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Abstract

Demand Response in the Engineering Industry - Based
on a case study of Volvo Powertrain Productions in
Köping
Matilda Grawé

The climate change is driving a change in technology and promotes 
intermittent electricity; solar and wind, and also promotes new 
technology such as electrical vehicles. The increased share of 
intermittent  power and changed patterns of using power causes 
large strain on the powergrids during critical hours of the year. 
The system The Eergimarknadsinspektionen as well as the European 
transmission system operators are therefore requesting that 
electricity users adapt their power consumption to when power is 
generated. This is rather opposite to the present situation where 
the TSO’s respond to the customers demand by increasing their 
power generation. This new change of customers adapting to the 
current power available is called Demand response (DR). 

The thesis investigates drivers, barriers and potential for demand 
response within the engineering industry. It is based on 
interviews with representatives from enginering industries, system 
operators as well as a case study on Volvo Group Trucks Operations 
Powertrain Production in Köping. The potential is also determined 
through a simulation carried out in collaboration with Johan 
Norberg, a masterstudent at the Royal Technical Highschool. 

The conclusion states that it is possible for Volvo Pwertrain to 
participate in DR events, however the economical compensation 
identified in this thesis is not enough. 
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Sammanfattning 

I och med klimatförändringarna pågår stora utbyggnader i Sverige av intermittenta kraftslag så 
som vindkraft och solenergi. Samtidigt ska flera kärnkraftsreaktorer fasas ut till år 2020 och det 
finns inget som pekar på att ny kärnkraft kommer att byggas. Till detta kommer att 
effektreserven ska fasas ut till år 2025. Alla dessa faktorer kommer att påverka effektbalansen, 
vilket gör att den vattenkraft som idag används för att reglera kraftsystemet sannolikt inte 
kommer att räcka till. En del i lösningen för att hantera ovanstående förändringar är enligt EU, 
Energimarknadsinspektionen (Ei) och Svenska Kraftnät (SvK), efterfrågeflexibilitet  (EFF), som 
på engelska heter demand response (DR). 
 
Definitionen av EFF är att elkunder förändrar sitt elanvändande baserat på signaler från 
spotmarknaden, nätägaren eller en annan aktör. Elanvändningen i Sverige är säsongsberoende, 
och de högsta belastningstopparna i elnäten uppstår under vintern, oftast under morgnarna. De 
höga belastningstopparna är dimensionerande för hur hög kapacitet elnäten och dess olika 
komponenter måste ha. Ju högre kapacitet elnäten måste klara av, desto högre blir 
investeringskostnaderna, materialkostnaderna och underhållskostnaderna. Därmed är elnäten 
byggda för att klara av dessa toppar som uppstår under ett fåtal timmar varje vinter, liksom 
elproduktionen som ju ska leverera effekt till kunderna under just dessa toppar. Det betyder att 
elsystemet – både elnät och produktionskapaciteten – är överdimensionerade under resterande 
tid av året. Efterfrågeflexibilitet kan bidra till att sänka de högsta belastningstopparna, vilket ger 
positiva socioekonomiska effekter i och med att elnäten inte behöver uppgraderas i samma 
utsträckning och att det inte behöver produceras lika mycket el med hjälp av exempelvis 
kolkondenskraftverk eller gasturbiner under de högst belastade timmarna. Det sparar alltså 
både pengar och växthusgasutsläpp. 
 
EFF har undersökts vad gäller hushållskunder och deras möjligheter att delta i sådana program, 
och då är det främst värmepumpar som utgör den last som kan flyttas utan att förändra 
inomhuskomforten. Även elintensiva industrier (EII) har undersökts när det gäller EFF, och 
vissa av dessa företag har deltagit i effektreserven och alltså mot ersättning varit redo att stänga 
ner elintensiva processer för att effektbalansen ska hållas stabil under kritiska lägen. En bransch 
som inte undersökts i särskilt stor utsträckning tidigare är verkstadsindustrin. Därför har det 
här examensarbetet varit inriktat på att undersöka EFF för just verkstadsindustrin genom att 
göra en fallstudie av Volvo Group Trucks Operations Powertrain Production i Köping som 
tillverkar växellådor till lastbilar.  
 
Frågeställningarna har varit: 

 Vilka är möjligheterna, barriärerna och drivkrafterna för EFF i fallet Volvo Powertrain 
Operations i Köping? 
 

 Hur kan elnätstariffer utformas för att främja EFF för verkstadsindustrier? 
 
Frågeställningarna har besvarats genom en fallstudie på fabriken, kvalitativa intervjuer, en 
förenklad tariffanalys och simuleringar utförda i samarbete med Johan Norberg, som i sitt 
examensarbete utvecklat en modell av 4 produktionslinor (Midiblock 2) i fabriken.  
 
De barriärer som identifierades var: 

 Låg kunskap om EFF  
 Låga el- och elnätskostnader 
 Avsaknad av rutiner hos maskinoperatörerna för att stänga av och sätta på maskiner 
 Komplexa produktionsprocesser 
 Möjligt motstånd hos operatörer 
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De drivkrafter som identifierades var: 

 Ekonomisk vinst 
 Förbättrad miljöprofil 
 Eldsjälar inom företaget 
 

Tariffanalysen genererade två olika typer av tariffer. Ett CPP-tillägg, vilket kan beskrivas som en 
rabatt för varje sänkt kWh till de kunder som sänker sin effekt under de timmar som 
lokalnätsägaren, i detta fall Mälarenergi, utlyst. CPP står för det engelska uttrycket critical peak 
pricing. CPP-tillägget beräknas kunna ge Volvo Powertrain 44 250 SEK/år om de två gånger 
under ett år sänker sin effekt med 1 MW. Den andra tariffvarianten var en timupplöst effekttariff 
(TDP-tariff) som med ett specifikt pris/kWh speglar lasten i nätet för varje timme. TDP-tariffen 
uppmuntrar till EFF genom att varje år uppdateras baserat på föregående års lastprofil. Dock 
krävs mer data över längre tidsperioder för att göra en utförlig analys av effekterna av TDP-
tariffen.  
 
De processer som identifierades möjliga att utnyttja för EFF var produktionen, pumparna till 
kyl-/värmesystemet och ventilationsaggregaten. Kapaciteten uppskattas ligga mellan 105 – 
2330 kW. Det stora spannet beror på att kapaciteten i produktionen antas ligga mellan 0-2000 
kW. 
 
Simuleringarna visade om Midiblock 2 optimeras mot TDP-tariffen och spotpriserna 2015 kunde 
Volvo Powertrain ha sparat 33 500 kr under 2015. Om Midiblock 2 endast optimeras mot TDP-
tariffen skulle besparingen vara 6 500 kr under 2015. Om Midiblock 2 optimeras mot 
spotpriserna för ett scenario för 2030 som marknadsgruppen på Sweco Energuide tagit fram, 
blir besparingarna med EFF 50 000 kr. Simuleringarna innebar även att maskinerna i Midiblock 
2 stängdes av helt under alla stopp som var minst 2 timmar långt, och att pauserna användes för 
att optimera driften mot prissignalerna. Det visade tydligt att besparingarna från EFF står för 
runt 10 % av de totala besparingarna. De övriga 90 % av besparingarna kommer från att 
maskinerna stängs av under produktionsstoppen. Produktionen står i verkligheten stilla ungefär 
40 % av tiden i dagsläget vilket utnyttjas i simuleringarna. Det är dock viktigt att minnas att 
dessa siffror baseras på flertalet antaganden och förenklingar både i Norbergs modell av 
Midiblock 2 och de tariffer som utvecklats i denna rapport.  
 
Slutsatserna är att det går att implementera EFF inom en fabrik som exempelvis Volvo 
Powertrain, men att de komplicerade produktionsprocesserna är försvårande och att det är 
beteendet hos operatörerna samt hur väl produktionsplaneringsenheten kan planera efter 
prissignaler som är avgörande för utfallet. Samtidigt är besparingarna som kan göras med att 
stänga av maskinerna stora vilket verkar för att sådana åtgärder och rutiner bör utvecklas och 
införas. Att sedan ta steget till att stänga av maskinerna under perioder då antingen 
spotpriserna är väldigt höga eller då belastningen i nätet är väldigt hög, inte särskilt stort. Om 
Volvo Powertrain dessutom får visa upp sitt arbete med EFF för at stärka sin miljöprofil är det 
positivt. Om inte annat är det av intresse för att under framtida mycket höga spotpristoppar 
kunna undvika mycket höga elräkningar. 
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Executive summary 
There is an increased need for balancing power in the Swedish power grid system due to 

increased implementation of intermittent power sources. Increased utilization of Demand 

Response (DR) is one of the solutions according to the Swedish Inspectorate of Energy Markets 

(Ei) and Svenska kraftnät (the Swedish TSO). The potential of DR in households and electricity 

intensive industries is known, but the potential within the engineering industry is not known to 

the same level. This thesis aims to investigate the potential of DR in the engineering industry by 

using interviews and a case study at a manufacturing plant in the Volvo Group organization. 

  

The research questions were: 

 What are the possibilities, barriers and drivers for DR in the case of Volvo Powertrain 

Operations plant? 

 How can tariffs be constructed to promote DR for engineering industries? 

 

The sources for DR that were identified at the plant were the production process itself, the 

pumps for the geothermal heating/cooling system and the ventilation units. The capacity was 

estimated to 105-2330 kW. The large span is due to the capacity in the production which is 

estimated to 0-2000 kW.  

 

The identified barriers were; little or no knowledge on DR, cheap electricity bills, no routines for 

shutting machines off, complex production processes and possible resistance from staff. The 

identified drivers were; wish to reduce costs, commitment to improve environmental profile and 

people with driving spirit. The identified drivers were; wish to reduce costs, commitment to 

improve environmental profile, and people with driving spirit. 

 

Two tariffs, which both reflect the load in the power grid, were developed and used in 

simulations to investigate the technical possibilities to optimize the production to the signals 

from the tariffs. The conclusion is that DR can be implemented in a plant similar to the Volvo 

plant, but that the complex production processes complicates this. Furthermore, the economical 

savings from adapting to the tariffs are marginal compared to the savings Volvo would make by 

just turning off machines whenever the production is down, regardless of price signals from an 

external actor. However, the simulations show that implementation of DR is possible and that 

the production, at least in theory, can be optimized to price signals. Finally, it is the operators’ 

behaviour and production planning after price signals that determine the possibilities for DR. 
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DR – Demand response 
SO – System Operator 
DSO – Distribution System Operator 
RSO – Regional System Operator 
TSO – Transmission System Operator 
Ei – Swedish Inspectorate of Energy Markets (Energimarknadsinspektionen) 
SvK – The Swedish Transmission System Operator (Svenska Kraftnät) 
CPP – Critical Peak Price 
TDP – Time Differentiated Power 
EII – Electricity Intensive Industry 
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1 Introduction 

1.1 Background 
The first stretches of the Swedish power grid were built in the early 2000th century to supply 
industries (Svensk Energi, 2016c), and today the importance of electricity for the modern society 
can hardly be overestimated. The Swedish electricity supply is mainly made up of nuclear- and 
hydropower, while wind power generates around 10 % of the total electricity production 

(Svenska Kraftnät, 2016d). Hydropower is important as it is used as regulating power in order to 
keep the power balance. Following the work to minimize the climate change, new technologies 
such as electrical vehicles, solar-, and wind power etc. are being developed and implemented in 
the energy systems (IPCC, 2014) (International Energy Agency, 2013a). The distributed and 
intermittent nature of these technologies are posing new challenges to the operation of the 
power grids, as the complexity of power flows will increase (Damsgaard, Lindén, Yuen, Helbrink, 

Einarsson, & Munkhammar, 2014).  
 
The large penetration of intermittent power in a future energy systems will yet increase the 
importance of regulating power, which today in Sweden is mainly hydropower. However, the 
regulating hydropower will have to be complemented by other solutions (Linnarsson, Fritz, & 

Springfeldt, 2013). One potential regulating source that has been discussed for a long time, but 
not yet implemented on large scale in Sweden is Demand Response  (DR) (Persson & Ström, 

2015). 
 
Demand Response is one of the most important traits of what is today generally named “Smart 
Grids” (Mohagheghi & Raju, 2015), and relies on the possibilities to measure and control power 
flows in the grids. DR has no general definition, but this thesis relies on the description given by 
Persson and Ström (2015), which states that “DR is the idea of utilizing the flexibility in 
electricity consumption among the consumers to adapt to the load situation in the distribution 
grid, or to price signals generated from the market or another actor”. As the system is built 
today, it is the electricity producers who adapt to the consumers changing demand for 
electricity. The technologies needed to implement DR are already on the market (NGENIC, 2016) 

(Eliq, 2016), and Swedish Inspectorate of Energy Markets (Ei), considers that DR will be 
important in order to manage demand peaks as well as for integration of intermittent power 
sources and thus supports the development of DR (Alvehag, 2015). 
 
Different customer segments have different load profiles and different capabilities to participate 
in DR-schemes (Fritz, Övergripande drivkrafter för efterfrågeflexibilitet - Hinder, möjligheter och 

alternativa utvecklingsvägar , 2013). Households’ and electricity intensive industries’ (EII’s) DR 
capacities have been investigated. (Linnarsson, Fritz, & Springfeldt, 2013). A branch that has not 
been investigated to the same depth regarding DR is the engineering industry, which was the 
reason to choose this  area for this thesis.  
 
As there were few previous research articles found on possibilities for DR in the engineering 
industry, it was decided to use a case study as method. The object for the case study is Volvo 
Group Trucks Operations Powertrain Production in Köping, which is an engineering industry 
manufacturing gearboxes for trucks. In a previous study of the plant, Sundström and Yusuf 
(2015) identified electricity losses of 44 % due to machines not being shut down while 
production is off, since the machines were still operating in standby modes (Sundström & Yusuf, 

2015). The idle times causing the electricity losses raised the question whether those could be 
used as a flexibility resource, which was the starting point for this master thesis.  
 
The economical incentives for an industry such as Volvo Powertrain to be flexible can be limited 
by the tariffs provided by the local distribution system operator (DSO), which in this case is 
Mälarenergi. Therefore, this thesis also investigates the current tariff model and produces two 
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examples of how tariffs can be designed to promote DR for high voltage customers, where high 
voltage refers to the context of tariffs, where voltage above 10 kV is regarded high voltage.  
 

1.2 Purpose 
The objectives in this master thesis are to investigate the driving forces and barriers for Demand 
Response in the engineering industry, from the perspective of the industry itself, and specifically 
industry companies using high voltage in the local distribution grid. Furthermore, the objective 
is to investigate how tariffs can be constructed to promote DR among high voltage customers. 

1.2.1 Goals 

 Investigate the potential for DR within engineering industries in a wide perspective. 
 Investigate the driving forces and barriers for DR in the case of Volvo Powertrain 

Operations in Köping. 
 Estimate the technical potential of DR for the plant of Volvo Powertrain Operations in 

Köping. 
 Form example tariffs that would promote DR for high voltage customers. 

 

1.3 Question Formulation 
 

 What are the possibilities, barriers and drivers for DR in the case of Volvo 
Powertrain Operations plant? 
 

 How can tariffs be constructed to promote DR for engineering industries? 
 

1.4 Contributions 
The thesis has been conducted in parallel with another student’s master thesis, Johan Norberg, 
from the Royal Institute of Technology. The collaboration is thoroughly described in Chapter 2 - 
Method.  
 
The main purpose of Norberg’s master thesis is to derive the possible DR capacity of Volvo 
Powertrain plant in Köping and investigate if it would be economically beneficial to implement 
an automated DR system. The DR parameters of Volvo Powertrain’s facility are also compared to 
DR solutions in the Electricity Intensive Industry (EII). The tariff work in this thesis is used as 
input data in the program developed in Norberg’s thesis. If information on that thesis is of 
interest, it is found in the report, Automated Demand response in the engineering industry with 
a case study at Volvo Powertrain (Norberg, 2017). 

1.5 Delimitations 
The case study is conducted at Volvo Group Trucks Operations Powertrain Production in Köping. 
 
Only engineering industries using high voltage (as defined in the DSO’s tariffs) in the grid owned 
by Mälarenergi are included in the interviews.  
 
The investigated tariffs regard the customer segment using high voltage in the distribution grid, 
where high voltage is defined as >10 kV.  
a 
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2 Background 
This chapter presents the background of the methods used, the previous research in the field, as 
well as explanations of the electricity market and its actors. A reader who has knowledge of the 
methods can skip chapter 2.1, the electricity market can skip chapter 2.3. 
 

2.1 Theory of the methods 

2.1.1 Research design 
As the objective of the thesis was to determine barriers, drivers and the potential for DR in the 
engineering industry it was decided to use a case study as research design. That choice was 
based on the knowledge that studies on DR within the branch were limited. That is also the 
reason for choosing a case study. According to Blomkvist & Hallin (2015) case studies generate 
rich data, which is good as it reflects the complexity of reality. This richness also allows a deep 
understanding of the object studied, which was needed to answer the questions in this thesis. 
Murray & Brubaker (2008) write that a case study investigates the object and how it interacts 
with its environments, and also within a set time frame. (Murray & Brubaker, 2008) 
 
A case study can as, Blomkvist & Hallin (2015) write, be oriented in different ways, and this case 
study is exploratory. That means that as empirical data is gathered, the course of the search for 
more data may be altered from the course set at first. According to Murray & Brubaker (2008), 
the researcher can take on two alternate roles by either observing the object, or observe while 
participating. This case study has been conducted with participation to some extent, as the 
interviewed staffs have been aware of the investigator’s agenda, and the researcher role 
included asking questions as the operators were working.  
 
The case study as design has been criticized for being non-scientific, as it is a subject who 
collects information on the object (Blomkvist & Hallin, 2015). Critics mean that the design is 
primitive, and that the researcher’s preconceptions may bias the result. Therefore, to be 
trustworthy a case study must be performed systematically, and thus the researcher always 
must reflect upon the assumptions made, and state this in the report (Blomkvist & Hallin, 2015). 
Furthermore, Murray & Brubaker (2008) write that the case study design cannot guarantee that 
all the characteristics of the studied object are revealed, which also can cause the result to be 
insufficient. Even so, the case study has been regarded the most suitable design as the area is 
rather unknown and any quantitative studies would be hard or impossible to conduct when not 
knowing what to look for.  
 
Results from case studies can by definition not be used statistically, as it concerns a specific 
object, of which the findings cannot be assumed to be applicable to other similar cases. However, 
according to Blomkvist & Hallin, the findings can be analytically generalizable. That means that 
the applicability on other similar cases can be discussed in the report, and along with a thorough 
description of the case, it creates a foundation for the reader to draw conclusions on the 
reliability of the method. In order to achieve this, it is of great importance that the findings of the 
object are transparent and presented systematically. 
 
The project was carried out in an inductive approach, with elements of abduction as described 
by Blomkvist & Hallin (2015). Inductive approach means that the knowledge gained in the 
literature study is re-evaluated iteratively as empirical findings are made. The abduction 
approach arises when the study switches between empirical studies and further literature 
studies in order to understand the empirical data. The inductive process of this thesis meant that 
the purpose and question formulations have been tweaked throughout the process as empirical 
data cast new light on the problem, which is also described by Blomkvist & Hallin (2015). 
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2.1.2 Research methods: Quantitative versus qualitative studies 
Quantitative studies are characterised by the large number of data, which can be used for 
statistics and comparison with other studies (Murray & Brubaker, 2008). The quantitative 
method can be used when the aim is to conclude something regarding a larger group of objects. 
On the other hand, qualitative studies aim to gather information, which displays the complexity 
of the studied area, and emphasizes the individual traits that may get lost in quantitative 
methods (Murray & Brubaker, 2008). The qualitative method is often used when the research 
question requires rich empirics in order to be answered (Blomkvist & Hallin, 2015). As the 
research questions in this thesis required a large amount of data but also a deep understanding 
of the plant, its processes, and the views of the people working there, the mixture of qualitative 
and quantitative method has been used.  
 

2.1.3 Interviews 
All interviews were carried out in a semi-structured manner as described by Blomkvist & Hallin 
(2015). Murray & Brubaker (2008) calls this type of interview “loose question strategy”, but 
agrees with Blomkvist  & Hallin (2015) that this type of interview is good in the sense that it 
makes it possible for the interviewer to respond to the respondents’ answers, and that the 
respondents can bring up own thoughts spontaneously. On the other hand, semi-structured 
interviews can be criticized, because it is not certain that all interviews will provide the same 
information, and that it is up to the interviewer alone to make sure that the right information is 
collected. 
 
According to Blomkvist & Hallin, the number of interviews needed for an empirical result to be 
valid depends on the quality of the interviews, and how well the respondents correspond with 
the pre-defined framework of who the respondent should be. 
 

2.1.4 Drivers and barriers 
In this thesis, one of the major objectives is to identify barriers and drivers for DR. Thollander & 
Palm (2013) studied barriers and drivers to energy efficiency in industries, and states that  
barriers are “various hindrances” that keep “technological means to achieve more energy 
efficient industrial activities… from being implemented ” (Thollander & Palm, 2013). Even though 
energy efficiency is not equivalent to Demand Response, the foundation of Palm & Thollander’s 
definition is used to form the definition used in this thesis: 
 
A barrier is defined as any characteristic, phenomenon or event, which hinders something to 
happen or develop in a desired direction, where the desired direction is set by for instance 
policy makers or the board of a company, or in this case, the researcher. 
 
Drivers for investing in cost effective energy efficiency measures have been studied by Brunke, 
Johansson & Thollander (2014), and from the context drivers can be defined as the reasons 
given for making final decisions to go ahead with some type of energy efficiency measure. As for 
the case of barriers, this has been used as inspiration to state the definition of drivers used in 
this thesis: 
 
A driver is a characteristic, phenomenon or event that causes something to happen or develop in 
a desired direction, where the desired direction is set by for instance policy makers or the board 
of a company, or in this case, the researcher.  
 

2.2 Classification of industries - SNI 
SNI stands for the Swedish standard for classification of businesses or in Swedish: “Standard för 
svensk näringsindelning”. The SNI-system lists all the businesses in the Swedish commercial and 
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industrial life and is nomenclature system used by the Swedish authorities to gather and analyse 
data. It is also comparable with the European nomenclature system. As the SNI-system is well-
established it has been used to identify the different industrial branches in this thesis (SCB, -).  
 
The Swedish Energy Agency’s (SEA) definition of energy intensive industries is used in this 
thesis. It states that “an electricity intensive industry has a value adding production of at least 
190 million SEK per each MWh used” (Swedish Energy Agency, 2014). The Electricity Intensive 
Industries (EII) and the engineering industries are displayed table 1 (SCB, -b). 
 
Table 1. The Swedish manufacturing industry branches and their SNI-codes are listed. The branches that have been 
investigated in the pre-study are market EII and the industry types included in the engineering industry branch are 
labelled as Engineering.  

SNI Branch Type 
C10-12 Textile Clothing, Leather  
C16 Wood products, except furniture  
C17 Paper- and pulp  EII 
C18 Printing- and reprography  
C19 Coke and refined petroleum products  
C20-21 Chemicals and chemical products EII 
C22 Rubber and plastic products  
C23 Earth and stone products  
C24 Steel and metal EII 
C25 Metal products, non mechanical engineering Engineering 
C26-28 Computers, Electronics, optical products etc. Engineering 
C29-30 Transport  Engineering 
C31-33 Other manufacturing  (33) Engineering 
B05-09 Mining and quarrying EII 
 

2.3 The Electricity Market 
Electricity is sold and bought at Nord Pool Spot (NPS), which is the electricity market for the 
Nordic countries, including Estonia, Latvia and Lithuania. The trade on NPS is divided into 
different parts. The day-ahead market is called the spot market, and sets the price for electricity 
each hour in the following day. Buyers and producers trade electricity by placing bids on how 
much power they want to buy/can produce, at what time and to what price. The system price is 
then decided based on where the supply and demand curves meet. This is set daily at 12 am. The 
price is then adjusted for the four different electricity zones in Sweden by 12.42, depending on 
the constraints in the grid. (Svensk Energi, 2015b) 
 
The bids placed on NPS depend on the available hydropower, weather forecasts, the expected 
load during each hour and historical experience as well as policies and taxes (Svensk Energi, 

2016e). But as electricity is used momentarily, the bids placed by the electricity traders are 
seldom, if ever, cover the users’ consumption perfectly. Therefore there is an intra-day market, 
Elbas, for buying power to cover the differences during the day. At Elbas the bids are placed 
openly with amount and price, and are bought by the balance responsible companies, who strive 
to match their customers’ demand (Svensk Energi, 2015b). The trade at Elbas is open until 45 
minutes prior to delivery, and after this the Swedish transmission System Operator (TSO), 
Svenska Kraftnät (SvK) takes over the balance responsibility. SvK makes the final adjustments 
by buying power on the market for regulating power (Svenska Kraftnät, 2016a). The differences 
between the balance responsible companies’ bought power and the customers’ actual 
consumption is calculated, and every fortnight the balance responsible companies pay charges 
to SVK corresponding to their differences (Svenska Kraftnät, 2016c).  
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2.3.1.1 Electricity users 
The customers are everyone who uses electricity. It ranges from small households all the way up 
to the largest industries. The customers have two contracts: one with an electricity-trading 
company, and one with a system operator. The system operator is the company who operates 
the grid, which the customer is connected to. In Sweden the electricity market is de-regulated 
since 1996 (Svensk Energi, 2016d), and this means that the electricity-trading companies and the 
system operators cannot collaborate in any sense and that the customers are free to choose any 
electricity trading-company. The customers have different load profiles depending on at what 
times and how much electricity they use.  

2.3.1.2 Electricity trading companies and balance responsibility 
The majority of buyers placing bids at NPS are electricity-trading companies who have contracts 
with customers. These companies are also usually balance responsible for their customers, 
unless they have contracted an external part (Svenska Kraftnät, 2016a).  
 
Balance responsibility means that they are responsible to make sure that there is balance 
regarding how much power they bought for their customers and how much power the 
customers actually consumed. In order to keep this balance the electricity trader relies on 
historical data, weather forecasts and any current situation that may affect the consumption. In 
order to keep the balance, the electricity-trader can buy bids on Elbas (Svensk Energi, 2015b). 
However, if they expect the prices on the regulating market to be lower than on the Elbas, they 
may leave the unbalance and let SVK take care of it. However, an electricity-trader may have 
interest in DR, as large unbalances could be reversed with flexible customers1.  

2.3.1.3 System Operators  
The electricity is transported from the suppliers to the customers in the power grids, which is 
called the transmission system. The system is commonly divided into Distribution System, 
Regional System and Transmission system, and the operators are called Distribution System 
Operator (DSO), Regional System Operator (RSO) and Transmission System Operator (TSO). In 
Sweden there is only one TSO, but several RSOs and DSOs (Svensk Energi, 2016f).  
 
The Swedish electricity market has been deregulated since 1996, and the electricity trader and 
DSO must be different companies according to the Electrical Act (Svensk Energi, 2016d). The 
different system operators (SO) operate in a natural monopoly, as there is only one grid in each 
geographical region. Therefore SOs are regulated by the Swedish Energy Markets Inspectorate 
(Ei). The Ei regulates the revenue of each SOs through the revenue cap. The revenue cap is based 
on the costs that each SO has, and is decided for a four year-period. The first supervision period 
was 2012-2015, and the current period is 2016-2019 (Energimarknadsinspektionen, 2015). The 
costs consist of operational expenses, which originate form the transmission losses, and the 
capital expenses, which are based on the needed maintenance for the components in the grid, as 
well as administrational costs for the staff working. The SOs are responsible for compensating 
the electricity losses in each of their grids by buying the difference (Helbrink, Lindén, Nilsson, & 

Andersson).  
 

2.3.2 Efficient operation of the power grids 
Following the EU energy efficiency directive (European Parliament and Council, 2012), IE has 
developed economical incentives to promote the SOs operating efficiency. Previously, there have 
been few or even no reasons for DSOs to improve their efficiency since they exist in a monopoly 
market. The IE states that efficient operation of a power grid means low levels of transmission 
losses, alongside with even load in the grid (Werther Öhling & mfl, incitament för effektivt 

utnyttande av elnätet, 2015). 

                                                             
1 Christian Holtz. Consultant at Energy Markets, SWECO. Interview. June 2016 
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2.3.2.1 Incentive regarding transmission losses 
The transmission losses in the grids occur according to relation 1 (Duncan Glover & Sarma, 

2008).   
 
𝑃𝑙𝑜𝑠𝑠𝑒𝑠 = 𝑅𝐼2     [W]     (1) 

Where P is the active power loss, R is the resistance in the transmission line, and I is the current. 

 
Equation 1 makes it clear that strong currents cause the losses to increase rapidly. The SOs 
calculate the transmission losses by measuring the difference between the power going into a 
certain grid and subtracting the power used by the customers in the same grid (Werther Öhling 

& mfl, incitament för effektivt utnyttande av elnätet, 2015).  
 
Ei’s incentive is based on comparisons of each DSO’s losses over one period of supervision with 
the losses of the previous period. If a DSO manages to decrease their losses, their revenue cap is 
increased, and the costs for the customers are also decreased (Werther Öhling & mfl, 2015). 
 

2.3.2.2 Incentive regarding even load  
The load profile in a power grid depends on the aggregated load profile of customers and the 
local electricity production. The grids are dimensioned to handle the largest power outtakes, 
which occur during the coldest days in the winter. However, the maximum capacity of the grids 
is only utilised during a few hours every year, which means that the grids most of the time are 
over-dimensioned. It is regarded positive to even out the load profiles in the grids, as this would 
increase the hosting capacity. With increased hosting capacity follows that more customers 
and/or more intermittent power generation can be connected to the grid without the capacity 
needing to be increased. This is desired as it saves money and material. (Werther Öhling & mfl, 
2015) 
 
The incentive is based on what Ei calls the Mean Load Factor, which is the mean load in the 
nodes in the grid divided by the maximum load in the grid. The closer the ratio is to 1, the more 
even is the load. The mean load factor is multiplied by the lowered cost for the overhead grid 
and this decides how large the saving will be for the SO. However, for the incentive to work, the 
SO must have lowered its cost to the overhead grid. For the TSO the rules are different, as they 
don’t have an overhead grid. (Werther Öhling & mfl, 2015) 

2.3.3 Future demands on the power grid 
The Swedish energy system is changing; more renewable sources such as wind power and solar 
energy are implemented in the system (International Energy Agency, 2013a). At the same time the 
amount of electrical vehicles are increasing (Powercircle - Electricity for Sustainable Energy, 2016), 
as well as the amount of private electricity producers of solar energy (Lindahl, 2015), which 
means that the load profiles of households is changing. Other aspects affecting the energy 
system and the power grids include the unclear future of Swedish nuclear power (Svensk Energi, 

2015), and the replacement of the strategic reserve. Today the nuclear power delivers 
approximately 45 % of the total electricity in Sweden (International Energy Agency, 2013a), and 
even though modernisations of a reactor can extend the lifespan to 60 years, the policies and the 
low electricity prices make the future for nuclear power unclear (Svensk Energi, 2015). The 
Strategic Reserve, which is a reserve capacity consisting of large power consumers is planned to 
be replaced in 2025, by user flexibility and load reductions, according to IE and Svenska Kraftnät 
(SvK), the Swedish Transmission System Operator (TSO) (Svenska Kraftnät, 2013).  
 

2.4 Tariffs 
When SOs charge their customers for their services, they use tariffs. The Electrical Act regulates 
the construction of tariffs and Ei is responsible for the follow-up. Apart from the Elecrical Act 
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(1997:857), the SOs have guidelines for when constructing tariffs. In a report from 2011, the 
current types of tariffs used by Swedish DSO’s were analysed (Lydén, Sämfors, & Fritz, 2011). 
The result showed that the DSOs use 6 guidelines when designing the structure. The relevant 
laws from the Electrical act and the guidelines for tariffs are described below. 
 

 Cost coverage 
The primary objective for each SO is to cover its costs, and the different posts in 
the tariff are supposed to cover certain costs for the SO. (Sveriges Riksdag, 1997) 

(Lydén, Sämfors, & Fritz, 2011)  
 

 Cost accuracy (Swedish: kostnadsriktighet) 
The tariffs should reflect the load and wear which each customer causes the grid. 
This applies both between different customer segments and among the 
customers in each segment. (Lydén, Sämfors, & Fritz, 2011) 

 

 Simplicity for the customer and SO’s administration 
The tariff structure as well as the final invoice should be easy to understand for 
the customer. Otherwise the customers’ satisfaction may decrease, and 
complicated tariffs could increase the administrative work for the SO. (Lydén, 

Sämfors, & Fritz, 2011) 
 

 Objectivity and non-discrimination 
The Electricity Act states that tariffs must be objective and non-discriminative. 
(Sveriges Riksdag, 1997) This is interpreted as the customers within each 
segment must have the same tariff provided by their SO. The segmentation of 
customers is based on fuse size or level of power outtake. (Lydén, Sämfors, & 

Fritz, 2011) (Rehnstedt, 2014) 
 

 Create incentives for efficient utilisation of the grid 
According to the Electricity act tariffs “shall be constructed in a way, which 
complies with an efficient operation of the network and an efficient electricity 
production and consumption.”  (Sveriges Riksdag, 1997) 

 

 Create incentives for energy efficiency 
The tariffs should also promote energy efficiency for the customers. (Lydén, 

Sämfors, & Fritz, 2011) 
 

 Must not inhibit services for Demand Response 
As a consequence of the Energy Efficiency Directory from EU in 2012, the 
paragraph has been implemented in the Electricity Act. (Sveriges Riksdag, 1997) 

 
 

2.4.1 Tariff structures 
The tariffs differ between customer segments. For household customers and customers with 
fuses from 63 Ampere and below, the dominating tariff structure depends on the fuse size. For 
customers with large energy consumption, usually with fuses above 63 Ampere, the tariffs are 
based on power and deducted on hourly basis (Lydén, Sämfors, & Fritz, 2011). However, there 
are some DSOs who have implemented different types of power tariffs for smaller customers 
(Sala-Heby Energi, -). High Voltage Customers have always been charged on power tariffs 
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(THEMA Consulting Group, 2014). Since 2012 all energy meters installed must have the capacity 
to store data on hourly resolution (International Energy Agency, 2013a).  

2.4.1.1 Fuse tariff 
The fuse tariff is very common for small-medium sixed customers. The fuse tariffs have a fixed 
cost, which is based on fuse size and an energy cost for each transferred kWh. Hence, the 
customers are always charged as if they use their fuse’s full capacity (Lydén, Sämfors, & Fritz, 

2011). 

2.4.1.2 Power tariff 
In order to increase the cost accuracy some DSOs have chosen to implement a power tariff, as 
the power is the dimensioning component for the SO (Sala-Heby Energi, -) (Sollentuna energi, 

2016). Power tariffs can be designed in different ways, with high-load periods and low-load 
periods and fixed costs for the power in the different periods. Power tariffs either charge per 
month or per year, based on the highest power outtake for the period. It is common to base the 
cost on 1-5 power peaks during the period. A power tariff is supposed to give the customer 
incentive to keep their load profile even (Helbrink, Lindén, Nilsson, & Andersson). However, there 
is a risk that if too few peaks make up the base for the maximum power, the incentive is lost as 
soon as one large peak has occurred. On the other hand, if too many peaks are used, the desired 
reaction by the customer may get lost too. 2 

2.4.1.3 Time of use – tariff 
Time of use tariffs have fixed costs for different times of the day and/or year. The high load 
hours are normally from around 7 am – 21 pm and if it is based on seasonal changes the high 
load time usually run from November – March (Helbrink, Lindén, Nilsson, & Andersson).  

2.4.1.4 Elinorr tariff 
Elinorr is the name of a group of small DSOs from the northwest of Sweden that cooperate 
regarding for instance tariff development. Elinorr has developed a power tariff, which is self-
adjusting. The charge is done on monthly basis and based on the customer’s highest power 
outtake during the past month. Each month has a different cost for the power component, and 
this is based on previous two years’ load in the entire grid. As the aggregated load in the grid is 
higher during winter months, the cost/kW is higher in the winter months. Each year the levels of 
cost/kW for each month is updated according to how the load in the grid turned out. If the 
customers lowered their power outtake in for instance January, the new cost/kW will follow 
that. In this way, the utilisation of the grid is reflected in the tariff, and depending on how well 
the customers adapt to the tariff, the load will be evened out over the year (Rehnstedt, 2014). This 
tariff has been tested by one of the Elinorr companies on one of their customer segments 

(Sandviken Energi, 2016). A first evaluation of the result is about to start during 20163. 

2.4.1.5 Critical peak tariff (CPP-tariff) 
As it is the peak loads that drive the costs of SOs, the wish is to lower the highest peaks. In 
countries where the capacity of transmission systems is not sufficient, CPP tariffs are used to 
give customers incentives to not use electricity when peaks are high. CPP-tariffs are not used in 
Sweden. Examples of countries where DSOs use CPP-tariffs are South Africa and Australia 
(AUSNET, -) (ESKOM, -). This type of tariff can be constructed in different ways by having 
several levels of costs and different amounts of peaks on each level. Common is that the highest 
peaks are announced 9-15 times every year (OpenADR Alliance, 2014). This is so that the SO can 
make sure that the highest peaks, thus the dimensioning peaks, are covered. A CPP-tariff 
requires that the SO have the technical and administrational capacity to announce DR events 
beforehand so that customers have time to respond.  

                                                             
2 Lennart Vikberg. Sandviken Energi. Interview. May 2016 
3 Lennart Vikberg. Sandviken Energi. Interview. May 2016 
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2.5 Demand Response 
Traditionally the frequency in the power grids has been regulated by using hydropower, which 
is a forceful balancing power resource with relatively quick response times and large volumes 

(Svensk Energi, 2016f). However, as the energy system in Sweden is transformed to decrease 
fossil fuels and increase the share of intermittent power, the needs of balancing power will 
increase. It is not clear whether the hydro power sources used today are going to be sufficient to 
balance the fluctuations due to wind speed changes and the quick changes in sun intensity that 
will characterize the future energy system (Linnarsson, Fritz, & Springfeldt, 2013). A part of the 
solution to this is that electricity customers are flexible in their consumption of electricity (Fritz, 

Övergripande drivkrafter för efterfrågeflexibilitet - Hinder, möjligheter och alternativa 

utvecklingsvägar , 2013) (Damsgaard, Lindén, Yuen, Helbrink, Einarsson, & Munkhammar, 2014). In 
other words, the demand needs to respond to the current supply of electricity, hence the 
expression Demand Response (DR). According to Ei the definition of DR is this: 
 
“DR is when electricity users voluntarily change their electricity consumption during short or 
long time periods based on some type of incentive.”  
(Energimarknadsinspektionen, 2016) 
 
Demand Response comes in different types, and some are reactive, some are automated. 
Reactive DR means that customers, often individually, react on signals either from the spot 
market or from the SO. There is already technology for this on the market (Eliq, 2016). However, 
if too many customers act reactively on price signals, it will have a negative impact on the 
electricity price. Therefore, automated DR events are preferred, so that DR could be taken into 
account in the day-ahead market. Otherwise, there is a risk that the trust for Nordpol Spot could 
decrease, as reactive DR would mean that peaks in for instance spot price would be randomly 
mitigated by active customers, causing the planning, which the spot prices are based upon, to 
lose its current accuracy and trust (Fritz, Lindén, Helbrink, Holtz, Berg, & Fernlund, 2013).  
 
DR can also be classified based on how it is promoted to the customer. Either the customer gets 
incentives by getting direct payments for carrying out DR events, or the customer is indirectly 
affected by price signals from the spot market or the SO. One example of the incentive based 
promotion is when customers participate in the Strategic reserve, where they commit to 
shedding load if the TSO requires it. In exchange the customer, who in this case is an EII, gets a 
large payment (Svenska Kraftnät, 2013).  
 
The action, which the consumer performs during a DR event, is either a load shift, a load 
reduction or switching to an off-grid electricity source. A load shift is when a planned load is 
moved to another time, whereas a load reduction means that the load is reduced and not 
compensated for at any time. A natural consequence of the load-shift is the kickback effect, 
which occurs when the customer compensates for the load-shift by increasing their electricity 
consumption before and/or after the load shift. When the action is switching to an off-grid 
electricity source, it is not a real reduction of power, but it is perceived as a reduction from the 
grid’s perspective (THEMA Consulting Group, 2014). 

2.5.1 Benefits of Demand response 
As stated earlier, the requirements on the power grids are changing as well as the energy mix in 
general. The electricity-prices in Sweden are exceptionally low today, and have forced some 
owners nuclear reactors to shutting reactor ahead of their technical life-time (Svensk Energi, 

2015). It is expected that the electricity prices will continue being low for a couple of more years, 
but increase due to large shares of intermittent power, connections to the continent and less 
base power such as nuclear power (Energikommissionen , 2015). The markets-group at Sweco 
Energuide has developed a model of the electricity markets in Europe called Apollo, which can 
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simulate electricity prices. However, the Apollo is only used to review scenarios, and should not 
be seen as a prognosis or forecast. The electricity prices used in the simulations are the result of 
the best guess that can be produced on today’s knowledge4. The simulated spot prices show that 
the volatility of the prices will increase dramatically, and that they in average will be double of 
today’s prices. Customers who have the ability to shift or reduce load are likely to be able to cut 
costs, especially during the highest peaks. In 2015 the spot price peaked at 1400 SEK/kWh, and 
in the scenario for year 2030 it reaches 28 200 SEK/kWh.5 The incentives to participate in DR 
will therefore probably increase compared to today. 
 
The SOs’ costs are also increasing due to new investments as the many components and stations 
are closing up on their life times. The expectation from group is that the SOs’ charges are going 
to increase with 7-8 % each year. Hence, the reason increases for SOs to not have a power 
subscription higher than needed from the overhead grid.6 
 
The socio-economical benefits from DR are harder to measure. However, if more customers 
would have a subscription which was closer to what they actually use, the capacity for 
connecting intermittent power would increase, which is desired as the policies push the energy 
system in that direction. That would also lead to reduced need for new instalments of new 
components, which saves material and thus both raw material and emissions of greenhouse 
gases from less produced components. The distributed nature of DR also makes it valuable as it 
can improve the balance locally (THEMA Consulting Group, 2014). Increased DR could also 
increase the available capacity for installing wind power connected to the regional grids.7 

2.5.2 Demand response in the industry 
The industry makes up about a third of the total electricity use in Sweden, and even though the 
export has increased, the electricity use has been more or less stable since 1990 (International 

Energy Agency, 2013a). This is due to energy efficiency measures. Previous research on DR has 
mainly focused on households’ possibilities to participate (Linnarsson, Fritz, & Springfeldt, 2013). 
This is probably due to the relatively simple system where the electrical heating is a large 
component, which is easy to regulate without decreasing the comfort, as the system is inert. 
Industries using large freezers have also been subject to studies as the system also are inert 
(Fritz, 2006) (Mohagheghi & Raji, 2013). 
 
When it comes to other sectors the only industrial branch currently using DR, found in the 
literature, is the Electricity Intensive Industry (EII). As, stated in section 3.1, the EII include pulp-
, paper-, foundry- and milling industry. The reason for these industries to participate in DR is 
that their cost for electricity is very large in relation to their total price for their product. This 
means that they are sensitive to high electricity prices and therefore they are active in different 
ways at NPS (Badano, Gåverud, & Zetterberg, 2016).  
 
There are few articles describing DR in other industry branches. However, there are a few 
reports though it is concluded that the complex nature of processes in the engineering industries 
requires individual investigations on each case in order to assess the DR potential (Mohagheghi 

& Raji, 2013) (Mohagheghi & Raju, 2015). This is stated to be the reason why so little research 
has been made in the area. 

2.6 DR in the Electricity Intensive Industry 
This section presents the result of the interviews made in the during the background research. 
 

                                                             
4 Christian Holtz. Consultant at Energy Markets, SWECO. Interview. March & June 2016 
5 Christian Holtz. Consultant at Energy Markets, SWECO. Interview. March & June 2016 
6 Christian Holtz. Consultant at Energy Markets, SWECO. Interview. June 2016 
7 Magnus Lindén. Consultant at Energy Markets, SWECO. Interview. May, 2016 
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Out of the 22 identified respondents in the EII sector 8 responded, and 4 had already been 
interviewed by the group at Sweco. The interviews were carried out together with Norberg, 
according to the description in Contributions, and following the method in Chapter 2. The 4 
interviews already conducted by Sweco have been included in this material, according to an 
agreement, making the total amount of respondents 12. Using the Market’s group’s interviews 
was done in order to not repeatedly contact the respondents in the regarding the same matter.  

2.6.1.1 Summary of interviews with EIIs 
The interviewed persons at each company was Plant Manager, Economy Manager, Energy 
Coordinator or similar. 
 
The knowledge about DR was large among the respondents from the pulp industry. In mining 
and steel industry the knowledge was not as comprehensive as for the pulp industries, and there 
were fewer respondents. The steel and mine-/mineral industries do not use DR today, apart 
from one, which regulates down their power if they are at risk of exceeding their maximum 
power subscription.  
 
Most of the responding pulp industries had reduced or stopped their production sometime due 
to high spot prices. The level of high spot prices differed between 2000-18000 SEK/MWh. In the 
lower range the companies had secured against higher prices, and in the upper range the prices 
indicate that they stop their production. Most of the pulp-industries are flexible today by either 
placing price dependent bids on the spot market, or by using their own generators where they 
use waste products, and some of them are about to extend their activity in that area.  

2.6.1.2 Detailed responses 
The knowledge on DR varies among the respondents. The pulp industries’ respondents 
distinguished as more educated in the electricity market and DR compared to respondents from 
the mine-/mineral industries, but it did not count for all respondents. Some respondents 
representing mine-/mineral industries also knew about DR but meant that it was not applicable 
to their processes. 
 
Some of the responding pulp industries have been or are currently participating in the Strategic 
Reserve, which voluntarily agreement with SvK. By this they have the possibility to respond in 
15 minutes. However, it is not clear how the production would react, as they have not been 
activated. One respondent concluded that the strategic reserve is a good solution for industries 
as it generates a rather large income. A respondent representing a steel industry meant that the 
requirements for participating in the Strategic reserve are too demanding and unrealistic for 
their processes. One respondent answered that they have no possibility to be flexible, but at the 
same time they had previously participated in the Strategic Reserve. One steel respondent said 
that they today reduce the power used if they are about to exceed their subscribed power from 
their SO. 
 
Some of the respondents had decreased or shut production processes down due to high spot 
prices. Some of the respondents would not tell what spot price they plan for react upon by 
shutting their processes, but the answers obtained show that production in the pulp industries 
have been shut or reduced at spot prices in the range of 2000-18000 SEK/MWh. One respondent 
said that the industry did not do any production reductions today since the prices are no longer 
a problem. 
 
Many respondents are today active on the electricity market. This was clearest among the pulp 
industries. The activities regard placing price dependent bids, and one of the respondents 
planned to expand their activity by also participating in the Frequency Restoration Reserve – 
Automatic (FRR-M). Three respondents meant that the regulating market needs to be 
transformed so that it better suits the electricity consumers’ conditions. One of the mineral 
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industries had recently become balance responsible on their own, and even though DR was 
completely new, it was considered possible for them to participate in the future. One respondent 
said that the Electrical Act and the tariff structures inhibit development of DR. One respondent 
said that it is a problem that the tariff and the spot price sometimes give different signals on 
when to reduce the electricity consumption. 
 
Many pulp-industries have an alternative electricity source as they produce electricity from 
their waste products. Some of the responding industries run their generators at all times, but 
some run it when spot prices cross a certain level.  
 
Generally, the respondents meant that their production has no or only a slightly cyclic manner, 
and that the production rate solely depends on the rate of orders, which cannot be 
prognosticated. One respondent added that this meant that the flexibility they have not vary in a 
cyclic way. Some industries could use over-capacity to enhance flexibility, however, it was clear 
that their production is prioritised and some respondents clarified that the objective is to 
maximise production.  
 
Some respondents, especially steel representatives stated that they have no possibilities to be 
flexible; as their processes demand stability and that any type of stop in the production is very 
expensive. One respondent who said that any demands on flexibility would damage their 
competitiveness, in the end added that they use an electric arc to melt steel, which could be used 
for DR purposes. One steel respondent said that DR could be of interest in the future, but that 
they currently were very new to the electricity market. One of the respondents educates staff at 
their plants regarding the electricity market. Another respondent meant that small industries 
might not have the resources to educate their staff in electricity trade. A third respondent said 
that since electricity cost is a large component of their total costs they carefully follow the 
development of intermittent energy sources. 
 
One respondent said that a problem that would occur if they reduce their load is that polluting 
emissions would increase since their filters are optimised for certain conditions depending on 
for instance heat. 
 
The respondents who don’t participate in the electricity market today answered that their 
strategies to limit the impact of high and volatile spot prices in the future is to improve the over 
all energy efficiency. One respondent said that politicians must acknowledge the importance of a 
power balance that allows industries to momentarily use significantly larger amounts of power 
than the mean nominal levels of power. Another respondent meant that politicians have 
exaggerated expectations on DR. 
 
Table 2. Shows the amount of flexible load and endurance for the 6 out of 12 respondents who gave specific answers 
on that question. The industries own electricity generators are not included in the table. 

 #1 #2 #3 #4 #5 #6 
Amount 
[MW] 

200 90 - 10-15 50* 10-200 

Endurance 
[h/day] 

2 - 8 - -* 6 

* The respondent said that amount of flexible power would vary depending on when the DR request would be 
received, and also that the longer the notice, the larger reduction could be available.  

 
A final comment from one of the respondent is that the value of DR must be higher than the price 
for their products if they are to participate in any DR programs.  
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3 Volvo Group Trucks Operations Powertrain Production in 
Köping 

This chapter describes the study object and the findings of the case study: Volvo Group Trucks 
Operations Powertrain Production in Köping. The information has been gathered from interviews 
and during the case study if no specific reference is stated. 

3.1 About Volvo Group Trucks 
Volvo Group Trucks Operations Powertrain Production in Köping, is a part of Volvo Group 
Trucks Operations, which is owned by Volvo Group. Volvo Group is a privately owned company 
operating on global scale producing trucks, busses, marine products and industrial vehicles. 
Volvo Group employs around 100 000 people around the world and has its headquarters in 
Gothenburg in Sweden. The truck division owns and manufactures six brands of trucks: Volvo, 
Renault Trucks, Mack, Dongfeng Trucks, UD and Eicher.  
 

3.2 About Volvo Group Trucks Operations Powertrain Production in 
Köping 

The subject for the case study is the manufacturing plant in Köping, Volvo Group Trucks 
Operations Powertrain Production, Köping is a small town about 150 km southwest from 
Stockholm, Sweden. The plant employs about 1400 people. The plant was established around 
year 1850 and was at the time producing construction equipment, however it was later 
transformed to only produce gearboxes. The current plant was built in the mid 70’s and has 
since 2014 been thoroughly renovated. 
 
At the site they produce different kinds of gearboxes. The most produced product is the I-shift 
gearbox, which makes up for about 80 % of the total production. The plant also produces 
automatic gearboxes for dumpsters used in heavy industry, manual gearboxes for trucks, and 
automatic manual gearboxes, called I-shift, for trucks and marine sterndrives for Volvo Penta. 
This is the only plant in Volvo Group producing these components, apart from two plants in 
America where assembly is carried out.  
 
The site is divided into three workshops, named T and A. At the T workshop the gearboxes are 
manufactured. The A- workshop has a small production compared to the T workshop, and are 
therefore not included in the study.  
 
The T workshop is divided into T1, where the production is located, and T2 where the gearboxes 
are assembled. The case study is focused on the whole T-workshop. 

3.2.1 The Production Process 
The main components needed to construct a complete gearbox are gears, synchronous rings, 
shafts and a housing. In the first step, which is labelled soft processing, raw steel material from 
the foundry is machined in different machines. The operations include lathing, milling, drilling, 
planing and washing. Following the soft operations, the components are transported to the 
tender furnaces where they are hardened by heating. When the hardening is completed, the 
components are transported to the hard processing section and further operations are 
performed to finish the components. Lastly, the components are transported to the assembly, 
where they meet up with the houses, which are produced in parallel.  
 
The processes of manufacturing are divided into production lines, which are grouped into 
sections called Midiblocks. In each midiblock a few production lines are run by a team of 
operators. In general each production line is put together by a couple of machines, a robot, a 
conveyor belt and often a washing machine. The washing machine is needed to wash off the 
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fluids used in many machines. The number of machines and the layout of each specific 
production line depend on the component produced.  
 
The block subjected to the deepest study is Midiblock 2, where energy meters have been put up. 
In Midiblock 2, there are 4 production lines producing a few types of gears each. 

3.2.2 The development project  
In 2012-2013 the management of Volvo Group Trucks Operations Powertrain Production in 
Köping, started a development project, called Lean Machining T1. As the name suggests the 
project aims to implement lean manufacturing in the production. The project also included 
increasing the capacity of the plant, as it previously was a bottleneck for the production of 
trucks.  
 
In order to achieve the aims of the development project the layout of the T1 workshop had to be 
rearranged. Previously, the machines were arranged in groups depending on what type of 
machine it was. Now they are placed so that a sequence of machines operates on a piece, which 
minimises internal transport. Large investments have been made in the machine park, and some 
of the new machines are still being calibrated and thus not operating at their full capacity yet. 
Some old machines are still waiting to be exchanged for new ones in the coming year. Other 
improvements include moving the inventories, which have been spread out around the 
workshop. The aim is one single area for storing components, called the Supermarket.  

3.2.3 Electricity usage at the plant 
The plant is a large electricity consumer, the volume used 2015 was around 50 GWh of 12 kV. 
The electricity is used in all the three workshops A, and T.  The plant subscribes 8,4 MW from 
the DSO, Mälarenergi. The distribution grid is named VLS and is divided into two separate grid 
systems that can be run independently. Therefor the load profile used for the grid has regarded 
the grid where Volvo PT is located. The load profile is the aggregated load from of the three sub 
stations that power the local grid from the regional grid, which is operated by the RSO Vattenfall. 
 
Different processes in the plant were identified as large electricity consumers, and thus possible 
DR sources. These sources are described below, and the results have been evaluated in Chapter 
5 – Result. 
 
Table 3. Shows the data concerning the object Volvo PT. 

Volvo in numbers  
Electrical Energy use 
2015 

50 000 000 kWh 

Subscribed active 
power 

8 400 kW 

employees 1400 
Ventilation units 15x20 kW 
Pumps, geo thermal 2x20 kW 
 

3.2.3.1 Furnaces 
The most energy intensive section in the plant is the tender furnaces used for the heat treatment 
of the components. Out of the 6 furnaces, 5 run off petrol gas, while the sixth is electrical. The 
electrical furnace is the smallest one, and is only used for components for the Penta production. 
It is run approximately 6-9 hours/week spread over 1-3 sessions. The operation of the electrical 
furnace depends on the components arriving from the A-workshop. There are possibilities to 
build inventory before and after the furnaces. However, that causes problems as the trays 
needed for the furnaces then are locked in the inventories, which causes extra work for the 
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operators. The trays are used in the logistics in the entire plant as they are used for all 
transportation of components. 
 
The information regarding nominal or operating power requirements of the electrical furnace 
were very limited and not sufficient. 

3.2.3.2 The production 
A large share of the electricity is used in the production as the plant host 600-800 machines. The 
production varies between different production lines as there are different constraints 
depending on the availability of the machines. Some lines are operated on 5 shifts, which means 
day and night all over the year, while some operate on 4 shifts and some on 3 shifts, which 
means that they run weekdays day and night. The aim for Volvo PT is to have all lines operating 
on 3-shifts as it is “expensive and uncomfortable” to operate during weekends and holidays 
according to the Energy Manager. 
 
A challenge in the production is the electricity use during standby, which in a previous study of 
Midiblock 2 have been measured to 44 % (Sundström & Yusuf, 2015). That means that of all the 
electricity consumed by the machines, only 56 % create value. The reason for this is that 
machines are not being shut down when the production is down. The stops in the production 
have different origins; change of tools, unforeseen breakdowns, starved line and planned 
maintenance etc. 
 
As a first step to decrease the idle times, energy meters have been installed on 24 machines and 
washing machines in Midiblock 2. However, only 4 of the energy meters communicate to the 
online system Eze, which records and stores the data. 

3.2.3.3 The Cooling System and Ventilation 
The machines need cooling in order to operate properly, but also create excess heat, which is 
uncomfortable for the operators and causes mechanical wearing on the machines. For example, 
temperatures as high as 40 degrees have been measured in the workshop during summertime. 
Such high temperatures create a bad working environment for the operators and machines, and 
therefore a cooling system was installed in 2014. The system is a geothermal cooling/heating 
system. The medium used is 30 % ethanol and water solution and the system is driven by two 
20 kW pumps. The system is used to heat the plant wintertime and to cool it in summertime 
(Volvo Group, 2014). 
 
The ventilation system in T consists of 15 units of 20 kW each. The ventilation units are run 
independently and some go on full power and some run on lower power. The ventilation can be 
turned down from 10 m3/min to as low as 3 m3/min for some times.  

3.2.3.4 Compressed Air 
Compressed air is known for being very energy intensive. It is widely used in machines for 
pneumatics, positioning, linear movements and blowing off metal chips (Magnusson, Björk, 

Åberg, Gralén, & Räftegård, 2003).  
 
The plant has 8 compressors of varying sizes, and from the compressors there are pipes leading 
air to the A workshops as well as the entire T workshop. In connection to the compressors there 
is a 4,3 m3 tank. The pipe system also serves as a buffer holding approximately 500 m3. The 
pressure produced by the compressors are 7,5 bar, and the pressure after the tank is 6,5 bar. 
There is at present no more meters further out in the pipe system. The air is used by almost all 
machines and the mean usage of compressed air is 135 m3/min. 
 
Of the eight compressors 6 serve as base, and the last 2 serve as regulating power. One of the 
two regulating compressors is step-less and is used for fine-tuning pressure. When the two 
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regulating compressors are off-loaded, they still operate on approximately 50-70 % of their 
maximum power. This is the way compressors are constructed, and efficiency measures regard 
re-using the excess heat for tap-water purposes or similar. The aim is to use the excess heat to 
heat the water in the washing machines in the workshop, as the washing machines today are 
heated by direct electricity. 

3.2.4 The history of energy efficiency at Volvo Powertrain Operations 
Energy efficiency within the Volvo Group has been along at least since Leif Johansson was CEO. 
This was before the split of Volvo Cars and Volvo Group in 1999. For Johansson, the issues 
regarding environment were important. Although, the issues related to energy consumption 
have not been specifically targeted or distinguished from the general environmental work. 
Energy related work has usually been carried out by different persons in the plant, and 
according to Birgitta Hedlund, it was conducted beside the ordinary work.   
 
Hedlund started working as an operator at Volvo AB in 1987, and has since then worked in 
several areas in production and advanced in the organization. In 2006 Hedlund started working 
as Environmental Coordinator at the plant in Köping, and that was also when she started 
actively promoting the energy issues and stressed the need of someone working full time with 
energy. Although, the question of a full time energy manager was repeatedly put aside to other 
positions such as maintenance manager. In 2012 Volvo Cars invited representatives from Volvo 
Trucks to share their successful improvements in energy efficiency during a workshop. This, 
combined with the back up from a new maintenance manager, who previously worked with 
energy related issues at Astra Zeneca, the position Energy manager was established at the plant 
in Köping in 2012. After Köping other plants, such as Volvo CE in Eskilstuna, followed and hired 
energy managers. Since the energy manager in Köping was hired, the over all energy use at the 
plant has decreased by 11 %.. 
 
Volvo Group is participating in a scheme called Climatesavers 2.0 run by WWF (WWF, 2015). 
The Climate Savers is a “climate leadership programme that seeks to transform businesses into 
leaders of the low-carbon economy” (WWF, 2016). The programme is aimed towards 
multinational companies and engages the companies to reduce their carbon dioxide emissions 
by a contract. In exchange WWF provide the participating companies with knowledge, 
strengthen their brands, improve their risk management etc. The commitment is applied to the 
entire Volvo Group. In short, it is a scheme wherein the companies participating commit to 
decrease their greenhouse gas emissions. Volvo Group has specifically stated that their 
commitment is to carry out energy efficiency measures in the production between 2015-2020 
which makes up for 8 % of the energy used in 2013.  
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4 Method 
This chapter gives the reader an understanding of the methods used to answer the questions, as 
well as a short motivation to why they were chosen.  The background of the methods is described in 
chapter 2.1.  

4.1 Research Design: Case Study 
The case study was conducted at the Volvo Group Trucks Operations Powertrain Production in 
Köping, Sweden and included around 15 visits to the plant. 
 
To find sources, drivers and barriers for DR, a large part of the time in the plant was spent 
mapping out the energy intensive processes with the help of interviews with the energy 
coordinator and the real estate manager at the plant. The Volvo Powertrain plant is described in 
Chapter 4 – The Volvo Group Trucks Operations Powertrain Production in Köping Plant. 
 
The visits in the workshop enabled informal interviews and discussions with machine operators, 
which were desired in order to complement the interviews with the office staff and the energy 
data. The informal interviews with the machine operators gave an understanding for how the 
production works in practice, and to identify sources and the barriers for DR.  
 
The empirical data from Volvo Powertrain consist of interviews with staff at the site, the plant’s 
energy consumption for 2015, and data from the energy meters on machines, as well as nominal 
power rating from a large share of machines in the workshop.  
 

4.2 Research Methods 
In this case study the empirics have been gathered through the literature studies, interviews, 
observations, as well as energy data from the machines, the entire plant and the load profile in 
the distribution grid. Mälarenergi provided the energy consumption data in the distribution grid. 
 
The methods used in the case study have been both qualitative and to some extent also 
quantitative. The method used during interviews and collecting empirics to find barriers and 
drivers and sources for DR was qualitative, whereas the empirics used for the tariffs; energy 
data from machines, nominal power and load profiles, had quantitative characteristics.  
 

4.2.1 Literature study 
The work started off with a phase of orientation and search for relevant previous work within 
the area of DR and tariffs. The focus was set on different types of DR as well as how DR is applied 
in the industry. The literature study was done in order to gain knowledge and to position the 
thesis in the field and thus to specify the question formulations presented in Chapter 1 – 
Introduction.  
 
To find literature mainly online sources and search engines were used, which Blomkvist & Hallin 
(2015) (Blomkvist & Hallin, 2015) recommends to find niched articles. The search words used 
were “demand response”, “demand response in industr*”, “demand side management”, “load-
shift” as well as the Swedish words “efterfrågeflexibilitet” and “lastreduktion*”.  
 
In order to obtain knowledge on the tariff area the orientation phase consisted of reading 
previous work done by the Markets group at Sweco, reading tariffs used by different system 
operators (SOs) in Sweden and understanding the Electrical Act, which sets the framework for 
how system operators can operate and design their tariffs. Research papers were found via 
search engines such as Web of Science, where search words were “tariff*”, and “power tariff*”. 
To complement the information on tariffs found in the literature study, interviews were done 
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with staff at Mälarenergi, Gävle Energi and Vattenfall Eldistribution, and with consultants at 
Sweco Energuide Markets. 
 
A challenge with literature studies is that there are many search engines and articles with 
different keywords to choose from, which makes it difficult to know whether the most suitable 
articles have been found, and also when to stop reading and start the actual work. However, the 
number of articles within the correct area was limited, and therefore the articles found were 
also read. The number of citations and such was not considered when searching for articles. 

4.2.2 Interviews 
Blomkvist & Hallin write that interviews are suitable when the objective is to find the deeper 
understanding for the object, and when new dimensions are welcome and perhaps used to 
expand the study in a new direction. This happened for instance when the sources for DR were 
mapped out, as new processes were included when interviews supplied more previously 
unknown information. 
 
Interviews were made in three different phases of the thesis; initially to understand the EII’s 
view on DR, secondly to investigate the perspectives of engineering industries, and lastly to 
complement the knowledge on tariffs. The interviews in the first two sessions were made via 
telephone due to geographical distance. In the last session most of the interviews were made via 
telephone, but some were made face-to-face. In the case study all interviews except one were 
made face-to-face. 
 
While the interviews were done, notes were taken and afterwards they were transcribed. No 
audio recordings were done, which may have resulted in loss of information. However, all 
interviews had clear objectives and answers related to those were collected.  

4.2.2.1 Interviews for the background 
Reasearch articles pointed out that Electricity Intensive Industries (EIIs) already use DR and 
therefore the interviews conducted in the first session were aimed EIIs. The object was to 
understand what made DR interesting for the EIIs and to use the outcome to prepare the 
interview template for the second session of interviews. The EII respondents were found 
through the branch organisations for the pulp- and forestry industries (Skogsindustrierna, 2016), 
the Swedish steel industries (Jernkontoret, 2016), and the mine- and mineral industries (SveMin, 

2016). The industry companies were listed, and carried out in collaboration with Norberg. The 
work was shared equally with Norberg. 
 
A project group within Sweco Energuide’s section Markets, were at the time for the thesis 
performing a large survey over the DR potential in several sectors in Sweden, and they had 
already interviewed five of the pulp-, steel- and mining companies. Those interviews were used 
to complement the result in this thesis. Since their agreement with their respondents were to 
use the two first digits of the SNI-code instead of their names, this thesis follows the same 
guideline.  

4.2.2.2 Interviews with representation from the engineering industry 
The second session of interviews was aimed at the targeted group of engineering industries. The 
respondents were identified by mapping out the geographical area where Mälarenergi is the 
DSO, which is displayed in . The municipalities’ lists of businesses, which can be found online, 
were used to find engineering industries with more than 50 employees. This was done in order 
to reduce the scope of the thesis. The companies were also chosen so that their SNI-code 
complied with the Engineering Industry branch. This resulted in 13 different industries of which 
4 answered the interview request, hence there were 4 respondents. Although, later interviews 
with the energy manager at Volvo Powertrain (Volvo PT), and the energy coordinator at Volvo 
Construction Equipment (Volvo CE) have been included in the group of respondents, making the 
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respondents 6 in total. However, Volvo CE is not located in the geographical area where 
Mälarenergi is the DSO. 
 

 
Figure 1. Shows the geographical area where Mälarenergi is the DSO (Svenska Kraftnät, 2016b). The respondents 
have their production plants within the red line. Volvo CE lies in Eskilstuna, which is not within the red line.  

Prior to the interviews started, a template of topics and questions was developed based on the 
first session of interviews, and then used as a guide through the interviews with engineering 
industries. The process of developing the interview template was iterative, as each interview 
brought new light to what knowledge on DR that could be expected. The fact that the interview 
template was changed throughout the work meant that the later respondents received more 
elaborated interviews. This also meant that the interviews never took the same course, even 
though the same topics were discussed with each respondent.  

4.2.2.3 Interviews regarding tariffs 
The third session of interviews was done in order to gain knowledge and understanding for 
tariffs and what the value of DR among industries would mean for a DSO. The interviewed 
persons were selected based on what the current issue, and had expert knowledge within the 
desired topic. The interview guides for these interviews were developed for each specific 
respondent. 

4.2.2.4 Focus group interview 
In addition, a focus group interview was carried out in collaboration with Norberg, which was 
attended by representatives from Volvo Powertrain, Mälarenergi, and Sweco Energuide Markets. 
During the group meeting the objective was to develop the understanding for what DR is worth 
for each part.  
 
Blomkvist and Hallin (2015) write that focus group interviews are good to gather data on how 
different representatives perceive an idea, or when the wish is to generate new ideas and 
perspectives, which are enabled by letting different respondents interact. A difficulty with this 
type of interview is that it needs to be moderated well, and that the composition and size of the 
group can have great impact on the outcome. 
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4.2.3 Identifying drivers and barriers 
The drivers and barriers were identified from the interviews and the case studies. The definition 
for drivers and barriers is described in chapter 2.1.4.  
 
 

4.3 Tariff analysis 
Different types of tariffs were investigated and based on the requirements from Volvo 
Powertrain and discussions with M. Lindén, a consultant in the Markets group at Sweco 
Energuide, two types of tariffs were identified as interesting for further development. Lindén 
and Nilsson were consulted on the method for analysing the tariffs and they supervised 
throughout the work process. 
 
The two types of tariffs that were developed was a Critical Peak Price addition to a tariff and a 
time differentiated power tariff (TDP-tariff) with hourly resolution and self-adjustment. The 
developed tariffs were used to calculate different cost scenarios for Volvo Powertrain. 
Mälarenergi provided empirical data on the load profile in the local grid, which was used for the 
tariff design.  

4.3.1 Critical Peak Power-tariff 
In the first step existing CPP-tariffs were investigated. As there is yet not any such tariff 
provided in Sweden the tariffs concerned were Australian, French, South African and American. 
To decide the value of load-shifts during peak hours, the tariffs of the DSO, Mälarenergi, and 
Vattenfall, the RSO, were studied, as well as the peaks in Mälarenergi’s load profile and Volvo 
Powertrain’s load profile. 
 
An obvious value, which could be interpreted into monetary profit, was the DSO’s cost to 
increase subscribed power to overhead grid and the charges for exceeding subscribed power to 
overhead grid. These charges were used to design a CPP-addition. Input was also obtained from 
interviews with staff at Mälarenergi. The value of a power reduction was also brought up to 
discussion in the group interview with Mälarenergi, Volvo Powertrain and Sweco. 

4.3.2 Time Differentiated Power Tariff 
In order to construct the TDP-tariff, inspiration was collected from a tariff developed by Elinorr, 
an organisation consisting of DSO’s in the northwest of Sweden (Elinorr, -). That tariff is in this 
thesis called the TDP-tariff. 
 
The Elinorr-tariff differs from ordinary power tariffs, as it is self-adjusting on monthly basis 

(Rehnstedt, 2014). The tariff developed in this thesis goes one step further and has hourly time 
resolution, instead of monthly resolution.  
 
The first step in designing the TDP-tariff was to generate twelve mean days based on the load 
profiles in the grid each month.  
 
This method produced 12 tariff-levels, which when plotted together in a diagram showed that 
there were some tariffs more similar than others. The 12 tariff-levels could be used to construct 
different types of tariffs. In this thesis two alternatives are presented; one with the same level 
for each day, and one where there are three different levels depending on the season. 
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4.4 Simulations of DR 
The simulations were done using the model of Midiblock 2 developed by Norberg and the tariffs 
developed in this thesis. The simulations were carried out to see if Volvo PT could optimize their 
operations to tariffs and spot-prices and thus participate in DR.  
 
Four sets of simulations were carried out: 

 The model was set to optimize to the spot prices of electricity area SE03 2015. 
 The model was set to optimize to the spot prices of electricity area SE03 2015 and to the 

TDP-tariff. 
 The model was set to optimize to the spot prices from scenario of year 2030, which was 

provided by the Market’s group at Sweco Energuide.  
 The model was simulated to the CPP-addition. 

 
In short Norberg developed a model of Midiblock 2 with its four production lines using Matlab 
Simulink and the toolbox Simevents. The modelling method was Mixed Integer Linear 
Programming, and the input parameters required (electricity consumption per produced unit, 
cycle times, start-up times, inventory levels and the number of produced units required per day) 
were measured during a case study in the plant. The different tariffs developed in this thesis 
were also used as inputs to the model, whereby the optimization problem determined the 
optimal energy consumption in order to follow the price signals from the tariffs. (Norberg, 2017) 
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5 Results 
This chapter presents the results, and starts with the results from the interviews with 
representatives of the engineering industries are presented, followed by the results from the case 
study regarding barriers, drivers and technical potential from the identified DR sources. Lastly the 
result from the tariff analysis is presented together with the simulations carried out in 
collaboration with Norberg.  

5.1 DR in the Engineering Industry 
The interviews with the representatives of engineering industries were carried out as described 
in Chapter 2 – Method. The template of questions can be found in Appendix 1.  
 
According to the delimitations presented in Chapter 1 – Introduction 13 industries were 
identified in the engineering branch in the grid area operated by Mälarenergi. Out of them, 3 had 
recently had a large number of dismissed employees and/or notice of the entire business being 
moved abroad. These companies were due to this removed from the list of respondents. A fourth 
company had its major production within another branch. However, that interview is still 
included in this material since a share of their production lies within the engineering industry 
and that the material is limited as it is. In a late correspondence with a representative of 
Mälarenergi it became clear that two of the identified respondents were not powered by 
Mälarenergi’s grid, yet placed in the geographical area. One of those industries is still included in 
the material presented here. Lastly, one of the industries was excluded from the list of 
respondents, as they couldn’t be contacted unless the personal name of the targeted person was 
known. In the end 9 industries remained on the list, and 4 responded to the interview. Adding 
the interviews with Volvo Powertrain’s energy manager and the energy coordinator of Volvo CE, 
the total amount of respondents were 6. Volvo CE is not located in the geographical area 
operated by Mälarenergi, but it has been included in the study in order to increase the number 
of respondents. The respondents’ SNI-codes are displayed in Table 4. 
 
Table 4. Lists the 6 companies who were included in the study. As explained in Chapter 2 - Method, the 
companies are presented based on their SNI-code. 

Company #1 #2 #3 #4 #5 #6 

SNI 28, 29 28 24, 25, 33 27, 33 28 25 
 

5.1.1.1 Summary of interviews with the engineering industries 
Of the 13 initially identified respondents, 4 were excluded for different reasons, and only 4 
responded to the interview. Including the interviews with the energy managers of Volvo PT and 
CE the number of respondents is 6.  
  
Of the 6 respondents 2 work full-time with energy related issues. One worked halftime with 
energy related issues. The other 3 were either production- or maintenance manager and they 
had other primary tasks than energy issues. Yet, they were regarded responsible for energy 
within the company although 1 respondent said he lacked mandate within the area. 
 
The 2 full-time energy managers had heard about DR previously. For the others DR was new and 
one of them regarded it as an interesting subject. One of the 2 with previous knowledge stated 
that they develop DR solutions for their customers, but that DR was not considered for their own 
production processes. The reason for that was that DR is not a prioritised question for them, and 
according to the respondent it is hard to map out the production system. The respondent also 
acknowledged that they lack the data needed in order to be able to implement a DR system.  
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Another respondent said that they secure the electricity price “when suitable”. The same 
respondent added that the company would be more active on the market if the electricity prices 
were higher. 
 
The strategies the companies investigated used for dealing with higher and more volatile 
electricity prices are mainly to keep up the work by improving energy efficiency in different 
ways. Three respondents answered that they lack a long-term strategy apart from energy 
efficiency measures, and another respondent meant that the demands on energy efficiency is 
improved when they buy new machines. One of the respondents said that they are implementing 
the environmental management systems that the Swedish Energy Agency has developed. One 
respondent said that even though they are not sensitive to the electricity price, it is still 
beneficial for them to keep their electricity costs low, as it improves their competitiveness. One 
respondent said that their way of dealing with future high electricity prices is to develop more 
energy efficient products for their customers. Four respondents said that they have directives 
directly from their boards or owners regarding improving energy efficiency, but only three of 
them worked actively with it within their plants. The fourth had just started the work with 
energy efficiency in the production, and added that measures for energy efficiency competes 
with the revenue. One of the respondents said that their business was more similar to an office 
than an industry as most of the staff is developing engineers. 
 
Four of the respondents were sceptical towards their possibilities to be flexible in shifting load 
for DR purposes. Thus two respondents were slightly positive; one respondent stated that if it 
could save money it would be of interest, and that there might be some production lines, which 
could be flexible. The other slightly positive respondent meant that it always is of interest to be 
on the cutting edge with new technology. One of the four sceptical respondents represented an 
industry which has several electrically heated furnaces, however according to the respondent 
the power of these could not be lowered even momentarily, and that their production has no 
possibilities to be flexible. Another respondent meant that even if their industry had electrically 
heated furnaces, which could be flexible, the industry sector should not be asked to be flexible, 
but other sectors in society. One respondent said that they might have some flexibility available 
during recession, but not during boom-times.  

5.2 Case study Volvo  
The barriers and drivers were identified during interviews and in contact with different people 
at Volvo Powertrain. The people who have contributed to the case study are presented in table  
5. The identified drivers and barriers towards DR are listed below, and then thoroughly 
explained.  
 
Identified Barriers 

 Little or no knowledge on DR 
 Cheap electricity bills, both to electricity trader and DSO 
 No routines for shutting machines off  
 Complex production processes 
 Possible resistance from staff 

 
Identified Drivers 

 Wish to reduce costs 
 Commitment to improve environmental profile 
 People with driving spirit 
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Table 5. The persons who have contributed to the results in the case study. The operators are kept anonymous as they 
contributed during observations, and that their  

Name 
Position 

Mattias Löf Energy Manager 

Daniel Jensen Method developer 

Niklas Sandberg Production manager for Sync, Soft cog and Shaft 

Birgitta Hedlund Environmental Coordinator 

Johan Rofelt 
Head of the Temper Furnace department 

Reinhold Daubner Automation technician 
Nils-Åke Karlsson Production Planner 
X1* Operator 
X2* Operator 
X3* Operator 
X4* Operator 
Boris Radojcic Energy coordinator at Volvo CE 
* The operators are anonymous. 

5.2.1 Identified Barriers 

5.2.1.1 Little or no knowledge on DR 
The concept of DR was not entirely unknown to the Energy Manager of the plant, but it had not 
been considered as something that could be integrated in the plant. In all other interviews and 
talks the concept of DR had to be explained since it was new to the interviewed person.  

5.2.1.2 Low Electricity Costs 
The cost for electricity compared to other material needed in the manufacturing processes is 
low, and therefore Volvo PT is insensitive to the electricity price. The grid tariff has only one 
floating component, which is the energy component (2,4 ore/kWh). The power-component in 
the tariff is based on a yearly subscription, which is set in November each year, and can be 
changed one more time during the period. The tariff includes punishment fees should Volvo PT 
exceed their power subscription limit. The price for using the power grid is approximately a 
tenth of the cost Volvo PT has for buying electricity.  

5.2.1.3 No routine for shutting machines off 
In order for DR to function in the production, machines must be turned off at certain occasions. 
Currently, when machines in a production line stop for whatever reason, most often, all 
machines in the production line are left in a standby mode. In standby mode the machines still 
consume 20-50 % of the consumption during full power. Other plants, such as Volvo CE, have 
developed routines for shutting off machines, where this has improved energy efficiency. The 
work to improve the routines has recently started at Volvo PT. However, there is still a long way 
to go before new routines are developed and integrated in the daily work of the operators. 

5.2.1.4 Complex production processes 
The production processes at the plant are complex, and that the plant holds in total 600 – 800 
machines split into production lines and Midiblocks, where one production line in general 
consists of several CNC machines, a conveyor belt and a robot. The CNC-machines have to be 
shut off manually and independently from each other. 
 
From this follows that a large load shift would require the production planning team to take 
electricity price parameters into account. Today, the production planning team at the plant gets 
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orders from the global order system of Volvo Group, and the production planning team breaks 
the orders down and send them to each production line. In the production line, the aim is to fulfil 
the current list of orders regardless of when it is done. The operators log the completions of 
components manually in a computer. Overtime is issued when delays occur since deliveries in 
due time is of high priority.  

5.2.1.5 Possible resistance from operators and other staff 
As the plant recently has been undergoing a large renovating and renewing process, many things 
have been changed, and some of the new machines are still not functioning properly. Some 
machine operators have expressed annoyance over new ways in which they are to operate the 
production lines that according to them, is worse than prior to the renovation. During the study 
visit to Volvo CE in Eskilstuna, the energy coordinator explained that two of the production lines 
did not shut the machines off as they were supposed to. This was due to managers and/or 
operators in the specific production lines who find shutting machines off cause problems when 
restarting, and therefore choose not to follow the guidelines. Although, some operators were 
only positive to shutting machines off and did not perceive any problems during restarting. Since 
DR would require the machine operators to work in a different way, and shut machines off and 
restart them on orders from the production-planning unit, there is a risk that it can give rise to 
resistance if the operators perceive it as inconveniences. 
 
During the case study, varying answers were given to the possibilities to shut machines down. 
Some operators said that there are no problems with stopping and starting machines, while 
others meant that certain machines caused problems during restart while were other problem 
free machines. One interviewed automation technician answered that there are no possibilities 
at all to shut off and restart machines, as it would cause immense problems in the production. 
However, other interviewed staff meant that it can be done, but they don’t know how it should 
be done in a systematic way. The energy coordinator at Volvo CE said that the process of 
developing routines for shutting off and restarting machines had taken a long time, but almost 
all machines could be shut down.  

5.2.2 Identified Drivers 

5.2.2.1 Saving money 
From a company’s point of view it is always desired to reduce costs in order to increase profit. In 
interviews with the energy manager it was clear that if DR could save money it would be 
interesting.  

5.2.2.2 Environment profile 
Volvo Powertrain is committed to decrease their environmental impact by improving the energy 
efficiency of the finished products, but also in the production. The environmental awareness was 
obvious during the interviews with the Energy Manager and the Environment Coordinator. The 
environmental awareness started long ago, and Volvo Group is taking it further by aiming at a 
completely sustainable production process in all their businesses. The WWF commitment of 
reducing emissions by 8 % in the production of Volvo Group is divided so that each plant, 
including Volvo PT in Köping, has its own goals. During the study visit to Volvo CE in Eskilstuna, 
the Energy Coordinator spontaneously brought up the commitment to WWF and the benefits of 
being able to use the WWF logo for Volvo Group.  

5.2.2.3 People with driving spirit 
It took many years of lobbying before an energy manager was hired at the plant in Köping. That 
event was preceded by years of discussions and several different people involved in backing the 
Environment Coordinator’s persistent stressing of the need for an Energy Manager to 
complement the environmental work. The benefits from energy efficiency work had to be 
confirmed by people with experience of the field before the higher management took the 
decision to hire someone with the energy competence.  
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The attitudes among machine operators, maintenance- and department managers are also very 
important. One example is how one department manager influenced the operators in two 
production lines to shut machines off while production was down, and the fact that the 
retirement of that manager meant that the operators went back to not shutting machines off. 
The importance of single individuals’ driving spirit is obvious in the history of energy efficiency 
work at the plant. 
 

5.2.3 Technical Potential for DR at Volvo 
The technical potential for DR have been identified to originate form different sources that are 
explained below. The total technical potential is summarized below. 

5.2.3.1 Production 
It is in the production where the majority of the electricity is consumed. The entire production 
lines have to be considered as one whole unit when it comes to DR events, since a group cannot 
produce any final products with one or more machines shut off. The energy meters in Midiblock 
2 together with nominal powers collected from a large share of the different types of machines 
gives an estimation of the production making up for a load of 5500 kW, which theoretically could 
be used for DR. However, that is if the entire plant’s production would be shifted. During the 
group focus interview 1000-2000 kW was mentioned as a possible load shift.  

5.2.3.2 Pumps 
The cooling of the plant and its machines is performed using a geothermal system. The medium 
is circulated through the plant using 2 pumps of 20 kW each. The pumps have been estimated to 
run at full power year around, apart from July, when the production is lower. 

5.2.3.3 Ventilation 
The ventilation system in T1 and T2 consists of 15 of 20kW nominal power each. The ventilation 
runs on different power levels depending on the temperature in the plant. This depends on 
outdoor temperature as well as how much excess heat the machines produce. The estimated 
power of the units are displayed in Appendix. 

5.2.3.4 Compressed Air 
As the compressed air system is very energy intensive with a low efficiency, it was investigated 
whether it could be a source for DR. Although, the current tank holds 4,5 m3 while the pipe 
system itself serves as a buffer of several 100 m3 it is unrealistic to upgrade the tank to a larger 
in order to enable flexibility.  

5.2.3.5 Furnaces 
The electrical furnace is considered small, and is today used as soon as the components from the 
A workshop arrives. There is no data available on its nominal power. With suitable production 
planning in workshop A, it should be possible to run that furnace at alternative times. Although, 
as there is no available data on the nominal power, and since it is used only for a few randomly 
distributed hours every week, it has been left out from the calculations for technical potential.  

5.2.3.6 Summary technical potential 
The total technical potential is estimated to be105-2330 kW. The potential in the production is 
based on the model developed by Norberg. The simulations in Figure 5- 6 in section 5.4 show 
that Midiblock 2 alone theoretically can produce a load shift of 600 kW. The duration for a DR 
event at Volvo Powertrain is estimated to 1-2 hours, according to the results showed in Figure 
10 in section 5.4. 
 
Table 6. Summary of the load available for DR. The minimum load reduction in the production is set to 0, 
since it is a major project to get DR integrated in the operators’ work routines. The maximum possible 
load reduction in the production has been set to 2000 kW based on the group focus interview. The 
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potential of the ventilation and pumps have been based on a minimum required power of 10 % of the 
normal operation. The assumptions made for the normal operation is presented in in Appendix. 

 
Estimated Power Production Ventilation Pumps Total 
Min [kW]  0 95 10 105 
Max [kW] 1350 195 35 2330 
 

5.3 Tariffs 
The basics of the tariffs that were developed are described in Chapter 3.3. The CPP-tariff and the 
time differentiated power tariff (TDP-tariff) were further developed based on the characteristics 
of Volvo Powertrain Operations load profile and the requirements on tariffs found in literature 
and in interviews and discussions with M. Lindén. 
 
Volvo Powertrain characteristics: 

 Major production during day time 
 Even electricity use over the year 
 Low power outtake in July 
 Possibilities for the industry to reduce costs if behaving correctly 

 
Preferred characteristics of a tariff: 

 Apparent incentives for the user to improve behaviour 
 Direct debit on used power 
 Comfort for the industries to utilize the grid 
 Clear reflection of the load in the grid 
 Fair share of the costs on each customer and customer group 
 Even out the load profile in the grid 
 Lower the transmission losses 
 Maximising the DSO’s profit by filling the revenue cap 
 Easy to administrate for the DSO 

5.3.1 CPP-additon 
The simplest possible tariff, which still would give apparent incentives for the user to be flexible, 
would be a CPP-tariff based on the current tariff. Although, it could be simpler than the CPP-
tariffs used in other countries, and consist of an extra component used for only the load peaks, 
ant is thus not really a complete tariff. Therefore it is called a CPP-addition. 
 
The value of a load reduction, was determined from studying the tariffs of the DSO and RSO. The 
value can either be determined from the DSO’s charge of exceeding the power subscription or 
from the cost of decreasing the subscribed power. From the tariffs of Mälarenergi’s overhead 
grid operated by Vattenfall, it can be concluded that the charges for Mälarenergi is 265 500 SEK 
for exceeding their subscribed power with 1 MW, and to increase their subscribed power costs 
177 000 for each MW.  The charge for exceeding their subscribed power is a charge paid once. 
Therefore the DSO can increase their subscribed power to the new level without extra cost. 
 
The value of a load reduction has been assumed to equal the charges described above. Hence, the 
charges could be used to increase design the costs for the customers during the peaks. However, 
as it is important to keep good relations between the customers and DSOs, the CPP-addition has 
been turned to a rebate instead of an extra charge during load peaks. That means that the 
charges described are used as a compensation for decreasing the power during the peaks. 
Another factor is that the interviews both with representatives of EIIs and Engineering 
Industries showed that the wish to reduce costs is a strong driver, which also supports a rebate 
system rather than a charge system.  
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In order for this type of tariff component to be effective, the DSO must be able to make 
prognoses on what the load in their grid will be. The DSO would have the responsibility to alert 
the industry or the actors participating in the current DR programme, either on its own or via 
another actor. The alerted industry would be able to change its production-planning in order to 
fit to the load shift. It is necessary that the load reduction is measured in order for the DSO to 
pay the rebate to the industry for each reduced kW during the notified peak. 
 
A common way of measuring that a customer does not override their subscribed power is to use 
the mean value of the highest load peaks in the grid over the year. If the mean value of the 
highest peaks lies above the subscribed power, charges are issued. The case for Mälarenergi is 
that their two highest peaks in separate months determine whether they will be charged or not. 
To ensure that the two highest peaks in the grid’s load are reduced each year, the DSO would 
need to announce several peaks throughout the year. Based on the grid’s load profile, 10-15 
notifications should be enough to cover the highest peaks. 

5.3.2 Time Differentiated Power Tariff 
The other tariff structure developed is the one based on the Elinorr-tariff, which is thoroughly 
explained in Chapter 3 – Pre-Studies. The Elinorr tariff creates incentives to change behaviour 
on monthly basis. However, the peaks in the grid load occur on specific times such as early 
mornings or late afternoons in the winter and last for 2-6 hours. Therefore it was decided to 
create a tariff structure, which would have the same self-adjusting function as the Elinorr tariff, 
but with hourly resolution.  
 
The effect of a TDP-tariff promotes DR in the longer perspective, as the tariff is updated each 
year with new fee levels calculated from previous year’s load profile. The construction of the 
TDP tariff is described below. 
 
The SO’s grid’s load profile was used to create a mean day with hourly for each month, 
consisting of the loads in Mondays-Fridays. The weekends were left out from the calculations of 
the mean day because the grid loads during weekends have a different profile from the 
weekdays’ load profiles. Any holidays outside of weekends were not accounted for. This 
produced 12 load profiles, one for each month, with hourly resolution, which can be seen in 
Figure 2. 
 
For the mean day of each month, the load for each hour was divided by the peak load of the year.  
In this way, a number was assigned to each hour, giving the relation to the maximum load hour 
in the grid. 
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Figure 2. Shows the 12 day-profiles created for each month from the grid's load profile. 

 
 
Peak power in grid = Pgrid, peak   [kWh/h]   
 
Hourly power in grid = pi    [kWh/h] 
 
Total power cost for Volvo= Cpower, total   [SEK] 
 
Total electricity consumption for Volvo= Etotal  [kWh] 
 
Si is the share of the load in the grid for each hour in the mean weekday. Si was calculated to 
construct a day profile for the level of the load in the grid 
 

𝑆𝑖 =  
𝑝𝑖

𝑃𝑔𝑟𝑖𝑑,𝑝𝑒𝑎𝑘
 [%]  (1) 

 
In (1) pi is the kWh/h for each hour from the mean weekday, which was constructed for each 
month based on the weekdays in that month. Pgrid, peak is the maximum kWh/h measured in the 
grid in the year. Thus (1) was calculated in 12 times to create a day profile consisting of 24 hours 
with different levels for each month. 
 
In (2) the unit cost was calculated. 
 

𝑢𝑐 =
𝐶𝑝𝑜𝑤𝑒𝑟,𝑡𝑜𝑡𝑎𝑙

𝐸𝑡𝑜𝑡𝑎𝑙
   [𝑆𝐸𝐾/𝑘𝑊ℎ]  (2) 

 
With the unit price from (2) a new cost for each kWh was calculated in (3). 
 
𝐶𝑛𝑒𝑤,ℎ𝑜𝑢𝑟 = 𝑢𝑐 ∗ 𝑒𝑖   [𝑆𝐸𝐾]  (3) 

 

In (3) ei (kWh/h) is Volvo’s measured hourly electricity consumption for each hour during the 
month. The calculation was made for each hour during each month. 
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In (4) the cost for each hour was related to the load in the grid by multiplying with Si.  
 
𝑇𝐷𝐶 =  𝐶𝑛𝑒𝑤,ℎ𝑜𝑢𝑟 ∗ 𝑆𝑖  [𝑆𝐸𝐾]  (4) 

 
In (5) a correction factor was calculated in order to ensure that the yearly cost would remain the 
same. 
 

𝑓 =  
𝐶𝑝𝑜𝑤𝑒𝑟,𝑡𝑜𝑡𝑎𝑙

∑ ∑ 𝑇𝐷𝐶𝑛
1

12
1

   (5) 

 
, where n is the number of hours in each month. 
 
In (6) the final cost levels were calculated by multiplying the TDC with f.  
 
𝑇𝐷𝐶𝑓𝑖𝑛𝑎𝑙 = 𝑓 ∗ 𝑇𝐷𝐶   (6) 

 
This generated 12 different tariffs – 1 for each month – where each tariff has 24 different cost 
levels that were determined by equations 1-6. The tariffs were compared and for simplicity, 
which was desired, two versions were formulated. One single tariff for every day in the year, 
based on the mean for all 12 tariffs, showed in Figure 3. The second version was aimed to reflect 
the varying seasons, and from comparing the 12 tariffs, three clusters of tariff levels could be 
distinguished; winter months, spring/autumn months, and the summer month. The tariff was 
divided into three different levels, based on the mean values from the months included in each 
cluster. The result is displayed in Figure 4. 
 
 
 

 
Figure 3. The resulting time differentiated power tariff with hourly resolution. The example shows a solution for the 
entire year where each hour has the same cost in ore/kWh throughout the year. The varying costs origins from the 
mean load of that hour compared to the year’s maximum load. The fee level increases from 5 and peaks at 10-11, and 
drops slightly at 12-15, and reaches its lowest levels from 24-4, which is a direct reflection of the load in the grid. 
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Figure 4. Shows the time differentiated power tariff when three different levels of costs are applied depending on the 
difference in load profile over the seasons. This displays the difference in the load over the seasons, as the winter 
tariff is consistently more expensive compared to the spring/autumn tariff and the summer tariff. The summer tariff is 
only based on July’s load profile, since the industry shuts down due to holidays in July. It is a clearly reflects how the 
grid is used. 

5.4 Simulations of Midiblock 2 
The simulations were done in collaboration with Norberg using a model of Midiblock 2 (Norberg, 

2017).  
 
Midiblock 2 consists of 4 production lines, of around 7 CNC-machines, a conveyor belt, a washing 
machine and a robot in each line. For a complete description of the model and details on the 
method, the report X chapter Y is recommended.  
 
The simulations were made based on an average week of electricity consumption for Midiblock 
2, with the assumption that the production is running 48 weeks every year. The model is built in 
order to optimize the machines’ operation to minimize the energy cost. There are constraints for 
the machines, such as production requirements, ramping times, inventory and the operators’ 
shifts, which currently vary between 3-4 shifts. 3-shift means that the lines run day and night in 
the weekdays, while 4-shift means that the lines also run on weekend days.  
 
In the simulations the lines are optimized so that they shut down during all the longer stops. The 
longer stops include change of tools, planned maintenance, failures, starving of the production 
lines and change of settings between gear types. The shorter stops, which include changing of 
cutting tools, and shorter setting times are not accounted for in the simulations. Thus, the lines 
run on full power as if these stops are non-existing. The simulations show results when the 
machines are being shut down instead of being in stand-by, which represents implemented 
energy efficiency measures.   
 
The spot prices used in the simulations are a weekly average of 2015’s spot prices, while the 
spot prices for the 2030 simulation come from Apollo, a model of the European electricity 
markets developed by the Market-group at Sweco Energuide.  The spot prices from Apollo 
represent a scenario based on the best guesses that can be made with today’s knowledge; hence, 
it is not a prognosis. In order to mirror the reality, the taxes have also been added to the spot 
prices. For 2015 the taxes are 29 ore/kWh, and for the 2030 scenario the taxes are set to 33 
ore/kWh. 
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The 2030 spot prices have not been simulated together with the TDP-tariff, because the TDP-
tariff is dependent on previous years’ load in the grid, and no such load profile has been 
available. The expected increase in tariff fees is around 7-8 % in real numbers.  
 
 

 
Figure 5. Result from simulations of Midiblock 2 with optimization to the spot prices from SE03 2015. It displays 1 
week of operation. The red is the average consumption of the block based on the measured operation of two machines 
over 5 weeks and assumptions made to estimate the remaining machines in Midiblock 2. The green is the operation of 
Midiblock 2 when it is optimized to the spot prices of 2015. The blue line shows the mean of the spot prices 2015 plus 
the taxes over the week.  

In Figure 5 it can be seen that the block manages to mitigate the morning peak in the spot price. 
Much of the production is moved to the night times during weekdays, which complies with the 
shifts’ constraints. The reduced consumption both for the measured mean consumption (red) 
and the simulated consumption (green) during weekends also originate from the different shifts 
in the weekends. 

 

 
Figure 6. Results from simulations of Midiblock 2 to optimize against spot prices SE03 2015 plus taxes and the TDP-
tariff for an average day developed in this thesis. The red is the average consumption of the block based on the 
measured operation of two machines over 5 weeks and assumptions made to estimate the remaining machines in 
Midiblock 2. The green is the operation of Midiblock 2 when it is optimized to the spot prices of 2015 and the TDP-
tariff. The blue line shows the mean of the spot prices 2015 plus taxes and the fees in the TDP-tariff over the week. 

Figure 6 shows the block optimizes against the sum of the spot price and the TDP-tariff for one 
average day of the year. The result is very similar to the result shown in Figure 5, except for that 
the incentive to minimize consumption are greater in Figure 6, since the TDP-tariff, which has 
its highest fees in the morning hours is taken into account as well. 
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* The spot prices for 2030 originate from the market model Apollo, developed by the Markets-group at Sweco 
Energuide. It is based on the current most likely scenario for 2030. 
Figure 7. Results from the simulations of Midiblock 2 with optimization to spot prices simulated by Sweco Energuide 
Markets model Apollo and the currently most likely scenario for the energy markets in Europe. The red is the average 
consumption of the block based on the measured operation of two machines over 5 weeks and assumptions made to 
estimate the remaining machines in Midiblock 2. The green is the operation of Midiblock 2 when it is optimized to the 
spot prices of 2030 plus taxes. The blue line shows the mean of the spot prices 2030 over the week plus the taxes. The 
high peak around hour 67 (Wednesday evening) originates from the highest peak simulated by Apollo, which reached 
50 000 SEK. That single peak is still present in the mean value of the weekly spot prices.  

Figure 7 shows a similar result of the optimisation as the previous figures. The difference is that 
the spot-price 2030 is around twice of the spot price 2015, and the energy tax is 4 öre/kWh 
higher, but this does not mean that the optimal production pattern is much different from the 
2015-casees, as the spot price still has a rather similar pattern as in 2015.  However, the spot 
prices from the Apollo 2030 scenario are more volatile and have greater differences between the 
lows and peaks. The peak in spot price around hour 67 is the remains of the highest price peak 
simulated by Apollo, which reached 50 000 SEK.  
 

 
Figure 8. Result from simulations of Midiblock 2 optimized to the TDP-tariff of one level developed in this thesis. As 
the tariff looks the same for each day, the figure shows one day. The red is the average consumption of the block based 
on the measured operation of two machines over 5 weeks and assumptions made to estimate the remaining machines 
in Midiblock 2. The green is the operation of Midiblock 2 when it is optimized to the TDP tariff. The blue line shows 

the fees for each hour in the TDP-tariff. 

Figure 8 shows the simulation result of 1 weekday when Midiblock 2 is optimized to the TDP-
tariff for one level over the year. The block shuts down entirely during 10 and 11 in the morning, 
and then ramps up again. There are no taxes included in this simulation. The blue line 
corresponds to the level of the fees displayed in Figure 3. 
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Figure 9. Displays the savings from the different simulations displayed in figure 1-4. The figure shows the savings in 
SEK.  

Figure 9 shows the savings in the different simulated cases.  The red bars shows the savings 
from shutting off machines in general, and the green bars shows how much DR events save. The 
savings made from DR make up for 10-13 % of the total savings in all the simulated cases.  
 

 
Figure 10. The load profile of Midiblock 2 during a CPP-event of 2 hours. The machines start ramping up just before 2 
hours have past. The duration of 2 hours is longer than what can be expected in reality, since many of the stops cannot 
be planned. 

The simulations show that Midiblock 2 can sustain a load reduction for almost 2 hours, which is 
displayed in Figure 10. However, only the longer stops are accounted for in the simulation, why 
a 2-hour reduction is unrealistic. Therefore, the assumption is that the Midiblock 2 can endure 
load reduction of 1 hour. The same assumption is made for the entire plant when calculating the 
savings for Volvo PT when participating in lowering the 2 highest peaks in the grid. The 
resulting savings from the developed CPP-addition are displayed in table 7. The results are 
based on assumptions that Volvo can participate in reducing the 2 highest peaks in the grid with 
duration of 1 hour and 1 MW. It has also been assumed that the entire saving that Mälarenergi 
can make from reducing their subscription can be used to compensate the customers who 
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participate in the reduction. The load peaks in the grid last approximately 4 hours, according to 
the load profile provided by Mälarenergi. 
 
Table 7. The fees for Mälarenergi to the overhead grid operated by the RSO Vattenfall and the compensation for Volvo 
Powertrain when participating with 1 MW reduction for 1 hour.  

 Subscription fee 
 

Total value 
[SEK/MW] 

177 000 

Compensation for 
Volvo PT, 1 MW, 1 h 
[SEK] 

44 250 
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6 Conclusions 
 
The knowledge on DR varies among EIIs and the level of usage of DR seems to be depending on 
how suitable the processes in the industry are for shutting off and restarting again, and whether 
the company is sensitive to the electricity price. 
 
The engineering industries are not as aware as the EIIs in knowledge and implementation of DR.  
Few had heard about DR before, and none of the 6 respondents had implemented or thought of 
implementing any such system in their own industry. 
 
The identified drivers for an engineering industry to participate in a DR programme were 
economical benefits, improved environmental profile, and staff with driving spirit. The 
developed tariffs did not give enough economical incentive in the simulations, which means that 
the other drivers must be targeted if DR is to be implemented.  
 
There are several barriers; lack of knowledge, low electricity bills, and complex processes which 
are hard to integrate in a DR system. However, there are possible sources for DR: the pumps, 
ventilation and the production. The potential for the plant lies between 105-2330 kW depending 
on whether the production can be utilised for load-shifts. According to the simulations it is 
possible to use the production. 
 
The tariffs that were developed were a CPP-addition and a TDP-tariff. Both address different 
requirements made by the authorities and SOs, but both of them need further development. The 
CPP-addition is simple but only alerts the participating companies 10 times/year to reduce their 
load, and requires methods for measuring the reduced power in order to pay the rebate to the 
participating companies. The TDP truly reflects the load in the grid for each hour, while 
naturally being more complicated. Both promote DR, but they do not give economical incentives 
enough to comply with Volvo Powertrain’s requests. 
 
The simulations showed that the major savings are done by minimizing the electricity use 
during the standby times, and that the savings form DR only make up for approximately 10 % of 
the total savings. Therefore, the first step is to improve the energy efficiency in the production. 
 

  



 45 

7 Analysis 
This chapter discusses the results and uncertainties and problems of the thesis. The analysis follows 
the same pattern as the thesis; interviews, tariff-analysis and simulations. 
 
Interviews 
From the result in the interviews made in the pre-study it can be concluded that the knowledge 
and utilization of DR varies between the different types of industries in the EII sector. The steel-, 
mineral- and mining companies were not using DR to the same extent as the pulp-industries. 
This was clearly due to the different characteristics of the processes. The pulp-industries could 
easily build inventory and shut down certain large electricity consuming processes and easily 
restart these, whereas the others had processes deeply dependent on accurate temperatures 
and no possibilities to build inventories. The conclusion from this is that the level of complexity 
of the process is determining the utilization of DR, and also that the concept of DR is known by 
the companies who have suitable processes.  
 
A problem when making the interviews with the engineering industries was the problems in 
contacting them and reaching the right person. Out of 9 in the segment only 4 responded to the 
interview. Thus, the respondent frequency is considered poor, and cannot be used for any 
general conclusions. However, the interviews from the 4 respondents together with the 2 
interviews made with the Energy Manager at Volvo Powertrain and Volvo CE make the material 
better, yet not satisfying. If the study had been remade, the segment would not have been 
delimited to industries within the grid of Mälarenergi, but rather aimed at industries similar to 
Volvo Powertrain in entire geographical area of Sweden. From the beginning the aim was to 
collect data from the segment of industries in Mälarenergi’s grid in order to use it for the tariff 
analysis. This turned out to be hard as Mälarenergi could not provide load profiles of customers 
without permission, and the interviews had already begun by that time. Had these difficulties 
been known during the planning of the thesis, the delimitations would have been set differently.  
 
In spite of the insufficient respondent frequency, some information can be extracted form the 6 
interviews. Only half of the interviewed industries had a specific post for energy related issues, 
and the others referred to the maintenance manager or plant manager. Even though the result 
cannot be used for any generalisations, it suggests that energy issues do not have a certain place 
within the industries in this branch. Another indication was that the large companies were those 
who had someone hired for energy issues, which implies that active work with energy issues 
depends on the size of the company itself. This is realistic, as smaller companies have less 
human resources and each employed has wider responsibilities. Furthermore, it is clear that the 
knowledge on the concept of DR is low within the engineering industry sector, as only two of the 
respondents knew about the concept form before. If the Swedish authorities such as expect Ei 
and SvK want DR to become a certain part of electricity users behaviour in the future, and if 
engineering industries should be included in that, information needs to be spread to this sector.  
 
Sources for DR 
The sources identified for DR within the Volvo Powertrain plant, were identified during the case 
study, in interviews with the Energy Manager, and based on knowledge from the pre-study on 
what processes can be used for the purpose. There is a risk that a possible source for DR got 
missed during the case study. However, it was brought up to discussion during the group 
interview, and nothing new was lifted then. 
 
The identified possible DR sources were the production, pumps and ventilation. The pumps and 
ventilation should be relatively easy to use fro DR. However, as the machines depend on cooling 
and the operators working environment does too, pumps and ventilation cannot be used for 
longer DR events unless the production is also included in the load reduction. The ventilation 
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and the pumps make up a relatively small DR capacity, while the production stands for the major 
possible capacity. 
 
As mentioned, the production processes are complex, and in order to use it for DR there needs to 
be coordination established between the production planning unit and the operators. The 
production-planning unit would have to add the parameter of either spot-tariff, CPP-events sent 
by Mälarenergi or adapt to the highest peaks of a TDP-tariff or similar. The production planning 
is key to any sort of DR in the plant. 
 
The sources that were investigated but not identified as suitable for DR were the tender furnace 
and the compressed air system. The tender furnace should be easy to use for DR purposes, but 
as the information on it was so limited, it was discarded. However, with more information on its 
operational power, and when it is operated it could definitely become a useful unit for DR. Using 
the furnace for DR would require the production-planning unit to plan the operation in the 
furnaces specifically, which they don’t do today. A relatively easy measure would be to only run 
the electric furnace in the nights.  
 
The compressed air system was investigated as it is a very electricity intensive process, but the 
large buffer system in the pipe system disqualified the process from any DR events.  
 
The Barriers 
A major problem (and barrier) identified for DR is the current absence of routines, or a system 
for shutting off machines when production is down. DR events cannot be implemented in the 
plant in either section unless such routines/systems are developed. That means that improving 
the energy efficiency in the production is the first step, which must be taken before any DR-
events can be of relevance.  
 
It is possible tot shut off and restart machines in the plant, it is proven by the fact that there 
previously have been a unit manager in the plant who made sure that machines in  
2 of the production lines were shut off when not producing. Adding to this, the similar plant of 
Volvo CE in Eskilstuna manages to shut machines off during nights and weekends. However it is 
a major work, which lies ahead for the Volvo PT plant.  
 
What differs the Volvo PT plant form the Volvo CE plant is that Volvo PT would need to develop 
activities to eliminate the shorter stops throughout the day, since the production also runs in 
night-time. Operators can manage shutting off machines during longer stops, for instance over 
weekends and nights when the shifts allow this, but the real challenge would most likely be to 
develop routines for how to shut down and restart machines during the stops lasting for 1-2 
hours. This would entirely depend on how complicated the procedure for the operators would 
be. An alternative could be to develop semi- automatic system, which by a simple action from the 
operators would shut machines down, and then by an equally simple action restart them.  
 
As a large part of DR events would be run by the operators, it is crucial to address the operators 
in the process so that they are satisfied with the situation and engage in the DR-events. As it was 
shown that operators and line managers can resist measures for energy efficiency due to 
perceived inconveniences when restarting machines, this is something that needs to be taken 
seriously. Any projects to implement and maintain energy efficiency measures and DR needs to 
address this possible barrier on an early stage to mitigate the risk. 
 
The drivers 
The case study identified three driving forces. That increased revenue was a driving force was 
not surprising. As shown in figure 7 and table 5, DR, if implemented as in this thesis, would give 
small economic compensation. Considering that Volvo Powertrain does not work with goodwill 
for the Mälarenergi, they would want substantial compensation of “a couple of 100 000 SEK” for 
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acting in a DR-event. This means that the 44 250 SEK/year for CPP-events is far below the 
required compensation.  
 
The simulations show that if DR was implemented in Midiblock 2 and optimized to the TDP-
tariff they would save approximately 6000 SEK/year. If they would have optimized the block to 
the spot prices of 2015 they could have saved around 26 000 SEK/year, and the corresponding 
number for the 2030 scenario shows savings of 50 000 SEK/year from DR. Though, it must be 
remembered that it is hard to say whether DR is going to be economically feasible in 2030, since 
very much can change until then, but it is still an indication of the current development. 
 
The numbers generated in the simulations are all too low compared to what Volvo would 
require for participating. That means that DR would have to be implemented on more 
midiblocks in the plant in order to reach the desired levels. Though, it is not linear scale form 
Midiblock 2 to the rest of the blocks, but it is still likely that the other blocks can be operated in a 
similar way. 
 
As stated above the economical compensation for DR today is too low, the economical factor 
would not be a strong enough to implement DR. However, another identified driver is the 
environmental profile. Volvo Powertrain and Volvo Group are driven by a commitment to 
decrease their carbon footprint and to in the future contribute to a carbon neutral transport 
system. The commitment indicates that Volvo Group has awareness and understanding for the 
needs of improving energy efficiency, and as it has been clear during the case study that the 
WWF commitment is taken seriously, and the same applies for the Volvo PT plant. 
 
If there was a program similar to the WWF scheme promoting companies who participate in DR, 
it could probably be of interest for Volvo Group to participate in that. It would be a deal that can 
provide large socio economical benefits for the society, yet saves money for the participating 
company. In that case, it could probably be done without any economical incentive, as the 
environmental driver is powerful enough for Volvo Group to participate in WWF-scheme.  
 
The third identified driver is the people with driving spirit. The results show that it is crucial for 
industries to have staff who is serious about the energy related issues in order to reach any 
development in that area. The awareness starts by the management, which needs to realize the 
importance of energy issues so that they hire staff for that purpose. Neither energy efficiency 
measures, let alone systems for DR will be implemented unless someone is pushing it forward. 
The improvements of the work with energy issues of the plant originate from single persons 
who have been engaged in the issue, and the magnitude of single persons’ impact on the matter 
cannot be underestimated. 
 
Tariff analysis 
A problem with DR is to determine who should pay for implementing it. Maybe DR it should be 
not be compensated for, but just implemented in the power system since it benefits the entire 
society. Another problem is that there is inertia in the system between customers, DSOs, RSOs 
and the TSO. Should the electricity users in Mälarenergi’s grid reduce their peaks, Mälarenergi 
would follow by lowering their own subscriptions. This however, would probably not follow 
fast, as Mälarenergi would need continuous change before they lower their subscription. This 
could mean that Ei’s incentives regarding evening out the load would be hard to reach in time 
for compensating customers’ improved usage of the grids. The revenue cap, which is increased 
when the DSOs improve their usage of the grids is regulated on a 4-year basis, which gives a long 
payback time for the customers who would make the changes. System operators would 
therefore have to find other incentives with shorter payback times for their customers in order 
to make them change behaviour. 
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The data used for the tariff analysis is as explained a summary of the load in the three 
substations in the grid. That means that it needs to be viewed as an example, and not the real 
situation. Adding to this the only customer data available was the load profile and grid costs of 
Volvo PowertrainThe grid load profile has not been normalized due to lack of information on 
how much of the load that was temperature dependent, how many customers that belong in the 
different sectors etc. Normalisation is very important in order to compare the change in using 
electricity rather than the change in temperature between different years. These limitations in 
the material increase the likelihood of faults in the resulting tariffs and the picture might be 
skewed. It is of great importance that any SO who decides to use a tariff based on previous years’ 
loads has a system for normalising the data, otherwise any tariffs based on previous years 
consumption will be affected by that year’s specific weather. 
 
For the CPP-addition a problem is that it is hard to find the value of the compensation for 
participating electricity customers. In this thesis it has been assumed that the entire saving, 
which Mälarenergi could make on lowering their subscription to the overhead regional grid can 
be distributed as a compensation. However, this is not likely, as then there would be little 
incentive left for Mälarenergi to work extra in order to get electricity customers to participate in 
CPP-events. Plus, it would mean a risk for Mälarenergi to rely on customers to reduce their load 
to fit the lowered subscription limit, as especially industrial customers would decide manually 
whether they can participate or not in a DR event. A company would never give up the control of 
their plant’s electricity consumption to an external part.  
 
On the other hand, the value of DR is probably much larger for the DSO than what is calculated 
for in the CPP-addition, as the DSO can post pone or even reduce their planned new installations 
in the grid.  
 
The TDP-tariff relies heavily on the load profile of the grid, which as stated above is insufficient. 
As the authorities believe that the development of the power grid is going to have an increased 
resolution, and that Ei has created incentives in order to improve the efficiency of the grids, it is 
likely that tariffs are going to become more highly resolved, and that this is one way of doing 
that. Though, this type of tariff requires more data; both from the customer segment for which 
the tariff is aimed at, but also accurate data on the grid load profile for at least 2 previous years. 
The data also needs to be normalised. Hence, the TDP-tariff must be seen as a model. The TDP 
tariff can also have different structures; it can either have one level of fees, as displayed in figure 
X, or 3 levels as displayed in figure Y, but it could also have 12 levels, if all months would be 
reflected perfectly. There needs to be a balance between the demands that the Electrical Act 
requires, and the simplicity, which the SOs request.  
 
Simulations 
The simulations were done in collaboration with Norberg. Norberg’s model of Midiblock 2 was 
used to simulate the results from the tariffs and the spot prices. Both the model and the tariffs 
have been based on many assumptions, which of course builds insecurities into the results. One 
issue with the model is that the longer standby times cannot be entirely eliminated since some 
of them are unplanned. On the other hand, only stops longer than 2 hours have been included in 
the study, while many stops last for shorter time periods. The model would need t be more 
precise in order to capture those stops as well. The simulations do however show that the lines 
can be run optimized to a tariff and/or spot prices. It was also shown that the lines theoretically 
can endure a 2 hour stop, however, a realistic assumption would be 1 hour, due to unplanned 
stops. The simulations also show that DR can save money for the Midiblock. Although, it is 
obvious that routines for shutting machines off and on again are the major measures that should 
be focused on in this plant. Even though the results form Midiblock 2 cannot be scaled to the 
entire plant, it is likely that savings from DR and energy efficiency lie around the same 
percentages, and the saving from reducing stand by electricity consumption can save several 
million SEK/year for the plant. 
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8 Future studies 
 
How to implement DR events in the production planning system. 
 
Develop activities for shutting off machines and restarting again. Especially focusing on short 
stops. 
 
Find out how to implement large changes of behaviour among operators in this type of 
environment. 
 
Find further savings that can be used for CPP. 
 
Make a thorough tariff analysis with the TDP for High Voltage –customers. 
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11 Appendix 
 
Table 8. Displays the assumptions on operations made for the ventilation units to estimate the 
technical capacity for DR at Volvo Powertrain. 

Ventilation units 

Nominal Power [kW] Asumed operating power [kW] 

20 20 

20 20 

20 20 

20 20 

20 20 

20 20 

20 20 

20 15 

20 15 

20 15 

20 10 

20 10 

20 10 

20 0 

20 0 

Total Total 

300 215 
 
 
 
Interview template 
Have you heard about DR before? 
 
Do you use DR today in you production? 
 
Do you plan to use DR in the production? 
 
In that case, how do you use/plan to use DR? 
 
Do you prefer manual or automatic signals to induce a DR event? 
 
At what price levels would you/do you use DR? 
 
How large reduction bids do you/are you able to place? 
 
For how long can you endure a reduction? 
 
After one DR-event, how long does it take before you can manage a new DR-event? 
 
When or how often do you interfere with the production? 
 
DO you have your own power generator on site? 
 
What process do you/could you possibly use for DR-events? 
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- What makes that process suitable? 
How long is your response time from the signal to reached promised reduction? 
 
What outer conditions determine whether you can reduce the load? 
 
Do you have any other processes that might be useful in DR? 

- Process with inventories, or processes adjacent to processes with bottlenecks? 
- Do you produce at the same rate every day year around? Can some processes 

be run at night-time? 
 
Do you have any strategy to deal with higher electricity prices in the future? Describe it. 
 
What would be required for you to find DR more interesting? 
 
How can the electricity market become better? 
What type of processes do you have? 
  
How does your production lines look when it comes to built in inventories and bottlenecks? 
 
Do you have any processes that are heated or cooled? Can it be paused/postponed? 
 
Do you produce the same amount every day or does it vary over the year? Do you work night 
shifts? 
 
How do you react on high electricity prices? Do you have any strategy to deal with high 
electricity prices in the future? 
 
Has it ever happened that you have altered you production due to the electricity prices? At what 
rate was that? When was that? What did you do for how long? 


