in start-

up time [31].   

 

One alternative was storage that was charged during the night and put in use during the start-up transient 

to decrease morning peaks. This has been proven to be very effective in reduction of boiler use. Another 

option was to modify the heat demand profile of chosen buildings to control the production towards 
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maximized heat generation from renewable plants or cogeneration. This paper used an optimization tool 

to examine possibilities of changes in heat demand profiles of buildings in order to achieve peak 

shavings. This tool gave as an output the optimal start-up strategy for the heating system. The model 

consisted of two cases, one where there was given an optimal value for minimal heat generation from 

boilers and hence an increase in cogeneration. The second one optimized with regard to minimization 

of maximum peak value. The latter case was used when the demand peak did not exceed the base load 

and hence cogeneration was not utilized to its maximum. In this case the possibility to connect more 

buildings to the system was of interest. This setting also enabled for an optimization of a heat demand 

profile that was as flat as possible [31].  

 

The study concluded decreased boiler usage for buildings using start-up strategies as aforementioned 

from [7]. The reduction of maximum peak value was nevertheless negligible and especially with a small 

number of variable users. This strategy was therefore only beneficial for cases with more than 60% 

variable users with regard to maximum peak reduction. The cogeneration increased for all cases, but all 

start-up strategies contributed to a higher total thermal consumption. The reason for this was the 

additional heat load that exists due to the new start up strategies which are ongoing for a longer time 

period. Even so, this increase was covered with cogeneration for the most part [31].  

 

There is a ratio between primary energy consumption and produced heat of 0.36 for cogeneration and 

1.11 for boilers. This entails that primary energy consumption decrease even though the energy request 

increases. The savings from the applied strategies are presented in Table 2. It was found that 60% 

variable users are sufficient to reach satisfactory results. These results concern an outdoor temperature 

of 0 ⁰C [31].  

 
Table 2. Savings for different cases. 

Variable users 30% 60% 90% 

Boiler energy consumption reduction 5% 9% 12% 

Primary energy saved 0.46 MWh/day 0.62 MWh/day - 

Consumption of distribution network 0.79% 1.07% - 

 

If the outdoor temperature was increased to 5 ⁰C the first case showed primary energy savings of 2.1% 

(0.8% for 0 ⁰C). The reduction of energy consumption was also notably affected and hence it was 

concluded that outdoor temperature affects the results a lot [31].  

 

For maximum peak reductions the results are presented in Table 3. The possibility to increase connected 

buildings in the system varied between 2% and 5.8%. As can be seen the results entails significant 

reduction of fossil fuels with consequent reduction of GHG emissions. The row for buildings connected 

concern the increased heating volume that could be added to the system if this strategy was installed 

compared without it. This also entails added building volume while still avoiding physical expansions 

of the network [31].  

 

Table 3. Maximum peak reductions for different cases. 

Variable users 30% 60% 90% 

Peak reduction 2% (320kW) 4.4% (685 kW) 5.7% (900kW) 

Buildings connected  12 000 m3 28 000 m3 36 000 m3 

Primary energy reduction 0.35% 0.75% 1% 

 

It was concluded that the specific goal with the optimization was very important for the outcome. When 

this was set to maximum value of thermal request the boiler production was very similar to the current 

case. On the other hand, with minimization of boiler production as goal one possibility was increased 
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maximum thermal power. It was also concluded that in most cases an extension of the start-up time of 

20 minutes was favourable [31]. The rest of the results are shown in Table 2 and Table 3 above.  

 

Anders Westin was interviewed for Fortum Oslo Heat and talked about ongoing projects within the 

company. In 2016 Fortum Oslo heat, Norway, started to look into control and optimization of heat load 

as interest in the area had grew following the research on the subject performed by Johan Kensby in 

Gothenburg starting in 2014. The main aims in Oslo were to reduce heat load demand, increase customer 

value, increase possibilities to connect more buildings and reduce the use of liquid natural gas (LNG) 

and biodiesel. In the current fuel mix LNG only holds a share of 1% and therefore reduction of fossil 

fuels is not the highest priority for this project. Fortum Oslo started off with tests on two buildings where 

the heat curve used to control the temperature in the buildings was shifted according to suggestions 

presented in [11]. The temperature was shifted 7⁰C during a 9-hour period and the indoor temperature 

did never change more than ±0.5⁰C. The buildings had some thermal storage capacity but the tests in 

Oslo did not reach the same promising results as those performed by Johan Kensby [11]. Right now, 

there are some agreements with customers regarding thermal power limitations but no ongoing active 

control. Since 2016 up until now the development of heat load control has been standing still. The spring 

of 2018 a masters student did his thesis within the company and conducted that there was a potential 

with heat load control and remote control corresponding to controllable capacity of 44 MW during a 

period of 11 hours. In Oslo they are planning on working with this controllable capacity as a virtual 

accumulator tank and use heat load control mainly for three different situations [32]: 

▪ Overall optimization 

▪ Technical problems 

▪ Commercial buildings 

Overall optimization for example concern peak load reduction and better indoor climate. In a situation 

with technical problems Anders sees heat load control as an option to solve the problem more efficiently, 

rather than turning on an extra production site. For commercial buildings Anders raised a problem 

regarding start-up of ventilation systems in the morning. All commercial buildings start their ventilation 

at the same time and therefore create a demand peak in the morning. Even though the ventilation cannot 

be completely controlled there might be possibilities to make the start-up smoother and, in that sense, 

reduce peaks. The current situation in Norway should theoretically enable smooth cooperation with 

commercial buildings as of now they have a tariff for commercial buildings based on their peak demand 

which gives a great incentive to reduce them. The situation does not look the same for residential 

buildings and the price model might need a change. Fortum Oslo Heat are aiming at completely 

automated control in the future [32].  

 

In Poland there is work going on regarding heat optimization in buildings and Jozef Augustynow 

working at the product development unit at Fortum Poland was interviewed in the matter. This heat load 

control was based on sensors placed indoors in apartments. These sensors covered 20% of the space and 

measured indoor temperature and humidity. This information was then sent to a central unit that 

calculated heat usage profiles and on that added weather forecasts to calculate the optimal control of the 

substation in question. Basically, this principle predicts future peaks and make sure to heat up the 

building beforehand. This approach level out the indoor temperature, save energy on a building level 

and reduce peaks in demand. For Fortum Poland one of the main aims is to reduce costs which now are 

reduced by 12%. Even so, the technology should allow a reduction of an additional 8% resulting in a 

total reduce of 20% in costs. This is the strongest incentive for heat load control since this is the main 

argument as of now to get property owners to buy the service. Currently, no heat load control is 

performed on network level but projects regarding that development are in its starting phase. One of the 

biggest challenges seen in Poland right now is the task to connect consumer level with distribution and 

production. There will also have to be excessive work done on designing the right dynamic tariff to 

encourage a change in consumer behaviour [33].  

 



33 

 

From Fortum Finland, Viki Kaasinen was interviewed. In Finland they have found 6 reasons why to 

develop demand response technologies such as heat load control, these are [34]: 

▪ The role of the customer will increase – New services and products are impacting the DH system 

and customers want more comfortable living.  

▪ Smaller units as customers will increase – Instead of housing associations or big property 

owners only, new customers might be families or companies.  

▪ Open DH network – Traditional consumers might turn into suppliers. There are flexible capacity 

operators and third parties have access to customers through the DH network. 

▪ DH network as a complement to the electricity market – Storage solutions and heat pumps in 

the DH network will increase in importance since these can handle volatility challenges on 

behalf of the customer. 

▪ Heat generation will be diverse and decentralized – The share of RE will increase and the role 

of CHP will shift towards solving seasonal issues and security of supply. 

▪ Smaller markets in sub regions will emerge – Each sub region will have its own sell and buy 

prices. Even though DH networks are connected there are areas with bottlenecks, network losses 

or other limitations that should be reflected in the price.  

Nothing is yet done in Fortum Finland, but the idea is to have one gateway for all energy services that 

connect with measurement equipment in the building. The data collected should be stored in a data lake 

and it should be possible for third parties to use the gateways and store data here as well. All this data 

could then be shared within Fortum or be sold externally.  The data that is used within the company is 

used for either digital customer services, e.g. monitor service for equipment, or digital operational 

efficiency services, demand response. The heat load control will work on a node level where one node 

consists of several customers. Then the whole network will be optimized regarding current network state 

and market prices for fuel. This optimization creates a plan of how to utilize the flexible capacity in the 

different nodes in the network and send this plan to the gateway at the customer’s substation [34]. 

 

Peter Hultén from Göteborg Energi was interviewed regarding the current situation in Gothenburg. The 

main aims with their ongoing projects are to reduce the use of fossil fuels and achieve overall 

optimization of production sites and distribution. This would result in reduced cost and impact on the 

environment.  They started to run tests of heat load control in 2010/2011 on 10 buildings and now have 

24 connected buildings in the network. Last year they reached a maximum thermal power of 6 MW and 

could reduce demand with 40% during shorter time periods at DOT. At 0⁰C they could reduce the 

demand with 50% during a short time. The goal for Göteborg Energi is to have working heat load control 

in 1000-1500 buildings to reach 100 MW controllable capacity. It is predicted that this capacity can be 

reached the heating season of 2019/2020 and to get there one challenge is to negotiate new agreements 

with customers. As of now they try not to change the supply water temperature in the radiator with more 

than 7-9⁰C to affect the indoor climate as little as possible. This should result in changes smaller than 

±0.5⁰C indoors. The plan is to have individual agreements with property owners that allows Göteborg 

Energi to enter and control the heat load as well as states how the control can be performed. There is no 

current plan to include the electricity market or optimization of cogeneration in CHP plants in this model 

[35].  

 

In Gävle, Gävle Energi is providing the city with DH and Niclas Wiklund, operation manager of district 

heating, was interviewed regarding the current situation with heat load control. As of now Gävle Energi 

has manual heat load control with the aim to reduce thermal power peaks, better handle disruptions in 

production and distribution and faulty weather forecasts. The development of heat load control started 

already in the mid-90s when many substations got digitized with remote monitoring. From there the 

development started and around the year of 2007, 400 substations got updated and got connected for 

heat load control. The heat load control that Gävle Energi work with today is entirely decoupled from 

the production planning and is handled manually. There is no heat load control on time schedule and 

activities are started only when there is a disruption in the network. Property owners can also decide on 
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their own to perform heat load control. When heat load control is ordered the supply water temperature 

is generally lowered with 10-15⁰C and the longest control period is 5 hours. In the end of this period 

there is a planned reintroduction of the controlled heat load to avoid peaks after the control period ended. 

As of now only residential buildings are included. There has been little to none feedback of the heat load 

control performed in regards of figures and numbers of saved energy or other improvements from Gävle 

Energi. However, property owners have noticed that they demand less energy during periods when heat 

load control have been used. The future plan for the heat load control in Gävle is to try to integrate it 

with the production planning and make it more automated [36]. 

 

Apart from the heat load control Gävle Energi owns the substations in the DH network. In this set-up, 

Gävle Energi has the responsibility of the substations and in case of any malfunction they solve the 

problem as well as update the substations continuously. This comes with several benefits when 

implementing heat load control and also in other situations. First of all, it makes it a lot easier to do 

changes and updates in the substations. This is a big benefit when implementing new services and 

technologies and does also enable better opportunities for optimal operation of the whole network.  

Another benefit is that the thermal energy supplier gets closer to its customers and gain better trust and 

increased reliability from them. This close collaboration enables many future possibilities and an easy 

customer focus in the business [36]. 

 

3.2 Stockholm Exergi and heat load control 
Since Stockholm Exergi recently started with smart heating and capacity control the company stands in 

front of some challenges. First of all, the company has to manage to switch from being a large-scale 

production wholesaler to become an energy partner that works in collaboration with its customers to 

reduce negative impacts on the environment. Apart from that Stockholm Exergi also has to deliver a 

product that suit all different needs in the market and also establish the role of DH in the recycling 

society [37]. Stockholm Exergi has done investments in development and implementation of 

optimization and control of heat load on customer level. The aim with this is to [38]: 

▪ Better handle shortage and improve the power reserve 

▪ Streamline existing systems and reduce costs 

▪ Strengthen the relationship with customers 

▪ Strengthen the power balance 

▪ Create a sustainable city 

 

Capacity control and smart heating does not only come with advantages for Stockholm Exergi but also 

for the property owners. Some of the advantages found for these are [37]: 

▪ Real-time connection and monitoring of the primary side 

▪ Alarm management 

▪ Energy statistics 

▪ Energy savings as a result of heat load control 

▪ Reduced impact on the environment 

 

All properties have a thermal inertia which results in a relatively slow indoor temperature drop when 

the radiator heat is turned off or down. This heat resistance can be used to handle thermal power 

reallocation in the system (Björkman A, Personal communication, June 16, 2017).  

 

3.2.1 Smart heating  

Today it is very common that the indoor temperature differs between apartments in the same building. 

It is not at all uncommon that this temperature difference is up to 4 ⁰C and this results in customers 

paying for energy they actually do not need. This is caused by bad steering of the supplied energy in the 

substation in the building. Another current problem is that the indoor temperature varies with time and 
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is not constant throughout the day or week, partly due to the fact that it changes with the outside 

conditions. This is a result of the current heat curve that determines how to control the heat load in 

relation to outdoor temperature. Therefore, smart heating in buildings exists. This concerns the 

possibility to even out the indoor temperature in a building both in space and time, see Figure 15 [27]. 

This does not imply to decide for people what indoor temperature they should have or force them to 

have the same indoor temperature as their neighbours. It is about providing a service with smart heat 

load control in the building. For example, it is important to control the heat load in so that apartments 

furthest from the heat exchanger and apartments that are located on the gable of the house get enough 

energy. Normally these apartments are colder than other in the same building (Meander P.O., personal 

communication, March 9, 2018).  

 

Figure 15. Energy output without (left) and with (right) smart heating. Own processing from (Meander P.O., 

Personal communication, February 22, 2018) 

 

The purpose of smart heating is to optimize on a building level and make sure that there is no excess 

heat delivered so that customers do not pay for more than they need and so that Stockholm Exergi gets 

more available capacity in the network. The actual smart heating is performed through changes in the 

flow on the primary side which affect the supply water temperature in the radiator system on the 

secondary side [39].  

 

3.2.2 Capacity control  

The current heat load profiles generally show two demand peaks throughout a day, one in the morning 

and one in the afternoon. Figure 16 shows the heat load profile of a typical building during two different 

seasons, summer and winter. This shows that the peak in the morning is larger than the peak during the 

evening. The extent of these peaks changes with season but they are present throughout the year. The 

morning peak also occurs earlier during the summer. It can also be noticed that the heat load curve 

during summer is more sensitive for social behaviour and hot tap water use (more obvious morning and 

evening peaks) than the winter curve where the need for space heating is always present. There are 

generally two main drawbacks with the peaks shown. First of all, it is the fact that cogeneration no 

longer is possible for optimal exploitation. The reason for this is that the peak cannot be covered by the 

base load in the system and consequently this leads to a decreased system performance and increase 

primary energy consumption. Secondly, the mass flow rate in the system gets affected in peak situations. 

It is not uncommon that the mass flow rate reaches its upper limits in parts of the DH network which in 

turn means that peak situations hinder expansion of already existing DH networks in these parts of the 

system. This creates a need of peak shaving and alternatives for physical expansions of DH networks 

[31].  
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Figure 16. Example of a typical heat load profile of residential buildings (Hallquist L, personal communication, 

March 7, 2018). 

The peak in the morning can be explained by the fact that people wake up and prepare to go to work, 

turn on kitchen appliances, take a warm shower, and turn on lights and all this contributes to an increased 

indoor temperature. As of now, without indoor temperature measurements, this does not affect the 

energy delivery from the DH network even though a lot of residential buildings could do without heating 

at this time of day. Same applies for the evening peak which occurs when people get back from work 

and start cooking and turn on TVs and computers. Generally, capacity control is a method to reduce or 

move these peaks to reduce or move demand. Stockholm Exergi has developed four different situations 

for diverse types of capacity control [38]: 

1. Level out the daily load profile of buildings 

2. Thermal power shortage 

3. Production disruption 

4. Other production optimization 

 

Capacity control for production optimization (point 1 and 4 above) aims to avoid distribution restrictions 

in the network and to optimize production costs. The first point concern peak shavings on a building 

level whereas the fourth point concern peak shavings on network level or other optimization strategies 

like better interaction between production of heat and electricity. Capacity control makes it possible to 

temporarily lower radiator heat and later (when tap water consumption has fallen) heat energy is 

recycled through the radiator circuit without the customer's indoor climate being affected. This makes 

the property act as a temporary stock, corresponding to an accumulator, and is used for production 

optimization [38].  

 

Capacity control in case of thermal power shortage is used in the case when customer load exceeds the 

available capacity. This occurs at design outdoor temperature (DOT), -21 ⁰C, and/or when there is 

inaccessibility at major production sites. This capacity control concern reallocation of heat load over 

time or short-term thermal power output limitation at customer level in case of thermal power shortage 

in the system. The thermal power balance for Stockholm Exergi is designed to meet the customer’s 

thermal power demand at DOT. Capacity control provides an opportunity, from -18 ⁰C and beyond, to 

control the possible thermal power output even in all properties connected in the network. This type of 

capacity control will affect the indoor temperature for customers [38]. 
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In the case of capacity control when there is a production disruption in the distribution network or at a 

production site the amount of power that can be managed is determined by the number of properties that 

have agreements and connections for smart heating and/or capacity control. The actual capacity control 

work in the same way as for production optimization [38]. 

 

The capacity control provided by Stockholm Exergi will be divided into two main parts. The first part 

is capacity control in a situation with production disruption or shortage of thermal power. This capacity 

control is something that will be implemented in all buildings and may affect the indoor temperature in 

specific situations. This will not cost the customers anything. The second part is optimization where 

focus is on peak shavings for individual customers. This will be an additional service that customers can 

chose to buy where the customer set a target indoor temperature with a span that can be used for capacity 

control (Borgström G & Hamp Q, Personal communication, April 25, 2018).   

 

The general idea of capacity control looks like shown in Figure 17. The radiator temperature is reduced 

when the hot tap water use is increased. The reason for this is that when hot tap water is used the indoor 

temperature tend to increase and less district heating to radiators are needed to maintain the same indoor 

temperature. In Figure 17 it is possible to see how the total peak of the thermal power is reallocated 

through the heat load control that is performed.  

 

 
Figure 17. Capacity control. Own processing from (Björkman A, Personal communication, June 16, 2017). 

 

3.2.3 Model for heat load control  

Stockholm Exergi uses a lot of different tools and programs for its day to day operation which are also 

going to be used for heat load control. The concept will be based on a model with a system heat load 

control operator operating in the individual buildings that communicates with centralized systems in the 

production planning. The heat load control will be treated as a VPP. Every individual building has an 

individual forecasted capacity available for heat load control which are all planned with as one complete 

power plant.  

 

3.3 Incentives for heat load control 
When Stockholm Exergi initiated their project regarding optimization and control of heat load in real-

estates the following goals where set [38]: 

▪ Handle shortage and improve the power reserve 

▪ Streamline existing systems and reduce costs 

▪ Strengthen the relationship with customers 

▪ Strengthen the power balance 
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▪ Create a sustainable city 

These also work directly as incentives to develop heat load control within the company. Apart from 

these there are many benefits with heat load control that can work as incentives to invest in and develop 

capacity control and smart heating in buildings. To make it orderly, the benefits identified through 

literature and interviews has been categorized into four diverse groups as presented in Figure 18. 

 

 
Figure 18. Categorization of benefits. 

 

3.3.1 Reduced costs 

In this group all benefits connected to increased revenues or reduced costs are included. Both for 

Stockholm Exergi and its customers. 

 

Capacity control will reduce the need of peak load production since it results in peak shavings. This 

comes with several benefits in this category. First off, less use of peak load production result in less cost 

intensive production since peak load production plants are the most expensive plants to run. Apart from 

that this also results in less starts and stops of production facilities which reduce the wear and tear and 

hence reduce operational and maintenance costs. The actual start-up of a plant is also generally more 

expensive than having a steady ongoing production. Reduced costs can also include the avoided 

investment costs that otherwise would have been necessary to build new facilities or expand the 

distribution network to meet a growing demand. The possibility to, through capacity control, perform 

overall production optimization will also result in cost savings [27]. Capacity control can also help to 

postpone future grid investments since VPPs can increase grid flexibility and decrease fluctuations in 

local loads [12]. 

 

There will also be reduced costs for pumping with capacity control and smart heating in buildings. The 

reasons for this are many. The most obvious reason is probably that the virtual storage that heat load 

control provides is distributed over the entire system. This result in less pump work to transport water 

back and forth in the system from centralized solutions and hence reduced costs [40].  Another benefit 

with heat load control is that reduced pumping costs can be achieved since less water needs to be 

transported in the system when capacity control work as virtual storage locally [27].  

 

Heat load control also contributes to reduced heat losses as a result of less starts and stops and the 

possibility for lower temperature distribution due to smoother flow [11]. It is self-explanatory that this 

also reduce costs.  

 

Both the heat efficiency and the electricity efficiency can increase with heat load control and therefore 

reduce costs or increase revenue. The heat efficiency will be increased through the possibility to be more 

flexible with generation of heat so that it can be done in times when it is more favourable [11]. The 

increased electricity efficiency is a result of the smoother flow since that gives a higher average flow 

rate which in turn enables lower supply water temperature and high electricity efficiency with high 

electricity price [10].  

 

The possibility to perform overall system optimization also increases the possibility for easier 

integration of electricity generation in combination with heat. This might result in increased incomes 

from electricity [7]. 

 

Decreased energy demand in buildings will result in reduced costs for customers and thermal energy 

supplier. It can be argued that this reduction in energy demand will decrease incomes for Stockholm 

Reduced costs
Sustainable 

development
Strengthened customer 

relationship
Overall optimization
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Exergi instead and it is possible that it might. But more likely it will reduce costs since the heat load 

control makes most change during peak hours and hence cut of expensive peak load production and save 

Stockholm Exergi expenses [27].  

 

The increased volatility in electricity prices that has been experienced as a result of more renewable 

energy in the network, mostly wind power, creates a good opportunity for optimization of DH networks. 

This opportunity was stated as one of the main incentives to start with heat load control in Finland. To 

be able to utilize this opportunity to generate more electricity when favourable and use electricity when 

it is not the electricity grid needs the DH network as support. To perform this optimization efficiently 

there has to be a way to control the heat load so that the peaks of heat demand do not coincide with 

electricity peaks. Therefore, heat load control is an important part to be able to gain economic benefits 

in the electricity market [34]. 

 

There will also be other reduced costs for production and distribution. Both a lower running cost, due to 

less pumping energy use and lower heat losses, as well as lower energy cost, due to decreased 

consumption or shifting of demand to of peak hours [20]. 

 

Viki Kaasinen mentioned that it is possible that heat load control in general does not bring many benefits 

in its initial phases. It is possible that the company might even be taking a hit as a result of investments 

in heat load control, mainly due to a decrease in sales. But his argument as to why they still wanted to 

continue developing heat load control was: “If we do not do it, someone else will, and that can result in 

an even more serious hit” [34]. Hence, one incentive can simply be to bet competitors to the core. Since, 

if you do not, there might be even worse consequences than high investment costs.  

 

3.3.2 Sustainable development 

For Stockholm Exergi the benefits with capacity control and smart heating are many. First of all, it is 

seen as an opportunity to reduce the impact on the environment in line with the sustainability goals 

within the company, fossil fuel free production by 2030. As an extension to this a strong incentive is the 

closing of KVV6 in year 2022 where capacity control is one out of many actions to replace the 

approximately 300 MW heat that will be lost [39]. Other goals that Stockholm Exergi strive to reach are 

to create a sustainable city and to have a development of the production that does not follow the price 

development for thermal energy options to DH (Khan S, personal communication, February 12, 2018). 

All of above works as incentives for heat load control. 

 

The most obvious aspect in this section is the reduced GHG emissions as a result of the reduced peak 

load production. Additionally, is the fact that less production facilities have to be used to meet the same 

demand if heat load control is used and that also reduce emissions [41]. The reduction in energy demand 

that occurs as a result of the smart heating in buildings will also help to reduce environmental impacts 

[27].  

 

Another aspect that promotes sustainable development is increased resource conservation. Heat load 

control enables smarter utilization of resources in the form of optimization of the fuel mix and overall 

less facilities needing fuel to meet demand [5]. Reduced heat losses as described above will also 

contribute to less production and hence environmental benefits. Same goes for increased efficiencies.  

 

Stockholm Exergi also wants to be in the forefront of technical sustainable development to stay 

competitive on the market and strive for smart solutions for the future DH network. Therefore, one 

incentive to start developing heat load control can be to simply lead the technical development within 

the area (Meander P.O., Personal communication, January 25, 2018).  
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3.3.3 Strengthen customer relationship 

Customers are generally only interested in additional solutions if they can save money without 

complicating their day to day life. Some might also put a value in decreased negative effect on the 

environment. Since, first and foremost, smart heating in buildings, but also capacity control, decrease 

customer energy demand and therefore costs and emissions these activities will help to strengthen 

customer relationship and increase reliability towards the thermal energy supplier. There will be both a 

lower running cost, due to less pumping energy use and lower heat losses, as well as lower energy cost, 

due to decreased consumption or shifting of demand to off peak hours [20]. Another strong incentive is 

to be responsive to the needs of the customers and to make them happy. This will happen if the cost is 

reduced or there is increased transparency or anything else that in any way can gain the customer. This 

also entails that it is important for the thermal energy supplier to listen to customers and their needs, this 

is especially important in a situation when a new service is introduced [27]. 

 

Increased security of supply due to reduced dependency on fuels is also one benefit with heat load 

control [11]. Another benefit can be better management of shortages and production disruptions where 

heat load control provides an alternative solution to solve problematic situations. This will most likely 

also contribute to a better relationship with customers since an increased security of supply is increase 

reliability for the product.   

 

A good aspect with smart heating and capacity control is that it enables real-time data from all buildings 

connected [18]. This data can possibly gain Stockholm Exergi a lot of possibilities for future 

development, but it can also be good for the customers since it is possible for Stockholm Exergi to share 

the data with them. This would increase the transparency of the DH system as well as increase 

knowledge about DH and possibly customers confidence in their thermal energy supplier would increase 

[35]. Sharing of this information could also result in a better overview of a property for a property owner 

which could save money since some problems could be solved by the computer instead of having to go 

and visit the property [43].  

 

Another benefit with heat load control is that it can improve conditions for customers the furthest away 

from production sites. In cases of shortages these customers suffer the most since the pressure in the 

network is lost along the pipe way and situations where no heat reaches the customers far away is 

possible. Heat load control makes it possible to improve the conditions for these customers through 

repositioning of the heat load in the network. This will in turn result in a decrease in heat supply to 

customers closer, but it will even out the available capacity better between all customers in the network 

[39]. 

 

One of the most direct benefits of heat load control is the improved indoor climate that customers should 

experience. Nowadays it is common that people have too warm during peak hours, but heat load control 

should help to achieve temperatures that are not too hot nor too cold throughout the day [32].  

 

The representative interviewed from Finland also mentioned another interesting incentive for 

development of heat load control. In Finland, as in Sweden, there is a problem with people’s general 

opinion about DH. It is common among people that DH is seen as an old-fashioned expensive monopoly 

that has not changed since the beginning of time. This is not true, of course, but it is a problem that is 

hard to deal with. Capacity control, smart heating in buildings and other smart services might help people 

to understand how well developed and modern DH actually is. This will in turn contribute to make DH 

more attractive on the market and increase the confidence in the product [34]. 

 

3.3.4 Overall system optimization 

Some incentives will be relevant for more than one category and already mentioned aspects relevant for 

this category are reduced heat losses, increased efficiencies, less dependency on the future market for 
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fossil fuel, increased security of supply, easier electricity generation integration, available real-time data 

and improved conditions for customers furthest away in the network. All of these are self-explanatory 

to why they contribute to a better system optimization. Overall, a huge benefit in this category is the 

decreased mismatch between demand and production appearing as a result of heat load control. Another, 

already mentioned, incentive is the closing of KVV6 where smart heating and capacity control is one 

out of many actions to replace the generation (Khan S, personal communication, February 12, 2018). 

 

The possibility to optimize production through heat load control in CHP plants so that heat and 

electricity respectively are generated at favourable points in time increase the system optimization. The 

reason for this is that environmental impacts and the cost of the heat generation is heavily dependent on 

the time when the heat is used, as mentioned before.  

 

Generally, heat load control enables better opportunities to perform system optimization. When 

processes and tools for capacity control and smart heating are successfully in place these improve the 

optimization options. For example, there might be better possibility to move capacity between networks 

and solutions using heat load control could be used instead of starting up a new facility during short 

peak periods [35]. Another possible benefit is that the real time data will create possibilities for further 

improvements in the future.  

 

Adding to these there are some other benefits regarding system optimization. First there is the reduced 

dependency on distribution network restrictions. This is a benefit since the risk of exceeding the 

maximum allowed flow rate is reduced and there will be less restrictions in distribution due to narrow 

sections in the network [10] [38]. Secondly, accumulators in the system can be used more efficiently. 

When accumulators are not needed to cover peak demand, they can be saved for extreme weather 

situations instead [10]. According to this is also less dependency on accumulators in general since the 

virtual storage in buildings works as an option.  

 

Moreover, heat load control has the potential to reduce the size of the production park. The reason for 

this is that there are regulations that control the size of the production park to make sure that it is 

dimensioned to handle extreme situations [27]. If capacity can be available due to heat load control, less 

production plants will be needed.  

 

Another benefit with capacity control and smart heating is that it can create possibilities for lower supply 

water temperature and hence less heat losses and a more balanced production due to peak reduction [34]. 

Some additional benefits with low temperature distribution is that CHP plants can focus more on 

electricity generation, less resources are needed to deliver the heat for the required outcome and there is 

less wear in the network pipes [42]. Smart technologies integrating with the existing DH network 

increases opportunities for low supply water temperature since more information about the demand side 

can be gathered and production can be changed accordingly.  

 

There are also benefits connected with the spread out local storage that heat load control entails. The 

flexibility in the network is increased comparing an accumulator centralized in the network [35].  

 

3.4 Parameters relevant for heat load control  
There are lots of different parameters that are important to consider increasing the chance of a successful 

implementation of heat load control. These have been divided into three groups as shown in Figure 19.  

 

Figure 19. Categorization of parameters. 

Technical Financial Legal
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One big parameter that does not really fit into any of these groups singlehandedly is consumers’ 

willingness to participate in heat load control [12]. This is also one of the most important ones since a 

successful heat load control service without any customers is not very successful. This willingness is 

affected by other parameters within all categories as described below.  

 

Another important overall parameter is that one of the fundamental aspects of DH to customer is its 

reliability and high delivery quality. A good ability to maintain this fact must be considered to be one 

of the more important requirements that can be put on any energy efficiency measure in a DH network 

[18]. This is therefore a crucial factor when talking about optimization and control of heat loads.  

 

3.4.1 Technical 

The technical parameters concern everything technical in the network or in the buildings. Therefore, 

these parameters can be either on a building level or on a network level. 

 

3.4.1.1 Building level 

The parameters described in this section are gathered to get information about the building’s ability to 

store heat, in other words, the thermal inertia of the building. This is of immense importance when 

planning for capacity control or smart heating [7]. Presented are also parameters needed in one way or 

another to be able to predict how much capacity the building can contribute with through capacity 

control and smart heating.  

 

First of all, the outdoor and indoor temperature needs to be measured to adjust the smart heating or to 

be able to forecast how much capacity there is to control. This without reducing the indoor temperature 

below a pre-set limit and guarantee a comfortable indoor climate all the time. It has been established 

through a research with pilot tests that the indoor temperature can change within the span of ±0.5⁰C 

without people noticing any change [11]. Therefore, this limit is important to have in mind. When talking 

about the indoor temperature and possible changes of which as a result of the heat load control, another 

issue was raised during several of the interviews. What is the indoor temperature worth? And what is 

the value of a change in someone’s indoor temperature? [27] This is something that has to be evaluated 

and this aspect is therefore important to take into consideration and reflect about when planning for 

smart heating and capacity control.  

 

In addition to this, humidity might be an important parameter for better use of smart heating and capacity 

control. It is easy to make the mistake that indoor climate is the same as indoor temperature, but humidity 

has a major influence on how people experience temperature and is therefore an extra component 

affecting the indoor climate and the experienced comfort. In Poland they use measurements of humidity 

and indoor temperature together to estimate the heat usage profile of a building [33].  

 

Another important aspect, that is harder to measure, is the social behaviour in the building. This is 

important, to understand how the heat demand in a building change throughout a day and hence of 

importance when forecasting for smart heating and capacity control [7]. Diverse types of buildings 

(offices, residential, commercial) have different types of social behaviours but buildings within the same 

category normally follow similar patterns.  

 

The energy signature of the building can also be an important parameter since it is a measure of the heat 

demand in the building related to the outdoor temperature. This can therefore be used to calculate the 

energy needed for heat in a given situation. The energy signature is not needed if there are other means 

to achieve the same information. One example can be to have the heat load equipment connected to an 

energy meter [18].  
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It was also acknowledged that the ventilation system of a building is of immense importance regarding 

its potential for heat load control. It has been found that buildings where ventilation play an important 

part for the indoor climate would compensate for a reduced radiator temperature and counteract the heat 

load control. It is also known that air has less thermal inertia than water which affects the possibility to 

store heat even short-term [18] [11]. 

 

The geometry of the building is also important when estimating its energy demand. This regard living 

area, volume and shape of the building [18]. A building with four walls can store heat better than a 

building with extensions going in different directions. Also, the materials that the property is built with 

are important for estimating storage capacity [18]. 

 

A parameter with considerable influence on the success of heat load control is a reliable weather forecast 

with good weather data. As heat load control is based on maintaining the indoor climate in relation to 

outdoor temperature more weather data could potentially affect the control positively. If other 

parameters were added successfully, such as solar irradiation, rainfall, wind and clouds, this could lead 

to better utilization of the distribution network. If two different days with the same outdoor temperature 

are compared odds are that you could use more capacity for heat load control than we plan for today on 

a day with sun and no wind and less on a day with strong winds and rain. The outdoor temperature only 

really gives a hint about how much capacity there is to utilize [39].  

 

The last parameter to be mentioned in this section is knowledge and technical competence. Depending 

on what method is used for heat load control this parameter change importance. The method used by 

Norrenergi where the customers are in charge of operation is dependent on knowledge concerning heat 

load control and how to operate it among its customers [30]. If no one in a residential building with heat 

load control has the knowledge to change settings Norrenergi will have to interfere all the time and the 

original concept fails. Therefore, it is important to take into consideration that the right knowledge and 

competence is available for the intended method used.  

 

3.4.1.2 Network level 

The network level basically concerns everything technical outside of the building. First of all, the whole 

structure of the DH network and concept is a factor that affect the possibilities for heat load control. In 

this structure, things such as merit order, size, policies and cost structure are included. These factors 

mainly affect flexibility and efficiency in the network [12].  

 

One important parameter that has been mentioned before is the balance in the electricity grid. So that it 

is possible to adjust and optimize the utilization of CHP plants according to that. This would contribute 

to a better planned cogeneration between electricity and heat [31].  

 

Another interesting aspect is the value of the heat load control in different parts of the district heating 

network (Dahlgren J, personal communication, February 14, 2018). Logically, the heat load should be 

more valuable in parts further away from production sites and accumulators. The reason for this is that 

these remote areas are the ones who gets most affected by disruptions in the network and are hardest to 

reach with heat. If nearby buildings instead could give up some capacity and share this would help the 

distribution logistics a lot. That would logically be more valuable than a building with heat load control 

close to an accumulator.   

 

Supply and return water temperature as well as pressure in the network is also of great significance since 

they are the basic parameters in the network that indicate if everything is working as it should or not 

(Meander P.O., personal communication, January 22, 2018). Another parameter is the flow and 

maximum flow limits that can affect the possibility for heat load control [10].  
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Additionally, other important parameters are heat load and demand forecasts, estimated geographically 

throughout the network, available production, showing plants status as off- or online and the possibility 

to move capacity form one network to another. All are important to successfully implement heat load 

control [27].  

 

How the reintroduction of the controlled heat is done is also an important parameter to consider. It is 

important that this is planned well so that this does not counteract the actual heat load control [18]. 

 

A parameter that might not be important right now but probably will be in the future is a future smart 

grid scenario. Both in the sense that if the smart grid scenario for electricity is realized the electricity 

market might be more attractive to be a part of and hence the role of Stockholm Exergi might change to 

be an important actor in the electricity market and stabilization of such. But also, in the sense that 

somewhere along the line this smart grid solution might happen for the DH as well. Here it will be 

important to be in the forefront and already have thought about how that could affect a heat load control 

solution. This new marketplace situation where any connected customer or producer can buy or sell 

thermal power would probably affect a proposed heat load control plan and therefore it is important to 

have in mind if a long term sustainable solution is attractive to achieve [27].  

 

Above a lot of parameters that have to be measured are mentioned, both on network and building level. 

As a result of this smart measurement devices are of immense importance and also a factor affecting the 

success of heat load control. These devices have to measure accurately and also be open for two-way 

communication to make it work [12] [34]. The two-way communication in the system is a vital aspect 

for success.  

 

3.4.2 Financial 

In this category everything regarding costs is included. First of all, we have the price of electricity and 

the volatility, due to, for example, wind power, as mentioned before [27]. Another cost to take into 

consideration is the cost of different fuels. This is important to be able to optimize and reduce production 

costs [31]. Adding to this is general production costs [27]. This might be costs for starts and stops of 

different facilities. 

 

There is also the cost of implementation to reflect about. In this case most of this investment cost concern 

the IT solutions needed to make it work. Another investment cost is the cost of changing all measuring 

devices in buildings to gateways with two-way communication [31] [43] [34].  

 

3.4.3 Legal 

The most important legal aspect is to have legal backup in extreme situations when the heat provider 

has to do actual changes to the indoor temperature of people’s homes. This would occur only in cases 

when there is insufficient capacity to provide the network with the required heat. In this situation heat 

needs to be redistributed so that people far away from production sites get some heat and also to provide 

essential functions in society with heat [27].   

 

Other legal parameters are how to handle situations where external actors control the substations [27]. 

This situation will most likely require a legal agreement between the external actor and the thermal 

energy supplier to establish how to cooperate to make the heat load control work efficiently. 

 

Additionally, there has to be some thought put into the definition of shortage and DOT to make heat 

load control work smoothly. The definition of shortage will be a key aspect [39]. For instance, can 

capacity control in case of shortage be used if the thermal energy supplier has been sloppy and caused 
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the situation? Can capacity control in case of shortage be used due to the fact that it is cheaper for the 

thermal energy supplier than to generate heat? These boundaries have to be determined [27]. 

 

3.5 Situations for optimization and control of heat loads  
It is important that optimization and control of heat load always has a purpose but if it does there are 

very few specific situations when capacity control or smart heating in buildings should be avoided.  

 

Public utilities are one example of a type of building that should be excluded in capacity control and 

smart heating. Essential functions in society should be treated as premier customers. Some utilities 

mentioned during interviews were hospitals and retirement homes. The reason for excluding these 

buildings is that they are important to society and it would be disastrous consequences if they did not 

get the heat they needed [34] [36]. Therefore, Stockholm Exergi has to make sure to, in any situation, 

provide these functions with energy to cover their needs and the new technology of heat load control 

might not be mature for this kind of challenge yet.  

 

In Finland they have planned to create contracts with a specific type of customer to be able to control 

the heat load drastically in extreme situations. The contracts would specify that for certain situations, 

for example in an event of production disruption or shortage, the thermal energy supplier would have 

the right to lower the indoor temperature drastically. Only maintaining the building at an indoor 

temperature of about 17 ⁰C as to not damage it in any way. These contracts would generally include 

property owners of municipal buildings, commercial buildings and parking garages to mention some 

examples. Municipal buildings and some commercial buildings would be included since a drop in indoor 

temperature would not matter after working hours or during weekends and hence the contracts would 

be valid for these hours. In the case of a parking garage there might be situations where it does not even 

matter if the heating is entirely shut off and hence a lot of capacity could be available to use in other 

parts of the DH network during that limited time [34].  

 

It was also found through interviews and literature that buildings where ventilation play an important 

part in the indoor climate should not be included in smart heating or capacity control. The reason for 

this is that the system will compensate for the temperature drop indoors as a result of reduced radiator 

temperature with heat through the ventilation.  In these cases neither smart heating nor capacity control 

will be successful [36] [39] [35] [44]. These kinds of systems are often present in public buildings such 

as schools or shopping malls [18]. Norrenergi also brought attention to the matter that buildings with a 

mechanical exhaust ventilation where supply air was taken through the outer wall are tricky to control. 

When the heat was lowered a lot and the radiators cool off cold air could emerge through the valves 

which is not heated and hence contribute to a colder climate indoor [29]. According to Kennet Spennare 

capacity control can still be used but the settings have to be adjusted to fit with the ventilation system 

[30].  

 

According to Mikael Juhlin [39] the capacity control and smart heating should only be performed on 

multi-family houses where the behaviour of the building is well known, and social behaviours follow a 

relatively predictable pattern. Other public buildings will probably have a lot of capacity to control but 

as of now the technology is not developed enough so that that kind of building can be handled safely in 

all situations with heat load control [39].  

 

It was also suggested by Martin Borgqvist from Noda [45] to be cautious with heat load control in 

situations when DH is used for process heat and in general processes without, or with low, thermal 

inertia. In these cases, the heat is used for something else than maintaining a good indoor climate and 

therefore heat load control might not be ideal.  
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According to Johan Kensby it is not ideal to build a model with scenarios for heat load control at all. 

The reason for this statement is that the ideal solution should consist of a model that represents the 

reality automatically. If that can be achieved there will be no need for scenarios since the model will 

read the situation and adjust the heat load control accordingly in a dynamic manner. This will make the 

heat load control more accurate than a model built up by a limited number of scenarios [44]. 

 

One problematic building that was mentioned during the interview with Niclas Wiklund [36] was 

buildings that from the start are badly adjusted. This is often reflected in the fact that those living in the 

top floor apartments furthest away from the substation, often in a corner, experience poor indoor 

climates. One should be very careful to implement heat load control in these types of buildings if the 

base settings are not adjusted first. The reason for this is that if nothing is improved and heat load control 

is implemented the conditions for the top floor apartments can worsen [36]. 

 

3.6 Constraints and challenges with heat load control  
This section concerns limits both in the general DH network regardless of heat load control and limits 

and constraints for heat load control implementation.  

 

3.6.1 The general DH system 

As the distribution network consists of pipes that have a restricted capacity this creates constraints such 

as local bottlenecks. Another big constraint is the inflexibility of DH as production is scheduled in 

advance since energy generation needs to take place well before the need at customer level arises. 

Another restriction is the slow thermal renovation cycle of buildings. This can be prevented by increased 

insulation and other energy efficiency actions. If more buildings can be a part of the DSM, the network 

gets more flexible [12].  

 

When looking at the current DH system there are more limitations. Generally, the supply water 

temperature varies depending on settings at the production site while the flow is determined in the flow 

management system in the customer’s substations. Some general limitations regarding this are [10]: 

▪ A maximum supply water temperature that the DH network can handle 

▪ A minimal supply water temperature depending on customer needs in the network 

▪ A maximum pressure that the DH network can handle 

▪ A maximum flow that the pumps can manage to deliver 

▪ A limitation in how fast a change in supply water temperature can be done  

▪ Limitations arising from the geographical position of specific production facilities in relation 

to customers and other production sites 

▪ Number of accumulators in the system 

 

3.6.2 Heat load control implementation 

There are many constraints present on the demand side when talking about heat load control. There are 

several technical restrictions such as pricing contrast, overlapping control units, and building structures 

but also economical restrictions related to revenue allocation, lack of regulations and investment 

decisions [12].  

 

When looking at the building level there are other constraints in the radiator system and the building 

components which affect possibilities to increase or decrease thermal power output. Adding to the 

constraints already mentioned, constraints for charging are [12]: 

▪ Area design temperature 

▪ Radiator efficiency 

▪ Maximum indoor temperature 

For discharging the following constraints have been identified: 
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▪ Building envelope heat capacity 

▪ Safety constraints 

▪ Minimum temperature indoors 

Restrictions connected with the design temperature occur when outdoor temperature is colder than 

designed and radiators are on full power. In this scenario storing heat is not possible since all heat load 

is needed to cover the demand [33] [12]. Another restriction on the building level is that heat load control 

works better in a waterborne system than an airborne. The reason for this is that water inherit more 

inertia than air [44].  

 

Another restriction can be the storage capacity. Heat load control will result in a lot of real-time data 

that has to be stored and a secure and sufficient storage capacity unit is therefore needed [32]. In current 

systems this might be a limitation that adds to investment costs. 

 

The complexity of the electricity market is another constraint in the optimization that heat load control 

aims at achieving. The total optimization for thermal energy suppliers is therefore hard to utilize and 

decreases the benefits from heat load control [44].  

 

Heat load control is not an individual model that can be used regardless of the system around it. It is 

dependent on many systems that are all connected depending on the design of the heat load control. A 

complexity with heat load control is therefore how to integrate it with production planning and make it 

a tool that can be easily used in their day to day work. A challenge raised by Martin Borgqvist from 

Noda [45] is therefore coordination of production, distribution and consumption which up until 

recently have not been cooperating at all in DH networks. Before it has been a thermal energy supplier 

that focus on generating and selling and customers focusing on buying what they need. Without 

communication in between, it is not strange that there is a mismatch. This mismatch is growing 

smaller with heat load control, but the challenge is still present, how to integrate these three in the best 

way.  

 

Niclas Wiklund agree that the integration of heat load control with the production planning is a 

challenge and adding to this is also the challenge to trust the technology. When humans are no longer 

in the position of making decisions, the technology doing it has to be capable of taking a lot of 

parameters into account and the solution has to be able to store and handle large amounts of data. For 

example, it can be hard to integrate a human lifetime of experience in a data model. Adding to this is 

the fact that the humans still working with production planning have to trust this technology to make 

their decisions [36]. 

 

During interviews no one had any input on how to integrate heat load control in the existing production 

planning or with the existing systems. The reasons for this were mainly two. Either their solution for 

heat load control did not require that type of integration or they had not come that far in the development 

yet.  

 

Generally speaking, the success of an integration is ultimately about what resources that are used, how 

well these resources are understood (easy to use), how well they serve the specific need and the total 

financial incentive of the operation [46].  

 

Internal integration of heat load control with existing systems and work duties is hard and the most 

crucial factor is to implement working communication that makes it possible to share information in 

two ways. Each tool or system has to be able to share and receive and understand data from all other 

tools and systems connected. It is also of immense importance to communicate changes with employees 

whose daily work change do to integration of heat load control. Full integration of DSM activities has 

to encompass some alignment or coordination of resources provided to customers and incentives 
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presented to customers. The success also lies in communication between companies developing different 

plans for DSM to be able to learn from each other [46].   

 

Another challenge raised by Niclas Wiklund is the automation in relation with customer participation. 

As the technology of heat load control gets more mature it will be easier to automate most of the 

processes and this is according to most, desirable. However, the society today gets more focused on 

solutions where the customer can affect the outcome. Most likely, heat load control will in a more or 

less near future be controlled from an app on a smartphone and in this reality the automation of the 

service gets tricky. Adding to this is also the fact that individual customers will not have a system 

perspective and it is easy to lose system wide benefits, benefits for the thermal energy supplier, if 

customers gets a lot of freedom to change the heat load control on their own.  

 

One of the biggest challenges with heat load control is according to Johan Kensby [44] to apply the 

concept on a larger scale. Many companies and researches have performed pilot tests but rarely 

anyone has applied heat load control on a larger network. As of now it is very hard to evaluate, or even 

interpolate, the value that it could create in large scale, since only data from small scale applications is 

available, and this creates a constraint in the development of the technology [44]. With this comes 

another problem, it will be hard for a project team to create an accurate payment and profit plan and it 

will probably be hard to convince the management team within a company to invest in the technology 

if no successful large-scale implementation can be shown as an example.    

 

When expanding a solution from small scale to large scale there are many challenges. A paper written 

by Goy et. al. [47] presents a way to estimate potential for heat load control in large scale. The research 

suggests a replicable methodology that consists of three major steps. These steps are identified to handle 

challenges with data collection, development of the model and heat load optimization. The aim was to 

develop one tool that could address various building types, different energy vectors and expectations 

from stakeholders. The methodology was successfully used on an urban environment in Geneva, 

Switzerland [47].  

 

As soon as more than one single building is considered the spatial context varies a lot depending on case 

and application. This results in a rapidly growing complexity. When integrating heat load control on a 

large scale it is therefore important to see every individual stakeholder’s interests and incentives. For 

example, administrative entities might be interested in reducing energy consumption or GHG emissions 

to reach sustainability targets while residents might be more interested in reducing the bill for thermal 

energy. Grid operators, another stakeholder, may have more interest in less peaks and a smoother 

consumption, hence smoother production [47].  

 

The first step of the methodology is the data collection. A frequent problem in this step is to obtain 

accurate and sufficient data from buildings to be able to develop the model. Reasons for this lack of data 

can be lack of measuring devices or communication units in the building or due to confidentiality. The 

obtained data also has to be on an hourly level. This source suggests that data about weather (outdoor 

temperature and irradiation), building construction (geometry, energy conversion characteristics and 

wall characteristics), energy consumption, occupants (number and their patterns) and energy prices are 

needed for optimization of the heat load. This step should include an inventory of all the data. Following 

this step is the step to develop the models required for the heat load control which is very dependent on 

the data obtained. In this second step there are two main problems to overcome; the heterogeneity and 

the choice of an adequate model for heat load control quantification [47].  

 

The heat load control gets affected by each building characteristic and since these vary from building to 

building there has to be as many building models as connected buildings. This creates an untenable 

situation when the building stock grows where creating complex individual building models becomes 
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both complicated and time consuming. This problem can be dealt with in two separate ways depending 

on size of the implementation and complexity in the models. These two ways of dealing with the issue 

can either be implemented combined or as individual solutions [47].  

 

The first technique is simplification, to automate the development of building models. This approach 

loop over the data available and directly calculate the model parameters or every individual building. 

This model should be simple if it is developed for every individual building connected. The automation 

becomes more limited if historical data (grey-box approach) is used rather than building construction 

data (white-box approach) [47]. 

 

The second approach is to use a few representative buildings to reduce the number of individual models 

and virtually reduce the stock of buildings.  These buildings are called building archetypes and the aim 

is defined as to “represent a group of buildings with similar properties”. Similar buildings can be 

grouped in two main ways to identify the building archetypes; either by clustering or by classification. 

The building archetype is then generally the centre of the group [47]. 

 

Classification is currently the most frequently used technique to group buildings. This theory group 

buildings based on predefined categories. These could for example be age, structure or type. This 

approach has been successfully used in several implementations and is very straightforward and easy to 

implement. However, it can sometimes be considered to be subjective since the predefined categories 

are rarely justified and it can also often result in a high number of groups. If this approach is used it is 

very important to verify the predefined categories to make sure to achieve the desired outcome and have 

building archetypes that fairly represents the total building stock [47].  

 

The second approach for grouping buildings is clustering. This consists of an algorithm that group 

buildings depending on the distance between them. Clustering has been widely used for a number of 

parameters but fewer examples exists of building clustering. However, no algorithm has been proven to 

be better overall, so each individual case of clustering needs an analysis to test out the best approach. 

This validation should consist of a mathematical validation as well as a validation that the energy 

consumption from the building archetypes is consistent with the energy consumption of the total stock 

[47].  

 

The heterogeneity can thus be dealt with by either simplification, clustering or classification, 

individually or combined. The next step in the methodology is to develop the appropriate models needed. 

The model should account for the potential of the thermal mass of the building and it is hence necessary 

to evaluate energy consumption alongside the building’s energy conversion systems. The model has to 

be explicit and flexible to integrate well in an optimization scheme and to accommodate all different 

characteristics collected in the data. Studies have shown that the RC approach for building modelling is 

a good option for urban optimization. This approach represents the building by thermal resistance (R) 

and capacitance (C) in combination and is flexible in complexity. An RC model gives the indoor 

temperature as an output and use heat load, internal gains and outdoor temperature as inputs. The R and 

C parameter is flexible in estimation and either historical data or building information can be used. Both 

parameters also have a physical meaning which is necessary in the case of studying potential for future 

or retrofit scenarios. This makes the RC approach suitable for optimization and control of heat loads 

[47].  

 

The implementation of the heat load control approach is done by optimizing the operations in the energy 

conversion system. Therefore, the models for that optimization have to be developed too. The third step 

of the methodology is therefore the energy use optimization. Heat load control can be performed in 

several ways. For this optimization the heat load control estimation consisted of models for heating 

devices and buildings, constraints, prediction of disturbances and an objective function. This as a result 



50 

 

from the aim to find an optimal heating demand schedule from the conditions of each individual building 

with respect to future disturbance and constraints [47].  

 

First off, all the constraints have to be fixed to ensure continued indoor comfort for resident. In this 

study a temperature range for the indoor temperature was predetermined. This range varied depending 

on occupancy in the building. Constraints were also determined for the energy conversion to obtain 

realistic heating powers. In this case disturbances were defined as prediction of future internal gains 

(such as occupants, appliances and solar) and outdoor temperature. The different hourly energy prices 

for different energy vectors were also used. The objective function of the optimization has to be 

connected with the incentives for heat load control which can vary between stakeholders, as 

aforementioned. This has to be taken into consideration in the beginning of the analysis so that the right 

objective function is used from the start. The tool suggested consists of all three (cities/regions, residents, 

grid operators) for the user to choose. The whole methodology of the heat load control estimation is 

shown in Figure 20 [47].  

 

 
Figure 20. Heat load control estimation methodology [47]. 

4. Data analysis 
In this chapter everything concerning the analysis of the data from the test runs is presented.  

 

4.1 Design of pilot tests 
The pilot tests for heat load control started off in four residential buildings in two areas in Stockholm, 

area A and area B. Area B had a noticeably higher heat demand than area A. The four buildings were 

chosen due to their insensitivity of temperature difference by the residents. This was known beforehand 

by Stockholm Exergi (Borgström G & Hamp Q, Personal communication, April 25, 2018). Information 

about the test buildings are presented in Table 4 (Wells T, Personal communication, May 21, 2018).  

 

Table 4. Building information. 

Building  Location Heated area Year of construction Material Floors 

1 A 6096 m2 1929 Plaster 5 

2 A 3170 m2 1929 Plaster 5 

3 B 8730 m2 1941 Brick 7 

4 B 2160 m2 1929 Brick 4 

 

The test runs of heat load control started in four buildings and the initial aim was to have 300 connected 

buildings in June and after that add approximately 150 buildings per week. The aim is to have 2000 

residential buildings connected in the end of the year and 9000 by the year of 2020. These numbers 

concern buildings that use capacity control for situations of shortage or disruption (Borgström G & 

Hamp Q, Personal communication, April 25, 2018).  
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The actual test runs were performed throughout the spring with a maximum time of capacity control of 

three hours. The limit for maximum change in indoor temperature during this control period was set to 

±0.3⁰C. The test consisted of the entire process for heat load control with forecasts, production planning 

ordering capacity control and implementation. It included both capacity control and smart heating and 

all parts of the control chain was tested through these test runs (Borgström G & Hamp Q, Personal 

communication, April 25, 2018). No designed reintroduction of the controlled heat load was performed.  

 

4.2 Collected data 
The data used for analysis was obtained directly as outcomes from the actual heat load control in the 

network. The data collected for calculations were the following: 

▪ Indoor temperature in buildings  

▪ Energy demand in buildings  

▪ Outdoor temperature 

  

Data was obtained for one test run the 19th of April 2018 between 3am and 6am and the data came from 

two clusters, two buildings in are A and two in area B. This data was later used when evaluating KPIs.  

 

4.3 Key Performance Indicators 
A KPI is a value that can be measured that indicates how the company is performing to achieve key 

objectives. KPIs are used as a way of communication and are based on the main objectives of the 

company or project [48]. The KPIs used have been determined based on the literature review and 

interviews. Basically, they are results of the different incentives and benefits of heat load control 

presented in chapter 3.4 as well as the general goals for heat load control. Eight KPIs where identified 

and divided into four main groups (corresponding to the division of the incentives and benefits) and are 

shown in Figure 21.  

 

 
Figure 21. Key Performance Indicators for analysis of outcomes from heat load control. 

Revenue and costs were chosen as two KPIs since they are generally clear indicators of development 

in any business activity. Since money also is what mostly drive businesses it is an inalienable factor 

that has to be considered if any adequate analyses are to take place. Therefore, there will be an 

analysis of incomes and costs and how they change for both Stockholm Exergi and its customers.  

 

The fuel mix is an interesting KPI since one goal with heat load control is to transform the production 

mix in the network to reduce negative effects on the environment. Therefore, it is relevant to observe if 

there is any change in the fuel mix or not with active heat load control. Connected to this is also GHG 
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emissions as a KPI. Through this it can be found if the GHG emissions connected with energy 

generation have changed.   

 

Customer satisfaction is a KPI identified to make sure that the heat load control does not affect the 

customers negatively. This KPI focus on the change in indoor temperature as a measure of 

satisfaction. The energy demand will also be observed as a KPI since another goal with heat load 

control is to reduce demand. Therefore, any change a as a result of heat load control is of interest.  

 

The last two KPIs identified are available capacity and peak load. The available capacity concern how 

much capacity that have been made available through heat load control and is interesting to analyse 

the potential for heat load control in large scale. The peak load is also a good KPI since another goal 

with heat load control is to reduce peak loads and demands and therefore it is relevant to look into. 

 

4.4 SMART criteria 
To evaluate the relevance of each individual KPI before starting the analysis of the data the SMART 

criteria was used. Badly chosen KPIs will not make a good analysis. The SMART criteria are therefore 

mainly used to determine the relevance and effectiveness of the chosen KPIs and on a more detailed 

level it concerns all five areas presented in Figure 22 [49].  

 

 
Figure 22. Meaning of SMART criteria. 

4.4.1 Specific 

The first thing to look into is if the KPI is specific, which essentially is based on a specific goal. A 

specific goal will contribute to easier measurement and make sure that actions contributes to the right 

thing. It also makes it easier to realize if the KPI is reached or not and helps visualizing what is done 

right and what is done wrong. If the goal is specific it is clear where you start and where you want to 

end up, as well as how you plan on getting there. This also makes prioritizing easier [49].  

  

4.4.2 Measurable 

After defining a specific goal, it is important to make sure that it is measurable in one way or another. 

Therefore, there has to be means of measuring the progress, to achieve measurable KPIs. This enables 

easy and accurate evaluation of performance and an uncomplicated way of communicating the results 

[49].  

 

4.4.3 Attainable 

It is almost self-explanatory that none attainable KPIs does not help development and is a waste of time. 

If it is attainable it is possible to aim for and motivate the development to reach it [49]. 

 

4.4.4 Relevant 

This can be the most important criteria when defining a KPI. It has to be relevant for the business in 

question. Not only for a small project but also for the bigger picture. Here it can be important to make a 

short term and long-term plan for the business to understand what parameters are relevant to state as 

KPIs, now and in the future [49].  
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4.4.5 Time based 

Lastly, the goals and hence the KPIs needs to be limited in time. The measurement has to be done against 

a specific time period and deadlines work as motivation for efficient operation. The time frame force 

for strategic planning and prioritizing that contribute to more efficient development [49].  

 

4.5 SMART analysis of KPIs 
Below follows a SMART analysis of each of the identified KPIs to evaluate whether or not they are 

good for further analysis.  

 

4.5.1 Revenue 

This KPI concern any current or future financial gain that is dependent on the performed heat load 

control and therefore gets affected by its implementation. There are two ways for Stockholm Exergi to 

directly gain revenue; through incomes from heat sold to customers or through incomes from electricity 

sold on the electricity market [27]. As incomes from selling heat in the DH network is dependent on the 

energy demand that might change as a result of heat load control. This in turn is dependent on what 

contracts and agreements Stockholm Exergi has with its customers. Different contracts might result in 

different effect on similar buildings with the same amount of heat load control. The incomes from 

electricity will most likely be affected since the optimization of cogeneration is one aim for heat load 

control.  

 

A decrease in income can either be defined as a negative income or a cost. In this case it will be a 

negative income to easier visualize where the loss comes from. Therefore, any increase or decrease in 

income is of interest.  

 

This KPI is specific since it concerns increase or decrease in incomes from heat and electricity sold to 

customers and the electricity market. The specific target for this KPI is to see if there are any increases 

in revenue. This KPI is measurable since an increase or decrease in income is measured in decreased or 

increased flows of Swedish kronor from aforementioned activities.  

 

When talking about attainability there has to be a clear goal for the specific KPI. In this case increased 

cash flow will be the goal for heat load control. Where the money flow equals incomes minus costs. 

This is due to the fact that increased revenue that is overshadowed by increased costs should be noticed. 

This goal is attainable since there is no fixed number that has to be achieved and still specific since any 

increase of cash flow will be seen as positive. 

 

Even though the primary goal for Stockholm Exergi is to decrease the negative impact on the 

environment and to increase energy recycling, revenue is always a driving force in businesses. If it was 

conducted that heat load control also resulted in increased revenues, and even better, an increased cash 

flow, the interest for the technology would probably increase which could enable better development. It 

is also important for a company to know if the revenues decrease as a result of an ongoing project. 

Therefore, revenue is a relevant KPI.   

 

This KPI can have several different time frames that work when comparing and analysing results. In the 

future a relevant time base would be a year, to compare values on a yearly basis. However, in this initial 

phase of the project a more relevant time frame would be to look at changes on a monthly basis since 

the available data is very limited.  

 

4.5.2 Costs 

Costs can be divided into two groups: costs for Stockholm Exergi and costs for its customers. This KPI 

aim for reduced costs but however increases in costs are also relevant for the scope of this project. All 
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major cost groups are shown in Table 5. The costs visualized are results from the literature review and 

interviews performed.  

 
Table 5. Costs connected with Heat load control. 

Costs for Stockholm Exergi Costs for customer 

Implementation costs for heat load control Implementation costs for smart heating 

Maintenance costs for heat load control Bill for district heating 

Avoided implementation costs   

Avoided maintenance costs  

Avoided fuel costs  

Avoided operational costs  

 

The implementation costs for heat load control include the costs visualized in Table 1 [20]. Avoided 

costs or reduced costs will work as an indirect income and represent costs that Stockholm Exergi can 

avoid since they with heat load control do not have to expand their production park to get the same 

available capacity in the network. 

 

This KPI is specific and measurable in the same way as revenues where. It can be measured in monetary 

values and concern any increase or decrease in cost. The specific target is to evaluate if costs can be 

reduced.  

 

This KPI will be attainable since any decrease in cost is positive. Even so, this also has to be weighed 

against the revenues since a decrease in costs might not be good enough if it comes with a decrease in 

revenue as well. Once again, the money flow is of interest.  

 

For a company to realise the feasibility of a new project it is important to know what costs are associated 

with it. This can affect any further development of the project and service and therefore this KPI is 

relevant.  

 

This KPI consists of several different costs that occur at separate times. The investment cost is a onetime 

investment that occurs in the beginning only whilst other costs occur spread out throughout the use of 

the service. Avoided fuel costs and operational costs occur somewhat regular while maintenance costs 

can occur at any time. For customers there is one monthly recurrent cost in the bill for thermal energy 

and adding to that any investment cost if applied. To be able to capture the change in costs a monthly 

time frame will be used since most costs are reoccurring somewhat regular and hence can be divided 

into monthly costs. It might be relevant to put investment costs separately and compare or to divide them 

over time into monthly costs as well. In the future it could be relevant for Stockholm Exergi to look at 

this KPI on a yearly basis as well. However, costs for customers might be easier to relate to if presented 

and analysed on a monthly basis even in the future.  

 

4.5.3 Fuel mix 

The aim here is to analyse any changes in the fuel mix as an effect of heat load control. One specific 

target with heat load control is to reduce the use of fossil fuels and therefore the aim for this KPI is to 

reduce the share of fossil fuels in the energy mix. Therefore, the KPI is specific and relevant. 

 

This KPI will be measured as a change in share in the energy mix, a decrease of percentage and hence 

a decrease of tons fossil fuel per MWh of produced thermal energy in the network. Hence it is 

measurable. Even so, it will only be possible to measure when the available capacity from heat load 

control gets large due to the fact that the total capacity has to be large enough to affect major production 

sites.  
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As with aforementioned KPIs the target is specific in the sense that a decrease is sought for but there is 

no value limit that has to be reached. Therefore, the goal is attainable.  

 

The fuel mix can be analysed and compared in different time frames, in this case a monthly or a seasonal 

time frame could be relevant. In this case the yearly time frame is not of interest since one relevant 

aspect is to look into how the fuel mix gets affected at separate times of the year to evaluate the effect 

of heat load control during different times.  Seasonal variations in the change of the fuel mix could be 

sufficient for the purpose but in the current state there is very limited data to work with. Therefore, a 

monthly time frame will be used with recommendations to look into a seasonal time frame in the future.  

 

4.5.4 Greenhouse gas emissions 

This KPI concern the possibility to reduce GHG emissions since a goal with heat load control is to 

reduce negative impacts on the environment. Therefore, this KPI is relevant. It is also specific since any 

reduced GHG emissions from thermal energy generation as a result of heat load control is positive. The 

target for this KPI is to reduce the GHG emissions but any increase is also of interest for further analysis 

and development of heat load control.  

 

This KPI is easily measured in tons-CO2/MWh and is therefore measurable. It is also attainable since 

previous projects have succeeded with reduced emissions in connection with heat load control. 

 

The time frame for this KPI should be linked with the time frame for the KPI concerning the fuel mix. 

The reason for this is that they are strongly correlated and depend on each other. Therefore, the relevant 

time frame will be to analyse changes monthly.  

 

4.5.5 Energy demand 

This KPI only concerns Stockholm Exergi’s customers and any changes in their energy demand as a 

result of heat load control. The target here is to reduce the energy demand in connected building which 

makes this KPI specific. A change in energy demand is also easy to measure in increased or decreased 

kWh for an individual building or an entire subnet. 

 

This KPI is attainable since there is no requirement of the size of the demand reduction. Even so it is 

not for certain that heat load control actually reduces the energy demand for buildings connected. If not, 

any change in energy demand will be evaluated and work as a basis for any further development of the 

technology for heat load control. This makes it relevant for this project.   

 

Since the energy demand as of now is measured monthly to correlate with the customer’s bill that is 

paid monthly the time frame for this KPI will also be monthly.  

 

4.5.6 Customer satisfaction 

Customer satisfaction can at first glance look very hard to make specific and measurable but in this case 

information from the literature and interview review will help out. A change of indoor temperature is 

the easiest way to identify if customers will be directly affected or not. In this thesis it has been found 

in several sources that customers do not notice a change in indoor climate if the indoor temperature 

change within ±0.5⁰C of a target indoor temperature [11]. It is also assumed that if customers do not 

notice any difference in indoor temperature they will be satisfied with the service. Therefore, indoor 

temperature measurements together with presence or absence of customer complaints will be the basis 

for this KPI. This makes this KPI both specific and measurable.  

 

It can be argued that other aspects, such as reduced costs and energy demand should be included in 

customer satisfaction since they to a high degree will affect how satisfied customers are with the service. 
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However, these are not included here since they have been identified as individual KPIs but even, so 

they are important to have in mind when talking about customer satisfaction in general.  

 

Several research papers have shown successful implementation of some kind of heat load control while 

remaining the change of indoor temperature within ±0.5⁰C. Therefore, it is assumed that this KPI is 

evaluated as attainable in the case for Stockholm Exergi as well. 

 

Since customers are the ones that will buy the service of smart heating or capacity control it is very 

important that customers are satisfied. If they are not, they will stop buying the service and money and 

time has been invested in it for no good. Therefore, it is very relevant to find out if customers are happy. 

 

Indoor temperature changes consist of very small deviations and the time frame have to be able to catch 

these to be relevant. The changes of indoor temperature are relevant on a daily basis. The daily load 

profile of an individual building and how that corresponds to the indoor temperature should be of most 

value in this analysis. Therefore, the indoor temperature will have a daily time frame. Even so the indoor 

temperature can be evaluated monthly or yearly as well but due to limited implementation and data the 

daily basis will be used as current time frame.  

 

4.5.7 Peak load 

Peak load is a specific KPI since the goal is to reduce peaks in demand. This can be done by peak 

shavings or peak shifting, both resulting in lower peaks at peak hours. The reduction of peaks is also 

easily measured by measurement equipment on an hourly basis. This data can then be compared to a 

reference data set. The reduced peak value can be measured in MW.   

 

Reducing peaks is one of the largest incentives to invest in heat load control and several researchers 

have found it possible to do just so. This works as a basis when it is assumed that this KPI will be 

attainable for Stockholm Exergi as well. This also proves the KPIs relevancy. 

 

The time base for this KPI will also be daily as stated for customer satisfaction. The reason for this is 

that the peaks that are of most interest to reduce are the morning and evening peaks that residential 

buildings experiences daily. Therefore, a comparison on daily basis is most accurate for analysis.  

 

4.5.8 Available capacity 

To be able to evaluate the future possibilities and current viability of heat load control it is important to 

know how much capacity that got available in the DH network due to heat load control. This makes it 

relevant. The goal for this KPI is to increase the DH network capacity which makes it specific. How 

much available capacity there is in MW due to heat load control can be found right in the tool for 

production planning which not only makes it measurable but also easy to measure.  

 

Since the whole idea of heat load control is based on increasing the capacity in the DH network, an 

increase of any size is ensured and therefore this KPI is attainable. The size is of course of importance 

as well since that will affect in what situations heat load control can be used and a larger amount of 

“new” capacity will make heat load control more viable. This is also a reason for the relevancy of this 

KPI. 

 

The time frame for this current KPI will be monthly since this makes it easy to compare with costs and 

revenues. The reason why this is desirable is that the available capacity gives an indication of the value 

of the heat load control since this is what determines how much avoided thermal energy generation there 

could be.  A correlation between this value and the monetary value could therefore be of interest to 

analyse.  
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4.5.9 Summary of SMART KPIs 

The results of the SMART analysis of the chosen KPIs are visualized in Table 6. It can be noticed that 

all KPIs managed to meet the requirements of the SMART analysis and therefore all eight KPIs will 

be used for further analysis. 

 

Table 6. Results of analysis of KPIs with SMART criteria. 

KPIs Specific Measurable Attainable Relevant Time 

Revenues Increase revenues SEK/MWh   Monthly 

Costs Decrease costs SEK/MWh   Monthly 

Fuel mix Decrease fossil fuel Tons/MWh   Monthly 

GHG emissions Decreased emissions Tons/MWh   Monthly 

Energy demand Decrease demand kWh   Monthly 

Customer 

satisfaction 

Maximum ±0.5⁰C in 

indoor temperature 
⁰C   Daily 

Peak load Reduce peak load MW   Daily 

Available capacity Increase capacity MW   Monthly 

 

4.6 Business-as-usual scenario 
A reference scenario was also used to have reference data to compare the new data with. This is 

important to be able to determine if the new data shows any improvement or not. For this thesis the BAU 

scenario consisted of data from the same buildings during days as close in time as possible with similar 

conditions. The similar conditions concerned similar outdoor temperature (during the control period), 

similar calendar status (holiday, weekend or weekday) and similar time of the year. 

 

Reference days where therefore examined from the 1st of January 2017 until the 31st of June 2017 as 

well as between the 1st of January 2018 until the 17th of May 2018 (the most current data available). For 

these two time spans the outdoor temperature during the control period was examined for all days and 

the four best each year was chosen. This resulted in days with an average difference of less than ±0.6⁰C 

in outdoor temperature during the control period. The average temperature difference throughout the 

day was also examined but no restrictions were set since the control period is the time period of interest. 

The days that matched these criteria are presented in Table 7.  

 
Table 7. Reference days for the BAU scenario [⁰C]. 

 14/5 

2017 

15/5 

2017 

17/5 2017 1/6 2017 21/4 2018 24/4 

2018 

25/4 2018 5/5 2018 

Day of the week Sunday Monday Wednesday Thursday Saturday Tuesday Wednesday Saturday 

Average ∆T 1.97 5.64 2.84 2.93 1.59 3.75 3.50 0.98 

Average ∆T at 

control period 
0.13 0.48 0.50 0.30 0.30 0.55 0.53 0.53 

  

As can be observed there are two Saturdays and one Sunday examined. The main reason that these are 

included in the initial analysis is that heat load control is only applied to the radiator heating and not the 

hot tap water system in a building. The reason why weekends and weekdays are different in load profiles 

is mainly the social patterns that change, in turn the social patterns mostly affect the hot tap water usage. 

Therefore, they can be relevant for further evaluation before being ignored.  

 

The outdoor temperature of all reference days compared the 19th is shown in Figure 23. The yellow area 

represents the time when the heat load control was performed. It can be observed that all chosen days 

have similar outdoor temperature during the time of the heat load control.  
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Figure 23. Outdoor temperature for all reference days. 

For the chosen days the thermal energy demand was also observed. This is shown in Figure 24 and 

Figure 25 for area B and area A respectively. Here the data is shown for the two clusters, each cluster 

consisting of two buildings. The reason for this is to give a better overview of the difference between 

the two locations in Stockholm and to, in this initial stage, see the differences between the load curves 

better. For the two buildings in area B the reduction due to heat load control is very obvious comparing 

other days. At area A the reduction is not as big but there is a visible reduction during the control time. 

It can also be noticed that the load profiles during the two Saturdays (21st of April and 5th of May 2018) 

and the Sunday (14th of May 2017) examined are completely different, as suspected, and therefore they 

were excluded from the BAU scenario further on.  Furthermore, the load curve for the 15th of May 2017 

does not follow the load curve of the 19th at all and hence this date will also be excluded. Overall it can 

also be observed that the load curves do not follow the load curve of the 19th of April 2018 closely, this 

is not a surprise since the temperature during the heat load control, and not the entire day, was used to 

find the reference days. However, this does not matter for the further analysis.  

 
Figure 24. Thermal energy demand in area B. 
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Figure 25. Thermal energy demand in area A. 

This analysis resulted in a BAU scenario consisting of four reference days. These days where both 

compared individually with the 19th of April 2018 but also together as a reference load profile. This 

reference load profile was created as an average of the four days to construct one day with similar load 

profile as the heat load control day. This was used for further calculations and analysis. Both calculated 

reference load profiles are shown in Figure 26 and Figure 27 compared the controlled heat load curve 

and the outdoor temperature the day of the heat load control. 

 

 
Figure 26. Average load profile for area B.  
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Figure 27. Average load profile for area A. 

It can be observed that these average load profiles follow the pattern of the load profile of the 19th well 

during hours outside of the control period but shifted upwards. However, this shift is quite large for area 

B. Since calculations will be performed only during the control period this will not affect the results. 

Even so, for further analysis with more than one occasion with heat load control throughout the course 

of a day, a heat load curve that follow the original curve better is needed. These curves will however be 

good enough for this study and are also the best option with the available data if best accuracy is wanted 

during the control period. The outdoor temperature is also shown in the figures to give an indication of 

how that affect the heat load curve.  
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5. Results 
In this section results from the study performed are presented. First follows results from the literature 

and interview study and then the results from the calculations are shown. In the end a presentation of 

the proposed actions for Stockholm Exergi are presented.  

 

5.1 Incentives  
There have been several different benefits observed with heat load control. These benefits have been 

divided into four groups and are summarized in Table 8 below: 

▪ Reduced costs - All costs that in one way or another are reduced as well as any increase in 

income. Simply, this concerns any increase in cash flow.   

▪ Sustainable development - Anything that decrease negative impacts on the environment, for 

example all benefits connected to reduce emissions or increased resource conservation.  

▪ Strengthened customer relationship – Any activities that increase Stockholm Exergi’s reliability 

or increase information sharing between company and customer.  

▪ Overall system optimization – For example improved power reserve, optimization of 

accumulator uses and increased efficiencies.  

 

Table 8. Benefits with capacity control and smart heating. 

Benefit Comment Source 

Reduced costs 
Reduced wear and tear on 

production facilities  
• Less starts and stops of peak production facilities → Less thermal 

and mechanical stress 

[27] 

Possibilities for increased 

income 
• Flexible electricity production 

• Volatility in electricity prices 

[27] 

[34] 

Reduced costs for pumping • Less use of large pumping plants due to demand needed to be 

moved around in the network 

[10] 

[20] 

Reduced investment costs • Investment costs for heat load control are lower than other 

investments 

• Avoided investment costs to build new facilities or expand 

distribution network to cover demand 

[27] 

Reduced peak load 

production 
• Lower operational and maintenance costs  

• Less use of expensive fuels and less expensive start-ups.  

[27] 

Optimization of 

production costs 
• More available capacity without adding on new production 

facilities to the network. 

[27] 

Possibility for optimization 

of  cogeneration in CHP 

plants 

• Enables possibilities to optimize generation in CHP plants with 

regard to electricity price 

• Take advantage of the volatility in electricity prices as a result of 

renewable energy technologies 

[7] 

[34] 

Reduce heat losses • Avoiding starts and stops of facilities 

• Possibility for lower temperature distribution 

• Lower supply water temperature 

[11] 

Increased heat efficiency • Possibility to generate heat when favourable [11] 

Sustainable development 
Reduced GHG emissions • Less peak load production facilities in use 

• Less use of production sites for same demand 

[41] 

Increased resource 

conservation 
• No need to build new facilities that require fuel [31] [5] 

Reduced energy demand • Even indoor temperature 

• Customer does not get excess energy 

[27] 

Lower return water 

temperature  
• Gives a more environmentally friendly production [19] 

Strengthened customer relationship 
Improved indoor climate • Adjusted temperature so that it is not too cold or too warm [32] 
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Increased security of 

supply 
• Less dependency of fuels  

• Better management of shortages 

• Less dependency on the future market for fossil fuels 

[11] 

Improved conditions for 

customers furthest away 

from production sites 

• Customers get treated more equally in a situation of e.g. shortage 

when available capacity can be divided better 

[39] 

Available real-time data 

from buildings 
• Customer gets better insight in the DH system of their building 

• The DH network gets more transparent 

• The data can be used for other applications 

[43] 

[41] 

Modern view on district 

heating 
• Introduction of smart services makes DH seam more modern to 

people 

[34] 

Role of customer will 

increase 
• Meet the future need of a smart including service [34] 

Overall system optimization 
More efficient utilization 

of accumulators 
• Accumulators can be saved for extreme weather situations 

instead of being used to cover daily peaks 

[10] 

Less dependence on 

distribution network 

restrictions 

• Less risk to exceed maximum allowed flow rate  

• Less dependency on accumulators to handle peak load 

• Less restrictions in networks with narrow sections due to local 

outspread storage capacity 

• Less dependency on geographical positions 

[38] 

[10] 

[12] 

Reduced size of production 

sites 
• Regulations control production site size so that dimensioned 

network can handle DOT situations which can be reduced with 

available capacity from heat load control 

[27] 

Increased opportunities 

for system optimization 
• Moving capacity between networks and subnets 

• Using heat load control instead of starting up new plant 

[35] 

Lower supply water 

temperature 
• Due to general better optimization of the system 

• Contributes to less heat losses and a balanced production 

[34] 

Increased security of 

supply 
• Reduced negative effects with faulty weather or load forecasts  

• Reduced negative effects with production disruptions/shortages 

[11] 

[36] 

Increased flexibility • Heat load control can aid production  [12] 

Smaller customer units • Heat load control can adjust flexibly to this [34] 

 

As can be seen in the table there are many incentives to invest in and to develop heat load control. The 

four categories of incentives are important to have in mind when designing the process for heat load 

control to make sure to utilize the opportunity as good as possible. If not, all benefits can be reached,  

due to limitations of any sort, it is suggested to prioritize the incentives and pick the most important 

ones in each category and try to design a process for heat load control that can meet these.  These 

incentives can also work as a basis when applying for founding for any project regarding heat load 

control. 

 

For Stockholm Exergi it is suggested that this information is used as a basis in the further development 

of the process for heat load control. This information can help out when evaluating the product and in 

the future work as basis when designing a price model that fit with heat load control. In that situation it 

is important to know what value the service contribute with, for both customer and thermal energy 

supplier. This will help to design a fairer agreement surrounding the service.  

 

5.2 Parameters 
Summarized below in Table 9 are the most important parameters to consider when working with heat 

load control. These parameters have mainly been identified from interviews and literature. 
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Table 9. Parameters to take in to consideration for capacity control and smart heating. 

Parameter Comment Source 

Technical - Building level 
Thermal inertia of the building Geometry, physical properties of building materials and 

energy profile. 

[33] [18] 

The effect of ventilation on indoor 

temperature 

Have less thermal inertia than a water bound system and 

may counteract the heat load control  

[18] 

Social behaviour Know social behaviour throughout a day to adjust heat 

load control accordingly 

[33] 

Indoor temperature To maintain indoor comfort all the time the change has to 

be less than ±0.5⁰C.   

[3] 

Indoor humidity Humidity has a major influence on how people experience 

temperature  

[12] 

The value of a change in indoor 

temperature  

In extreme situations when a larger change than ±0.5⁰C is 

justified the value of more change needs to be established.  

[27] 

Outdoor temperature To be able to adjust the heat load control accordingly  [20] 

Weather forecasts/weather data As of now the indoor temperature limiting the heat load 

control is put in relation to only outdoor temperature. 

What could happen if more parameters where added like 

solar irradiation, wind and rainfall? As of now more 

capacity could probably be utilized on days with nice 

weather then the outdoor temperature entails  

[39] 

Current energy saving strategies If a building e.g. has night setback it will affect the peak 

in the morning or if other energy efficiency measures are 

in place they might counteract each other 

[44] 

Intelligent measurement devices To identify DSM potential and ensure customer 

satisfaction as well as work with a two-way 

communication 

[12] 

Heat load control per hour and 

over time  

It is important to have limitations in the model stating how 

much a specific building can be controlled per hour and 

also over time to make sure that the indoor climate never 

gets affected more than it should. 

[44] 

Technical - Network level 

Balance in electricity grid Optimized utilization of CHP plants [33] 

Possibility to move capacity from 

one network to another 

Easier if capacity do not have to be transported all the way 

from production sites.  

[27] 

The value of heat load control in 

different parts of the DH network 

Heat load control in parts further from production sites 

and accumulators is more valuable 

* 

Supply and return water 

temperature and pressure 

Have to work within the limitations of the system [10] 

Essential functions in society as 

premier customers 

In all situation make sure these functions have enough 

energy for their needs 

[27] 

Reintroduction of controlled heat 

load 

How should this be done so that it does not counteract the 

control performed? 

[18] 

Heat demand forecast Estimated geographically throughout the network. Make 

sure to actually deliver the required heat load 

[27] [12] 

Available production Online versus offline production sites [27] 

DH network structure Size, merit order and policy  [12] 

Future Smart Grid scenario If the smart grid scenario for electricity is realized the 

electricity market might be more attractive to be a part of 

[27] 

Future Thermal Smart Grid 

scenario 

If open DH is successful control of heat loads have to 

work for that kind of market as well.  

[27] 

Financial 

Production costs For diverse types of production  [27] 

Cost of implementation Expensive for control of heat load from the IT perspective [33] 

Electricity price  Optimize production costs and revenue [27] 

Fuel prices Optimize production costs [33] [34] 

Legal 
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Laws and regulations In extreme cases where the indoor temperature at 

customers has to be changed Stockholm Exergi needs 

legal backup 

[27] 

Definition of shortage How is this defined? Can we use capacity control in case 

of shortage if we have been sloppy? If we caused the 

situation? Can we use this due to it being cheaper for us 

than to generate? Where is the line? 

[39] 

Definition of DOT for thermal 

power shortages 

Might be good to redefine to better utilize heat load 

control opportunities. 

[27] 

External actors controlling 

substations 

Might need contracts with each of them to make the heat 

load control work.  

[27] 

*(Dahlgren J, personal communication, February 14, 2018). 

 

The information presented in Table 9 can work as an information basis when planning to implement 

heat load control. This table in no way complete and does only give an indication of parameters that are 

important to have in mind for heat load control. The information presented is chosen to show the broader 

perspective of heat load control and put it in a larger picture. When working on developing heat load 

control it is important to look at this information and evaluate how these parameters are or can be 

included in the planned heat load control. All parameters do not have to be included but to be able to 

reach all system wide benefits with heat load control they are important. Depending on the goal and 

vison for the heat load control some parameters will be more or less important. This also depends on the 

actual design of the heat load control.  

 

It is suggested for Stockholm Exergi to first look into the specific goals for heat load control as well as 

proposed design and then look through the previous defined parameters to evaluate their integration and 

importance in the current heat load control plan. Some parameters might not be necessary to focus on 

in an initial phase of a heat load control project. For example, parameters concerning future grid 

scenarios might not have the highest priority in the beginning of the development. 

 

5.3 Limitations and challenges with heat load control  
The aforementioned section consisted of parameters to consider in heat load control and this section will 

continue on the same track. This section shows the summarized results from literature and interviews 

regarding situations with special conditions for heat load control as well as limitations in the general DH 

network and limitations and challenges for heat load control. All of which are important to have in mind 

when designing a process and plan for heat load control. Table 10 show the special conditions for heat 

load control which are important to take account to in the design.  

 

Table 10. Special conditions for heat load control. 

Special condition Comment Source 

Non-multi-family residential 

buildings 

These buildings should be handled carefully since most 

knowledge with heat load control concern residential buildings 
[39] 

Public utilities No heat load control, premier customers  [43] [17] 

Buildings with air ventilation No heat load control (or very limited) due to problematic 

conditions 

[36] [32] 

[30] [44] 

DH for process heat No heat load control due to low thermal inertia and heat is used 

for something else than indoor comfort 
[45] 

Badly base adjusted 

buildings 

Careful or no heat load control due to risk of badly affecting 

indoor climate 
[36] 

Commercial/municipal/office 

buildings 

Drastic heat load control during extreme situations at off office 

hours 
[34] 

 

Overall it has been established that Stockholm Exergi should focus on residential buildings only since 

there is most knowledge about this type of building and they are commonly very similar and can 

therefore use the same solution design. The underlying reasons for focusing on residential buildings lay 
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in the fact that it is the largest customer segment in the DH system and that multifamily buildings have 

homogenous configurations of their heating systems [3]. This enables easier generalization of one 

solution that fit many. Adding to this is also the building structure and often large thermal mass that 

makes them suitable for short-term TES. Also, there is a high thermal inertia in the radiator system on 

its own [3]. The heat load in residential buildings is also more commonly known and easier to predict 

in any cases. It is also suggested that Stockholm Exergi only focus on multi-family residential buildings 

and no single-family households due to the fact that larger buildings have a larger thermal inertia and 

better capacity to store heat. The potential in single family households would be too small for current 

technologies [44]. 

 

Several sources argued that heat load control in public utilities, such as hospitals, is not a clever idea. 

This was partly due to the fact that many public utilities have ventilation systems and partly due to the 

fact that these public utilities society need to have the right thermal energy delivery at all times to 

function. Therefore, it is too high of a risk to implement heat load control in case it does not work out 

as planned. Adding to this is that the social pattern affecting the heat load is harder to predict and map. 

Due to this it will be recommended for Stockholm Exergi to exclude any public utilities in any future 

heat load control plan. Another type of building to exclude is buildings with ventilation, this argument 

is supported by several of the sources due to its unsuitability for successful heat load control.  

 

Many studies have tried to perform capacity control in buildings with airborne systems, where 

ventilation play an important role in the heating, but none have succeeded in doing so successfully [32] 

[3] [22] [18] [20]. Therefore, it is suggested that Stockholm Exergi does not perform heat load control 

in that type of buildings. 

 

It has also been established that facilities using DH for other purposes than maintaining a good indoor 

climate should be excluded. Examples of use is DH for process heat. In these situations, no heat load 

control should be implemented. Lastly buildings that have a bad base adjustment should be carefully 

evaluated before implementing heat load control. Either the building should be excluded, or it has to be4 

adjusted before the implementation. This to ensure to never contribute to negative effects for the 

residents.   

 

Commercial, municipal or office buildings is another category with opportunities for special treatment. 

These buildings could be included in the heat load control under certain conditions as discussed before. 

It is recommended for Stockholm Exergi to look into the opportunity of adding special agreements for 

these types of customers to enable more available capacity in extreme situations. Even though the current 

plan for Stockholm Exergi is to only focus on residential buildings this could be an interesting path to 

take in the future. Since, flexibility of heat load control comes with a building stock consisting of 

different buildings that have different peak hours.  

 

Table 11 below presents the limitations observed for heat load control. These are important to have in 

mind when designing the process for heat load control. 
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Table 11. Limitations for heat load control. 

Limitation Comment Source 

Technical restrictions  Pricing contrasts and building structure [12] 

Economical restrictions Revenue allocation, investment decisions and lack of 

regulations 
[12] 

Constraints for charging Design temperature, radiator efficiency and maximum 

indoor temperature 
[12] 

Constraints for discharging  Building envelope heat capacity, safety constraints and 

minimum indoor temperature 
[12] 

Complexity of electricity market Hard to utilize full potential [44] 

Overlapping control units If more than one control system is used, they might 

counteract each other 
[12] 

Data storage capacity  Handling  and storage of data [32] 

 

Technical and economical restrictions and constraints in charging and discharging are aspects that 

mainly affect the potential for heat load control and how much the building in question can contribute 

to the additional available capacity in the DH network. Therefore, it is suggested for Stockholm Exergi 

to have these variables in mind when designing the heat load control.  

 

The complexity of the electricity market and the integration of electricity generation and heat generation 

is also a difficult aspect in heat load control. It is important to have in mind that some of the previous 

mentioned benefits are depending on a successful integration of the two which is very difficult to do, 

partly due to the natural complexity of the electricity market. Even if the electricity market is not 

included in the model right from start it is important to start working on the integration from the 

beginning.  

 

The concern with overlapping control units is a bit more serious for the success of the implementation. 

If another solution for energy efficiency or heat load control already is present in the property, additional 

heat load control can be hard to implement. There is a big chance that these solutions counteract each 

other with no satisfactory results as outcome. Since Stockholm Exergi do not own the substations in the 

network it is possible that a situation like this occur where Stockholm Exergi have little to say about it. 

Hence, if another competing solution is already in place it is suggested that no additional heat load 

control is implemented.  

 

The data storage capacity is also of immense importance for a successful implementation and is 

something that has to be developed carefully before large-scale implementation.  

 

Lastly, Table 12 presents a summary of challenges raised with heat load control. 

 

Table 12. Challenges with heat load control. 

Challenge Comment Source 
Large scale implementation Unknown value in large scale due to only small-scale 

implementations currently 
[44] 

Integration with existing systems Integrate with production planning to use as a tool in the day 

to day work. Hard since no one really done it before 
[43] [36] 

Coordination Working communication between production, distribution 

and consumption  
[45] 

Trust the technology Humans have to trust decisions made by technology  [36] 

Flexibility for future changes To adjust to future development  

Value of heat load control Pricing of the service  

Reintroduction of controlled 

load 

How to perform it in the best way possible 
 

Customer participation How customers can affect the total heat load control [12] [36] 

Automation To what extent and how  
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First out, large scale implementation is a huge challenge. The reasons for this are many, partly that no 

one have done it before, but also, for example, that this requires integration of systems and tools, good 

knowledge about synergies and well-developed automation or lots of manual work. The scalability of 

heat load control is large. The capacity is already present in the network and the additional connection 

of more buildings is neither complicated nor expensive when the process is in place. Even so, no large-

scale implementation has been performed. Therefore, Stockholm Exergi will be in the forefront when 

implementing heat load control in its DH network in Stockholm the year of 2018. This will not only 

contribute with the benefits already described but also, hopefully, put the company in a position where 

employees working within the field will be experts in the area of large scale implementation of heat load 

control in Sweden.  

The current lack of large scale implementations makes it hard to estimate the real value of decentralized 

heat load control as TES even though it is known that it would create system wide benefits. This makes 

it hard to give recommendations on how to, for sure, succeed with it. On the other hand, some guidelines 

could be given. Several sources have argued that communication is vital for success. Other than that, 

the general recommendation would be to scale it up slowly with evaluation steps along the way where 

the expansion stops and effects on the network are analysed. During these evaluations it is recommended 

to look at the proposed KPIs identified in this master thesis and use them as a tool to establish the success 

of the implementation.  

Secondly it is recommended to continuously have a dialogue with other companies working with heat 

load control to learn from each other. Several Swedish thermal energy suppliers as well as branches of 

Fortum abroad in Europe are working on implementing heat load control as DSM and everyone are 

aiming for large scale implementation. Since thermal energy suppliers are not competing for the same 

customers, as long as they are not operating in the same city, they are generally happy to share 

information and experiences which creates a unique opportunity of collaboration when developing a 

new service. The contact with other companies has been established through this master thesis and it is 

recommended for Stockholm Exergi to stay in contact with these companies to enable faster and better 

development in any future work.  

Thirdly, it is very important to stay open to changes and try to stay dynamic in the working progress. 

Modern technologies are appearing on the market all the time and since thermal energy suppliers now 

are developing heat load control parallel new findings can happen at any time. The last recommendation 

for large scale implementation is to market the service to make customers aware of its existence. The 

service should not only be advertised to real-estate owners but also to residents so that they can pressure 

their real estate owner to join. This all depends to some extent on how the service is designed but 

marketing is a crucial step to succeed in long term.  

Apart from this it is also recommended for Stockholm Exergi to look into the methodology developed 

by Goy et. al. [47] consisting of three steps when going from small to large scale implementation. The 

three steps, data collection, model development and heat load control and optimization give a good 

overview of how to think regarding the large-scale implementation. Adding to this Stockholm Exergi 

should also follow the work of Johan Kensby since he is currently working on a project that will evaluate 

the effects on a large-scale implementation. His work will regard a valuation model for demand 

flexibility that could be of interest for the development at Stockholm Exergi [44]. 

Another challenge observed was the integration of heat load control with current systems and tools and 

to coordinate production, distribution and consumption. According to Evergreen Economics [46] the 

general key to success in this matter is communication, both smart communication between systems but 

also communication between employees and other stakeholders. The problematic situation with lack of 

data from large scale implementations also affect this matter. Since no one has done heat load control 

in large scale no one has really had a good incentive to look into how to integrate the process with 
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existing systems. Recommendations regarding this are therefore to stay in touch with other thermal 

energy suppliers working with heat load control and try to learn from each other.  

 

The trust in the automated control is also a challenge, even though it is much smaller than the previous 

two. To succeed here it is important to communicate all changes to all affected or interested. Most 

importantly is to organize some kind of information meeting or educational opportunity for everyone 

working within the production planning since these will work with heat load control hands on. If they 

do not trust the system, then the implementation will fail but if they are on board there should not be 

anyone else standing in the way of the use of the heat load control service.  

 

Another challenge is to develop a flexible heat load control that can adjust to future changes. This is 

tricky since there is no way of knowing what changes the model has to be flexible towards. However, it 

is important in the developing phases to have the future in mind where a future open DH network and 

smart grid solutions is the most obvious path that the solution might have to be adjusted to. It is 

recommended for Stockholm Exergi to stay open minded and as flexible as possible in its solution.  

 

The last challenge to be raised is the value of heat load control and the price for the service. The 

challenge lies in establishing what heat load control is worth as a service and in different parts of the 

DH network. The recommendation here is to evaluate this when there are more connected buildings and 

more data to analyse with the determined KPIs.  

 

The value of heat load control is something worth discussing. First of all, there is the distinction between 

value for producer and value for consumer. When looking at incentives identified and important 

parameters for heat load control there are many that affect both. Overall one can determine value for 

customers and producers individually but to be exact the benefits will vary a lot from case to case. 

Therefore, this is easier to determine when a large-scale implementation is in place and there is real data 

to evaluate and base the analysis on. It is important to establish this since this will work as a basis for 

the decision regarding the price of the service. If most value is gained for the customer, then they could 

pay for the service of decreasing energy demand but if Stockholm Exergi experience more benefits it 

might be more logical for them to pay customers for the possibility to utilize more capacity.  

 

Secondly, there is an entirely different discussion regarding heat load control having different value in 

different parts of the DH network. The idea is that it would increase in value to have TES if the building 

in question is far away from a production site or an accumulator or in a part of the network that 

experiences a restriction, such as a bottleneck. There is currently no one that have performed a study on 

this but the ongoing DSM project in Finland touch upon the subject. Fortum Finland could see a 

development where sub regions have their own smaller markets regarding DH. These markets would 

have their own sell and buy prices as a result of different limitations in the network, such as bottlenecks 

or network losses, which consequently gets reflected in the price [34]. The same principle could then be 

applied to heat load control. If a property buys the service of DSM in a remote area the price for the 

service could be lower since it increases the value for the producer (assuming that the customer pays for 

the service, the other scenario would be that the customer would get more paid instead). During 

interviews many thought that capacity control should be rewarded with compensation from the thermal 

energy supplier to the customer. 

 

This sounds straight forward but it is a delicate matter. The reason for this is that it is hard to establish 

whose fault it is that some property owners will have to pay a higher fee for DH or a DSM service if the 

reason is, for example, a bottleneck in the network. One can argue that the thermal energy supplier 

should rebuild the DH network to eliminate these bottlenecks instead of charging customers differently. 

This is connected with the fact that it is hard to pay or charge customers differently for the same service. 

To be able to do this fairly a lot of work has to be put into the matter and this might result in a lot of 
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work with not that much better outcome. Therefore, the same deal for all customers is suggested as a 

start as long as the heat load control is beneficial to any extent.  

 

The project performed by Kärkkäinen et. al [20] resulted in two recommendations for tariff structures 

that could work with heat load control. Therefore, it is recommended for Stockholm Exergi to look into 

the two tariffs evaluated in this project and use them as basis for inspiration on how to construct a good 

tariff.   

The following step by step method is recommended for Stockholm Exergi when evaluating the value of 

heat load control in the DH network: 

1. Implement heat load control at larger scale to have data to analyse KPIs with 

2. Establish value for customers and value for Stockholm Exergi with help from: 

a. Data analysis with proposed KPIs 

b. Table 8 presenting incentives for heat load control 

3. From that, determine if customers should pay Stockholm Exergi or if Stockholm Exergi should 

pay its customers 

4. Analyse the outcome of the previous decision  

5. From that, together with a continuous dialog with other thermal energy suppliers, determine if 

the value for heat load control should be different in different parts of the network 

6. Get inspiration from the two tariffs suggested by Kärkkäinen et. al [20] 

7. Adjust agreements and price plans accordingly 

8. Evaluate outcome 

 

Another challenge to raise is the reintroduction of the controlled heat load. The reintroduction and how 

that is done is a tricky aspect of heat load control. In [18] the capacity control is retroactively decrease 

until the normal power level is reached. The actual design of this controlled reintroduction is calculated 

by the system and is individual for each building. Other studies use the same technique, reducing the 

control step wise during the last time of the control period or after it [29] [36]. In Finland where different 

heat curves were used for the actual control the curve for reintroduction just switch from being under 

the normal curve to become above slowly [20]. All of these studies point out that the reintroduction is 

individual for different buildings or geographical positions and hence it is recommended for Stockholm 

Exergi to test out the perfect solution for this from local conditions. 

 

The second to last challenge raised is the customer participation. In the project by Salo [12] the user 

could adjust the heat load control on their own to affect whether or not there building should participate 

in a certain situation. This has the possibility to bring really beneficial effects such as increased customer 

awareness, increased reliability for the service and better communication between supplier and 

consumer. All of this could strengthen customer relationships and increase customers trust in the service 

and company. However, this customer freedom is not entirely positive. If a customer can change the 

settings with instant effect whenever wanted it will make the future capacity unpredictable and forecasts 

of this will have a high uncertainty. This is especially sensitive in the initial phase of heat load control 

since most of the work will be performed manually. Another interesting perspective on the matter was 

presented by Niclas Wiklund [36] who argued that freedom in heat load control in buildings closest to 

a production site could be problematic. This kind of customer could, with the possibility to affect the 

heat load control on their own, affect the system much more than a customer in a remote area since the 

pipes are connected. This might not be positive.  

 

As can be seen there are both pros and cons with this approach but the potential for it to work increases 

with automation of the process at the production planning level. This service could in fact generate 

added value for the customer that could be valuable in strengthening ties and acquiring new customers. 

Therefore, it is suggested to implement this in the future when heat load control is more established, and 

it is recommended for Stockholm Exergi to consider this in the implementation. Some kind of user 

interference application is important to include. Noda has for example successfully implemented 

platforms for information sharing with customers. However, it might be a clever idea to evaluate how 
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much freedom the customers should be given and how fast their changes can be applied to the network. 

It might also be good to look into if some customers are more united for this service than others.  

 

The automation of heat load control is also a hot topic and a challenge for development. Almost everyone 

agree that the heat load control essentially should be as automated as possible. However, some kind of 

manual control could be necessary. It is a safety precaution that any automated process can be cancelled 

manually since the automated system cannot have all the information a human being can extract from 

its environment. That said the aim, or most heat load control projects is to keep the manual work to a 

minimum. The challenge here is how this should be done, which is basically a part of the large-scale 

implementation and integration mentioned earlier. Kensby [44] advocates a solution for heat load control 

that is not based on different scenarios but a dynamic model of the reality. This is of course the end goal 

for most projects regarding this but getting there could be trickier. Such a model that is not working 

perfectly could contribute to a lot of lost potential. Therefore, it is recommended to design the load 

control with different scenarios to start with. This is a good base that cover most situations well and 

from that a more complicated model could be developed if needed.  

 

5.4 Data analysis 
Concerning the data analysis, first of all, the KPIs identified works as a recommendation for Stockholm 

Exergi in the future. The KPIs are presented and described earlier on and are the following: 

▪ Revenues 

▪ Costs 

▪ Fuel mix 

▪ GHG emissions 

▪ Energy demand 

▪ Customer satisfaction 

▪ Peak load 

▪ Available capacity  

Since all eight KPIs passed the SMART analysis performed it is recommended that Stockholm Exergi 

use these KPIs in their future work with heat load control. It is recommended to work with these KPIs 

in any situation where the heat load control project is to be evaluated and analysed to get a good grip of 

the current situation. The KPIs are also designed to be easy to compare with other studies regarding heat 

load control so that the implementation in the DH network of Stockholm Exergi can be easily compared 

with other implementations.  

 

Below follows a description of calculations performed to be able to compare the test run of heat load 

control at Stockholm Exergi with other similar projects and their outcomes. The following results are 

mainly a result of the data analysis performed but also information from interviews and literature is 

included to add value. 

 

5.4.1 Energy demand 

The energy demand is measured in every building on an hourly level. This data can be collected through 

the gateway and measurement equipment in each individual substation. This can then be compared with 

the energy demand in the BAU scenario to establish any changes. There was a noticeable change in 

energy demand from the buildings evaluated. Figure 28 and Figure 29 represents the heat load curve 

during the day of heat load control as well as the reference day curves and the average load profile 

calculated using these.  
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Figure 28. Energy demand in area B. 

 
Figure 29. Energy demand in area A. 

 

From these figures it is evident that the heat load control does affect the energy demand. Calculations 

were also performed for each individual building and resulted in Figure 30 and Figure 31 shown below.  
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Figure 30. Comparison of heat load curves for each individual building. 

 

Figure 31. Comparison of reference load curve and heat load control load curve. 

 

These figures show the average load profile together with the four reference days in comparison with 

the load curve for the 19th of April 2018. Here the individual behaviour of each building is easier to spot. 

For example, building 1 and building 2 are both contributing to the area A cluster, but it is here evident 

that building 2 contributes the most to the high peak during the morning.  

 

Calculations were performed to evaluate the savings that the heat load control could contribute with 

over the course of the entire day. The outcomes of the calculations are shown in Table 13. 



73 

 

 

Table 13. Energy savings for each building. 

 24/4 2018 25/4 2018 17/5 2017 1/6 2017 Average 

Building 1 

Energy savings  -2% 34% 26% -4% 13% 

Building 2 

Energy savings  22% 23% 18% 12% 19% 

Building 3 

Energy savings  19% 19% 16% 6% 15% 

Building 4 

Energy savings  35% 37% 35% 31% 15% 

 

The total average energy savings corresponded to 410 kWh for the four buildings and the three-hour 

long control period. It can be observed that the numbers are very similar except in the case of building 

1 the 24th of April and the 1st of June. It can be observed from Figure 30 that the reason for this is that 

the heat load curve for the 19th and the 24th of April 2018 as well as the 1st of June 2017 are very similar 

during the control period. There is even a part of the period where the controlled heat load curve is 

higher than the two uncontrolled ones, hence an increase in energy use with 2% respectively 4% during 

the control period. From Figure 30 it can also be observed that the starting point for the controlled heat 

curve is almost always lower than for the reference curves, except for building 4. Hence the values 

achieved and shown in the tables might be optimistic for building 1, 2 and 3.  

 

From this it was concluded that the average energy savings due to heat load control during the control 

period was between 13-19% for the individual buildings. The average total energy saving compared the 

entire day was 15.8% and the average total energy saving during the control period was 57.3%.  

 

It can be observed in Figure 30 that the heat load control performed in area B contributed to lower 

demand after the control period as well. This is not included in the calculations since this is outside of 

the time span examined. Hence, there is a greater benefit not shown in the aforementioned numbers.  On 

the other hand, this is somewhat counteracted by a peak later on instead that the reference scenarios do 

not experience. An additional analysis was therefore performed between 3 am and 11 am for building 3 

and 4 to capture the effect of the subsequent peak. The results from this is shown in Table 14. 

 

Table 14. Energy savings from 3am to 11 am for building 3 and 4. 

 24/4 2018 25/4 2018 17/5 2017 1/6 2017 Average 

Building 3 

Energy savings  18% 19% 19% 1% 14% 

Building 4 

Energy savings  40% 35% 71% 28% 50% 

 

For building 3 the peak after the control period is high which results in less energy savings when looking 

at the bigger time span for the 24th of April 2018 and the 1st of June 2017. It is only for the 17th of May 

2017 that there is a greater energy saving than during the control period. Looking at the values for 

building 4 the energy savings have decreased for the 25th of April 2018 and the 1st of June 2017 but 

increased significantly for the 17th of May 2017. Looking at the load profile of the 17th for building 4 in 

Figure 30 it is easy to understand why. This load profile does not follow the pattern of the 19th of April 

2018 well and therefore the difference becomes significantly larger with a larger time span. However, 

this additional analysis shows that it is important to include subsequent effects of heat load control when 

looking at the benefits of it. It is in this case hard to tell if these peaks are a result of heat load control or 

not. Especially for building 4 that could just be back at the normal heat load level at that current time. 

However, if they are, the model for reintroduction of the controlled load has to be further developed.  
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5.4.2 Available capacity 

When looking at available capacity in reality there is no roof on how much capacity that can be utilize 

from the buildings. The constraints that prevent this is the limits in indoor temperature and the time 

constant, determining how much can be utilized per hour to keep an acceptable indoor comfort level 

(Borgström G & Hamp Q, Personal communication, April 25, 2018). This was calculated as the 

difference between the load profiles during the three-hour control period the 19th of April compared the 

heat load profiles from the BAU scenario, in this pilot test case this will be the same calculation as for 

energy demand.  

 

When heat load control is applied on a large scale these values might differ from each other. The reason 

for this is that the current model is proposed to update production planning on how much capacity there 

is possible to extract through heat load control, available capacity, but the production planning can 

choose how to use that information. If not all the available capacity is needed the change in energy 

demand in buildings will not add up to what is available. In the case of the test run this was not possible.  

 

The total available capacity in the whole network due to heat load control for the different BAU 

references corresponds to the energy savings presented in chapter 5.4.1. It could be concluded that the 

average total available capacity due to heat load control was 410 kWh. This gives an average available 

capacity of 102.5 kWh per building and corresponds to available capacity of 20.34 Wh/m2 floor area for 

a three-hour long control period. Following this pattern, the 2000 buildings that is the goal to install 

would give an average available thermal power of 205 MWh with a minimum case at 111 MWh and a 

maximum case at 264 MWh.  

 

5.4.3 Peak load 

From the hourly energy demand, it can be evaluated if the load is reduced during normal peak hours or 

not. This can be calculated using the same approach as when calculating the energy savings in chapter 

5.4.1. Since the heat load control evaluated was performed in the middle of the night it did not affect the 

peak load occurring during peaks in mornings or afternoons. Hence it was not possible to evaluate how 

much Stockholm Exergi could cut the peak load with its current heat load control strategy if applied 

during peak hours. However, it was earlier calculated that the demand decreased an average of 57.3% 

during the control period. Even though this does not concern a peak situation, it gives an indication of 

the potential of reducing demand during a limited time period.  

 

5.4.4 Revenue 

This KPI consists of calculations of incomes from heat and electricity. For this situation, with four test 

buildings, it will not be possible to see any change in incomes regarding the electricity. The reason for 

this is that the heat load control is too small to result in any system wide optimization.  

 

The income from heat sold to customers will on the other hand change since the energy demand for 

affected customers will change. This change is due to the current pricelist and agreement with the test 

buildings. When heat load control is implemented on large scale it will be relevant to look into 

developing a new agreement with connected customers. It also has to be established whether or not the 

service should cost anything for the customer or for Stockholm Exergi. However, calculations were 

performed with the current agreements and pricelists.  

 

All buildings had Fjärrvärme Bas as agreement with Stockholm Exergi. This price list is built up by a 

thermal power part, an energy part and a bonus or charge for return water temperature, see Appendix II. 

The temperature bonus or charge does only affect the months from November to March and hence this 

part was not included in the calculations performed. The thermal power is defined as the daily energy 

consumption [kWh] divided by 24 hours and the price for this is calculated as Equation 5. This part of 
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the bill did not get affected by heat load control since it is based on a fixed chargeable thermal power 

determined in the beginning of each year. 

 

𝑇𝑜𝑡𝑎𝑙 𝑝𝑟𝑖𝑐𝑒 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑝𝑜𝑤𝑒𝑟 = (𝑐ℎ𝑎𝑟𝑔𝑎𝑏𝑙𝑒 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑝𝑜𝑤𝑒𝑟 ∙ 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑝𝑜𝑤𝑒𝑟 𝑝𝑟𝑖𝑐𝑒) + 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑝𝑜𝑤𝑒𝑟 𝑐ℎ𝑎𝑟𝑔𝑒 (5) 

 

The price for energy is calculated as the energy price per month [SEK/MWh] times the energy used for 

the current month [MWh]. The calculations were performed as described for both the BAU scenario and 

the scenario with heat load control. It was calculated assuming that the heat load curve for each BAU 

day was reduced with the saved energy during the control period. This resulted in cost savings for the 

customers, and revenue losses for Stockholm Exergi shown in Table 15.  

 

Table 15. Cost savings for property owners during control period. 

 24/4 2018 25/4 2018 17/5 2017 1/6 2017 Average 

Building 1 -0.01% 0.24% 0.18% -0.04% 0.10% 

Building 2 0.16% 0.17% 0.16% 0.12% 0.16% 

Building 3 0.14% 0.14% 0.13% 0.06% 0.12% 

Building 4  0.19% 0.20% 0.19% 0.22% 0.2% 

 

The losses in income for Stockholm Exergi presented in Table 15 are very small. It is important to have 

in mind that these numbers only represent a three-hour long control period over the course of a whole 

month. The average cost saving for the property owners from these calculations was 0.145%. When heat 

load control is working properly, doing overall optimization on a running schedule for example, it is 

more likely to have at least one control period every day. Looking at the  values from the average 

reference load profile this would give savings for customers of  3.0% for building 1, 4.7% for building 

2, 3.7% for building 3 and 6.0% for building 4 each month. Adding on the fact that heat load control 

probably will be performed at times when it is more needed than in the middle of the night, these 

numbers will most likely increase. This will result in less income for Stockholm Exergi and lower price 

for the same indoor climate for the customers.  

 

Another aspect to keep in mind is that this current price agreement is not going to be accurate for 

buildings with heat load control in the future. A new pricelist or agreement regarding the service of heat 

load control will be developed.  

 

The conclusion from this section is that Stockholm Exergi would lose 0.145% of the income from these 

four buildings for a month if one heat load control period of 3 hours were performed. Extrapolated from 

that an evaluation was done concluding that if heat load control was performed for three hours every 

day Stockholm Exergi would lose 4.3% of their income. Both these values are very small and since the 

price plan is about to change this does not create any incentive for Stockholm Exergi to stop the 

development.  

 

5.4.5 Costs 

This is the most complicated KPI to calculate since it has many components and include hypothetical 

cost savings which are hard to estimate. Few calculations have been performed in this section due to 

lack of available data. Below follows a brief description on how the costs can be calculated when data 

is available. 

 

The implementation cost for heat load control can be calculated knowing the needed equipment that 

Stockholm Exergi have to invest in. Maintenance costs and operational costs for heat load control are 

assumed to be zero. This is based on the fact that the only instruments needed are measuring devices 

which have a long-life time and rarely need maintenance during operation. 
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All costs that are avoided as a result of heat load control are hard to calculate. The avoided 

implementation costs, avoided maintenance costs for plants there is no longer any reason to build and 

operational costs associated with this are hypothetical costs. Hence, these costs are not represented in 

the BAU scenario either so a comparison between the two will not help the case.  

 

Avoided fuel costs can be calculated by multiplying the energy savings with the marginal cost of 

production every hour during heat load control the 19th of April 2018. This will give the cost savings 

that Stockholm Exergi would experience during the control period if the heat load that is controlled is 

not reallocated and hence peak load production is reduced. The results from these calculations are shown 

in Table 16. 

 

Table 16. Cost savings on fuel. 

Control hour 24/4 2018 25/4 2018 17/5 2017 1/6 2017 Average 

1 0.054% 0.077% 0.064% 0.039% 0.058% 

2 0.075% 0.097% 0.074% 0.045% 0.072% 

3 0.097% 0.107% 0.097% 0.048% 0.087% 

Total 0.075% 0.093% 0.078% 0.044% 0.072% 

 

It can be observed that the average cost saving is 0.072% for the three-hour long heat load control in the 

four buildings. Calculating a future scenario with heat load control installed in 2000 buildings the cost 

savings during the control period reached an average of 36% and compared the entire day the savings 

on fuel where 6%. It is important to have in mind that this will only be the case if Stockholm Exergi do 

not reallocate the available capacity but instead reduce generation.   

 

When looking at the customer side there are only two big cost groups identified. The implementation 

cost and the bill. As of now it is not determined what investments the customer will have to pay for. 

However, there is an idea that the customer only has to pay for indoor sensors if they want to add the 

service of capacity control to perform peak shavings to the existing heat load control. The bill for the 

heat demand in each building has already been calculated in chapter 5.4.1.  

 

Since no data for calculations were available other information regarding reduced costs estimated for 

Stockholm Exergi previous this thesis has been used. It is assumed that capacity control will enable 150 

MW available capacity when fully installed. For a situation with shortage this means that Stockholm 

Exergi could avoid building a peak production plant to cover this and still have a production park that 

is dimensioned for the demand (Borgström G & Hamp Q, Personal communication, April 25, 2018). 

However, this is the only available information regarding cost savings in this phase of the project.  

 

5.4.6 Fuel mix 

During the control period the marginal production consisted of heat pumps that run on electricity. 

Looking at the fuel mix presented in the beginning of this thesis the share of heat pumps was 7.4%. The 

decrease due to heat load control is too small to get reflected in this share, however the fuel mix will 

change with an average decrease of 410 kWh in the heat pump sector. 

 

5.4.7 Greenhouse gas emissions 

The calculations for avoided GHG emissions can be simplified as shown in Equation (6): 

 

𝑅𝑒𝑑𝑢𝑐𝑒𝑑 𝐶𝑂2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 = 𝐸𝑓 ∙
𝐴𝑣𝑜𝑖𝑑𝑒𝑑 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦

𝜂
   (6) 
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Where Ef [ton CO2/MWh] is the emission factor, available capacity [MWh] is the thermal energy 

production that could be avoided due to heat load control and 𝜂 is the thermal energy efficiency in 

generation [28]. The carbon emission factor is different for different fuels. 

 

The equation shown above is a simplified version of the real avoided GHG emissions. The system 

boundaries have been put around the production plant with no regard taken to the life cycle of the fuel, 

how it is extracted and, in the end, deposited will affect the results. However, this will only contribute 

to more emission savings.  

 

Currently in Sweden the GHG emissions from electricity are very low since the base production consists 

of hydropower and nuclear power. If it is assumed that the electricity used is produced in Sweden, the 

emission factor is 25 grams CO2-equivalents per kWh electricity [50]. The coefficient of performance 

of the heat pumps (corresponding to the thermal energy efficiency) is assumed to be 3 for the current 

time period with an outdoor temperature of around 8⁰C. This means that for every unit of electricity the 

heat pump consumes it produces three units of heat. With an average avoided production of 410 kWh 

the avoided consumed electricity would be 136.7 kWh. This in turn account for reduced GHG emissions 

corresponding to 3.4 kg CO2-equivalents using Equation 6.  

 

5.4.8 Customer satisfaction 

This KPI is very easy to evaluate since the indoor temperature data can be accessed directly from the 

measurement devices in the buildings. However, this data cannot be compared with the indoor 

temperature in the BAU scenario since no indoor measurement devices are installed if smart heating or 

heat load control is not used in the building. Instead the change of indoor temperature during the control 

period has been examined towards a reference temperature. For these calculations the initial temperature 

in the building before the heat load control started was used as reference temperature. The data was 

obtained as the cumulative sum of the clusters, hence there is only one value of indoor temperature for 

Area A and one for area B.  

 

Stockholm Exergi have their own limit of a maximum change in indoor temperature of ±0.3⁰C as goal 

during their heat load control. Even so, the maximum change in the indoor temperature, achieved in the 

end of the control period, amounted to a reduction of 0.307⁰C in area B and a reduction of 0.587⁰C in 

area A. 

 

The heat load control in area B stays within the limit when looking at the accepted level of ±0.5⁰C and 

is very close to the limit set by Stockholm Exergi. The heat load control in area A on the other hand, 

exceeds both limits. This should not be acceptable when heat load control is up and running for real and 

the model has to be adjusted to stay within the limits. However, no complaints have been received from 

the customers in the buildings. As this is a part of the KPI for customer satisfaction the exceeded number 

is not as serious as it could have been. However, the model should be developed so that it cannot happen 

again.  

 

5.5 Outcomes of heat load control 
The outcomes of the heat load control projects analysed in this thesis are presented in Table 17. Fortum 

Finland and Fortum Oslo are not included in this table since they had not started with any 

implementation of heat load control yet. It can be observed that the different projects use different KPIs 

when evaluating the success which makes it hard to fairly compare all solutions for heat load control. It 

is therefore important to establish common parameters to compare and is one reason for the developed 

KPIs. The reason why the box for reduced costs is empty for Stockholm Exergi is that not all costs could 

be included even on the small scale and hence any result from the cost calculations performed would be 

misleading. The same goes for the reduction of peak plant use.  
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Table 17. Results from previous research of heat load control. 
 Salo 

[12] 

Kensby 

[3] [11] 

Noda 

[51] [45] 

Norrenergi 

[29] 

Kärkkäine

n et. el. [20] 

Guelpa et. 

al. [7] [31]1 

Fortum 

Poland [33] 

Göteborg 

Energi [32] 

Stockholm 

Exergi 

Reduced 

costs 
4% 5.5-11% 2   

82 

€/customer 
 12-20%   

Energy 

savings 
  

11.6% 
10-12% 

10-20% 
Increase 5-

14% 
0.8-1 % 

0.35-1%3   13-19% 

Peak 

reduction  

10-

25% 
 4% 4-13% 4.1-25% 2-5.7%  40-50%  

Maximal 

indoor 

∆T 

 ± 0.4⁰C   ± 2⁰C ±0.3 ⁰C  <±0.5⁰C -0.587⁰C 

Reduced 

peak 

plant use 

40%     5-12%    

   1 all data for a span of 30% to 90% variable users.  

  2 for heat generation 

  3 primary energy savings  

 

Looking at this table it is hard to decide who performs the overall best heat load control since different 

projects have different aims. If peak reduction is the main aim, Göteborg Energi seems to have a winning 

solution. On the other hand, if energy savings are of more interest Noda, Norrenergi or Stockholm Exergi 

have achieved the best results. In chapter 6 follows a discussion. 

 

5.6 Profitability  
As a summary of the results presented above the profitability of heat load control in social, economic 

and ecological terms will be simply evaluated. This regards the heat load control project performed at 

Stockholm Exergi and the profitability will be connected with the identified KPIs. The summary is 

shown in Table 18. The table is colour coded following the scale shown below the table.  

 

Table 18. Profitability of heat load control at Stockholm Exergi. 

KPI Social Economical Ecological 

Revenue    

Costs    

Fuel mix    

GHG emissions    

Customer satisfaction    

Energy demand    

Available capacity    

Peak load    

 

Very bad Bad Neither good nor bad Good Very good 

     

 

5.6.1 Social 

The social aspect of heat load control is mostly how heat load control affect people. In this case this 

concerns how the residents in buildings with heat load control get affected by it. First off, all the change 

in energy demand is one aspect that affect how happy the residents will be. From calculations it was 

found that the demand decreased in all evaluated cases, hence this is evaluated as very good. Looking 

at changes in indoor temperature there has been no complaint from residents. However, the change did 

exceed the ±0.5⁰C limit in one of the buildings. Due to no complaints there were no harm, but this should 

not be possible if the heat load control is performed according to plan. Hence this was evaluated as bad. 

Overall, the social profitability is graded as good with a good future potential if the temperature limit is 

not exceeded again.  
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5.6.2 Economical 

All calculations regarding costs or revenue show positive trends. There will be a reduced cost for 

Stockholm Exergi due to reduction of peak load production and customers will also experience a 

decreased cost on their thermal energy bill according to performed calculations. However, the reduced 

energy bill for customers also entails reduced income for Stockholm Exergi. Together with the fact that 

the current price agreements with customers will most likely change with large scale implementation 

and since nearly no costs or revenues could be included both revenues and costs are evaluated as neither 

good nor bad.  This is due to uncertainty of how all revenues and costs might have been affected by the 

heat load control.   

 

The available capacity and the peak load is also included in this variable since they affect the costs of 

production. Since the available capacity did increase in the network it is assumed to have a good 

profitability. The peak load could never be examined due to the fact that the heat load control was 

performed during none peak hours. Since no calculations were performed on this and hence there are no 

results regarding it, it was graded as neither good nor bad.  

 

According to aforementioned, heat load control is evaluated to have an economical profitability with 

good future potential where it is assumed that there will be peak shavings during peak hours. 

 

5.6.3 Ecological 

These aspects concern any changes due to heat load control that could, positively or negatively, affect 

the environment. In this case this concerns the KPIs regarding GHG emissions and the fuel mix. 

However, they are connected, a change in the fuel mix will essentially affect the GHG emissions from 

production. Since the fuel mix did change with a decrease of a fuel that had environmental impacts this 

is graded as good. It was also found that the GHG emissions could be reduced, hence this is graded as 

good as well. Both KPIs are not evaluated to be very good since these depend on the fact that the 

controlled heat load is not reallocated. If it is, the benefits will change or get lost depending on situation.  

 

The small-scale test run makes it hard to do a good estimation on how a large-scale implementation 

would affect the environment. However, the test run did result in a decrease in GHG emissions and it is 

therefore established that heat load control has a positive effect on the environment. The extent of the 

positive effect will however depend a lot on scale and if the load is shaved or shifted but heat load 

control at Stockholm Exergi is established as ecologically profitable.  

 

 

 

 

  



80 

 

6. Discussion 
First an analysis will be done regarding thermal inertia and its suitability as short-term TES and that will 

be followed by a discussion of the reviewed research in this thesis. Some analysis has already been done 

in previous sections.  

 

As mentioned in the study by Salo [12] RE technologies for DH cannot stand alone as one production 

unit but have to be clustered into VPPs. This concept does not only work for power generation units but 

could also work for decentralized storage. A decentralized TES is in many ways similar to a RE 

production unit. Its availability is dependent on external conditions and the available capacity is hard to 

predict since it varies on short notice. Another aspect is also that RE resources and TES are both small 

and cannot alone represent a whole power plant. Adding to this is the fact that both increase the 

flexibility in the current DH network, can withstand fluctuations and are decentralized. Wille-

Haussmann et. al. [17] also looked into the opportunity of optimizing a network with TES as a VPP and 

found that it would also decrease the complexity of the system if all TES was clustered to one “central” 

unit. Some studies have worked with heat load control as a virtual accumulator, for example Fortum 

Finland is planning on doing so, but such implementation does not have the advantages of a VPP. Since 

there are many benefits with treating the heat load control as a VPP it is recommended for Stockholm 

Exergi to do so. 

 

A study was also performed by Nuytteh et. al. [22] which looked into the flexibility that decentralized 

and centralized TES units could contribute with in a DH network with CHP plants. The study used water 

tanks as TES solutions but even so the results from the study can be applied to thermal inertia in 

buildings. The reason for this is that both solutions are passive and can be applied decentralized. The 

study concluded that a centralized unit increased the flexibility a lot more than decentralized units. A 

problem was that the decentralized units could not communicate with each other and therefore the CHP 

plant had to intervene a lot. This problem can be overcome by designing the TES as a VPP with working 

communication channels that synchronize the system. Therefore, the potential for heat load control as 

short-term TES to increase flexibility should be high. The importance of communication for successful 

system wide heat load control has also been raised during other projects [18]. 

 

The results achieved in the study by Salo had no common KPI to compare with Stockholm Exergi. 

However, the study focused on DSM based on price signals rather than peak hours since individual peak 

hours in buildings does not have to coexist with peak hours in the network. Another contributing factor 

is that high load does not have to coincide with high production price. Salo is only looking at 

implementation in offices, commercial and industrial buildings and not residential as in most cases. This 

is important to consider in the setup for Stockholm Exergi too. Even though the heat load profile will be 

similar for all connected buildings, all residential, it is important to evaluate how that coincide with 

network peaks. When heat load control is in place on a larger scale Stockholm Exergi are recommended 

to evaluate how the peaks coincide and together with determining the value of the service this can help 

to decide the objective function in different situations.  

 

The model developed by Noda is based on years of research and has been successfully used in several 

locations [24][25]. Comparing Noda’s technology for heat load control  with the model that Stockholm 

Exergi use the outcomes of energy savings are similar. The results from the calculations performed in 

this thesis show somewhat better results, with energy savings up to 19%, but since the data is collected 

from only four buildings it is not unlikely that the number on large scale will decrease and  get closer to 

the savings achieved by Noda.   

 

Norrenergi have chosen to work with capacity control mainly by using the function for night setback 

during peak hours. They only help customers with implementation and then work as advisor if needed 
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and let the customers run the capacity control on their own, which is a unique way of doing it [29]. It is 

of course easy and cheap to use a function that is already installed in the controller in the substation and 

therefore this is a clever way of implementing a simpler version of capacity control. It is also resource 

efficient regarding workload for employees. However, this type of control only works by a pre-set time 

schedule and will hence not be very dynamic or be able to adjust to specific conditions. This limits the 

applications of the heat load control, for example Norrenergi cannot use this type of control to enable 

capacity in a situation of shortage or production disruption since customers decide how to control the 

heat load. Anyhow, the customer user approach enables better customer relationship and trust since 

customers control their contribution on their own and can adjust settings with immediate effect if the 

indoor temperature changes too much.  

 

Stockholm Exergi is currently not working with any kind of night setback, even so all controllers in the 

substations have an inbuilt function for it which enables the possibility (Juhlin M, Personal 

communication, April 16, 2018). However, Stockholm Exergi have no experience in working with night 

setback and adding to the previous arguments about it’s none dynamic nature the method is not 

recommended for the applications that Stockholm Exergi are interested in that requires the possibility 

to control the capacity on the company level. That said, the user approach could be interesting and 

beneficial to include in the model for Stockholm Exergi.   

 

When comparing the results from Norrenergi with Stockholm Exergi the energy savings are more or 

less in the same span. This entails that the none dynamic solution from Norrenergi is competitive to 

more advanced technologies in the case of regular time scheduled control with the purpose to decrease 

demand. However, it can be expected that the solution from Stockholm Exergi can be used in more 

situations more efficiently. 

 

The actual night reduction function used at night could also be seen as a method for heat load control. 

However, this kind of heat load control action rarely reaches the energy savings promised. The reason 

for this is the reintroduction of the controlled heat load which in many cases counteract the whole energy 

saving, especially if performed right after finished night setback in the morning adding to the already 

existing morning peak [18]. However, this might be relevant for other buildings than residential 

buildings as discussed before. It is therefore recommended to try this in office buildings for a start to 

evaluate if this could work as a mean of heat load control. A careful implementation has to take place 

to make sure that the reintroduction of the controlled heat load does not affect the morning peak. As of 

now a combination between heat load control and night setback is discouraged.  

 

The project performed by Kärkkäinen et. al. [20] performed heat load control in Finland with multiple 

temperature curves that were activated for different demands. This approach is a more advanced version 

of the use of the night reduction curve that Norrenergi work with but is in practice very similar. It is an 

easier model than the one proposed by Stockholm Exergi and once again it is limited in its scenarios 

and cannot control the load dynamically in the same way. All approaches tried out in this project resulted 

in a side effect of increased heat demand as a result of the introduced pre-heat period to reduce peaks. 

However, good peak reduction could be achieved. Using this solution for heat load control hence creates 

a trade-off where the value of peak reduction needs to be weighed against a reduction in heat demand. 

This decision would most likely depend on current tariffs and how the service of heat load control is 

constructed. Comparing the results between this study and Stockholm Exergi, the energy savings are 

completely different since the study performed by Kärkkäinen et. al. resulted in an increase while 

Stockholm Exergi contributed to a decrease. However, their study resulted in good peak reductions 

which cannot be compared with Stockholm Exergi’s current method due to lack of data from runs during 

peak hours. The research by Kärkkäinen et. al. shows how important it is to determine the objective 

function of the control.  
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The project performed by Guelpa et. al. looked into techniques to change the start-up time of heating 

systems in Turin, Italy, as earlier described [7]. At first glance this approach looks irrelevant for 

Stockholm since few heating systems in residential buildings are turned off by night, however, it does 

occur (Meander P.O., personal communication, April 27, 2018). Interviews with Fortum Oslo also lead 

to the knowledge that they have a comparable situation in Oslo during mornings since commercial 

buildings turn the heating off during the night [32].  

 

When looking at the outcomes of the study by Guelpa et. al. one thing can be noticed. The value for 

energy savings of 0.8-1% are very small and such small numbers should generally be included in the 

margin of error. Therefore, this research should be reviewed carefully before being used. As of now it 

is recommended for Stockholm Exergi to focus on the current method for heat load control, however it 

is suggested to look into this as an opportunity to cut morning peaks when the base for heat load control 

is set. It was hard to find information about how the situation is in Stockholm and it is therefore 

recommended for Stockholm Exergi to look into that further to establish the potential of this technology. 

 

Guelpa et. al. also performed an analysis of changed start-up time with two cases, one to minimize boiler 

heat generation and one to minimize the maximum peak [31]. Once again, the relevance of a well-

developed objective function was proven. It is therefore recommended for Stockholm Exergi to carefully 

look into the aims with heat load control and really try to map the objective function directly to these 

goals to achieve the right results.  

 

Fortum in Finland have not started with heat load control yet but had many interesting inputs regarding 

incentives to invest in heat load control. Not only matters of today but future possibilities that could 

affect how the heat load control service should be developed. They raised issues such as open DH, 

smaller customer units, DH in connection with the electricity market, future diverse and decentralized 

heat generation and creation of smaller markets in subnetworks [34]. All these aspects are really 

interesting when talking about heat load control and is something that Stockholm Exergi needs to look 

into in the continuing development of their heat load control. It will be useless to develop a perfect heat 

load control for current conditions that is not flexible enough or have any space for adjustment to meet 

future needs since the market change quickly.  

 

In Gothenburg the current situation is similar to the one in Stockholm. Göteborg Energi are planning on 

having 1000-1500 connected buildings by the end of 2019 [35]. Even though their expansion rate is 

much slower than Stockholm Exergi’s planned one it is suggested to keep in contact with them to share 

findings about large scale implementation. Also, in Gothenburg, Kensby [44] found that with 20% of 

the buildings in a buildings stock using heat load control the daily variations could be reduced with 50%. 

He is also right now performing research about large scale implementation and Stockholm Exergi is 

therefore advised to follow his work.    

 

Normally, energy savings around 10-12% could be achieved only by adjusting settings in a building. 

Few of the projects evaluated have achieved energy savings beyond that which of course raise the 

question if the same results could have been achieved by adjusting the base settings in the building 

instead. This entails that it is of greatest importance to first of all adjust base settings before starting with 

heat load control.  Heat load control projects with energy savings up to 20% is probably due to a badly 

adjusted heat curve that was activated before and hence the whole improvement is not due to heat load 

control.  

 

Some projects (in Finland and Poland) with heat load control have measured indoor humidity alongside 

the indoor temperature to determine whether or not a good indoor climate is secured [12] [33]. This is 

not a bad idea since the humidity affect how people experience temperature and therefore it is a relevant 

parameter for indoor climate. However, it will be suggested for Stockholm Exergi to continue to only 
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measure indoor temperature when looking at the indoor comfort as of now. The reason for this is that if 

humidity has to be taken into the equation it gets more complicated quickly without creating huge 

benefits [44]. In Sweden humidity is somewhat coupled with season and therefore the model takes 

humidity into account indirectly if seasonal variations are a part of the model.  That said, humidity might 

be relevant for the future development of the service since it does affect indoor climate.   

 

Another aspect raised by many is information sharing with customers. This is advocated to create a 

successful implementation of heat load control since it can contribute too many benefits as already 

mentioned. Anyhow, the data has to be handled carefully since it indirectly includes information about 

people's habits such as when people are home or not. Therefore, it is important to check all legal 

requirements carefully before sharing data with customers or third parties [44]. 

 

As of now Stockholm Exergi is the only company working with well-defined scenarios that determine 

how the heat load control should be performed in different situations. This is a really good approach 

since several sources have pointed out the importance of a correctly stated objective function to reach 

desired outcomes. A model with different scenarios makes it possible to switch objective function 

between situations to obtain the best current outcome. This is also easier than trying to develop a 

complete dynamic automated model of reality from start even though that should be the ultimate goal. 

 

Salo [12] and Augustynow [33] found that cost savings is the main incentive for customers to invest in 

the service of heat load control and this might be important to have in mind for the solution developed 

at Stockholm Exergi. Even though the main aim for Stockholm Exergi is to reduce the negative impact 

on the environment the cost aspect is important for the success of the service to get customers willingness 

to participate.  

 

One finding in this work was that a lot of the heat load control projects examined have a very poor 

follow-up on results from implementation and how heat load control has affected the buildings and the 

network in question. This lack of information hinder development and information sharing and 

contribute to loss of, what could be, important findings. It is chocking that this is not a natural step in 

the process for all companies that have implemented a new service and it is strongly recommended for 

Stockholm Exergi to focus on having a thorough follow-up throughout the project.  

 

In the future, the electricity grid and better optimization of cogeneration will be important since 

significant reductions of GHG will require a greater electrification. For example, cars will drive on 

electricity rather than fossil fuels or bio fuel in the future. Therefore, DH could get a much more 

significant role in the future energy system if electricity generation could be better optimized. This 

would open up for new possibilities for a thermal energy supplier and is therefore very relevant. 

However, the integration of the electricity market is the most difficult part of heat load control and it 

might take a while to reach these benefits.  

 

There is also a possibility that heat load control can benefit future development. The collected real-time 

data might be useful for other applications. New services that are not even thought of yet or optimization 

in places we thought already were optimized are examples of things that the data could be used for. This 

gives a potential for further improvements beyond heat load control which are hard to predict and 

evaluate.  

 

Due to small amounts of available data for real heat load control no system wide benefits could be 

analysed in the system. This was unfortunate since very few large-scale implementations have been 

done yet and therefore analysis of such could have contributed more to the field. However, the 

calculations performed for the test run at Stockholm Exergi are very similar to the results achieved by 

others. Therefore, the results are considered to be credible. 
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There are many benefits described in this thesis that might not occur instantly. Increased efficiencies for 

instance is based on an advanced automatic steering that will take time to have in place. This goes for 

other benefits too and this is important to have in mind when analysing progress.  

 

When analysing the results from the data analysis the choice of reference days is affecting the results 

the most. When choosing days only the spring of 2017 and 2018 was examined. This might seem like a 

limited selection but the reason for it was to find a day as similar as possible to the actual heat load 

control day. Since the day with heat load control occurred in the spring and social behaviours might 

differ from seasons, reference days from the same season was favourable. The reason why reference 

days where not examined further back in history was to make sure that the network had the same physical 

design and behaved as similar as possible. Only four days from each year was chosen because with more 

reference days the average temperature difference during the control period was too high and those days 

would have had to been excluded in the end anyhow due to dissimilarities in heat load profile shapes.  

 

When choosing reference days, the temperature difference during the control period was examined and 

the goal was to find days as close as possible in that aspect. If any other variable had been the deciding 

factor the outcome would have been different. There was another possibility to instead look at the 

temperature curve throughout the entire day and try to find the most similar ones as reference days This 

was done briefly but resulted in significant differences in temperature during the control period. It was 

therefore assumed to not give as accurate results as the used method, but it would probably have given 

a better fit of the reference load profile to the actual load profile throughout the course of the day. 

However, calculations were only performed for the three-hour long control period and the shape of the 

average reference load profile outside of these hours did not affect the outcomes.  

 

Looking at the average reference profiles used for the calculations it can be observed that three out of 

four starts on a higher value in the beginning of the day and that all of them on average have a higher 

demand than the load profile of the 19th of April 2018. From this it can assumed that the actual savings 

due to the control would be smaller than the calculated values. The reason for this is that a more accurate 

reference load profile would be closer to the actual curve and the difference during the control period 

would decrease.  

 

Regarding the calculations on savings of any kind it is assumed that the heat load that is control is not 

reallocated but can result in avoided production. If it is reallocated it can either be so in time, so that 

production is moved from peak hours to off peak hours, which would result in decreased costs and GHG 

emissions but not to the same extent. It could also be reallocated to a different building during the same 

time period and the changes for Stockholm Exergi would in that case be negligible. For the individual 

customers there would however still be a change.  

 

Another thing to have in mind is that the heat load control implemented during the control period was 

not only capacity control but also smart heating. This is important to evaluate when comparing the 

results to other studies where one or the other is used individually. The outcomes are therefore results 

from combined building and network optimization. When evaluating the cost reduction on the monthly 

bill for the customers this is of immense importance. The service of smart heating is a service that the 

customer will pay for while capacity control is not in the current plan of heat load control. Therefore, 

the decrease in the monthly bill calculated in this thesis might be counteracted by the cost of the smart 

heating that the customer pays. This was unfortunately not possible to analyse in this thesis due to lack 

of data.  

 

Lastly, it has to be underlined that the result of this master thesis is not universal since all DH networks 

respond differently to changes. However, the results can be used as a guideline.  
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6.1 Uncertainty in results 
It is important to keep in mind that most of the results are obtained through literature and interviews. 

The uncertainty of the results from literature should be small since the literature has been chosen 

carefully. Information from interviews is on the other hand harder to estimate uncertainty for. There is 

always a risk of interviewees being bias and this is important to consider when looking at the results 

from this thesis. Also, when external interviews were performed the interviewer experienced that not 

everyone were willing to share all information. This might affect the accuracy of the results.  

 

When comparing other studies of heat load control with the current project at Stockholm Exergi it is 

very important to have in mind that the data from Stockholm Exergi only concern four buildings during 

one test run. This results in a lot of uncertainties in the measured data. For example, there could be 

something abnormal occurring that day that affect the results which will be hard to notice since no other 

data with heat load control active is available for comparison. Also, four buildings are a small test group. 

A larger range of different buildings would reduce the uncertainty of the data. However, the results 

achieved are in line with outcomes from other projects, so the results are reasonable.  
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7. Conclusion 
The work resulted in recommendations that can help Stockholm Exergi to develop their service for heat 

load control to increase the possibility of a successful implementation. Below follows a list off the 

recommendations to Stockholm Exergi established through this master thesis. 

 

▪ Include customer participation so that customers can affect the heat load control. Establish well 

defined limits for their participation to limit negative effects on the network. 

▪ Stay connected with other thermal energy suppliers with ongoing heat load control projects and 

learn from each other. 

▪ For guidance with large scale implementation, read the research done by Goy et. al [47] and 

follow the new research performed by Johan Kensby. 

▪ Use the incentives found in this thesis (Chapter 5.1) as a basis for development of heat load 

control. Compare with scope and goals to customize.   

▪ Use the parameters identified in this thesis (Chapter 5.2) as a basis in development of heat load 

control. Compare with scope and goals to customize.   

▪ Use the challenges and restrictions found in this thesis (Chapter 5.3) as framework for 

development of the heat load control service. 

▪ Perform regular follow ups on the development throughout the heat load control project. 

▪ Perform a new analysis when the implementation reached large scale. 

▪ Use the identified KPIs for continuous evaluation of the progress to be able to capture the whole 

value and have comparable measurements.  

▪ Focus on multi-family residential buildings. 

▪ Add small quantities of commercial, municipal and/or office buildings and create specific 

contracts for extreme heat load control in specific off office hour’s situations. For example, use 

night setback. 

▪ Exclude public utilities.  

▪ Exclude buildings with air ventilation that play an important part in the indoor climate. 

▪ Exclude buildings where DH is not used for indoor comfort. 

▪ Exclude buildings with other control units installed where there is a risk that they counteract 

each other. 

▪ Evaluate the value of heat load control in different parts of the DH network by using the step to 

step methodology presented (Chapter 5.3) as basis. 

▪ If customers are to pay for the service, start with charging everyone equally and develop a 

customized price later on to minimize complexity in initial phases. 

▪ Design the heat load control as a VPP. 

▪ Include information sharing with customers but check legal requirements.  

▪ Exclude humidity as a factor for indoor climate in the initial phases of the project.  

▪ Establish well-functioning two-way communication between all connected units. 

▪ Keep the scenario-based control and develop individual objective functions for each scenario 

that are mapped to the individual aims. 

▪ Focus on cost savings when marketing the service for customers. 

▪ Evaluate if Stockholm experience problems due to start-up of heating systems in the morning. 

If so, evaluate a change in start-up time as an additional concept to the current plan of heat load 

control. 

 

A visual presentation of the general set-up for heat load control proposed in this thesis will therefore 

look like shown in Figure 32.  
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Figure 32. Schematic picture of the proposed heat load control system. Own processing from [12]. 

In the case of Stockholm Exergi, the producer and operator level will be controlled by the company 

since no third part is doing the operation of DSM. This easy set-up has been argued for in several sources 

from both the literature review and from interviews. This is also very similar to what Stockholm Exergi 

is planning on doing right now. Hence, there is a consensus on how a good set-up look like.  

 

From the data analysis it was concluded that the energy savings due to heat load control during the 

control period was between 13-19% for the individual buildings. The average total energy saving 

compared the entire day was 15.8% and the average total energy saving during the control period was 

57.3%. It could also be concluded that the average total available capacity for all four buildings due to 

heat load control was 410 kWh corresponding to 20.34Wh/m2 floor area. 

 

With the current price agreements, it was found that customers could save 0.145% on their monthly bill 

due to this reduction. For Stockholm Exergi, cost savings took the shape of avoided fuel costs and the 

total average cost savings were 0.072% with heat pumps as marginal production. Due to lack of data it 

was not possible to calculate other costs. The avoided GHG emissions due to the reduction in generation 

was 3.4 kg CO2-equivalents. During the control the indoor temperature was reduced by a maximum of 

0.587⁰C but no residents complained about changing indoor conditions.  

 

The results achieved are very similar to the outcomes from other heat load control projects with the 

potential to become even better along the development of the service. Through the work it was found 

that the project is economically, socially and ecologically profitable with good future potential for large 

scale implementation.  

 

Other than that, a big conclusion from this work was that Stockholm Exergi is in the forefront regarding 

heat load control implementation. There are very few projects to learn from regarding large scale 

implementation and integration with existing systems and few projects have had more buildings 

connected than Stockholm Exergi are planning on having this year. This means that Stockholm Exergi 

currently must believe in their own methods and carefully continue to develop the service without 

research as back-up.    
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7.1 Future work  
To further investigate and dig deeper into the field of heat load control there are several areas that could 

be evaluated further in the future.  

 

First, there must be a more extensive data analysis of the approach performed by Stockholm Exergi 

when more buildings have heat load control installed and more data is available. It is very important to 

get the entire system perspective throughout the development which unfortunately was not possible with 

data from only four buildings. With more connected buildings, it is suggested to use the identified KPIs 

and analyse a large-scale implementation. This should evaluate the effects on the system and total 

network that occur from heat load control.  There would also have to be additional analysis to capture 

the whole picture of a large-scale implementation. 

 

Secondly, this thesis has only touched upon the subject of open DH where customers can both buy and 

sell thermal energy in the connected network and how that could affect heat load control. It is suggested 

that more time and effort is put into the matter to establish more detailed how a flexible solution for heat 

load control can facilitate a transition to a future smart grid scenario. This to be able to utilize the 

opportunities that might come with it and stay in the forefront of technical development. 

 

Thirdly, cost savings and revenues must be further evaluated, both for this small-scale implementation 

and later, on larger scale. To be able to determine the profitability of heat load control in economic terms 

more information is needed, and the economic feasibility of the heat load control is a very important 

factor determining the success of the implementation. Hence, it is recommended that time and effort is 

put into a thorough economic analysis.   

 

Lastly, another interesting aspect to investigate could be if load control could be applied to district 

cooling as well. Currently Stockholm Exergi do not have the possibility to expand the district cooling 

network since it is both expensive and difficult. Adding to this is the fact that shortages in the district 

cooling system occur a lot faster than in the DH system and the consequences are worse. Therefore, 

thermal load control could be a suitable tool for the district cooling network. However, this was not 

included in the scope of this thesis and therefore must be evaluated on its own.  
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Appendix I 
 

Below two lists of interviews are presented. In Table I.I interviews within Stockholm Exergi are 

presented while Table I.II consist of interview information from external interviews. All internal 

interviews where performed in the office of Stockholm Exergi in Stockholm.  

 

Table I.I. Internal interviews at Stockholm Exergi. 

Name and title of respondent  Questions Date 

Tom Wrigglesworth 

Project manager for the heat load control project 

Appendix III 2018-01-25 

Carl-Otto Backteman 

Head of Production Planning 

Appendix IV 2018-03-07 

Mikael Juhlin 

Business developer 

Appendix V 2018-03-08 

Per-Olof Meander 

Manager Production Planning  

Appendix VI 2018-03-13 

 

Table I.II. External interviews with people not working for Stockholm Exergi. 

Name and title of respondent  Company Location  Questions Date 

Jozef Augustynow 

Manager of Production 

Development and Digitization 

Fortum Power and Heat 

Poland 

Skype Interview Appendix VI 2018-03-06 

Peter Hultén 

Development engineer 

Göteborg Energi Phone Interview Appendix VI 2018-03-08 

Anders Westin 

Business developer 

Fortum Oslo Heat  Skype Interview Appendix VI 2018-03-09 

Viki Kaasinen 

Senior Developer 

Fortum Heat Finland Skype Interview Appendix VI 2018-03-14 

Kennet Spennare 

Operation Engineer 

Norrenergi Phone Interview Appendix 

VII 

2018-04-18 

Johan Kensby 

Co-founder and development 

manager 

Utilifeed Skype Interview Appendix 

VIII 

2018-04-20 

Martin Borgqvist 

Head of customer projects 

Noda Skype Interview Appendix IX 2018-05-03 

Niclas Wiklund 

Operation Manager District 

Heating 

Gävle Energi Skype Interview Appendix X 2018-05-07 
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Appendix II 
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Appendix III 
Interview protocol for Tom Wrigglesworth                         

 

Is it all right with you that I record the interview? 

 

Introduction of myself including information about: 

• What I study and why I am at Stockholm Exergi 

• What my master thesis is about 

• Explanation of the terms “capacity control” and “smart heating” if needed 

• Reason to perform this interview 

 

What is (was) your role in the project regarding heat load control here at Stockholm Exergi? 

 

How should optimization to find the best heat load control be done in practice? 

 

Can you explain to me how the different systems involved in heat load control communicate with each 

other and how they work together in the plan for heat load control? 

 

How these systems are in turn connected to the system heat load control operator? 
 

Why did Stockholm Exergi end the cooperation with Noda to start working on its own solution for heat 

load control? 

 

Which parameters or variables are important to consider for capacity control and/or smart heating? 

 

Are there situations when smart heating or capacity control is not necessary at all? 

 

If there are different types of control for different situations, how would you suggest that you handle a 

case where multiple situations occur at the same time? 

• What kind of process could there be to handle that situation? 

 

Are there any technical limitations for capacity control and/or smart heating in the current DH network? 

 

What challenges do you see with capacity control and/or smart heating? 

• What will be the biggest challenge? 

 

Where would you say that the money is? 

 

How much can or should you automate?  
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Appendix IV 
Interview protocol for Carl-Otto Backteman                         

 

Introduction of myself including information about: 

• What I study and why I am at Stockholm Exergi 

• What my master thesis is about 

• Explanation of the terms “capacity control” and “smart heating” if needed 

• Reason to perform this interview 

 

How can capacity control and/or smart heating affect the possibility for improved heat load forecasts? 

 

How does the forecast work in production planning? 

 

People have mentioned that the solution time in the tool used in the production planning might be a 

problem if more input data is added, what is the current solution time? 

 

Are there any current limitations in the forecasting tool used in production planning that could make 

capacity control and/or smart heating difficult? 

 

How can we work with the forecasting too in production planning for the four different situations 

identified of capacity control? 

 

How does real time data affect the heat load forecast? 

 

If we could achieve lower supply water temperatures from capacity control and/or smart heating how 

could that affect the heat load forecast? 
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Appendix V 
Interview Protocol for Mikael Juhlin 

 

Is it okay if I record the interview? 

 

Introduction of myself including information about: 

• What I study and why I am at Stockholm Exergi 

• What my master thesis is about 

• Explanation of the terms “capacity control” and “smart heating” if needed 

• Reason to perform this interview 

 

Can you tell me a bit about yourself and your role in the company? 

 

Why did Stockholm Exergi start to work with heat load control? What were the incentives? 

 

What other benefits do you see with smart heating or capacity control? 

 

What were the benefits of starting to develop your own solution for smart heating and capacity control 

instead of continuing the cooperation with Noda? 

 

If you intend to have different types of control for different situations, what situations do you think you 

should differentiate for different types of control? 

 

How should you prioritize whether multiple situations that require different types of control occur 

simultaneously? 

 

Are there any situations when there should not be capacity control and/or smart heating in place? 

 

Which parameters or variables are important to take into account for capacity control and/or smart 

heating? Technical (in house or network, like temperature and pressure)? Financial? Legal? Any other? 

 

Do you see any limitations in the DH system to successfully run capacity control and/or smart heating? 

 

What challenges do you see with smart heating and/or capacity control at customer or company level? 

 

How does the smart heating and capacity control work in buildings? 

 

I've heard that data of solar irradiation as input into the system heat load control operator could affect 

capacity control in some way. How is that? 

 

Many others work with dynamic flow temperature, why do Stockholm Exergi not see that as an option 

for heat load control? Is it due to transport time? 

 

Is there anything else you would like to add? 
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Appendix VI 
General Interview Protocol 

Is it all right with you if I record the interview? 

 

Introduction of myself including information about: 

• What I study and why I am at Stockholm Exergi 

• What my master thesis is about 

• Explanation of the terms “capacity control” and “smart heating” if needed 

• Reason to perform this interview 

 

Can you tell me a bit about yourself and your role in the company? 

 

Then, of course, I wonder where you are at regarding capacity control and/or smart heating? Do you 

have ongoing projects? Actual control already in place? 

 

What are the benefits of capacity control and/or smart heating?  

 

If you intend to have different types of control for different situations, what situations do you think you 

should differentiate for different types of control? 

 

How should you prioritize whether multiple situations that require different types of control occur 

simultaneously? 

 

Are there any situations when there should not be capacity control and/or smart heating in place? 

 

Which parameters or variables are important to take into account for capacity control and/or smart 

heating? Technical (in house or network, like temperature and pressure)? Financial? Legal? Any other? 

 

Do you see any limitations in the DH system to successfully run capacity control and/or smart heating? 

 

Are there any disadvantages of capacity control and/or smart heating as you see it? 

 

What challenges do you see with capacity control and/or smart heating? 

 

Is there anything else you would like to add? 

 

If they have any kind of heat load control themselves add:  

Regarding the power or heat control you have in place: 

How does it work? 

What systems do you use? 

What do you do if multiple situations that need different kinds of heat load control occur at the same 

time? 

How does pumping, pressure and temperature get affected by your heat load control? 

What real-time data do you get access to through your heat load control? 
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Appendix VII 
Interview Protocol for Kennet Spennare 

 

Is it okay if I record the interview? 

 

Introduction of myself including information about: 

• What I study and why I am at Stockholm Exergi 

• What my master thesis is about 

• Explanation of the terms “capacity control” and “smart heating” if needed 

• Reason to perform this interview 

 

Can you tell me a bit about yourself and your role in the company? 

 

Norrenergi works with night reduction as capacity control and with a method to limit power, can you 

describe both methods? 

 

Do you have any controlled reintroduction of the controlled heat load? 

 

Do you have plans to further develop your methods for heat load control? 

 

Do you have any feedback from heat load control in buildings? 

 

What benefits do you see with smart heating or capacity control from Norrenergi’s perspective and from 

a customer’s perspective? 

 

Are there any situations when there should not be capacity control and/or smart heating in place? 

 

Do you see any limitations in the DH system to successfully run heat load control? 

 

What challenges do you see with smart heating and/or capacity control at: 

 

Are there any disadvantages of capacity control and/or smart heating as you see it? 

 

Is there anything else you would like to add? 
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Appendix VIII 
Interview Protocol for Johan Kensby  

 

Is it all right with you if I record the interview? 

 

Introduction of myself including information about: 

• What I study and why I am at Stockholm Exergi 

• What my master thesis is about 

• Explanation of the terms “capacity control” and “smart heating” if needed 

• Reason to perform this interview 

 

Can you tell me a bit about yourself and your role in the company? 

 

What services does Utilifeed provide? Any connected with heat load control?  

 

What are the benefits of capacity control and/or smart heating?  

 

If you intend to have different types of control for different situations, what situations do you think you 

should differentiate for different types of control? 

 

Are there any situations when there should not be capacity control and/or smart heating in place? 

 

Which parameters or variables are important to take into account for capacity control and/or smart 

heating? Technical (in house or network, like temperature and pressure)? Financial? Legal? Any other? 

 

Do you see that heat load control has different values in different parts of the DH network? For example, 

it is more valuable far away from production facilities or accumulators?  

 

If this different value exist, how do you decide it? 

 

Is it possible to apply above argument on regular DH as well? Is it possible to charge people differently 

depending on location in the network? 

 

Do you see any limitations in the DH system to successfully run capacity control and/or smart heating? 

 

Are there any disadvantages of capacity control and/or smart heating as you see it? 

 

What challenges do you see with capacity control and/or smart heating? 

 

What other possibilities comes with heat load control and the data that will be available through that? 

 

How does the network get affected by heat load control? For example: pumping, pressure and 

temperatures? 

 

Is there anything else you would like to add? 
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Appendix IX 
Interview protocol Martin Borgqvist 

 

Is it all right with you if I record the interview? 

 

Introduction of myself including information about: 

• What I study and why I am at Stockholm Exergi 

• What my master thesis is about 

• Explanation of the terms “capacity control” and “smart heating” if needed 

• Reason to perform this interview 

 

Can you tell me a bit about yourself and your role in the company? 

 

For how long have Noda been working with capacity control and smart heating?  

 

Easily described, how does your capacity control work?  

 

What results have you achieved in your projects? 

 

Do you see any advantages or disadvantages with being a third party in the DH network?  

 

What are the benefits of capacity control and/or smart heating?  

 

If you intend to have different types of control for different situations, what situations do you think you 

should differentiate for different types of control? 

 

How should you prioritize whether multiple situations that require different types of control occur 

simultaneously? 

 

Are there any situations when there should not be capacity control and/or smart heating in place? 

 

Which parameters or variables are important to take into account for capacity control and/or smart 

heating? Technical (in house or network, like temperature and pressure)? Financial? Legal? Any other? 

 

Do you see any limitations in the DH system to successfully run capacity control and/or smart heating? 

 

Are there any disadvantages of capacity control and/or smart heating as you see it? 

 

What challenges do you see with capacity control and/or smart heating? 

 

Do you see that heat load control has different values in different parts of the DH network? For example, 

it is more valuable far away from production facilities or accumulators?  

 

If this different value exist, how do you decide it? 

 

How do you integrate your solution for capacity control smoothly with the production planning in each 

DH company? 

 

Is there anything else you would like to add? 
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Appendix X 
Interview protocol Niclas Wiklund 

Is it all right with you if I record the interview? 

Introduction of myself including information about: 

• What I study and why I am at Stockholm Exergi

• What my master thesis is about

• Explanation of the terms “capacity control” and “smart heating” if needed

• Reason to perform this interview

Can you tell me a bit about yourself and your role in the company? 

Easily described, how does your capacity control work?  

What results have you achieved in your projects? 

What possibilities does it entail to own the substations in the DH network? 

What are the benefits of capacity control and/or smart heating?  

If you intend to have different types of control for different situations, what situations do you think you 

should differentiate for different types of control? 

How should you prioritize whether multiple situations that require different types of control occur 

simultaneously? 

Are there any situations when there should not be capacity control and/or smart heating in place? 

Which parameters or variables are important to take into account for capacity control and/or smart 

heating? Technical (in house or network, like temperature and pressure)? Financial? Legal? Any other? 

Do you see any limitations in the DH system to successfully run capacity control and/or smart heating? 

Are there any disadvantages of capacity control and/or smart heating as you see it? 

What challenges do you see with capacity control and/or smart heating? 

Do you see that heat load control has different values in different parts of the DH network? For example, 

it is more valuable far away from production facilities or accumulators?  

If this different value exist, how do you decide it? 

How do you integrate your solution for capacity control smoothly with the production planning in each 

DH company? 

Is there anything else you would like to add? 
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