
 

 
 

Preface 
 

       
 
 
The ISES Project – Information, Society, Energy, System – was started in 
1996 and finished three years later, in 1998. The initial tasks for the 
project was to study in which way the fast expanding information 
technology would make energy distribution more efficient and at the 
same time create synergism with the growing information society by 
offering the electrical grid as a communication channel. Through the 
ISES project (ISBN:91-9753567-0-0), the foundation for a continuing 
engagement in the Blekinge County was formed within the field of "IT 
in Energy" and a plan developed to give Blekinge a strong profile in one 
of many application sectors of IT. The Karlskrona/Ronneby University 
College became an active part in this work. 
 
The present project report covers work, in which the focus have been to 
study the potential for energy savings in one of the municipalities in the 
Blekinge county – Karlshamn. The project has through support from 
DESS (the Delegation for Energy Supply in the South of Sweden), SITI 
(the Swedish IT Institute), EnerSearch AB (an industrial research 
consortium), and the Karlshamn Municipality and, the County 
Administa-tive Board in Blekinge been carried through during 1999. The 
joint collaboration by co-workers from several universities in Sweden 
made the project possible. 
 
In the deliberate work to profile Blekinge in this important application 
sector of IT, a number of new activities are planned to enlarge and 
develop the knowledge generated in the two present projects. 
 
Hans Ottosson Torsten Magnusson 
President Municipal Commissioner 
EnerSearch AB Karlshamn Municipality 
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Chapter 1 
 
 

The KEES Project: Energy Efficiency 
in a Deregulated Market 

 
Akkermans, H. - Ottosson, H. 

 
 
 
1.1 Executive summary 
 
The energy and utility industry is facing major changes. The market is 
liberalized and deregulated, customers get a free choice of supplier, and the 
rapid progress in information technology (IT) creates new service 
opportunities in customer homes and offices.  
 
Matters of energy savings and energy system efficiency continue to be 
important. But the ongoing market and technology changes have a profound 
impact on how these matters will be shaped in the near future. What is the 
potential for energy savings and efficiency, not in a monopolistic regional 
market, but in a competitive international market? How is this affected by the 
growing IT capabilities in homes and even appliances, connected through 
worldwide communication networks? How will customers use their 
increased freedom of choice for making decisions about their energy supplier, 
about using new technology and services that appear on the market, about 
energy saving activities?   
 
These questions have been at the heart of the KEES project, the results of 
which are reported in this book. The KEES project has been carried out in the 
period January-September 1999 under the supervision of EnerSearch AB 
(Malmö, Sweden) as part of its international IT in Energy R&D programme, 
and it received financial support from DESS (the Delegation for Energy 
Supply in South of Sweden), SITI (the Swedish IT Institute), and EnerSearch 
AB. 

 
The aim of the KEES project has been to study the potential for energy savings 
and services especially in a liberalized market environment, taking  
into account the many new market as well as  technology changes in the energy 
and IT sectors. The focus region chosen for the study is Karlshamn Kommun, a 
municipality in South Sweden’s Blekinge County. In Karlshamn we find a 
mix of energy users ranging from households, small businesses, service 
companies, up to large industries, and several competing suppliers, energy 
producers, and network companies are active in the region. Thus, the total 
energy and IT infrastructure system of the Karlshamn region has been 
studied, as a model for a municipality in a deregulated market environment 
in general. Hence the name of the project, KEES: Karlshamn Energy Efficient 
System. 



 

 
The KEES project has been a multidisciplinary investigation, conducted as a 
collaboration of different university research departments and disciplines. 
The overall project structure was designed to find answers to the following 
questions: 
 
1. What are the impacts of the recent market and technology trends upon the energy 

sector: 
• as seen from the perspective of the customer and market interest in energy saving 

activities and services. This market study was carried out by the Business 
Administration department of Lund University (LU), led by Dr. Rikard 
Larsson, in cooperation with the University of Southern California, Prof. 
Michael Driver. 

• investigating the new IT capabilities enabled by “smart home” technology. This 
study was performed by the University of Karlskrona/Ronneby, 
Department of Software Engineering and Computer Science (HKR-IPD, 
Ronneby), led by Prof. Rune Gustavsson. 

• looking at the associated new possibilities for energy management in buildings. 
This part of the study was done by the Institute for the Built Environment 
(KTH-BMG, Gävle) of the Royal Institute of Technology, led by Prof. 
Urban Norlén.  

 
2. What can be achieved in  energy efficiency and savings in the total energy system 

now and in the future, given these technology and market trends? This study 
was performed by Linköping University (LiTH), Department of 
Mechanical Engineering, Division of Energy Systems, led by Prof. Björn 
Karlsson. 

 
3. How should proposed energy efficiency and saving measures be practically 

implemented in available and emerging IT infrastructure? This study was 
done by the Royal Institute of Technology, Department of Industrial 
Control Systems (KTH-ICS, Stockholm), led by Prof. Torsten Cegrell. 

 
The overall KEES project management was in the hands of EnerSearch AB, 
with Prof. Hans Akkermans as project director, and Prof. Hans Ottosson as 
chairman of the Steering Committee. 
 
For the KEES project, a Steering Committee has been formed whose role it 
was to oversee the progress of the project. The members of the KEES Steering 
Committee are:  
 
• Hans-Inge Bengtsson and Krister Karlsson, Karlshamn Energi AB;  
• Lennart Fredenberg, Sydkraft AB;  
• Sune Ehring, Berg- & MarkTeknik;  
• Lars Elmberg, EC-Gruppen;  
• Peter Enckel, from the Karlshamn newspaper Commersen;  
• Anders Wiberg and Anders Johansson, on behalf of Karlshamn Kommun;  
• Hans Ottosson, EnerSearch AB, chairman.  
 
The Steering Committee has met four times at the milestones in the course of 
the KEES project. During the meetings the project team reported on the 
progress and deliverables produced in the project, and the ensuing 
discussions with and feedback by the Steering Committee have been 



 

instrumental in guiding and managing the project. Also, some live 
demonstrations of smart home technology were shown to the Steering 
Committee, given by spin-off companies formed partly as a result of 
EnerSearch project. The broad composition of the Steering Committee reflects 
the broad set of issues that have to be tackled in this area, and it has enabled 
the project team to review the research results from many different angles.  
 
The interest of the Steering Committee in the theme of the KEES project 
showed to be strong as well as multi-faceted, but, according to a separate 
study by KTH-ICS, the shared top interests are: (1) Get a better 
understanding and knowledge concerning the IT and energy market and 
technology issues involved, and (2) Spur new developments in this subject 
area, especially in the region. We thank the members of the Steering 
Committee for their active participation, feedback, and encouragement 
throughout the KEES project.  
 
This book presents the final results of the KEES project. Chapter 2 shows the 
potential for energy savings and efficiency in a deregulated environment, 
based on the total energy system simulations done by LiTH. Chapter 3 
describes the LU market investigation results, providing empirical data and 
analyses of the (significant) customer interest in energy saving activities and 
services, and offering some indications how this market can be segmented for 
the sake of new business activities. Chapter 4, by KTH-ICS, analyzes what the 
IT infrastructure capabilities in the region are to provide local access for new 
IT-in-energy value added services. Chapter 5 gives an overview of current IT 
developments in networked smart building technology, and reports on the 
experiences from field tests and application projects carried out at HKR-IPD. 
Chapter 6 continues this with a description of the “Energy Barometer”, an 
application recently launched by KTH-BMG exemplifying the new avenues 
for energy management in buildings opened up by IT in energy. Chapter 7 
then integrates the findings from the various subproject studies in Chapters 
2-6, and subsequently lays down practical implementation recommendations 
from KTH-ICS’s systems engineering perspective. The concluding Chapter 8, 
by EnerSearch AB, summarizes the key conclusions from the KEES study, 
and points to the directions where future investigations should be headed. 
 
We have produced this book as a help in disseminating the IT in Energy 
knowledge we have built up over the years. As this area concerns a 
worldwide development in which many fields are involved, there is a clear 
need for mechanisms giving fast and simple access to the collected 
knowledge. As a further help, the interested reader will find contact 
addresses of all authors and groups at the end of this book. In addition, you 
may turn to our website http://www.enersearch.se/. This website is now 
gradually expanded so as to become a central site (or in web jargon, the 
“portal”) for the worldwide developments in advanced IT applied to the 
deregulated energy market sector. Here, you will find many more 
information sources and links to the fast and exciting developments of IT in 
Energy. 
 

 



 

 

Chapter 2 
 
 

Energy System Analysis: Optimization of the 
Karlshamn Energy System 

 
Gebremedhin, A. - Larsson, L. - Karlsson, B.G. 

 
 
 
2.1 Executive Summary 
 
The aim of the Energy System Study is to identify cost efficient measures to be taken 
in the energy system of Karlshamn.  
 
The MODEST model is used to describe the Karlshamn energy system and to 
optimize the measures to be taken in this systems. The system is optimized for two 
different cases by considering a) the distributor as the main actor and b) the small 
and medium customers as the main actors. 
  
The electricity demand for the municipality is divided in five different groups. These 
include household, small industries, services and two other groups of large 
industries.  
 
Both existing plants and potential investments are considered in the model. The 
considered potentials include different kinds of CHP (combined heat and power) 
plants, hot water boilers, heat pump, efficiency improvements, load management and 
energy-carrier switching. The assumed cost for the different potentials differs from 
sector to sector. Restrictions are made on demand-side measures both with respect to 
their output and costs. 
 
The results of the optimizations are different depending on the choice of the main 
actor and on input data. With given data, it is generally profitable in both cases to 
choose load management, energy-carrier switching and efficiency improvements. The 
profitability of these measures is revealed in more sectors and they are more 
significant when the customer is considered as the main actor. The total system cost 
reduction achieved by new measures is very small for case a) compared with case b). 
The main reasons for this result in both cases are low electricity prices, high 
investment cost and high restriction on demand-side measures. 
 
The system responds almost in the same manner even at higher rate of electricity 
price increase. At extremely high real-value increase the whole demand-side 
measures and some new units would be profitable in almost all sectors.  
 
At lower investment cost for efficiency improving measures with less restrictions the 
system cost decreases by about 8 % while electricity demand reductions between 10 
to 20 % are obtained. 

 



 

 

2.2 Introduction 
 
A municipal energy system analysis may consist of different kinds of existing 
and potential components. The deregulated electricity market, the 
development of new technologies and environmental restrictions are some of 
the challenges that must be considered in designing an efficient energy 
system. In order to be able to design an optimal energy system a well proven 
method is necessary. Computer simulation models are powerful tools to carry 
out system analysis with variety degree of complexity. The Karlshamn 
Energy Efficient System project is about efficient use of energy in Karlshamn. 
The aim of the Energy System Study is to identify cost efficient measures to 
be taken in the energy system of Karlshamn. The measures can be taken in 
both the supply system and on the demand side.  
In this study MODEST [4] model is applied to find the optimal structure of 
the energy system of Karlshamn. 
 
 
2.3 Methodology 
 
2.3.1 Model 
 
The model used here is MODEST [1,4]. The model can be used to optimize 
local, regional and national energy systems. Fuel prices, plant efficiencies, 
demands, investment costs and capacities are some of the inputs that are 
needed. Linear programming is used to describe relationships between 
components with in the studied energy system and to optimize its discounted 
system cost. With the model it is possible to mathematically express different 
kinds of cases and scenarios. A commercial software is used to solve the 
optimization problem [2]. 
 
 
2.3.2 Time division 
 
Energy systems in general have dynamic properties that are time dependent. 
In order to be able to reflect variations of demand, costs, capacities, etc. a 
reasonable definition of time division is necessary. The selected time division 
should in general be able to reflect weekly, seasonal and long-term variations 
of demand, costs, capacities, etc. In this study each year is divided into three 
seasons, which in turn are divided into diurnal periods (Table 2:1). As it is 
seen in the table the  
winter season contains more diurnal periods (14) compared with the rest of 
the seasons that have only 4 diurnal periods. The reason for this is that 
variations of demand and other parameters are more significant during 
winter periods.  



 

 

 

 
 
Table 2:1. Time Division 
 
2.3.3 Cases 
 
Large consumers like distributors and industries pay less for electricity 
compared with small consumers. This is one of the reasons why it is 
necessary to make the analysis from both the distributor and the customer 
point of view. 
 
Two cases are studied. In the first case the distributor is considered as the 
main actor and in the second case the customer is considered as the main 
actor. 

Season  Type of Day  Time of Day Days of Hours of
a year a year

1  November-  weekday 1 10 p.m. - 6 a.m. 105 840
    March 2  6 a.m. - 7 a.m. 105 105

3  7 a.m. - 8 a.m 105 105
4  8 a.m. - 12 a.m. 105 420
5 12 a.m. - 4 p.m. 105 420
6  4 p.m. - 10 p.m. 105 630

 weekend,holiday 7 10 p.m. - 6 a.m. 41 328
8  6 a.m. - 10 p.m. 41 656

 peak day 9 10 p.m. - 6 a.m. 5 40
10  6 a.m. - 7 a.m. 5 5
11  7 a.m. - 8 a.m 5 5
12  8 a.m. - 12 a.m. 5 20
13 12 a.m. - 4 p.m. 5 20
14  4 p.m. - 10 p.m. 5 30

2  April,  weekday 1 10 p.m. - 6 a.m. 64 512
    september, 2  6 a.m. - 10 p.m. 64 1024
    october  weekend,holiday 3 10 p.m.- 6 a.m. 27 216

4  6 a.m. - 10 p.m. 27 432
3  May - August  weekday 1 10 p.m. - 6 a.m. 89 712

2  6 a.m. - 10 p.m. 89 1424
 weekend,holiday 3 10 p.m. - 6 a.m. 34 272

4 6 a.m. - 10 p.m. 34 544



 

 

2.4 Present conditions 
 
2.4.1 Location and population 
 
The town Karlshamn is one of the five local communities located in the 
county of Blekinge about 500 km south of Stockholm.  
 

 
Figure 2:1. County of Blekinge 
 
Karlshamn consists of one city and a few villages, shown on the following 
map. 

Figure 2:2. The municipality of Karlshamn 



 

 

 
Main figures about the population and their living are summarized in the 
following table. 
 

 
Table 2:2. Geographical distribution of population and apartments 
 
 
2.4.2  Energy Consumption 
 
The public utility in the town is responsible for the supply of about 122 GWh 
district heating energy annually. The peak load is about 42 MW. About 90 % 
of the heat needed are purchased from a paper mill plant. Oil-fired boilers 
produce the rest.  
 
The utility also distributes about 118 GWh electricity annually. A 24 MW 
peak electricity demand is expected. Minor customers, receiving their 
electricity by another distributor, consume another 160 GWh per year. Two 
large foodstuff industries buy a total of 120 GWh electricity annually and a 
paper-mill, which is the largest industry, has a total electricity demand of 
about 300 GWh per year. The paper-mill produces almost all its electricity 
with its combined heat and power plant. 
The total energy consumption is summarized in the following table. 
 

 
Table 2:3. Energy consumption by sector 
 
 
2.4.3 Time of use and actual Demand 

Population Apartments

Local Area Single family Multi family Total
Karlshamn 18 671 3 149 6 076 9 225
Mörrum 3 684 1 220 600 1 820
Svängsta 1 953 965 0 965
Hällaryd 580 287 0 287
Åryd 426 210 0 210
Torarp 271 134 0 134
Pukavik 126 62 0 62
Övr 5 386 2 661 0 2 661
Summa 31 097 8 688 6 676 15 364

Total Estimated Values (GWh/year)
Category Electricity Dist. Heat Bio Fuel Oil
Apartm. & Agriculture 124 64 31 85
Services 98 57 0 21
Industrial consumption 472 0 1 705 73
Industrial generation -266 -106
El & Heating Services 5 1 0 43
Total "Import" 433 16 1 735 221



 

 

 
There are two groups of demand in the studied system. The first group is 
district heating and the second is electricity. The distict heating demand 
varies from season to season and a large part of the demand depends on the 
outdoor temprature. The electricity demand is divided in five groups. In 
these groups only a small part of the demand is temprature dependent. 
 

 
Table 2:4. Heat and electricity demand by sector 
 

Season Type of Day Time of Day       electricity demand [MW]

district- house- industry services industry 1 industry 2

heating hold

1  November- weekday 10 p.m. - 6 a.m. 19 13 5 8 12 34

    March  6 a.m. - 7 a.m. 25 28 7 14 16 36

 7 a.m. - 8 a.m 26 29 8 16 18 36

 8 a.m. - 12 a.m. 25 18 8 19 18 36

12 a.m. - 4 p.m. 24 19 8 20 18 36

 4 p.m. - 10 p.m. 23 24 6 12 13 34

weekend,holiday 10 p.m. - 6 a.m. 20 14 5 8 11 34

 6 a.m. - 10 p.m. 23 22 5 10 11 34

peak day 10 p.m. - 6 a.m. 36 18 6 10 14 36

 6 a.m. - 7 a.m. 43 34 8 16 18 36

 7 a.m. - 8 a.m 46 34 9 18 22 36

 8 a.m. - 12 a.m. 44 23 9 22 21 36

12 a.m. - 4 p.m. 42 24 9 22 21 36

 4 p.m. - 10 p.m. 42 30 7 15 16 36

2  April, weekday 10 p.m. - 6 a.m. 12 8 5 7 12 34

    september,  6 a.m. - 10 p.m. 15 15 7 17 16 34

    october weekend,holiday 10 p.m.- 6 a.m. 11 8 4 6 10 34

 6 a.m. - 10 p.m. 13 15 5 9 11 34

3  May - August weekday 10 p.m. - 6 a.m. 6 5 5 6 12 34

 6 a.m. - 10 p.m. 7 11 7 13 16 34

weekend,holiday 10 p.m. - 6 a.m. 6 5 4 5 10 34

6 a.m. - 10 p.m. 6 11 4 7 10 34



 

 

2.4.4 Duration curve for heat and electricity demand 
 
The load duration curve shows the variation of the demand during one year. 
The curve is created by sorting power values in order of magnitude. The area 
under the curve represents the total annual energy demand. 
The load duration curve for district-heating is shown in figure 2:3. 

 
Figure 2:3. Duration curve for the district-heating 
 
The load duration curve for electricity demand is shown in the following two 
pictures. 
 

 
Figure 2:4. Duration curve for the electricity demand by sector 
 

 
 
Figure 2:5. Duration curve for electricity demand for large industires 
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2.5 Energy system under study 
 
The system boundary for the system under study includes the following 
systems:  
 
1) The public utility with its customer 
2) Other regions within the municipality that are supplied by other 

distributor 
3) 2 Food Stuff Industries (industry 1)  
4) Paper Mill (industry 2)  
 
The potential investments that are considered in this study are as follows: 
 
• different kinds of combined heat and power (CHP-plant) 
• boilers 
• wind power 
• load management 
• efficiency improvements 
• energy-carrier switching 
 
All these are schematically described in the following picture. 
 
 

 
 
 
Figure 2:6. Node network of the energysystem in Karlshamn 
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2.5.1 Investment Cost 
 
The cost for the different measures that are considered in the model are 
rough estimates. It is assumed that measures like efficiency improvements 
(conservation) and load management are little cheaper for the industry sector 
than the household and service sector considered in this study. The table 
below shows the different types of measures and their corresponding costs. 

 
 
Table 2:5. Investment cost of different measures 
 
The demand-side measures that are considered in this study are assumed to 
have limited sizes. It is difficult to know by how much the energy usage can 
be reduced in the different sectors. The size of the load that can be transferred 
from one time period to another is also unknown. In the industry and service 
sectors, there is no information about the type of heating that is used at 
present. The maximum allowed sizes for some demand-side measures are 
shown in table below. The restrictions of this measures are based on previous 
studies [3]. 
 
 

 
Table 2:6. Maximum allowed sizes for demand-side measures 
 
 
2.5.2 Fuel Price estimates 
 
One of the many parameters that have a direct impact on the system cost is 
the price for fuel. The cost for a given fuel can be different depending on in 
which sector the fuel is used and what type of fuel it is. The reason for this is 
the taxation system that is applied in Sweden. Fuel prices that are used in the 
model for all existing and future plants are listed below. 

Type of measure Life time Investment Type of measure Life time Investment
cost cost

[Year] [SEK/KW] [Year] [SEK/KW]

Gas turbine 20 3500 Boiler (fuel oil) (household) 15 3000
Combined Cycle 20 6000 CHP (industry) 10 10000
Steam Cycle 20 20000 Boiler (fuel oil) (industry) 10 1000
Wind power 15 7000 CHP (service) 15 21000
Boiler (bio fuel) 20 3000 Boiler (fuel oil) (service) 15 1500
Boiler (fuel oil) 20 1000 Load management(household) 15 500
Conservation (heat) 25 15000 Load management(industry) 10 100
Heat pump 15 3500 Load management(service) 15 300
Conservation (household) 25 20000 Boiler (bio-fuel) (household) 15 5000
Conservation (industry) 10 13000 Boiler (bio-fuel) (service) 15 3000
Conservation (service) 15 15000 Boiler (bio-fuel)(industry) 10 3000
CHP (household) 15 21000

                 maximum allowed size [MW]
Load Efficiency Energy-carrier

Sector management improvements switching
District-heating 3.2
household 1.6 2.2 5.0
small industries 0.5 0.7 0.3
services 1.3 1.7 0.5
large industries 1.1 - 2.7 1.0 - 2.6 2.0



 

 

 

 
Table 2:7. Fuel prices by sector 
 
 
2.5.3 Electricity Price estimates 
 
General 
 
Suppliers and big Industries 
• Futures price 
• Premium for risk and transformation to a load curve 
• Administration cost 
• HV-network 
 
Medium Industries 
• Supplier price + MV-network + administration 
 
Small Customers 
• Supplier price + taxes + LV-network + administration 
 
Electricity Prices Estimates for Suppliers and big Industries 
 
The prices for suppliers and big Industries are estimated to increase with 
2,5%/year up to a maximum level of  about  250 SEK/MWh (annual 
average). This level depends on the LRMC for new power stations on the 
European continent. LRMC for natural gas fired combined cycle power 
stations will be about 200 SEK/MWh. To this should be added the 
transmission cost from Germany or Poland to Sweden, which will be around 
50 SEK/MWh. 

Type of fuel Type of user Price Type of fuel Type of user Price

& plant incl. tax & plant incl. tax

SEK /MWh SEK /MWh

Services Utility

Light fuel oil CHP 226 Light fuel oil CHP 200-217
Boiler 303 Boiler 303

Biomass(woodchips) Boiler 120 Biomass(woodchips) Boiler 120
LP-gas CHP 186-197

Household Boiler 236
Light fuel oil CHP 270 heavy fuel oil Boiler 261

Boiler 343 heat purchase 135
Biomass(briquettes) Boiler 240

Industry

heavy fuel oil CHP 119
Boiler 127

Biomass(woodchips) Boiler 120



 

 

 
 
Figure 2:7. Estimated electricity price 
 
 
Electricity Prices for medium Industries 
 
Supplier price increased by: 
variable network tariff 20 SEK/MWh 
administration cost 5 SEK/MWh 
Total increase 25 SEK/MWh 
Demand charge 408 SEK/kW 
 
 
Electricity Prices for small Customers 
 
Supplier price increased by: 
taxes 151 SEK/MWh 
network tariff 190 SEK/MWh 
administration cost 20 SEK/MWh 
Total 361 SEK/MWh 
 
(25% VAT for private Customers) 
 
In this study the same supplier price is applied to all sectors. If new power 
plants prove to be profitable the electricity produced might be used to cover 
the demand within the system or could be sold on market. The following 
table shows the prices that are assumed for the simulation. 
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Table 2:8. Electricity prices adapted to the time division 
 
 

Season Type of Day Time of Day Electricity price [SEK/MWh]

buying selling
1  November- weekday 10 p.m. - 6 a.m. 180 175
    March  6 a.m. - 7 a.m. 205 200

 7 a.m. - 8 a.m 205 200
 8 a.m. - 12 a.m. 205 200
12 a.m. - 4 p.m. 205 200
 4 p.m. - 10 p.m. 205 200

weekend,holiday 10 p.m. - 6 a.m. 180 175
 6 a.m. - 10 p.m. 180 175

peak day 10 p.m. - 6 a.m. 205 200
 6 a.m. - 7 a.m. 205 200
 7 a.m. - 8 a.m 205 200
 8 a.m. - 12 a.m. 205 200
12 a.m. - 4 p.m. 205 200
 4 p.m. - 10 p.m. 205 200

2  April, weekday 10 p.m. - 6 a.m. 130 125
    september,  6 a.m. - 10 p.m. 145 140
    october weekend,holiday 10 p.m.- 6 a.m. 130 125

 6 a.m. - 10 p.m. 130 125

3  May - August weekday 10 p.m. - 6 a.m. 130 125
 6 a.m. - 10 p.m. 145 140

weekend,holiday 10 p.m. - 6 a.m. 130 125
6 a.m. - 10 p.m. 130 125



 

 

2.6 Results 
 
2.6.1 Case 1 - Supplier as the main actor 
 
With assumed energy prices both for purchased heat and electricity, the 
optimization has shown that the total system cost, calculated as the net 
present value for a period of 10 years and a real interest rate of 6%, decreases 
from 1 064 MSEK to 1 053 MSEK. The measures, which contribute to the 
system cost reduction, are load management in all sectors and energy-carrier 
switching within small and large industries. No measures were profitable in 
the paper mill, because of the low costs of fuel for electricity generation. The 
results of the optimizations are shown below in the form of duration curve 
for the different sectors. 
 
District heating 
 
The optimization has shown clearly that there will be no need to consider 
new plants. This is true as far as the price for purchased heat  is lower than 
150 SEK/ MWh. New plants like biomass-fired boiler and heat pump will be 
profitable if the price for purchased heat exceeds 200 SEK/MWh.  

 
Figure 2:8. Duration curve for heat supply: district heating 
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The household sector 
 
The electricity demand for this sector is about 125 GWh annually. As far as 
the supplier is considered as the main actor, no measures except an 
insignificant load management is profitable here. 
 

 
Figure 2:9. Duration curve for electricity supply: household 
 
 
Small industries 
 
The electricity demand for this sector is about 51 GWh annually. The 
assumed cost to implement load management and energy-carrier switching 
for this sector is lower than that of the household sector. Therefore, the 
optimization shows that these two measures are profitable. 

 
 
Figure 2:10. Duration curve for electricity supply: small industries 
 
 
The service sector 
 
The electricity demand for this sector is about 100 GWh annually. From the 
supplier point of view the service sector is similar to the household sector 
and therefore similar results are obtained here. 
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Figure 2:11. Duration curve for electricity supply: service 
 
2.6.2 Case 2 - Customer as the main actor  
 
In this case, energy saving measures will result in that the total system cost 
for 10 years decreases from 1 568 MSEK to 1 534 MSEK. The measures that 
contribute to this reduction are load management within small and large 
industries, efficiency improvements within small industries and services, and 
energy-carrier switching in all sectors. No measures are needed for the paper 
mill, because the assumed cost for electricity generation within the plant is 
very low. The result of the optimization is shown below in the form of 
duration curve for the different sectors. 
 
The household sector 
 
To consider the customer as the main actor gives a different solution. 
Customers in this sector pay high price for electricity therefore the measures, 
small CHP and energy-carrier switching are profitable here. Load 
management is not attractive here because no demand charge is considered 
in this case. 

 
 
Figure 2:12. Duration curve for electricity supply: household 
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Small industries 
 
The assumed cost to implement the measures, efficiency improvements, load 
management and energy-carrier switching are lower for this sector. 
Therefore, the optimization shows that these three measures are profitable. 
Very small CHPs are also profitable in this case. 
 

 
Figure 2:13. Duration curve for electricity supply: small industries 
 
The service sector 
 
The service sector is to some extent similar to the household sector and 
therefore the results are comparable. Here, efficiency improvements and 
energy-carrier switching are quite attractive measures that will contribute to 
reduced electricity demand. 
 

 
Figure 2:14. Duration curve for electricity supply: service 
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Large industries 
 
Large industries pay less for electricity compared with the other sectors. This 
makes it difficult for some measures to be attractive. It might however be 
profitable to replace a certain amount of electrical energy that is used for 
heating purposes.  
 

 
Figure 2:15. Duration curve for electricity supply: large industries 
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2.7 Sensitivity analysis - Customer as the main actor 
 
2.7.1 Higher rate of electricity price increase 
 
In this sensitivity analysis the system cost is allowed to increase in order to be 
able to see how the choice of measures changes as the cost changes. The 
system cost is however the objective function of the optimization problem. It 
is the main variable that is to be calculated. This cost depends on many limits. 
In this analysis the change in system cost is achieved by allowing the 
electricity price to increase annually, while other parameters are held 
constant. The analysis is carried out for four cases and the result is shown in 
the table below. As the cost increases, the measures that are profitable tend to 
cover all sectors. If the system cost is allowed to increase by about 40 % (i.e. 
an annual electricity price increase by 20 %) then, wind turbines and LPG-
fired power plant with an output of 4 MW and 18 MW electricity respectively 
are profitable. Demand-side measures and new units would make Karlshamn 
self-sufficient in this particular case.  

 
 
Table 2:9. System cost and selected measures at different electricity price increase 
 
2.7.2 Higher degree of efficiency improvements with less 
 cost 
 
In this part of  the sensitivity analysis only the impact of increased energy 
conservation measures is investigated. The electricity price is assumed to 

Annual electricity price increase [%]

2,5 5 10 15 20

System cost [MSEK]

with out measures 1568 1633 1790 1993 2252
with measures 1534 1588 1708 1844 1996
System cost reduction [%] 2,2 2,8 4,6 7,5 11,4

System cost increase [%]

with out measures 0 4,1 14,2 27,1 43,6
with measures 0 3,5 11,3 20,2 30,1

Selected measures

Loadmanagemnt

households
small industries small industries small industries small industries small industries

services services services services
large industries large industries large industries large industries large industries

Efficiency improvements

households households households
small industries small industries small industries small industries small industries
services services services services services

large industries large industries large industries
Energy-carrier switching

households households households households households
small industries small industries small industries small industries small industries
services services services services services
large industries large industries large industries large industries large industries

small CHP

households households households households households
small industries small industries small industries small industries small industries

services services services services

Windpower no no yes, (4 MW) yes, (4 MW) yes, (4 MW)
Large CHP no no no no yes, (18 MW )



 

 

increase only by 2.5 % per year. Experience from other energy audit studies 
has shown that it is possible to achieve substantial energy savings by 
implementing energy conservation measures [6, 7] . The saving is however 
different from sector to sector. The  measures that lead to efficient energy 
usage could be rather cheaper if compared with costs that are shown in Table 
2:5. So in this case the maximum allowed size for efficiency improving 
measures are doubled while the cost to implement the measures are cut by 
half. Table 10 shows input data used for this case.  
 

 
Table 2:10. Allowed sizes for efficiency improving measures and their cost 
 
In this case, energy saving measures will result in that the total system cost 
for 10 years decreases from 1 568 MSEK to 1 443 MSEK. The measures that 
contribute to this reduction are load management within small and large 
industries, efficiency improvements and energy-carrier switching in all 
sectors. The result clearly shows that efficiency improving measures are the 
major factor for cost reduction. 
The following two pictures show how the total demand of electricity would 
be met and the contribution of efficiency improving measures toward energy 
saving for this particular case.  
 

 
Figure 2:16. Annual electricity supply and demand-side measures 
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Figure 2:17 Energy savings through efficiency improving measures by sectors 
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2.8 Conclusions 
 
The results of the optimizations using existing technology, are different 
depending on the choice of the main actor. The changes in total system cost 
are rather small in both cases. However the influence of the optimization is 
bigger when the small customers are treated as the main actors.  
 
With given data and the supplier as main actor it will be profitable with the 
following measures: 
 
• Load management in all sectors 
• Energy carrier switching in small industries 
 
With given data and the customer as main actor it will be profitable with the 
following measures: 
 
• Load management in small and large industries 
• Energy carrier switching in all sectors 
• Efficiency improvements in small industries and in the service sector 
• Small CHPs in small industries and in the household sector 
 
The main reasons for this result are a combination of cheap electricity and 
rather expensive energy appliances. Another factor that has affected the 
result toward this direction is that the measures, load management, energy-
carrier switching and efficiency improvements were not allowed to exceed 
predefined limits.  
 
Sensitivity analysis on the other hand has shown that the profitability of the 
more likely measures is just a question of cost. If additional costs can be 
covered by some means, measures like load management, efficiency 
improvements, energy carrier switching, small and large CHPs and wind 
turbines would lead to a self sufficient and efficient energy system in 
Karlshamn. Only efficiency improving measures could cut the energy 
demand by up to 20 % depending on the type of the sector. 
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Chapter 3 
 
 

The Customer Side of Energy Saving 
Activities: 

Exploring Attitudes and Interests on the 
Karlshamn’s Energy Market 
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3.1 Executive Summary 
 
This chapter reports the results of the market investigation task for the KEES project. 
The initial focus on energy savings by industrial customers was pursued through 
expert and customer interviews. Learning from the past experiences of energy saving 
initiatives, we find that the framing of energy saving activities seem crucial for their 
implementation success or failure. Ten interviews with key industrial energy 
customers and energy suppliers in Karlshamn’s municipality suggest that, the larger 
the energy consumer, the greater the importance of and efforts towards energy saving 
activities, the more help provided by the suppliers, and the more awareness and 
knowledge of the role that IT can play. Barriers are mainly viewed as cost-related - 
too expensive, too little savings, too long pay-off times.  
 
To pursue the added household focus of this subproject, we launched an exploratory 
consumer survey, resulting in total sample of 101 respondents. The household 
customer data displayed (1) a very positive orientation towards energy saving 
activities; (2) moderate satisfaction with their energy supplier; (3) priorities in favor 
of low cost electricity, ”green” energy, security equipment, and energy saving advice; 
(4) desire to have electric bills with mainly own use statistics, cost of present period, 
forecast for next period, and optional payment forms; (5) fairly little interest in being 
contacted by supplier; and (6) few energy saving ideas.  
 
A first attempt at moving beyond the limited demographic segmentation findings 
was made by tentatively estimating the various Decision Styles of the respondents. 
This generated clear distinctions between more unifocus Hierarchic and especially 
Decisive positive and non-negative attitudes regarding energy saving activities 
versus more balanced multifocus attitudes. The multifocus Flexible and Integrative 
styles also desired more varied information and payment options on their electric 
bills compared to Hierarchics. 
 



 

 

3.2 Introduction 
 
The purpose of the market investigation in the KEES project is to contribute 
knowledge about the customer side of energy saving activities in 
Karlshamn’s municipality by studying various customer viewpoints and 
profiles in relation the local energy suppliers and their marketing. The initial 
focus was on key industrial customers, but the first findings of this and other 
KEES tasks suggested that we should redirect our focus towards the 
households instead. While this change resulted in some difficulties and 
delays, we believe that this subproject now contributes to a more full 
(covering both industrial and household customers) and relevant 
understanding of the customer/market side of the KEES project.  
 
 
3.3 Learning from Experience: The Framing of 

Energy Saving Activities 
 
Based on mainly the experience of professor Björn Carlsson of Linköping TH, 
the political side of implementing energy saving activities seems to be a key factor 
for success or failure. That is, how energy saving activities are framed is 
crucial for their acceptance. For example, replacing nuclear energy is a 
sensitive issue when trying to involve Swedish corporations. It is also 
prudent to avoid presenting energy savings as so great and obvious that 
those responsible are blamed for not having implemented them earlier. 
Instead, energy saving activities need to be framed as fast and significant 
gains that can be achieved by pioneering and popular efforts (Table 3:1). 
 
Expert experience suggests that: 
 
• avoid politically sensitive issues like nuclear replacement 
• avoid getting those responsible blamed for not having done the acitivities 

earlier 
• present fast and substaintial savings as pioneering and popular efforts 
 
in order to increase implementation success of ESA 
 
Table 3:1. Learning from Experience: The Framing of Energy Saving Activities 
(ESA) 
 
 
3.3.1 Key Industrial Energy Customers and Suppliers in 
 Karlshamn 
 
We identified eight key industrial energy customers in Karlshamn: Mörrums 
Bruk, Karlshamns AB, Abu-Garcia, Karlshamns Bostäder AB, Karlshamns 
Kommun, Karlshamns Expressbyrå, Ifö Sanitär, and Halda 
Utvecklingscentrum. They were the customers of the three key energy 
suppliers Sydkraft, KEAB, and Hydro. Jennifer Schönknecht interviewed all 
of these except for Hydro. 
 
Interview questions centered around what energy saving activities have been 
done and are planned by key customers, what are the barriers to 



 

 

implementing these energy saving activities, and how can suppliers and IT 
help the implementation of them. The energy consumption of the customers 
varied from 285.000 to 800 MWh. They forecasted small changes in this 
consumption during the next few years, while their views of energy saving 
activities ranged from crucial to important. 
 
The greater their energy consumption, the more energy saving activities have been 
implemented, such as using waste water for distant heating, more effective 
processes (e.g., ”varvtalsreglering”), re-used heating, isolation, lighting, and 
load management. The main barriers to the implementation of energy saving 
activities are clearly their high costs, low gains, and long pay-off periods. The lists of 
already implemented activities are clearly longer than those of planned 
future energy saving activities, which seem mainly to be limited refinements 
of past efforts. While the largest customers are getting significant support 
from the suppliers, others are looking for some help from suppliers to 
improve their energy savings. These findings are summarized in Table 3:2. 
 
So far the smaller key industrial customers mostly have had to pay for 
assistance from their energy suppliers. The barriers to supplier support are 
mainly viewed in terms of costs and the suppliers' relative inexperience in 
providing such service. The customers have almost no idea about what the 
suppliers are planning to offer in terms of future energy saving activities. 
Some report that they would like assistance in finding the best rates and 
improvement analyses/monitoring techniques. 
 
 

 
Table 3:2. Key Industrial Energy Customer Findings on Energy Saving Activities 
 

Questions: Larger key customers Smaller key custs.

Importance of ESA             very high        <=>        high

Existing ESA        many advanced   <=>    few simple

Barriers to ESA       high cost, low gains, long pay-off

Future ESA plans                 smaller refinements of existing ESA

Support from suppl.                substantial help  <=> little help that cost

Future ESA offers                            don’t know

Demands on suppliers                ok              <=>      need help

The role of IT for ESA             very important <=>     don’t know

Future IT support     clearly desired



 

 

 
Again, the largest customers consider IT central to energy saving activities. The 
smaller key customers are more uncertain and view the lack of IT knowledge 
as a barrier. They are also less inclined to plan for using IT to save energy and 
seem to want help from the suppliers in this area. Even the larger customers 
seem to have a demand for cooperation with the suppliers regarding the IT side of 
energy savings. Thus, the IT and energy connection can be a key area for 
energy suppliers to pursue together with especially their most valuable 
industrial customers and thereby generate valuable knowledge and services 
of relevance to the smaller industrial key customers. 
 
 
3.3.2 The household energy market in Karlshamn 
 
Adding an End-consumer Survey 
 
Given that at least the largest industrial energy customers were already quite 
advanced energy savers, it is more promising to look at the many smaller 
customers, such as household residences, for energy savings potential. This 
was also supported by findings of other subprojects, and the steering 
committee meeting in March therefore decided that we should redirect our 
focus towards the residential market. 
 
We designing a consumer survey that was administered through the 
publication and website of Commersen, which is sent to every household in 
Karlshamn’s municipality. The survey design involved pre-testing of 
decision style estimating features, suggestions from KEAB, and an energy 
idea contest to generate interest with 16 000 SEK in prices. Unfortunately, 
there were only 21 responses, which was probably due to several 
circumstances such as short time, lack of interest and ideas regarding energy 
issues among the general population, lack of marketing and prominent 
display, questionable media, lack of reward for answering without any idea, 
and the competing local attention towards the opening of the science park 
Kreativum. 
 
We therefore conducted a supplementary phone survey covering the same 
questions regarding energy saving attitudes, supplier satisfaction, interest in 
various future services related to energy, desired information on electric bills, 
and energy saving ideas. This also served as a non-response analysis of the 
first survey attempt, which had only been seen by less than 9% of the random 
phone sample. Furthermore, none of the phone respondents who had seen 
the first survey had responded to it, mostly due to lack of interest. Hence, the 
two main reasons for the low response rate of the first survey attempt seemed 
to be that very few noticed it and the few who did were sufficiently 
uninterested to not respond. 
 
However, the phone survey generated a much higher response rate. Out of 
the total 230 telephone calls made to random numbers in the Karlshamn 
directory, 111 answered in person (48%, not including answering machines) 
and out of these, 80 agreed to answer the questions (i.e., 35% of the calls 
made and 72% of answered calls, of which 15 refused due to lack of time or 
interest and 16 were deemed unsuitable due to lack of understanding from 
hearing problems, age, etc.). While many of the questions had strikingly 



 

 

similar results (see the Tables 3:3, 3:4, and 3:5 comparing the findings of the 
first ”Commersen” survey and the phone survey findings), there were also 
several indications of higher interest levels in, for example, various desired 
information on the electric bill. It can be expected that the mere form of 
phone interviewing elicits higher espoused interests than mail surveys, so the 
high interest findings of the phone survey should be carefully interpreted 
due to possibly being methodologically inflated. At the same time, it is 
interesting to note the possibility for energy suppliers to make practical use of 
this possible methodological bias by interacting with household customers 
via the phone and thereby raise the customer interest in possible services. 
 
The total sample consisted of mostly males (65 versus 36 females) and the 
phone survey subsample had an average age of 52 (ranging from 25 to 85), 
lived in their own houses (65 versus 15 living in apartments), and had an 
average of 2.7 household members. The total population of Karlshamn 
consists of approximately 14.000 households and 31.000 persons (i.e., an 
average of 2.2 household members) that are evenly distributed between men 
and women and have an average age of 42 years. Thus, it is a small 
exploratory sample of less than 1% of the total population with an 
overrepresentation of men and older persons with somewhat larger 
households. While no claims are made for the results being statistically 
generalizable to the whole population, the apparent sample bias seems 
reasonable in terms of relevant energy customers. 
 
 
Survey Findings 
 
Basically, almost all of the 101 responses were quite positive towards energy 
saving activities. They considered energy questions being important for their 
households and that energy savings will save the environment and create 
resources for future generations without reducing living standards, hindering 
product development or causing unemployment (see Table 3:3).  
 
Furthermore, they were interested in not only the lowest possible price 
(although this was their top priority), but also ”green” energy, energy saving 
advice, load management, electric security equipment 
(”elsäkerhetsutrustning”), energy saving household appliances, and so forth. 
 
 

 
Table 3:3. Household Energy Market Findings on Energy Saving Activities 

Questions:                   First 21  respondents Add. 80 phone resp.

Importance of energy          high high

ESA will:a) save the env.          High high

b) reduce living standard           low low

c) reduce household cost       moderate moderate

d) hinder product devel.           Low low
e) create future resources          high moderate/high

f) create unemployment           low low

Overall view of ESA           very positive positive



 

 

 
Table 3:4 presents the average rankings of various future services. For 
example, the ”2,0 by 95%” figures for first 21 respondents on the ”lowest 
possible price” alternative mean that 95% of the respondents rated this as a 
future service that they are interested in and on average these 95% ranked it 
as the second most important future service. That is, the lower average rank 
the more important the future service. The relatively high ”internet via power 
lines” ranking by the first 21 respondents can be explained by the fact that 
half of these responses were made via the internet on the website of 

”Commersen”. 
 
 
Table 3:4. Household Energy Market Findings on Future Service Preferences 
 
There was a fairly wide spread regarding desired information on the electric 
bill, such as the cost for the actual period, estimates for future period, use 
statistics, and optional payment forms and periods. Table 3:5 shows the 
rather large differences in percentages between the initial ”Commersen” 
survey and the supplementary phone survey regarding the bill information. 
The respondents were moderately satisfied with their present energy 
supplier. Approximately a third wanted to be contacted by their supplier.  

 
 
Table 3:5. Household Energy Market Findings on Electric Bill Information 
 
 
The energy saving ideas ranged from alternative energy sources and seasonal 
as well as age differentiated approaches to concrete technical suggestions and 
slogans (see Appendix for a list in Swedish). A jury consisting of members 

Future services ranking: First 21 responde Add. 80 phone resp.

lowest possible price 2,0  by 95 % 1,5  by 95 %

green energy 2,6  by 47 % 2,8  by 75 %
energy saving advice 2,8  by 47 % 3,6  by 74 %

internet via power lines 3,7  by 33 % 5,6  by 26 %

load management 3,8  by 67 % 4,2  by 60 %

energy security equipm. 3,9  by 57 % 3,5  by 79 %

energy saving appliances 4,4  by 57 % 4,1  by 69 %

Bill information: First 21 resp. Add. 80 phone resp.

use statistics 57 % 81 %

forecast for next period 43 % 61 %

the cost of present period 38 % 78 %

optional payment form 38 % 51 %
household specific advice 33 % 55 %

optional payment periods 29 % 51 %



 

 

from the KEES research group and steering committee selected the following 
price winning ideas: 
 
1. An insightful poem about special energy problems of the growing 

segment of elderly consumers and how energy suppliers can cater special 
energy services to this so far largely neglected group in terms of energy 
services (by Karin Ulvesten); 

2. An idea for a pedagogic ”energy speedometer” that compares the present 
energy consumption of a household with the normal consumption and 
signals green when its below and red above (by Stefan Karlsson); 

3. A suggestion to adapt the offering of various related energy services and 
products to seasonal variation, such as offering insulation materials in the 
fall and heat camera shots during the early winter (by Lars-Olof Larsson); 

4. A short and meaningful slogan about energy and environmental savings 
to have a cleaner world (by Ingegerd Lendl); 

5. A suggestion to pressure electric appliance producers to eliminate the 
present energy consumption of many appliances when they are turned 
off (by Otto Ottosson). 

 
 



 

 

3.3 Decision Style Segmentation of the 
Respondents 
 

Mass-marketing approaches have traditionally been built upon increasing 
sales volumes by increasing the number of exposures of advertisements. That 
is, companies have tried to increase their market shares by advertising more 
times to more people by using newspapers with greater circulation, radio 
programs with greater listening audiences, television programs with greater 
viewing audiences, and direct mailings to greater parts of the population.  
 
However, sales performance can be seen as a function of both the number of 
exposures and the precision of which these exposures result in actual sales. 
For example, 10 000 exposures with 2% precision/hit rate result in 200 sales. 
The volume-based marketing approach suggests that these sales can be 
increased by, let’s say doubling the number of exposures to 20 000, which 
would with the same precision result in sales also doubling to 400. This 
reasoning neglects ”the dark side of rejected market offerings”, tough. If only 
2% of the exposures result in actual sales, then 98% result in more or less 
conscious rejections. In our illustration above, this means that 9 800 rejected 
the first offering and by merely doubling the number of exposures, we have 
also doubled the rejections to a sizable 19 600. At some point, the mass-
marketing companies will undermine its future markets with low-precision, 
high volume exposures that cause more frustration than actual sales (cf. 
Larsson & Passby, 1997). 
 
Companies have thus increasingly begun to use segmentation to increase 
their marketing precision, that is, in some way tailoring market offering to 
different parts of the market. This segmentation has mainly been based on 
demographic differences, such as, gender, age, household size, income, 
profession, and nationality. While clearly being a step in the right direction 
towards high-precision marketing, demographic segmentation has seldom 
been able to substantially increase sales hit rates. 
 
The present Karlshamn household sample can be partly analyzed in terms of 
a couple of demographic differences. The whole sample includes information 
about gender and the supplementary telephone survey includes additional 
information regarding age and living in houses versus apartments. Table 3:6 
below shows how these demographic segments differ in terms of their 
responses to the questionnaire. 
 
The greatest differences (more than 0,5 on the 5 point scale questions 
regarding energy savings and supplier satisfaction, more than 1,0 average 
ranking of future services, and more than 15% of desired bill information and 
supplier contact) have been marked with < or > in the table. As we can see 
there were quite few substantial demographic differences. Men wanted 
somewhat more information on their electric bills and especially optional 
payment forms, while women were somewhat more interested in green 
energy and electric security equipment. Men were slightly less satisfied with 
their energy suppliers and wanted also to be more contacted by them than 
women. 
 
Younger respondents (less than 50 years old) believed that energy saving 
activities could reduce household costs to a somewhat greater extent and 



 

 

wanted more bill information, while older respondents (50+) tended rank 
future services like load management and energy saving appliance offerings 
somewhat higher. Respondents living in their own houses felt that energy 
issues, including reducing household costs and wanting more bill 
information as well as to be contacted by their supplier. Those living in 
apartments had perhaps a more ”idealistic” view of energy issues, where 
they considered energy saving activities would save the environment and 
were interested in future services like green energy.  
  
In sum,  these demographic findings were quite limited and unsurprising. 
Thus, we should attempt another basis for segmenting our way towards 
higher marketing precision. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3:6. Demographic Segmentation Comparisons 



 

 

3.3.1 A Decision Style Approach to Market Segmentation 
 
The ISES research group found a more promising basis for high-precision 
marketing segmentation in Driver’s Decision Style model of human 
information processing (Larsson & Baderschneider, 1997; Larsson, Driver & 
Sweet, 1998). The model and theoretical basis it is built upon addresses how 
individuals differ in terms of two dimensions: (1) the amount of information 
use (i.e., does the individual settle for using only small or moderate amounts 
of information – satisfice – or does s/he use as much information as possible 
– maximize); and (2) solution focus (i.e., does the person generate one single 
solution to a problem and stick to it over time – unifocus – or does s/he 
generate several different solutions that are all entertained and/or changed – 
multifocus). The combination of these two dimensions creates a matrix, 
shown in Figure 3:1 with five major types of Decision Styles – Decisive, 
Flexible, Hierarchic, Integrative, and Systemic (Driver, Brousseau & 
Hunsaker, 1993; Driver & Brousseau, 1997). 
 

 
Figure 3:1. Decision Style Matrix 
 
Individual differences in information processing can capture essential 
characteristics of customers as well as organizational members. By knowing 
the Decision Styles of customers, products can be developed to suit 
individual ways of processing information, and also be effectively marketed 
in a corresponding manner. Larsson, Driver and Sweet (1998) have 
summarized the ISES research findings of how this model can be used for 
effective customer style accommodation in the energy markets as follows. 
 
The Decision styles of energy customers influence their attitudes, 
communication and other behavior related to power use (Sweet, 1997; 
Passby, 1997). Larsson and Sweet (1996) outlined a basic high-precision 
marketing framework for how utilities can achieve mass-personalization 
through interactive marketing information systems. By using interacting 
interfaces, the customers themselves provide Decision Style indications that 
enable utilities to accommodate the ways in which customers process 
information thus increasing the likelihood of satisfaction and loyalty.  
 
Decision Styles can be used to improve precision in marketing in at least four 
ways: 

Information use
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Fast analytic
Action-oriented logical Systemic
Efficient quality analytic
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Flixible Integrative hensive
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1. to determine what type of product or services to offer to differing styles; 
2. to determine how to communicate offers in a style appropriate manner; 
3. to determine what salesperson style will be the most effective for different 

customers; 
4. to determine what salesperson style is most effective for different 

products given their information characteristics. 
 
As an example of the first use, utility customer’s Decision Styles were 
analyzed as well as their approach to selecting a electric utility service and 
their preferences concerning information content of their electric bill. Larsson 
and Passby (1997) present some preliminary findings how individual 
household customers differ in terms of electric power system preferences 
(such as how many new services they are interested in and if they want to 
control the services themselves or let the power supplier do it for them) 
depending on their Decision Styles (see Figure 3:2).  
 
With regard to style impacts on the form of communication used, Driver and 
Cresse (1997) found that in an American sample only the high data oriented 
Hierarchic style wanted a large amount of varied information and advice on 
their bill. A similar study in Sweden confirmed this pattern in general. 
However, in Sweden the other high-information use style - Integrative, also 
showed interest in complex content of the bill. It appears that both the nature 
of the product and culture affect how style relates to preferred 
communication patterns. For instance, the multi-focus, complex Integrative 
style may not want information on what they see as non-critical issues, such 
as electric bills, in the U.S.; but in Sweden the relevance of energy issues may 
be more central and induce some Integrative customers to seek more 
information.  
 

 
Figure 3:2. Decision Style Differences in Energy Preferences  
(D = Decisive; F = Flexible; H = Hierarchic; I = Integrative; S = Systemic) 
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A similar type of matching process can be realized between sales people and 
their customers. Baderschneider (1996; 1998) studied the importance of 
Decision Style fit for customer-utility relationships in Germany and Sweden. 
Fifty-six customer relationships of seven power producer and distribution 
firms were analyzed in terms similarity of the Decision Styles of the firm 
representatives and the respective customer. Out of the 36 customer 
relationships, which were considered to be good, 84 % shared at least one of 
the two style dimensions use and focus. In contrast, the 19 problematic 
customer relationships were to 53 % characterized by so called ”toxic” 
communication, that is, completely opposite Decision Styles. Thus, sales 
attempts to accommodate customer styles seem to have great promise. 
Current developments include ”Sales Partner” software to facilitate 
estimation and accommodation of customer Decision Styles and ”Sales 
Partnering” workshops for building better relationships with industrial 
customers (Larsson, Sweet & Baderschneider, 1997). 
 
Finally, products are most effectively sold by a sales person with a style 
appropriate for the product. Brousseau (1987) found that maximizing 
Decision Styles were more successful in selling complex products. In contrast, 
a much simpler product required more satisficing styles. In all, Decision 
Styles were able to predict the studied sales persons’ performance to a high 
degree of accuracy. 
 
 
3.3.2 A Decision Style-based Design of the Karlshamn 
 Household Questionnaire 
 
The regular way of measuring Decision Styles consists of answering two 
questionnaires with a total of 105 questions. When dealing with customers 
and other ”non-captive” populations, it is hardly possible to ask them to 
spend 30-60 minutes on answering for them irrelevant questions. Instead, 
customer style assessments need to be more unobtrusive through either 
personal observation or various systems that can capture style indications. 
One such system is consumer surveys that can be designed to not only 
generate answers to certain attitudinal questions, but also to capture how the 
respondents process information, such as the amount and focus of 
information that is processed (Larsson, Sweet & Baderschneider, 1997). 
 
A first attempt at such a style-indicating questionnaire was done in this 
project. By using varying question designs, like some open-ended questions 
(where maximizers are likely to answer with more words), some ranking of 
optional alternatives (again where Integratives and Hierarchics are likely to 
rank more alternatives), some choosing an optional number of alternatives 
(where Flexibles and especially Integratives are likely to select more) and so 
forth, the way in which the respondents answer the different questions can 
indicate their respective Decision Styles. 
 
The first design of this survey was tested with 54 students, of which 34 also 
answered the regular Decision Style questionnaires. In this way, we could 
test the validity of the style indications, which turned out rather satisfactory 
for a first attempt. Positive significant correlations were found for the Flexible 
and especially Hierarchic styles. One possible reason for the partial blurring 
of some of the styles is that no distinctions have so far been made between 



 

 

role and operating Decision Styles even though this can be a highly relevant 
distinction. Nor did we attempt to identify the fifth Systemic style, since it is 
only assessed as an operating style. 
 
Table 3:7 shows this first tentative Decision Style segmentation. Although the 
survey design, style indicating algorithms, and empirical data all need 
further improvements, there are some promising initial findings. In 
comparison with the demographic segmentation, the Decision Styles 
differentiated more clearly the various attitudes towards energy saving 
activities.  
 

 
Table 3:7. Tentative Decision Style Segmentation 
 
Decisive consumers were more categorically positive (i.e., high scores on 
energy saving activities saving the environment, reducing household cost, 
and creating future resources) and non-negative (i.e., low scores on energy 
saving activities reducing living standards, hindering development, and 
causing unemployment), that is, black and white in their energy attitudes. 
They were paralleled by other unifocus Hierarchics with the second highest 
difference between high positive and low negative attitudes, while the 
Integratives and especially Flexibles were more balanced. 
 
The ranking of future services showed that, while all were clearly most 
interested in as low energy prices as possible, the Integrative style ranked 
green energy higher than the others. The Integrative style also was the least 
interested style in energy saving advice and load management in contrast to 
the Decisive style that expressed higher interest in these two future services 
than the rest of the styles. 
 

Questions:                     Decisive   vs.  Flexible   vs.  Hierarchic  vs.  Integrative

Importance of energy 4,1 4,1 4,2 3,7
ESA will:a) save the env. 4,4 3,7 3,6 4,0
b) reduce living standard 1,8 2,4 1,9 2,2
c) reduce household cost 3,7 2,5           3,2 2,9
d) hinder product devel. 2,2 2,1 2,1 2,3
e) create future resources 4,4 3,5 3,7 3,6
f) create unemployment 2,1 2,2 2,1 2,1
Overall view of ESA 4,8 4,0 4,1 4,1

Future services ranking:   
lowest possible price 1,7 by 94% 1,6 by 96% 1,7 by 94% 1,4 by 98%
green energy 3,3 by 69% 3,1 by 68% 3,1 by 59% 2,0 by 83%
energy saving advice 3,1 by 94% 3,4 by 86% 3,6 by 72% 4,3 by 28%
internet via power lines 6,7 by 19% 4,6 by 39% 5,5 by 19% 4,9 by 32%
load management 3,7 by 62% 4,3 by 61% 3,8 by 91% 5,2 by 32%
energy security equipm. 3,8 by 75% 3,5 by 82% 3,5 by 75% 3,5 by 64%
energy saving appliances 3,8 by 75% 4,2 by 75% 4,4 by 62% 4,6 by 56%

Bill information:   
use statistics 88% 71% 75%      76%
forecast for next period 69% 86% 44%      36%
the cost of present period 75%      82% 72%      48%
optional payment form 56% 71% 31% 40%
household specific advice 81%      75% 22% 40%
optional payment periods 44% 71% 28% 44%

Satisfaction with energy sup. 3,6 3,2 3,3 3,6
Want to be contacted by sup. 31% 43% 28%      32%



 

 

The desired bill information counter-intuitively indicated that the satisficers 
wanted more information than the maximizers. This could be in part due to 
the phone being the most used survey media and satisfizers can give quick 
yes answers to many items that are orally enumerated. More according to 
theory, the multifocus and especially the Flexible style seemed to be 
interested in various payment options. Hierarchics wanted the least such 
options. Flexibles were also the most interested in being contacted by their 
energy supplier. 
 
 



 

 

3.4 Practical Implications 
 
Given the limitations of this exploratory market study of energy saving 
attitudes among Karlshamn customers, the following practical implications 
should be viewed as tentative. First, the implementation of energy saving 
activities is likely to benefit from being framed as popular pioneering efforts 
that will result in fast and substantial cost savings without placing blame on 
those responsible for not having done these efforts before. 
 
Second, given that the largest industrial customers are already quite 
advanced in terms of energy saving activities, the main opportunity for 
energy suppliers in this area is to broaden their attention to the somewhat 
smaller industrial / business customers as well as households (see below). A 
key area for the energy suppliers is to develop IT applications for energy 
savings together with the largest industrial customers (which still demand 
new IT-based energy services), and then gradually diffuse the 
implementation of such IT energy services to other smaller business 
customers (which presently seem to lack knowledge about connections 
between IT and energy). 
 
Third, the higher response rate and indications of greater interest among 
residential/household customers responding by phone suggest that the 
phone might offer the most effective means for energy suppliers to 
”energize” household customers towards new services. 
 
Fourth, there seems to be a fairly strong potential for positive attitudes 
towards energy saving activities among household customers. Almost all 
respondents expressed favorable views of energy saving activities in general 
and their ability to save the environment and create resources for the future 
without decreasing the standard of living, hindering product development or 
causing unemployment. 
 
Fifth, there seems also to be substantial household interest in various future 
energy services, albeit that the most demanded service still being energy at 
lowest possible cost. Many are quite interested in ”green energy”, energy 
saving appliances, energy saving advise, and electric security equipment, 
while some are interested in supplier controlled load management and other 
special energy services like internet via power lines, remote control of 
summer houses, burglar alarms and other warning systems. There is still no 
evident market pull for these services, but there are early indications of the 
potential to successfully introduce them. 
 
Sixth, most household respondents wanted more information or payment 
options on their electric bill (on average 5 out of 12 items were selected). Most 
wanted statistics on usage and many wanted forecasted use for the next 
period as well as optional payment methods, periods, and alternative 
agreements. 
 
Seventh, most household respondents were moderately satisfied with their 
energy supplier and only a third wanted to be contacted. This third seems 
slightly less satisfied than those who do not want to be contacted, so this can 
be an opportunity to increase customer satisfaction.  Not wanting to be 
contacted may also reflect a general avoidance of 'sales calls' by most people 



 

 

in general.  More focused or targeted contacts addressing energy savings may 
actually be met wit a positive response. 
 
Eighth, demographic segmentation of the household sample generated largely 
rather obvious findings that younger/male home owners tend to be more 
interested in more information on their electric bills and want to be 
somewhat more contacted by their energy supplier than older/female 
persons living in apartments.  Homeowners use more energy and thus we 
would expect them to express more interest in these questions, as the 
demographic segmentation indicates.  
 
Ninth, our use of the Decision Style model for more useful and precise 
household customer segmentation (than demographic segmentation) offered 
preliminarily promising findings. Decisive customers were the most positive 
toward energy saving activities, even to the counter-intuitive extent that they 
expressed desire for more information on the bill, load management and 
advice.  We interpret these indications as the decisive style seeking 
information, assistance and advice toward a bottom line result of improved 
energy efficiency. 
 
Flexible customers were the most balanced style in terms of seeing both 
positives and negatives with energy saving activities. They wanted more 
varied information on their electric bill and were the ones who most clearly 
preferred payment options. Flexibles were actually by a small margin the least 
satisfied with their energy suppliers and the most interested in being 
contacted by the suppliers.   
 
Hierarchic customers were the least interested in different payment options 
and in being contacted by their energy supplier. Hierarchic & Integrative 
customers were surprisingly less interested in obtaining more bill 
information than Decisives and Flexibles.  We interpret this as more of a 
caution against supplying Flexible and Decisive customers with massive 
amounts of information, as these styles may have responded more positively 
to phone/personal inquiry than Hierarchic & Integrative styles responded.   
 
Integratives were also predictably the most interested in ”green energy” 
though they were least interested in load management.  Load management is 
a 'singular' concept in the way that we phrased the question.  It is therefor not 
surprising that the Integrative style found it less appealing, while "green 
energy" by its nature implies "alternative options" which should appeal to the 
multi-focused Integrative style. 
 
Finally, it should again be emphasized that these are only tentative 
conclusions based on a quite limited and exploratory study. However, these 
preliminary findings are sufficiently promising to warrant more extensive 
research as well as practical rethinking about the new business opportunities 
that energy saving activities, IT developments, and market attitudes seem to 
converge towards. Energy suppliers should be wary of writing-off these 
developments as inherently uninteresting to customers or they risk finding 
that their opportunities will instead become threats at the hands of more 
insightful competing suppliers. 
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Chapter 4 
 
 

Karlshamn IT Infrastructure 
 

Ståhl, C. - Petterson, H. 

 
 
 
4.1 Executive Summary 
 
This report provides an overview of the IT infrastructure in Karlshamn commune 
that is suitable for introducing value-added services that require two-way 
communication between companies (in particular electric utilities) and customer 
premises. The findings in this report provide a basis for recommendations toward the 
final implementation of the KEES project.  
 
Based on the analysis done on the information gathered, the following conclusions 
can be drawn: 
 
• Electricity and telecom network both have 100% customer reach. This means 

that both the companies have the possibility to offer IT related services to all the 
population in Karlshamn via their network. Cable TV on the other hand has more 
limited coverage of about 65% (average figure in Sweden, likely to be lower in 
Karlshamn). 
 

• One of the potential problems of using electricity distribution network as the 
communication medium in introducing broadband services such as Internet 
access is the many different types of cables that are in use in the network. 
Telecom and cable TV network on the other hand, have relatively less cable types. 
The many types of cables may imply increase cost of deployment due to the need 
for more characterisation and calibration of the cables and the associate 
equipment. 
 

• To have sufficient number of subscribers to the services is one of the basic 
requirements to motivate an investment. Based on the average number of 
customers per substation and the business case put forward by one of the vendors 
of the powerline telecommunication systems, it appears that only KEAB can meet 
this basic requirement with its average customers per substation of about 100 
assuming a take-up rate of about 20%. 
 

• It will be very difficult to motivate the introduction of IT systems solely for the 
purpose of enhancing the efficiency of the electricity distribution network. This is 
due to the already efficient electricity distribution network in Karlshamn with its 
distribution losses at the low voltage level of just about 4-5%. Taking into 
consideration the inherent copper losses in the network, a further reduction of 
half percent translates to only about 100 000 SEK per year at today’s energy 
price. 



 

 

 
4.2 Introduction 
 
4.2.1 Background 
 
The KEES (Karlshamn Energy Efficient System) project is initiated by 
EnerSearch to investigate the possibility of further enhancing the efficiency of 
energy systems by the use of IT. Beside energy efficiency, the project also 
investigate other possibilities made possible by IT such as introducing value-
added services, raising the standard of living of the community, etc.  
 
The KEES project is partly funded by the EU and it involved several 
universities in Sweden in its activities. The tasks to be carried out by the 
Dept. of Industrial Control systems in the Royal Institute of Technology, 
Stockholm, can basically be divided into two phases. 
 
In the first phase, an exploratory survey will be carried out to identify the 
existing and upcoming IT infrastructures that can be used to provide the 
needed two-way communication channel between utility and its customers to 
enable energy efficiency measures to be taken. The goals and expectations of 
the stakeholders will also be identified (mainly the steering committee, since 
the end customers survey is carried out by Lund University).  
 
In phase two, evaluation will be carried out based on inputs from various 
sites. Evaluations on technology alternatives, considerations on customer 
preferences and needs, as well as environmental constraints, are some of the 
activities to be carried out during this phase. The final deliverable from this 
phase will be a report providing guidelines and recommendations suitable 
for practical implementation.  
 
This report constitutes part of the deliverables in phase one of this project. It 
provides an overview of the existing IT infrastructure in Karlshamn 
commune and a brief description of the different techniques that can be use 
in the context of the KEES project. The advantages and disadvantages of 
using the electricity network as the communication medium vis-à-vis telecom 
and cable TV network are also discussed. 
 
 
4.2.2 Purpose 
 
The purpose of this part of the project is to take stock of the IT infrastructure 
in Karlshamn commune and to provide an objective assessment on the 
suitability of the various IT networks in delivering value-added services. The 
possibility of further enhancing the efficiency of the electricity distribution 
network is also looked into. The results from this study will provide some 
basis for the recommendations to be made in the second phase of the project 
concerning practical implementation of the KEES project.  
 
 
4.2.3 Scope 
 



 

 

This study covers only the electricity distribution network, the telecom 
network, and the cable-TV network. It does not cover other 
telecommunication network such as GSM, satellite network, etc. 
 
Abbreviations 
 
ARM Asarum  
ATM Asynchronous Transfer Mode 
DSL Digital Subscriber Line 
GSM Global System for Mobile communication 
HEÖ Hemsjö 
KEAB Karlshamn Energi AB  
KEES Karlshamn Energy Efficient System 
KK Karlshamns Kommun 
LAN Local Area Network 
MRM Mörrum 
OKAB Olofströms Kraft AB 
SSAS Svängsta 
TUM Trensum 
 
 



 

 

4.3 Technologies for data communication 
 
Today, many different data communication technologies have been 
developed that made it possible to deliver information related services by 
using other existing infrastructure beside the traditional telecom network, for 
example, on the electricity distribution network and also on the cable-TV 
network. In the following, some of these technologies will be briefly 
described.     
4.3.1 Telecom network 
 
The existing fixed telecom network has big potential for delivering 
broadband services with high capacity. However, the telecom fixed network 
was originally designed for use in a totally different frequency spectrum 
(voice band) than that required for delivering broadband services. Beside the 
physical characteristics of the copper cables that cause problems such as 
damping and distortion of the signal, the equipment used in delivering the 
services that it was originally designed for (basically voice telephony) has 
also limited the possible transmission rate on the network. To overcome these 
problems, digital techniques were introduced gradually by telecom network 
operators to replace the traditional analogue techniques. Some of the most 
promising techniques are described below.  
 
 
ATM 
 
ATM, Asynchronous Transfer Mode, is a relatively new packet technology 
that offers significant benefits over other data transfer methods such as frame 
relay, X25, or IP routing. It was developed specifically to allow a single 
network to simultaneously handle the large frames bursted by datacom 
applications and still provide the low delay requirements of real time 
processes.  
 
ATM network is connection-oriented, i.e., it provides point-to-point 
connection and is designed to operate at very high data transfer rate. ATM 
switches are needed in order to take advantage of this technology. One of the 
tricks in the ATM network is that every cell has a fixed size of 53 bytes. Thus, 
real time traffic has to wait no longer than one 53 byte cell for processing. 
ATM can also offer and guarantee different quality of service. If the network 
cannot support the parameters the traffic is refused or the network may try to 
negotiate other values for the parameters with the user. Data streams from 
different users are interleave or multiplex into a common connection with no 
impact on any of the users. Thus, several tasks can be initiated and carried 
out simultaneously in the fore- and background. Today, ATM switches are 
used in rapidly increasing numbers in the Internet backbone.  
 
 
DSL  [6] 
 
DSL (Digital Subscriber Line) technique is one of the techniques that 
increases the data transmission rate to subscriber by using the existing copper 
cables of the telecom operators, thus, eliminating the need for installing fibre 
optic cable to every household. The traditional voice telephony utilises only a 
little part of the bandwidth available in the telecom copper cable, i.e., the 4 



  

 

kHz voice channel. By making use of the higher frequency spectrum, it is 
possible increase the data transmission rate to a few megabit per second 
provided the cable is not too long, normally a couple of kilometre. 
 
XDSL is a whole family of techniques based on the concept of DSL adapted 
for different applications and user requirements. In the following, a brief 
description of the various DSL-based techniques is given.  
 
 
ADSL (Asymmetric DSL): Data transmission rate on ADSL is asymmetric 
and the maximum date rate can vary depending on the cable length from the 
local exchange to the subscriber’s premise. For a distance of not more than 4 
km, a downstream (from the local exchange down to the subscriber) data rate 
of up to 6 Mbps and an upstream (from subscriber to the local exchange) data 
rate of about 640 kbps is possible. The asymmetrical data rate is very suitable 
for Internet access and also for applications such as video-on-demand. ADSL 
is a relatively mature technology having been through several years of testing 
and trials. 
 
In October 1998, the ITU (International Telecommunication Union) has 
specified a set of standards for ADSL Lite which is specifically targeted at the 
residential and the SOHO (Small Office Home Office) segments. The unique 
features of this ADSL Lite are its splitterless configuration and also its rate 
adaptive feature. These features contribute to its ease of installation and use. 
This version of the ADSL has a downstream data rate of about 4 Mbps and an 
upstream data rate of about 320 kbps for a distance not more than 3 km. 
Commercial products complying with the standards are already available.   
 
HDSL (High bit rate DSL): HDSL was the first version of DSL introduced. It 
requires two pairs of cable to provide a full 1.5 Mbps, duplex service up to a 
distance of about 4 km. HDSL is not suitable for use in the household because 
it cannot co-exist with voice telephone services on the same pair. 
 
RADSL (Rate Adaptive DSL): This is perhaps the most advanced of all the 
xDSL techniques. RADSL modems can automatically asses the condition of 
the twisted pair connecting them and optimise the line rate for a given line 
quality. This allows the service provider to provision service without having 
to measure a line and manually adjust or choose a modem to match. 
 
VDSL (Very High Bit Rate DSL): VDSL is an emerging technology that 
promises to deliver data rates as high as 52 Mbps downstream to the 
subscriber over short spans of copper wires (about 300 meters), and lesser 
rates over longer spans. Upstream rates are in the 1.5 to 2.3 Mbps range. Since 
not many people live within 300 meter range of a telecom central office, 
VDSL must be deployed in conjunction with FTTC (Fibre to the curb). 
 
 
ISDN [9][10] 
 
As its name implies, ISDN (Integrated Service Digital Network) is a pure 
digital service. It offers two 64 kbps digital or bearer channels and one 16 
kbps signalling or data channel (2B+D). When communicating with a 
common telephone, the analogue signal is sent from the subscriber to the 
telephone exchange. In the exchange, the analogue signal is converted to 



 

 

digital signal and the signal is then transported to the next exchange where 
the signal is finally reconverted back to analogue before it reaches the end 
user. 
 
In ISDN, the signal conversion is done in the subscriber’s premise instead of 
at the telephone exchange. Thus, only digital signal is sent over the network 
and it is always routed through digital switches, therefore maintaining its 
quality. Another difference between common telephone and ISDN is that 
common telephone only has one channel for both voice and data, thus one 
can not have both voice and data simultaneously. On the other hand, ISDN 
has several channels. 
 
 
B-channels 
 
In a common basic subscription for ISDN, there are 2 B-channels of 64 kbps 
each for data communication. If there is a need to send large quantity of data, 
these two channels can be combined to provide a circuit with 128 kbps. This, 
however, requires subscriber to buy a special terminal adapters that “bond” 
the two B channels together. 
 
D-channel 
 
Beside the 2 B-channels, there is also a D-channel that is used for signalling 
under a basic subscription to ISDN. This channel can be used for a limited 
amount of data communication since its capacity is only 16 kbps. Today, 
ISDN’s capacity can be said to be relatively low compares with other 
techniques such as ATM and ADSL, etc. 
 
4.3.2 Powerline Telecommunications [5] 
 
Many electricity distribution (network) companies are becoming interested in 
turning their electric distribution network into a data communication 
network. The obvious advantage is that all the households are already 
connected to the network and there is no need to lay more cable to reach out 
to them. 
 
There are basically two categories of the PLT (Powerline Telecommunication) 
systems. One narrowband system that complies with the CENELEC 
frequency allocation (9-95 kHz) and another that uses frequency band in the 
megahertz range, delivering broadband services. An example for the 
narrowband system is the SENEA system commonly used by utilities for 
remote meter reading, etc. An example of the broadband system is the one by 
Norweb, providing fast Internet access. 
 
Nortel [5] has developed a system that takes advantage of the fact that most 
of those large electricity distribution companies have their own fibre optic 
network that often reaches out to their substations. In the substation, a 
converter is installed as the interface between the fibre optic network and the 
low voltage distribution network. 
 
In the customer’s premise, a receiver box is installed by the side of the main 
fuse box to separate the high frequency data signal from the power 



 

 

frequency. It also serves to protect the data traffic from disturbance from 
noises generated in the electricity network. 
 
The aggregate data rate of this system is up to 1 Mbps, i.e., about ten times 
higher than a common ISDN connection. It must be noted that, however, that 
the bandwidth is shared among all users connected to the substation. Thus, 
the effective data rate per user will normally be lower than 1 Mbps. Nortel 
estimated the cost of equipment (receiver and filter) for this system will not 
be more than that necessary for a common ISDN connection.  
 
Since Nortel system uses very high frequency (from 1-20 MHz), it is suitable 
for use in underground and shielded cables only. It is not suitable to be used 
on unshielded overhead cable since it may cause interference to electrical 
equipment that is sensitive to radio interference. 
 
A narrowband system by SENEA is described in section 4.3.2. 
 
 
4.3.3 Cable-TV 
 
The cable-TV network can also be used for data communication. There are a 
couple of reasons why cable-TV network is also advantageous to be used as a 
suitable medium for data communication: 
 
• It is an existing infrastructure where large amount of investment has been 

made. Beside, cable-TV network normally has very good coverage in city 
and other densely populated area. 

• The performance of cable-TV network is much better than the commonly 
used analogue dial-up modem connection. A data channel that takes up 
the capacity corresponds to a TV channel can transport data in a data rate 
of up to 30 Mbps. Beside, several channels can be used in parallel without 
interfering one another. However, cable-TV network is also a shared 
network, i.e., the bandwidth is shared by all the users connected to the 
same cable. Thus, the effective data rate may be lowered if more users are 
connected simultaneously. 

 
In order to transport data over the cable-TV network, at least two basic 
criteria must be fulfilled: 
 
Two-way communication 
 
In order to take advantage of the cable-TV network to provide data 
communication and broadband services, the network must be able to provide 
two-way communication. Traditionally, cable-TV network is only capable of 
one-way communication for the purpose of delivering TV program to the 
subscribers. The amplifiers and filters used in the network are only one-way 
and this equipment must be replaced or upgraded before the network is 
capable of providing two-way communication. 
 
Signal level and distortion 
 
In order to ensure that all the signals reach the subscribers without distortion, 
it requires that the network's signal level be monitored and met. This applies 



 

 

to both data signal and the surrounding TV-channels. Beside, any distortion 
or disturbance must be located and be eliminated. Together, these enable a 
good quality network that can meet the requirement of data communication. 
The improvement on the network also has a positive side effect, for example, 
a better TV-picture quality. 
 
Translator 
 
In order to activate two-way communication in the cable-TV network, it 
requires equipment that can receive incoming signal from the network's 
return-channel (upstream). The signal can then be sent out on a higher 
frequency in the downstream channel, see Figure 4:1. This process is carried 
out by a so-called translator that is installed in the channel concerned. Every 
channel has its own translator, which implies that for a channel to be 
activated for two-way communication, only one translator is necessary. 

 
Figure 4:1. Frequency usage in cable 
 
 
Customer equipment 
 
In the customer premise, it requires an Ethernet network card, software, and 
a cable-TV modem. Modems are available in various data rate, ranges from 
500 kbps up to several Mbps. 
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4.4 Communication media 
 
There are several different communication networks that have access to the 
households. In the following section, some of these network are described, 
namely, the electricity network, the cable-TV network, and the telecom 
network. 
 
 
4.4.1 Electricity distribution network 
 
The electricity network is a completely built-up network that stretches from a 
national level down to almost every household. It is divided into 4 levels, see 
Figure 4:2 
 

 
Figure 4:2. Configuration of the electric grid 
 
 
1. 400 kV and 220 kV network that are owned by the Swedish National Grid 

(Svenska kraftnät). 
2. 130 kV and 70 kV networks that are owned by about ten energy 

companies. 
3. 50-10 kV network that are owned by a large number of energy companies 

and communes. 
4. 0.4 kV, the low voltage distribution network (access network), which 

have the same owners as (3) above. 
 
Given below are some explanations to the terms commonly used in the low 
voltage distribution network. See Figure 4:3. 
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Figure 4:3. Access network 
 
 
• Distribution substation (nätstation) – transformer station that transforms 

the distribution voltage from 10kV (sometime 6 kV) to 0.4kV, which is the 
normal supply voltage to the end customers. 

• Low voltage – voltage from 0.4kV and below. 
• Low voltage ramification (feeders) – outgoing feeders from a distribution 

substation. 
• Service cable – coupling from a low voltage feeder to the end customer. 
 
 
4.4.2 Cable-TV network 
 
This section gives a brief description of the structure of the cable-TV network 
and the possibility of it being used in providing data communication. 
 
All the channels go out from the central transmitting station see Figure 4:4. 
From the central station, signals are sent out via trunk cables that are made 
up of coaxial cables. The trunk cable (also known as the D1 net) is about 400-
500 meter long and is connected with modules that can amplify and forward 
the signal in a single direction.  
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A shorter trunk network, the so-called D2 network that is about 200 meter 
long, is connected to the D1 network. This D2 network is built-up in a similar 
way as that of the D1 network except that it has more amplifier modules 
connected. 

 
Figure 4:4. Configuration of the cable-TV network 
 
 
The network within a building, the D3 network, has three different 
configurations: the star configuration, the cascade configuration, and the "star 
by the floor" configuration. These different configurations are built up in a 
different ways and they are further described in the sub-sections below. 
 
Cascade network 
 
Cascade network (see Figure 4:5) can be found in most of the older buildings. 
When the existing antenna receiver on the ceiling was changed, the original 
cables in the building were re-used to build up the new network. Since the 
earlier antenna cables were connected in "series", thus, it was easiest to lay 
out the new cable-TV network in a similar away. 
 
The length of cable and the number of outlets connected to a cascade network 
vary depending on the type of house. Beside this, the economy and also the 
quality factors also have an influence on the construction of the network. The 
total number of outlets can range from 3 to 12 in a cascade network. 
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Figure 4:5. Cascade network 
 
 
In the future, the number of outlets should not be more than 6 to allow for a 
high bandwidth available to users. This implies that in many cases, the cable 
coils must be broken up and divided so that requirements for the 
introduction of new technology and services can be satisfied. In cases where 
it is difficult to break up the cable coils, other alternatives to rebuild the 
network must be considered. An alternative is the "star by the floor" 
configuration described below. 
 
"Star by the floor" configuration 
 
The "star by the floor" configuration is built up around a main cable, see 
Figure 4:6. The main cable often runs through the building from the cellar 
and upwards. The main cable branches out to every apartment at every or 
alternate floor. Depending on the total number of apartments, the branching 
out from the main cable can also be at every third floor. Every apartment is 
connected to the feeding cable with a separate cable. 
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Figure 4:6. "Star by the floor" 
 
Star network configuration 
The star network configuration starts out from a central point in a building. 
From this central point, separate cable branches out to every apartment, see 
Figure 4:7. 

 
Figure 4:7. Star network 
The star network structure is well suited for future services, for example, data 
communication, etc. that will be made available via the cable-TV network. 
 
 
4.4.2 Telecom network [7] 
 
The cable types that can be found in the Telia telecom network are twisted 
pair (copper cable) and fibre-optic cable. While the fibre-optic cable network 
can be found solely in densely populated area, the copper cable network is 
usually found in less densely populated area. As far as the access network 
(the network from the local exchange to the customer) in the rural area is 
concerned, it is solely copper cables that connect the customers today, see 
Figure 4:8. 



 

 

 
Figure 4:8. Telecommunication network [8] 
 
 
The average length of an access net from a telecom station to a customer is 
between 1-2 km. The average length is, however, somewhat shorter in the 
densely populated area and a little longer in rural area. The access network is 
based on twisted-pair and is connected in a star configuration. Most of the 
households are connected to this type of access net today. 
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4.5 The actors in Karlshamn commune 
 
In Karlshamn commune, there are several different actors who have the 
potential to provide the Karlshamn population with a connection for data 
communication. In the following section, the network belonging to these 
different actors are described. 
 
 
4.5.1 The Commune network [1] 
 
Existing communication 
 
Karlshamn commune does not has its own network to connect the computer 
systems in its various properties today. However, the commune has 12 Local 
Area Network (LAN) located in its various properties. These LANs are 
connected by leased lines from Telia AB with the commune house 
(municipality building) acting as a hub, see Figure 4:9. 

 
 
 
Figure 4:9. The commune network 
 
 
The leased line connections between the various commune properties have a 
bandwidth from 128 kbps to 10 Mbps. The lower bandwidth is sufficient for 
the administration of the commune. However, the schools and the libraries 
require a higher bandwidth to satisfy their requirement. The procurement of 
a connection with 10 Mbps bandwidth to them is underway. 
 
Ethernet configuration is used in all the LANs today. The LANs can have a 
maximum data rate of 100 Mbps. The capacity in the system is very 
satisfactory for the commune's present needs and thus there is no motivation 
for further extension. Sten Carlqvist, the IT-coordinator in Karlshamn 
commune, is of the opinion that the present system is very functional and 
cost-effective. 
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According to Sten, there is no plan for the commune to build its own network 
today. An eventual construction of its own network should be supported 
with a market investigation in order to justify for its cost-effectiveness [1]. 
The market investigation should provide answers to the needs and the 
wishes of the inhabitants in the commune for effective IT services. 
 
Already in 1984-85, there was a plan for a commune network. However, the 
plan was put off rather fast simply because of insufficient people who were 
interested in connecting to the proposed network. Today, there is a proposal 
to put up a commune network based on ATM technology by the commune's 
energy distribution company, Karlshamn Energi AB (KEAB). However, Sten 
Carlqvist is sceptical to the proposal for two reasons. The first reason being 
that KEAB has not taken the position to become a fully licensed 
telecommunication operator from scratch. The second reason is that KEAB 
thought that they can manage to cope with the administration and the 
operation of the network with half of its employees [1]. 
 
From the commune's perspective, the goal is of course to have all the 
inhabitants have access to IT. The question is simply who should be 
responsible for the provision of this service. Should the commune itself or 
private companies be given the task to provide such service? 
 
 
4.5.2 Karlshamn Energi AB [2] 
 
Karlshamn Energi AB (KEAB) does not have its own generation plant for 
electricity. It is a downright sale and distributing company. It purchases its 
electrical energy from Stockholm Energi AB through its daughter company 
K.E. Elförsäljnings AB. KEAB's network is connected to Sydkraft's network at 
two 50/10 kV transformer stations. KEAB's own network has a maximum 
voltage of 10 kV. The two connection points to Sydkraft's network provide a 
higher reliability and availability against supply interruption through 
redundancy. 
 
KEAB has about 8.300 low voltage customers within the Karlshamn 
commune of which about 4.700 of them are living in flats or apartments. 
These customers are localised in or near to Karlshamn, see appendix 4. The 
8.300 low voltage customers constitute about 12.000 inhabitants and 
companies, which correspond to approximately 39% of the total inhabitants 
in Karlshamn commune. All KEAB's customers can be considered to be 
located in densely built-up area. 
 
In KEAB's network, there is an average of about 100 customers connected to 
every distribution substation. In total, there are about 84 distribution 
substations and in every substation, there is an average of 4 low voltage 
distribution feeders. Every feeder is connected to about 25 customers.  
 
The total length of low voltage cable in KEAB's network is about 154 km. The 
division of these cables according to their cable types is shown in appendix 2. 
The average length of low voltage cable from the distribution substation to 
the customer premise is about 50 meter/customer. 
 



 

 

The budgeted electrical energy consumption for KEAB is estimated to be 
about 118 GWh including losses. Of these 118 GWh, street lighting consumes 
about 1.5 GWh. According to KEAB's calculation, the network losses are 
about 4.72 GWh, which corresponds to about 4% of its total electrical energy 
input. 
 
Karlshamn Energi AB subscribes to Sydkraft a power of about 24 MW. If the 
subscribed power is exceeded, KEAB must pay to Sydkraft an additional fee. 
In January 1999, when the weather was the coldest, KEAB had a peak of 23.5 
MW. So far, KEAB has not exceeded the subscribed power limit. The lowest 
load that was measured in KEAB's network was in July 1998 during which 
10.85 MW was recorded.  
 
Load curves for a typical winter and summer period is given in appendix 1. 
The power values indicated are average value per hour.  
Appendix 3 further indicates the various prices of energy for different 
customers and households. 
 
Existing communication system 
 
Today, KEAB uses a system from SENEA (CustCom) for the collection of 
meter values. The system communicates on the electricity network between 
the distribution substation and the customer premises. A total of about 15-20 
electricity customers are connected to the system today. A further of about 65 
district heating customers are expected to be connected to the system before 
summer. From the substation, the signal is carried over KEAB's own signal 
cable to KEAB's central office. In a few years, it is expected that most of the 
240 district heating customers will be connected to the SENEA system. The 
rest of the district heating customers are connected to a system by Enermet 
that uses KEAB's own signal cable for communication (not on the electricity 
network). 
 
SENEA's system 
 
SENEA (http://www.senea.com) is a Swedish company that has developed a 
data communication system that communicates using the electricity 
distribution network. The system is connected to all the three phases of the 
network so that it can still be operational even when one of the phases is 
broken. The communication principle is based on frequency hopping and it 
uses a frequency band of between 9 - 95 kHz. At the customer premise, a so-
called Counter is installed in the meter and this Counter communicates with 
the Collector that is installed in the distribution substation. Communication 
from the Collector to the central office can use many different types of media, 
such as signal cable, radio, GSM, etc. 
 
 
Future plan 
 
KEAB has proposed to the Karlshamn commune to build a commune 
network for data communication in the commune. The proposed network is 
not only to serve the data communication needs of the various properties 
owned by the commune, it is also to offer to private companies and 
individuals connections to an IT network. The proposed network is a fibre-
optic network in which ATM technology will be used. Communications 



 

 

between the densely populated areas of Karlshamn and Asarum will be using 
the fibre-optic network. Other areas are likely to use radio link.   
 
In the present situation, this plan is seen as providing more value-added 
services to KEAB's existing and potential customers [2]. If the attempt turns 
out to be successful, it can lead to enhancing KEAB's company profile. Beside 
playing the role as an electricity and district heating supplier, KEAB can also 
operate as a telecommunication company. 
 
The proposed network is to be connected to KEAB's distribution substations 
to make it possible to provide high speed data access (e.g. Internet access) for 
KEAB's customers via the electricity network. 
 
 
4.5.3 Olofström Power company (Olofströms 
 Kraftaktiebolag) [3] 
 
Olofström Power company (OKAB) has approximately 350 customers in the 
Karlshamn commune. These customers are located in the south-western part 
of the commune, see appendix 4. The 350 customers constitute about 750 
inhabitants in the commune, which corresponds to about 2.5% of the total 
population in Karlshamn commune. 
 
OKAB's electricity distribution network in Karlshamn commune has an 
average of about 11 customers per distribution substation. There are a total of 
32 distribution substations and every substation has an average of about 2-3 
low voltage feeders. The average number of customers connected to each 
feeder is about 4. 
 
OKAB's network consists of about 37 km of low voltage cable. The network is 
made up of many different cable types. The different types of cable types and 
their respective characteristics are described in appendix 3. The average cable 
length between a distribution substation and a customer premise is about 110 
meter. 
 
The maximum and the minimum load recorded in OKAB's network are 25 
MW and 0.7 MW respectively. The distribution network loss is about 0.5 
MWh, which corresponds to about 4% of the total energy input. The prices 
for the various customers and households are given in appendix 3.  
 
Existing communication system 
 
Like KEAB, OKAB uses a system from SENEA for the collection of meter 
values. The system communicates using OKAB's own low voltage 
distribution network between the distribution substations and the customer 
premises. So far, OKAB has not experienced any problem on the system. 
 



 

 

4.5.4 Sydkraft [4] 
 
Sydkraft's 10 kV network is divided into 5 smaller network in the Karlshamn 
commune: Asarum (ARM), Hemsjö (HEÖ), Mörrum (MRM), Svängsta (SSAS) 
and Trensum (TUM), see appendix 4. Connections to higher voltage network 
(50 kV and higher) are found in several points in the network. In the five 
different networks, the number of customers connected is shown in the 
following table. 
 
Network Total customers Urban/Rural   
ARM 3050  densely built-up area 
HEÖ  400  not densely built-up area 
MRM  2400  densely built-up area 
SSAS  1800  mixed (50% densely built-up) 
TUM  1850   not densely built-up area 
 
This gives a total of 9500 customers in the Sydkraft network in the Karlshamn 
commune. These 9500 low voltage customers constitute approximately 18000 
people, which correspond to about 58% of the inhabitants in Karlshamn 
commune. 
 
There are a total of about 347 distribution substations in the five Sydkraft's 
network. This gives an average of about 27 customers per substation. Every 
substation has in average about 3-4 low voltage feeders. Every feeder serves 
to about 8 customers. 
 
Sydkraft's networks in Karlshamn commune consist of about 564 km of low 
voltage cables. The various types and quantities of cable that made up the 
network are given in appendix 2. The average cable length from a 
distribution substation to a customer premise is about 58 meters excluding 
service cables. The service cable to every customer is about 30 meter. 
 
With regard to network losses, it is common in Blekinge to have a 
distribution loss of about 3.3% in the 6-20 kV network, and about 5.3% in the 
low voltage network. This implies a total of about 8.6% of the supplied 
energy. The maximum and the minimum loads for the five different 
networks are given in appendix 1. 
 
The energy prices in the Sydkraft network are presented in appendix 3. 
 
There is no plan for large extension or reconstruction of Sydkraft network 
within the Karlshamn commune in the near future [4]. 
 
Existing communication system 
 
Sydkraft also uses a system from SENEA for the collection of meter values. 
Today, there are about 400 customers connected to the system. For further 
information on the SENEA system, please refer to section 4.3.2. This system is 
installed if more than 3 customers that are fed from the same distribution 
substation chose to change their supplier. The communication form the 
Collector in the distribution substation to Sydkraft office is by GSM network. 
 
Sydkraft encountered some problem with the system. The problem was not 
related to the communication on the electricity network but with the GSM 



 

 

network. However, the problem was quite minor with less than 1% error 
when calling the GSM telephone in the substation.  
 
Future plan 
 
Today, Sydkraft has no plan to implement more communication systems in 
Karlshamn commune. However, if there is a need to read the electricity meter 
more than twice a year against the once per year today, then, consideration 
will be given to install more systems for the automatic collection of meter 
values. The factors that can influence the planning and communication on the 
electricity network today are the laws and ordinance, as well as the cost of 
the systems. If the system cost reduces, then the likelihood is that there will 
be more communication on the electricity network than today.  
 
It will be beneficial for Sydkraft to have remote metering if customer meters 
must be read several times a year. The possibility of offering customers with, 
for example, Internet access via the electricity network, is seen as a mean to 
keep existing customers and to attract new customers in the increasing 
competitive market. 
 
 
4.5.5 Telia AB 
 
Telia is the only telecom network owner in Karlshamn commune. All the 
households are connected to its network and that implied a 100% coverage of 
the population in Karlshamn commune. Due to Telia's company policy, it is 
not possible for its employees to give out  specific information regarding the 
network in Karlshamn commune. The information obtained and described 
here is of general in nature and is considered to be applicable to the whole of 
Sweden. 
 
Future plan [7] 
 
The rapid development in technology today opens the possibility for other 
applications than just conventional telephony on the telecom network. An 
increased degree of data communication on the telecom network put a whole 
new different requirement on the copper cables originally not designed for 
this kind of traffic, i.e., broadband communication. XDSL techniques (ADSL, 
HDSL, VDSL) described in section 4.3.1, made it possible to make use of the 
existing copper cables to deliver broadband services. The technique that is 
treated primarily in this section is xDSL. The section shed some light on 
Telia's plan concerning the use of this technique and some limitations on data 
communication with xDSL. 
 
Telia's network comprises of about 6500 nodes where the copper twisted pair 
network is terminated with some kind of station equipment. It is on this 
copper twisted pair network that xDSL technique can be deployed to exploit 
the existing asset. Some crucial factors on the use of this network for 
broadband services are damping, impedance, imbalance, etc. The most talked 
about factor is the damping factor that sets the limit for the reach and 
capacity. Damping is dependent on the length and the diameter of the cables.   
 
On the average, the length of the cable between local exchange station and 
subscriber in the rural area is somewhat longer than that in the urban area. 



 

 

Because Telia has so many local exchange stations, the difference in the 
average cable length between rural and urban area is not very big. Thus, Telia 
is of the opinion that the possibility of introducing xDSL in its network is 
rather alike throughout Sweden. However, the distance between a station 
and its subscribers can vary depending on the location of its subscribers. 
Telia estimated about 70% of the its subscribers can have a capacity of 6 Mbps 
from the station to its subscribers (downstream) and 0.5 Mbps from 
subscribers to the station (upstream).   
 
According to Telia, a more crucial technical factor for introducing broadband 
services, other than the difference in length of the cables, is the availability of 
and the accessibility to a fibre-optic network. In most of the urban areas, Telia 
has its fibre-optic network, while in the less densely populated area, most of 
the connections from the local exchange station upward are still based on the 
copper network. The performance of the copper network when operated in 
very high frequency is still not fully investigated in Sweden or else where. 
 
The copper wire network was originally designed to optimise performance 
for the voice-band telephone service and has not been tested for the high 
frequency band. Currently, the biggest risk anticipated is the effect when 
different systems are mixed in a same cable. Due to the relatively few number 
of systems in the copper network that Telia is having today, there has been 
no major problem. Telia has positive experiences with the 2 Mbps-connection 
(PCM/HDSL), which is based on transmission via two copper twisted-pair. 
Normally, there is only twisted-pair available to a household customer 
between the subscriber and the local exchange. 
 
Asymmetrical system (ADSL) is often chosen because of its longer reach (at 
the same bandwidth) than symmetrical system. The disadvantage is that only 
the downstream traffic has high bandwidth and not the upstream traffic. 
However, even with the not so high bandwidth of the upstream traffic, the 
data rate is still much higher than what today’s analogue modem can offer. 
 
One factor that will influence the development of the xDSL is the demand for 
symmetrical services like video-conferencing vis-à-vis asymmetrical services 
such as video-on-demand. Today, most of the copper wire network is 
terminated with AXE technique. This technique can only provide 
narrowband services (64 kbps). In order to provide broadband services, there 
are several alternatives. All these alternatives are, however, depending on the 
availability of and accessibility to a fibre-optic network upward.  
 
An alternative to access to the network upward is to have the servers and 
broadband switches installed in a central station. A multiplexer (SDH) is then 
installed in a local exchange. In this case, the upward traffic is not 
concentrated. Another alternative is to install broadband switches or 
concentrators in a local station and allow the concentrated traffic to flow up 
to a server in the central station. A third alternative is to place both the server 
and the broadband switches in a local station. This allows even a smaller 
amount of traffic to flow upwards. 
 
There is still no really good technique today for broadband switches and 
picture-database, for example, film-archive. An important factor for the 
choice of technique is how the picture for the traffic is judged. For example, is 
it going to be of the type “all to all” or the traffic is only destinated to a few 



 

 

points. A possible technique is ATM, which is described in section 4.3.1. The 
biggest weakness of ATM is that the connection cannot be controlled by 
customers. Another choice is the so-called router technique. This technique, 
however, is not yet tested for broadband real-time services under heavy 
traffic. 
 
For broadband switches and picture-databases, Telia has made a judgement 
that broadband switches are so expensive that there must be a minimum 
number of subscribers for the broadband services in order to justify for the 
installation of the switches in a certain area. At the same time, the capacity is 
so small that switches cannot be installed in several central stations located in 
different places. Telia’s judgement is therefore to limit the installation of 
switches in the beginning to areas with larger station for economic reason. In 
these areas, broadband switches and picture-database are installed in the 
bigger local station. This judgement is also based on the limitation of the 
residential customers’ willingness to pay for the services. The above 
reasoning is based on ADSL’s capacity. For services that require less 
bandwidth, other solutions can be sought. 
 
To summarise, it can be said that ADSL technique in itself is not a 
determining factor for the choice of technique. The access to a fibre-optic 
network from the local exchange up to the central station, and the 
development of broadband switches and picture-database, will also influence 
the choice of techniques. The biggest factor, however, is not technical but the 
customers’ willingness to pay for the broadband service [5].  
 
 
4.5.6 Telia Kabel-TV AB 
 
Telia is one of the two cable-TV companies in Karlshamn commune. Due to 
the company policy of Telia, it was not possible to obtain specific information 
on their cable-TV network in the Karlshamn commune. 
 
Telia’s cable-TV network, however, is built up in a similar structure as 
described in section 4.3.3. Telia provides services to the HSB’s houses and has 
about 2.000 customers in the commune. These customers are located in the 
central district of Karlshamn. 
 
 
4.5.7 Kabelvision 
 
Kabelvision is the other cable-TV company in the Karlshamn commune. It 
provides services to the houses belonging to Karlshamnbostäder. The 
company policy of Kabelvision also does not allow specific information to be 
given out. It is believed that the structure of its cable-TV network is also 
similar to the general cable-TV network structure described in section 4.3.3. 
 
 



 

 

4.6 Conclusions 
 
The scope of this study was strongly delimited due to the invailability of 
much information from Telia and Kabelvision. This limitation has forced the 
study to change its focus to a more general study in order to draw some 
conclusion form the available information. The conclusions are presented 
below.  
 
The introduction of IT systems just to improve on the efficiency of the 
electrical network by reducing the distribution losses is hard to justify strictly 
on economical basis. This is based on the fact that the distribution losses of 
the network are already very small, between 4-5%. Considering the 
unavoidable copper losses of the transformers and the cables, the most the 
losses can possibly be reduced is about 0.5%. This corresponds to just about 
100 000 SEK per year of saving for KEAB. The same also applies to Sydkraft. 
Thus, other services and applications must be bundled in the IT systems to 
make it justifiable. 
 
In terms of geographical and customers coverage, both the electrical network 
and the telecom network have almost 100% coverage. This implies that there 
is no obvious advantage of the electrical network over the telecom network in 
this respect, in the attempt to offer value-added services such as Internet 
access to customers. However, these two network have an advantage over the 
cable-TV network that has only about 65% coverage. 
 
The many different cable types that energy companies have may be more 
problematic in introducing broadband services over powerline than that of 
the telecom network or the cable-TV network that have relatively few cable 
types. The many different cable types imply that more calibration may be 
needed in introducing broadband services by using powerline 
communication. This may increase the cost of deployment compare with, for 
example, by using the telecom network. 
 
Based on the business case worked out by Norweb, the powerline 
communication systems use to provide broadband services are justifiable 
economically only if there is at least 20 subscribers per substation. This 
implies that a substation should have at least about 100 - 200 customers 
connected, assuming a take-up rate of between 10 - 20%. Based on this 
assumption and the average number of customers per substation, KEAB is 
perhaps the only energy company in Karlshamn commune that is suitable for 
deploying powerline communication to deliver broadband services. 
 
Finally, the digital communication on the telecom network can offer higher 
data transmission rate. Economic factor is the primary obstacle in introducing 
the new technologies. The cost for individual users is still considered too high 
for telecom operator to be motivated to introduce the technology in a large 
scale. 
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smart homes 
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5.1 Executive Summary 
 
Among the results of the KEES project we have learned that energy saving is 
considered as a very interesting opportunity for customers. Furthermore, we have 
clear indications from the project that the highest potentials for energy savings are in 
households and at small and medium enterprises. This situation is due to the fact 
that Karlshamns Energi AB has already installed measures for efficient energy usage 
at the bigger customers. 
 
However, it is also obvious from our experiences that in order to have a clear 
business case we have to develop individual offers of services related to energy 
savings to the customers. Furthermore we have to develop clear value chains for all 
stakeholders involved. A way to create these business opportunities is to install and 
integrate a baseline of smart equipment at the premises of the customers.  
 
Emergent technologies connecting people and smart equipment in networks’ are thus 
key components in the creation of smart and energy efficient homes. An other key 
component is to properly design and implement information systems that support 
access to smart equipment in a way that is accepted, useful, and trusted by customers 
and service providers. 
 
This chapter gives a short guideline to emergent technologies and their role. We also 
illustrate concepts with implemented demonstrators and field tests. We also mention 
some lesson learned from the field tests. Finally, we address some potential 
applications by outlining a roadmap to the future. 

 



 

 

5.2 Introduction – The networked home 
 
By now there are numerous ideas around The networked home or the Smart 
home [NEW], [MTD]. The background is of course the rapid evolution of 
Internet, or rather web-based services such as eBusiness. So far, the web-based 
services are mainly emanating from the original web-service of document 
publishing and distribution. The tremendous success and world-wide 
acceptance of those applications are due to the acceptance and use of the 
standards http for document transport and HTML (now rather XML) for 
content organization and layout. Further developments of these Internet 
standards are facilitated by the World Wide Web Consortium (W3C), [W3C]. 
The strength of standards for fostering new business and new value-added 
products, thus shown in the web-world, has resulted in similar efforts in new 
technical areas. We will in this context concentrate on efforts enabling The 
networked and smart home. 
 
Firstly there are standardization efforts concerning extending the web-
oriented approach in several directions. One kind of efforts is focusing on 
including transactions and on connecting companies with customers and 
other companies in product developments. These efforts can be summarized 
as technologies supporting distributed component-oriented transaction based 
applications. A key consortium is here Object Management Group (OMG) 
with over 800 industrial partners world wide. The main effort of OMG is 
development of the CORBA standards and work on business areas on top of 
that standard [OMG].  A second strand of efforts is on enabling wireless web 
access. The main consortium here is Wireless Application Protocol (WAP) 
Forum, which in cooperation with W3C, develops the WAP protocol (a thin 
version of http) and the WML, a subset of XML, content language, [WAP]. 
 
An other trend of today is efforts to make it possible to integrate smart 
equipment into the network as seam-less as possible. Present day difficulties 
to add or take away new equipment to a PC using bundles of cords and 
installing different drivers will be replaced by equipment communicating by 
radio or just plugged into the network, e.g., the electric grid. The Bluetooth 
consortium is, for instance, using radio as a medium for data communication, 
[Blu]. The JINI effort by SUN is addressing plug-and-play capabilities for 
smart equipment is adhering to standards such as Bluetooth, [JIN]. The OSG 
Initiative is focusing on integrating networks supporting different standards 
[OSG]. An important such standard for interconnecting smart equipment is 
Echelon's LonWorks, which is almost a de facto industry standard [Ech]. We 
will address these standards in more depth in Chapter 5. 
 
In order to have flexible business processes we need to treat most of the smart 
equipment as semi-autonomous communicating entities. We need also the 
possibilities to bundle and integrate applications or parts thereof (i.e., 
engineering the business logic) to customize and support customer access. In 
short, we need to have software architectures supporting integration and use 
of active semi-autonomous software components, or agents. There are thus 
also several standardization bodies on agent technologies including OMG, 
see above, and FIPA [FIP]. 
 



 

 

Needless to say, there is of course several other consortia and developments 
of standards relevant in smart homes, for instance on the power line as a 
communication media, [Ene] and other broad band technologies. 
 
The bottom line is, however: there is by now a tremendous technology push 
supported by major industries towards The networked and smart home. This 
fact does not, of course, imply that new services and businesses just happens, 
see section 5.6.2 on The Djupafors field test. The services and products must 
be related to customer needs and customer behavior as well as being sound 
business cases. The last condition might mean that the organizations and 
companies must change their usual way of doing business. This change 
might be as difficult as to understand customers needs. As a matter of fact 
these issues can often not be treated separately. The following picture gives 
an overview of the role of demonstrators in this context. 

 
 
Figure 5:1. The role of demonstrators and software architectures in smart home 
applications 
 
 
Given these opportunities to ‘connect people and smart equipment in 
networks’ it is clear that we have good reasons to believe that it is possible to 
create a complete new set of services and products. Of particular interest to 
us are energy-related applications. 
 
We will in the following two chapters take a closer look, with some 
assessments, of some of the technologies mentioned above. We then report, in 
chapters 5.5 and 5.6, on work already done in the area of smart homes. In 
chapters 5.7 we give some plans for the near future as well as some 
possibilities in a longer perspective. 
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5.3 What is the problem? – Standards for what? 
 

 
Figure 5:2. Arigo system components connected to the power line. 
 
The following figure is quite standard for describing connected more or less 
smart equipment. In this case it describes components, sensors and actuators, 
of the Arigo system [Ene]. Sydkraft AB and IBM AB jointly developed the 
Arigo system in 1994. The system is LonWorks compatible and has been used 
in several of our demonstrators in Villa Wega. We will return to Arigo and 
these demonstrators later in chapters 5.4.5. 
 
Figure 5:2 is a typical in the sense that it shows hardware components 
connected in some communication media, in this case the power line. The 
next figure, Figure 5:3, shows the ideas behind Ericsson’s E-box [ILV].  This 
figure is focusing on the fact that we need a network management system, in 
this case the E-box, to coordinate the messages in the network. The figure also 
indicates new types of browser based access devices for the end user. The 
mobile telephone could, for instance, support the WAP protocol. New types 
of combinations of PC and telephones as well as different hand held devices 
accessing the web are soon on the market.  
 



 

 

 
Figure 5:3. The intended role of Ericsson’s E-box 
 
Figures, like the two above, are quite common in system descriptions. These 
pictures show some physical components superficially connected in a 
communication media giving an overall picture. It is, however, very 
important to notice that they often play the same role as an architect’s first 
drawings of a new residential area or business center. We all know that these 
drawings have to be interpreted and tested against the intended purpose and 
followed by an engineering effort to create and build the actual buildings. We 
also know that it all will be a failure if people can not use the building and 
infrastructures to support their living and business. 
 
We will take the construction site metaphor a little further in order to 
highlight some issues and standards of interest to us. Crucial components for 
the inhabitants of buildings are the heating, lighting, cooling, and water and 
sewer systems. We do not install those after the houses have been built or 
make separate systems (applications) for each flat, use different standards of 
the plumbing and so on. However, this has been (and is) often the case when 
it comes to information system. Stand-alone applications, which are difficult 
to integrate, are more the rule than the exception. A crucial step towards the 
realization of the networked smart home (building) is therefore to adopt the 
same attitudes towards information systems as we have earlier adopted 
towards the other infrastructures mentioned above. As one example, 
everyone expects that proper electrical installations have been designed and 
installed during the construction phase of the building. Given that fact we 
can buy and plug in the electric appliances we need and like. When it comes 
to information infrastructures it is easy to understand the need for physical (or 
media) connectivity (that is local networks or LANs). However the smart 
equipment does not work unless we also provide means of logical connectivity 
(that is proper protocols) as well as easy ways to add and take away, plug and 
play, equipment. Most important is however that we provide proper means 
for easy access and creation of new services. That is, we must have a robust 
and flexible software architecture based on distributed and active components. 
These system requirements are not visible in the figures above. The following 
figures illustrate some of the relevant concepts. 



 

 

 

 
 
Figure 5:4. Jini infrastructures 
 
 
Figure 5:4 illustrates the facts that Jini supports different hardware platforms 
in a transparent way (uses and extends the Java language). Furthermore the 
services Discovery/Join guarantees plug-and-play capabilities. The network 
and Jini services gives support for component based distributed computation 
[JIN]. More details about Jini is given in section 5.4.1. 
 
The next figure, Figure 5:5, illustrates a traditional 3-tier model of information 
systems extended by agent based support. In order to simplify things, we 
start from the assumption that at the bottom of the software architecture we 
have the Jini platform. 
 

 
Figure 5:5. A three-tired model of information systems in smart homes 
 
 
A good design of information systems has minimal coupling between the 
different tiers in order to ensure robustness and flexibility. Furthermore, by 
having a service oriented and component based architecture within the tiers 
it is possible to more easily create new value-added services and customized 
interfaces (by new combinations of components). The components of the 
Business logic tier are of course crucial in this respect. In the case of direct 
manipulation, by hand held devices, of smart equipment we can have an thin 
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Business logic tier (billing) and very thin presentation tier (display) and 
access tier (WAP). In the case of several smart equipment it would be 
preferable to have one hand held device to access equipment and also extend 
the business logic tier with services such as group addressing, monitoring 
and so on.  
 
The R&D platform at our laboratory at IPD at HK/R is based on a Jini 
platform as above. Our main focus is to design and test out agent 
technologies to support the different tiers of Figure 5:5. 
 
The bottom line of this section is: In order to enable the networked smart 
home it is necessary to design and implement a information infrastructure 
that supports the 3-tier model of Figure 5:5. Of course, all components need 
not be in place from the beginning! The trick is to the design and 
implementation in a cost efficient and acceptable way, Figure 5:1. 
 
Again there is something to be learned from the construction of buildings. 
Not long ago it took some efforts to customize an ordinary flat for elderly and 
people with different types of handicaps. This adaptation was both costly 
and also sometimes created a “not-a-home” feeling. Sometimes this feeling 
was so strong that when a new inhabitant, with no handicaps, moved in, the 
flat has to be restored into its old shape and so on. Now there have been 
several adjustments into the building norms that flats and houses are 
designed and built suitable for a much broader range of people. In a sense, 
from an access point of view, a person can now get older or handicapped and 
still live in the old apartment with only a few adaptations. 
 
Taking the metaphor to the networked smart house it would be desirable to 
adopt this way of design and implementation. The information system would 
allow a young family with children to access services supporting different 
phases of their lives up to old ages without major changes (upgrading and 
downloading of application software as well as adding and removing smart 
equipment is effortless in this scenario) of the basic infrastructure. This is, as 
a matter of fact, a very important aspect, not least in economical terms, of 
smart houses in home based health care. 
 
 



 

 

5.4 A closer look at standards and emergent 
technologies for smart houses 
 

The following two figures give an overview and a context of emerging 
standards of importance to the networked smart home. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5:6. An overview of broadband technologies and their current bit rates 

 
 
 

 
 

 
Figure 5:7. The most important standardization efforts and technologies supporting 
the networked smart house 

 
We will in this chapter look more closely into some of the efforts indicated in 
Figure 5:7 and their implications on smart home applications. 
 
LonWorks as the preferred technology for smart equipment and Ericsson’s E-
box as the preferred gateway to the homes. The E-box supports of course 
LonWorks. It is safe to say that in the future the E-box (or similar products) 
will comply with the OSGi standardization efforts, section 5.4.2 below. 
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5.4.1 Jini connection technology 
 
Jini connection technology provides simple mechanisms which enable 
devices to plug together to form a flexible community – a community put 
together without any planning, installation, or human intervention. Each 
device provides services that other devices in the community may use. These 
devices provide their own interfaces, which ensures reliability and 
compatibility. Jini technology uses a lookup service with which devices and 
services register. When a device plugs in it goes through an add-in protocol, 
called discovery and join-in. The device first locates the lookup service 
(discovery) and then uploads an object that implements all of its services' 
interfaces (join). To use a service, a person or a program locates it using the 
lookup service. The service's object is copied from the lookup service to the 
requesting device where it will be used. The lookup service acts as an 
intermediary to connect a client looking for a service with that service. Once 
the connection is made, the lookup service is not involved in any of the 
resulting interactions between that client and that service.  
 
 It doesn't matter where a service is implemented -- compatibility is ensured 
because each service provides everything needed to interact with it. There is 
no central repository of drivers, or anything else for that matter.  
The Java programming language is the key to making Jini technology work. 
Devices in a network employing Jini technology is tied together using Java 
Remote Method Invocation (RMI). By using the Java programming language, 
a Jini connection architecture is secure. The discovery and join protocols, as 
well as the lookup service, depend on the ability to move Java objects, 
including their code, between Java virtual machines.  
 
Jini technology not only defines a set of protocols for discovery, join, and 
lookup, but also a leasing and transaction mechanism to provide resilience in 
a dynamic networked environment. The underlying technology and services 
architecture is powerful enough to build a fully distributed system on a 
network of workstations. And the Jini connection infrastructure is small 
enough that a community of devices enabled by Jini connection software can 
be built out of the simplest devices. For example, it is entirely feasible to build 
such a device community out of home entertainment devices or a few cellular 
telephones with no "computer" in sight. 
 
 
5.4.2 The Open Services Gateway Initiative  
 
Alcatel, Cable & Wireless, EDF, Enron, Ericsson, IBM, Liberate Technologies, 
Lucent, Motorola, Nortel Networks, Oracle, Philips, Sun, Sybase and Toshiba 
created the Open Services Gateway Initiative (OSGi) based on the following 
foundation:  
 
• The networked home is the next frontier.  
• The Internet and new technologies enable new services, value chains and 

business models.  
• Standards are required for the market to take off.  



 

 

• The consumers will require and end-to-end solution which requires 
Internet connectivity for the home equipment. This connectivity is 
provided by a gateway. 

 
The OSGi is now a Non-Profit corporation organized in the USA. Sixteen 
additional companies- AMD, Certicom, COM21, Coactive Networks, 
Deutsche Telekom Berkom, Domosys, Echelon, EmWare, GTE, Invensys 
Controls, National Semiconductor, Nokia, Schneider Electric, Siemens, Sony, 
and Whirlpool- have announced their support for OSGi since the initial 
announcement. OSGi's mission is to create open specifications for the 
delivery of multiple services over wide-area networks to local networks and 
devices and to accelerate the demand for products and services based on 
these specifications worldwide through the sponsorship of market and user 
education programs. 
 
 
Open Services Gateway defined 
 
As residential telecom & datacom services combine and new technologies 
become available it is expected that homes and small offices will be equipped 
with service gateways that will function as the platform for many 
communication based services. The service gateway will enable, consolidate 
and manage voice, data, Internet and multimedia communications to and 
from the home and small office. The Services Gateway will also function as 
an application server for a range of other high value services such as energy 
measurement and control, safety and security services, health care 
monitoring services, device control and maintenance, electronic commerce 
services and more.  
 
The Services Gateway may enable the connectivity and management of an 
entirely new category of devices e.g. Jini and HAVi, but will also be 
integrated in whole or part in existing product categories such as (digital and 
analog) set-top boxes, cable modems, routers, residential gateways, alarm 
systems, energy management systems, consumer electronics, PCs and more. 
The Services Gateway will accomplish this by adopting existing Java 
standards, such as JINI, and by integrating with other non-Java standards 
such as HAVi. The gateway will connect these device standards to the central 
office and management system as well as provide gateway to Service 
Providers to facilitate the deployment of services [OSG]. 
 
 
5.4.3 Wireless communication 
 
Wireless communication, or radio communication, is one of the real 
promising technologies today. There are several different wireless 
communication solutions and one of the most promising wireless techniques 
is Bluetooth [Blu].  
 
The technology is an open specification for wireless communication of data 
and voice. It is based on a low-cost short-range radio link, built into a 9 x 9 
mm microchip, facilitating protected ad hoc connections for stationary and 
mobile communication environments. Bluetooth technology allows for the 
replacement of the many proprietary cables that connect one device to 



 

 

another with one universal short-range radio link. For instance, Bluetooth 
radio technology built into both the cellular telephone and the laptop would 
replace the cumbersome cable used today to connect a laptop to a cellular 
telephone. Printers, PDA's, desktops, fax machines, keyboards, joysticks and 
virtually any other digital device can be part of the Bluetooth system. But 
beyond de-coupling devices by replacing the cables, Bluetooth radio 
technology provides a universal bridge to existing data networks, a 
peripheral interface, and a mechanism to form small private ad hoc 
groupings of connected devices away from fixed network infrastructures. 
Designed to operate in a noisy radio frequency environment, the Bluetooth 
radio uses a fast acknowledgement and frequency hopping scheme to make 
the link robust. 
Bluetooth radio modules avoid interference from other signals by hopping to 
a new frequency after transmitting or receiving a packet.  
 
Compared with other systems operating in the same frequency band, the 
Bluetooth radio typically hops faster and uses shorter packets. This makes the 
Bluetooth radio more robust than other systems. Short packages and fast 
hopping also limit the impact of domestic and professional microwave ovens. 
Use of Forward Error Correction (FEC) limits the impact of random noise on 
long-distance links. The encoding is optimized for an uncoordinated 
environment. Bluetooth radios operate in the unlicensed ISM band at 2.4 
GHz. A frequency hop transceiver is applied to combat interference and 
fading. A shaped, binary FM modulation is applied to minimize transceiver 
complexity. 
 
The gross data rate is 1Mb/s. A Time-Division Duplex scheme is used for 
full-duplex transmission. The Bluetooth base band protocol is a combination 
of circuit and packet switching. Slots can be reserved for synchronous 
packets. Each packet is transmitted in a different hop frequency. A packet 
nominally covers a single slot, but can be extended to cover up to five slots. 
Bluetooth can support an asynchronous data channel, up to three 
simultaneous synchronous voice channels, or a channel, which 
simultaneously supports asynchronous data and synchronous voice. Each 
voice channel supports 64 kb/s synchronous (voice) link. The asynchronous 
channel can support an asymmetric link of maximally 721 kb/s in either 
direction while permitting 57.6 kb/s in the return direction, or a 432.6 kb/s 
symmetric link. 
 
 
5.4.4 Power line as a communication medium 
 
The power line was designed for transporting current for various machines, 
equipment and appliances. It was not designed for communication purpose, 
but increasingly it is regarded as a very interesting communication channel 
as well. The big advantage is of course an already installed network reaching 
out to every socket and it has thus a very high penetration rate even in rural 
and rather isolated areas.  
 
At present, there are several efforts world wide investigating the possibilities 
of the power line as a communication media [Ene]. At present bit rates up to 
10 Mbit/sek is tested even in field tests. Of course, power line 
communication was also a major theme in the ISES project [Lin], [AHO]. At 



 

 

present these efforts are continued in the Swedish National Program on IT in 
Energy [Ene]. 
 
Echelon technologies 
 
The company Echelon has developed a set of standards supporting 
distributed control [Ech]. LonWorks is developed by Echelon for power line 
communication. LonWorks is a field bus mainly developed for building 
automation purposes, but could be used for many other applications. The 
LonWorks technique has a range of approximately 300 meters, but in 
favorable cases a range up till 1.000 meter could be accomplished. The 
transfer rate is 5 Kb/s, which is a quite low speed but enough for the most 
applications.  
 
Needed to be said is that LonWorks uses many other communication 
channels than power line, such as twisted pair, coaxial and radio. 
 
Like the Bluetooth system, LonWorks could be used as an ad hoc transceiver 
but the technique could also be used with Echelons own microprocessors. 
They are specially designed for building automation applications. There are 
several products on the market using LonWorks technology.  
 
One of the big problems with power line communication is the noise that is 
introduced into the power line by different kinds of equipment. But the 
development of the transceivers has come so far that this has become a quite 
small problem today. 
 
Echelon is working together with, among other, SUN on Jini technologies 
and Cisco on Internet technologies. We have used Echelon technologies in all 
our demonstrators and field tests so far. 
 
 
5.4.5 Products 
 
We list a couple of commercial products that we have used in our different 
experiments together with a new interesting product, the E-box. The products 
are suitable for energy saving application and added-value services for 
applications identified in the KEES project.  
 
Arigo 
 
Arigo is a company from Germany that has focused on LonWorks-based 
products that uses the power line as communication channel. The products 
are focused on home automation applications and are controlled by kind a 
central controller or host-PC, see Figure 5:2 above. This means that the 
devices, or as they are called Arigos, are not smart in the sense of 
autonomous systems. The price for the Arigos is around 1 200 SEK for a 
switch-Arigo. A switch-Arigo can only switch a load on and off. There are 
other Arigos for measuring temperature, brightness, energy and so on.  
 
The advantage with the Arigos is that the units are cost effective. The 
disadvantage is that they are built for central control. This means that each 
Arigo has a static program and there are no possibilities to reprogram them, 
which limits the flexibility. 



 

 

 
Adasis 
 
Adasis is a modular LonWorks based product family that has been designed 
for building automation purposes. The general idea is to have a transceiver 
module and then attach the desirable add-on modules to it (see the picture 
below). Today there are modules for presence, thermostat (including 
temperature), energy-pulse measuring and a control-module (for controlling 
a load).  
 
The advantage with the Adasis system is the modularity and the possibility 
to customize the internal program in the modules.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5:8. Architecture of the Adasis system 
 
 
Adasis has been implemented tested in the SoftExpo and Hjorthöjden field 
tests, chapters 5.6.3 and 5.6.4 below. 
 
Ericsson´s E-box 
 
Ericsson has recently, 1999, launched a product, or server for the “connected 
home”, Figure 5:3 above and [ILV]. The E-box will be evaluated in a 
demonstrator project, The Energy barometer, at HK/R and Kungsbäck IT 
Center (KIT) in Gävle [WHN]. 
 
 



 

 

5.5 Villa Wega demonstrators 
 
The Villa Wega demonstrators have been instrumental in our research and 
development of smart communicating equipment. We have built 
demonstrators on load management, smart homes, smart resource 
allocations, Internet access to smart equipment, active documents et cetera. 
The results have been reported in numerous articles such  
as: [FrY], [YAK], [BDG], [Gu2], and [Dav]. 

 
Figure 5:9. Villa Wega installations supporting load management 
 
 
The Athena project is the most sophisticated demonstrator of intelligent 
energy management so far in Villa Wega. Athena is a demonstration system 
that shows the possibilities of dynamic load management in an actual 
building and a simulated environment. The purpose is to show the 
economical benefits and the possibilities of new ways of 
controlling/scheduling energy consumption, while providing high comfort 
and minimal interference at the customer side. As default, the energy 
consumption of the building will be optimized with respect to spot-market 
prices, but the user of the system will be able to override the default when 
profitable, e.g. when it is possible to sell electricity in other ways through 
bilateral contacts or when the demand needs to be reduced due to various 
constraints. The demo will utilize the Internet to enable users to interact with 
the villa independently of location. The Athena project is described at the 
EnerSearch web-site [Ene]. There is also a CD available which include a 
simulation environment. 
 
The role of Villa Wega has now been taken over by the SoC research 
laboratory at the department IPD at HK/R. The focus of the laboratory is to 
build an infrastructure, Figure 5:5, allowing building and testing new types 
of services based on communicating smart equipment [Gu3]. 
 
 



 

 

5.6 The Påtorp, Djupafors, SoftExpo, and 
Hjorthöjden field tests 

 
The demonstrators in Villa Wega have been further tested and evaluated in 
several field tests in the community of Ronneby. A first test was in the Påtorp 
are where smart equipment was installed already in 1996. Simultaneously a 
field test was starting at the paper and pulp industry Djupafors.  
 
These to field tests showed us two things. Firstly, it was feasible to install 
smart equipment communicating on the electric grid. Secondly, smart 
equipment and very good test results are far from enough in order to create 
new business processes. This is even more true if the value chain is not 
understood or if some re-orientation of old business models are necessary. 
 
SoftExpo and Hjorthöjden are two follow up field test (1998-99) with goals to 
further explore and show possibilities with communication smart equipment. 
 
The bottom line is that the chain of demonstrators developed in Villa Wega 
and followed up by the mentioned field tests have been a very fruitful way of 
building up competence as well as a preparation of a next wave of useful and 
value-adding applications, Chapter 6. 
 
 
5.6.1 The Påtorp field test 
 
As early as 1996 smart meters were installed in 70 households in the Påtorp 
area in Ronneby. One purpose was to have a first field test of the then new 
IDAM system supporting remote metering. An other purpose was to test the 
electric grid with respect to communication channel quality. A third purpose 
was to investigate new business opportunities based on two-way 
communication with customers. 
 
The first goal has been successful and Ronneby Energi AB (REAB) is now 
using the equipment for remote reading. The second point has been 
investigated successfully also and has resulted in several reports and a 
licentiate degree [Lin]. In order to develop new business opportunities 
several prototypes were developed. Among those a web-based Inreactive Bill 
service [DRY]. However, it turned out that it was far to early for the 
stakeholders to come up with a viable business model with clear values for 
each partner [Gu1]. 
 
The Påtorp field test is planned to continue in the planned BRIDGE project, 
see below in chapter 8.  
 
 
5.6.2 The Djupafors field test 
 
Djupafors is a paper and pulp industry in Ronneby owned by the Canadian 
company Cascades. The production line as such is rather old but the 
production segment is high quality paper and cardboard. The continuos 
working is about 8.000 hours per year with a production in the order of 
50.000 tons. Djupafors has a power level of between 9 and 10 MW. The yearly 
energy bill amounts to 23 MSEK. 



 

 

 
In October 1996 we reached an agreement with Djupafors to install and test 
energy saving measures, that is IDAM equipment communicating on the 
power grid. The purpose was two-fold: we wanted to have experience of 
installing and testing the equipment in a real world environment and 
Djupafors wanted to test different possibilities of energy saving such as 
intelligent load balancing.  
 
Djupafors identified, as the test case, 8 different loads (equipment and 
lighting) and a need of a signal to the operator of the grinding machine when 
the power level approaches given levels. Given the power level information, 
the operator can maintain a more energy efficient disposition of operation. 
 
Experiences 
 
The project on Intelligent distributed load balancing was completed in 
November 1997. The communication over the power grid was very good, 
which was quite surprising given that we used already installed power lines 
in sometimes “hostile” environments. The distance between endpoint nodes 
was 250 meters. The results of the energy savings on the loads was about 30% 
in SEK, due to load balancing, lower levels of power usage and better lighting 
schemas [And]. Despite the very promising results of the field tests there has 
been no follow up project. The main reason for this is that neither the utility 
company involved nor Djupafors was prepared to change existing business 
models to take full advantage of the possibilities. One obvious possibility is 
to exchange selling kWh to selling smooth production. Unpredicted stops in 
production are very costly and can sometimes be avoided by installing smart 
distributed maintenance systems on top of a load balancing system.   
 
The success of the Djupafors project has led to two new field tests, SoftExpo 
and Hjorthöjden, see below. Furthermore, at least two new spin-off 
companies have been formed and a new product, Adasis, has been 
developed. The product Adasis is reported in the section on [New products] 
and illustrated in the next chapter on SoftExpo field test. 
 
 
5.6.3 SoftExpo field test 
 
The SoftExpo field test was co-ordinated by NovaPower AB with partners: 
Ronneby Energi AB (REAB) for installations of energy metering systems, 
Ronvab for installations of water meters, ABB Contracting together with Soft 
Center Fastighetsbolag AB for general installation work, Bexstroem, provider 
of smart equipment (temperature, energy, water, and movement detectors), 
SysMik/Weidmuller, router providers [Bäc]. 
 
Overview 
 
SoftExpo is an information system tailored at monitoring and steering of a set 
of consumption, comfort and security parameters within the buildings of 
SoftCenter in Ronneby. The purpose of the project was to install state-of-the-
art smart equipment and evaluate possibilities of building smart houses. 
Existing power lines was used for communication in order to avoid costly 
installations of new cables. 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5:10. Architecture of SoftExpo 
 
 
The installation has the following main components: 
 
Meters and sensors 
 
Meters are units that register for instance energy consumption, temperature 
and water consumption. All meters have a signal interface supporting 
automatic reading. The meters are not indicated in the figure above, but are 
mostly placed near the nodes, see below. 
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Nodes 
 
The nodes are connected to the meters and sensors. Software supporting 
monitoring and control is implemented in the nodes. The nodes communicate 
between themselves as well as with a server in order to create services. In the 
SoftExpo field test the nodes are built from components of the Adasis node 
family, chapter 5.4.5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5:11. Architecture of the Adasis node family 
 
 
Server 
 
The server is a PC build on LonWorks operating system LNS and using the 
communication protocol LonTalk. The server has a capacity of 32.000 
different nodes in different buildings. The server is equipped with Windows 
NT and the data base Windows Access. 
 
The following measuring points are installed in six different buildings: 
 
• Active energy consumption 
• Reactive energy consumption 
• Water consumption 
• Indoor and outdoor temperature 
• Motion detection in selected areas 
 
SoftExpo services  
 
The server collects data from the nodes and bundles it to different services to 
the user. Services include load balancing of the energy consumption, early 
detection of disturbances in operations or power failures, early detection of 
water leakage and so on. Additional features include: 
 
• Possibilities of quick and accurate evaluations of energy saving measures. 
• Individual metering down to specific equipment such as elevators and 

pumps. 
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• Comparisons of parameters such as energy consumption and outdoor 
temperature. 

• Possibilities to introduce customer specific services for companies at 
SoftCenter. 

 
 
Monitors 
 
One purpose of the SoftExpo project is to show and illustrate possibilities of 
smart equipment in creation of smart buildings. To that end, there are 
monitors installed in every reception area allowing visitors to follow 
metering and monitoring of temperature as well as energy and water 
consumption. 
 
 
Web-server and Internet access 
 
A web-server has been installed to provide Internet access to the project. The 
project has an own homepage on the Internet where visitors can learn more 
about the project as well as follow some consumption patterns. The following 
screen dump shows aggregated energy consumption (Aktiv elförbrukning). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5:12. A screen dump from SoftExpo homepage showing aggregated energy 
consumption 
 
 
5.6.4 Hjorthöjden field test 
 
Hjorthöjden is a multi family housing area in Ronneby. The local government 
in Ronneby, AB Ronnebyhus, owns the apartment buildings. A consortium of 
AB Ronnebyhus, REAB, and NovaPower AB and supported by DESS is 



 

 

during 1999 installing smart equipment (individual metering systems of 
energy and water consumption in each flat to begin with). The installments 
and choice of equipment are based on experiences from earlier mentioned 
field tests. All communication between the distributed smart equipment is on 
the electric grid. The installments will be tested at the end of 1999. 
 
 
 



 

 

5.7 A plan for next generation of demonstrators and 
field tests 

 
A common denominator of our investigations and field tests is summarized 
in Figure 1 above, i.e., a need to have a comprehensive view on technology, 
applications and business models. 
 
 
5.7.1 Possibilities of new applications and services 
 
There is a set of ideas concerning applications [MTD], [NEW]. We have 
identified the following possibilities of special value to elderly and 
handicapped people [Boe]. 
 
 
Help with operating complicated devices 
 
• Video programming over power line 
 
People often have trouble programming their VCR. VCRs may be extended 
by a device that allows them to be programmed from a distance over the 
power line. Instead of programming the VCR themselves, people may have 
the utility do that for them. They call the utility by phone (e.g. over the power 
line), and tell what program they want to be taped. Then the utility programs 
the VCR over the power line. 
 
• TV, radio, and  VCR channel tuning over power line 
 
People often have trouble programming the channel frequencies in their TVs, 
VCRs and radios. 
TVs and VCRs may be extended by hardware allowing them to be initialized 
(i.e. channel settings) over the power line from a distance. Each time new 
channels are offered by the cable company or each times channel frequencies 
are changed, settings may be adapted automatically over the power line by 
the utility from a distance. 
 
• Intelligent (alarm) clocks 
 
The utility may send signals over the power line to adjust clocks from a 
distance. Alarm clocks equipped with special hardware pick up these signals 
and automatically show the correct time always. People won’t have to 
remember daylight saving time for instance. Digital clocks don’t have to be 
set to the right time by hand anymore when they have been without power. 
As soon they’re plugged into a socket, they automatically show the correct 
time. 
 
 
Safety (fire, burglary) 
 
• Fire and smoke detection 
 
System gives warning when fire or smoke is detected. Utility may be warned 
automatically by e.g. communication over the power line. 



 

 

 
• Detection system for open windows/doors (see below) 
 
• Access by fingerprint reader 
 
People may forget to lock the front door or loose the keys. Instead of using 
keys the front door is opened by fingerprint recognition. Only the inhabitant 
can enter the house. 
 
• Camera and intercom at front door 
 
Older people are often afraid to open the door. Have a camera and intercom 
installed at the front door so they can see who’s at the door. 
 
 
Health care 
 
• Accident detection 
 
System detects when person needs help. Person may push a button or shout 
for help (speech recognition) Or system may ask person to push a button or 
give a sign when it knows the person is in the house and no movement is 
detected for more than half an hour. If no sign is given the system will get 
assistance. 
 
• Intelligent refrigerator/freezer/cupboard 
 
Fridge/freezer/cupboard reads bar codes of products that are inside fridge. 
It gives a warning when products have exceed their expiration date. This 
prevents people from eating/drinking bad food. 
 
• Filth detection system 
 
Intelligent toilets, showers, bathroom, kitchen: gives warning when too many 
bacteria are detected. 
 
• Intelligent toilet 
 
Toilet monitors people’s health by chemical sampling of you know what… 
 
Energy saving 
 
• Comfort management system 
 
System tries to keep a certain comfort level in the house (temperature, 
humidity, air quality (also: health), lighting, etc.) at the lowest possible price. 
System buys energy on the energy market itself (homebot, see ECN Dego 
project proposal). 
 
• Detection system for open windows/doors 
 
Old people are forgetful and may forget to shut and lock windows or doors 
when they leave the house or go to bed. This not only is dangerous (safety: 



 

 

burglary prevention) but also energy wasting. System may give a warning 
when front door is being locked while other doors and windows are still 
open. Or it may shut windows automatically. A panel can show the status of 
the house: which doors and windows are still open/unlocked. 
 
• Detection system for appliances not being shut off. 
 
Old people are forgetful and may forget to shut off energy using devices like 
lamps, irons, cooking plates, heaters etc. This is not only dangerous (safety: 
fire protection) but also energy wasting. The system gives a warning when 
appliances are left on at times at which normally these appliances would 
have been shut off.  E.g. when people leave the house or go to bed. The 
system might give a warning when the front door is being locked and the 
lamp in the cellar is still on. It also may shut off the appliances itself 
automatically. A panel near the front door could give an overview of what 
appliances are still on (see also PLT Demo proposal, VU Amsterdam). 
 
• Intelligent refrigerator/freezer 
 
Fridge/freezer gives warning when door is not shut for a long time, or when 
temperature drops below a predefined level (also: health, prevents products 
from going bad). 
 
 
5.7.2 Methodological issues 
 
A crucial issue in identifying, designing and implementing new services of 
the kind we have outlined earlier and in section 6.1 concern issues such as 
values and acceptance and trust. Promising results on value identification and 
assessment has been put forward in a recent report on a methodology, e3-
VALUE [GAV].  
 
 
5.7.3 The next step 
 
It is desirable to identify an umbrella project, the name BRIDGE has been 
suggested. The BRIDGE project would have duration of 3 years and 
including several shorter subprojects with a common goal. A suggested 
overall goal is Constructing the bridge from enabling technology to new energy 
business. 
 
Possible subprojects include 
 
• An energy system demonstrator at Kreativum in Karlshamn. 
• A next generation of services, including the Energy barometer, at the 

Påtorp field test site. 
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URL addresses 
 
[Blu] The Bluetooth consortium 

URL: www.bluetooth.com 
 
[Ech] The Echelon Cooperation homepage 

URL: www.echelon.org 
 
[Ene] EnerSearch home page 

URL: www.enersearch.se 
 
[FIP] Foundation for Intelligent Physical Agents 

URL. www.echelon.org 
 
[JIN] The Community Resource for Jini technology 

URL: www.jini.org 
  
[OMG] The Object Management Group 

URL: www.omg.org 
 
[OSG] The Open Services Gateway Initiative 

URL: www.osgi.org  
 
[WAP] Wireless Application Protocol (WAP) Forum 

URL: www.wapforum.org 
 
[W3C] The World Wide Web Consortium 

URL: www.w3c.org 
 
 
 
 



  

 

Chapter 6 
 
 

Electronic energy services to the home: 
A demonstrator of the Energy Barometer 

system 
 

Norlén, U. - Björsell, N. 

 
 
 
6.1 Executive Summary 
 
Electronic energy services are to an increasing extent distributed to the home. This 
paper presents energy services provided within the ebox-technology. The services 
offered are based on the Energy Barometer idea.  
 
An application of the Energy Barometer in Blekinge County is also presented. This 
application intends to demonstrate how the Energy Barometer may be used to achieve 
energy efficiency in residential buildings. 
 
 



 

 

6.2 Introduction 
 
Improving energy efficiency in, say Blekinge County´s residential stock, 
requires a changed energy consumption behaviour of a large number of 
individual house owners.  
 
The underlying hypothesis in the present paper is that energy consumers 
would change their behaviour if they are provided with answers to questions 
such as: “How much energy am I consuming?”, “Is my consumption 
increasing or decreasing?, “How much does it cost me? “Am I a high 
consumer of electricity?, Am I consuming more than other consumers in 
Blekinge?, How much would I gain by decreasing my indoor temperature 
with 2 degrees?”, How much would I gain by a night temperature set-back?” 
How much would I gain by washing during night nime?”, How much would 
I gain by retrofit insulation of my attic?” How much would I gain by buying 
electrical energy from another utility company?” To achieve maximum effect 
of the energy services to homes it is important that the answers to these 
questions are easy to understand and easy to get, preferably in an interactive 
fashion. Options for delivering tailored information to the particular needs of 
the individual user is also required. For a further discussion on this subject, 
see Lindfors et al. (1998a). 
 
A number of technologies for collecting energy and temperature data in 
homes have been available for a long time. The costs of energy monitoring 
and control in homes have so far prohibited a wide-spread use, however.  
 
Recently developed open system and internet-based technologies like the 
ebox- technology have changed the situation. These new technologies have 
the desireable property that the physical infra-structure needed for electronic 
energy services may be used by other electronic service providers as well. 
Examples of other electronic service areas are internet-access, security, alarm, 
home-care, medical care, IP-telephony, WebTV, education and entertainment.  
 
The cost of electronic energy services is reasonable if the cost for the physical 
infra-structure in a home is shared among several different service areas. 
 
 



 

 

6.3 The ebox-technology 
 
The ebox may be considered as a technical manager of electronic services to 
the home (“home server”). The ebox consist of standard PC-components. The 
inter- and intranet networks linked to an ebox is illustrated in Figure 6:1. 
 
 

 

 
Figure 6:1. Network of an electronic service system  
 
 
We make the following comments: 
 
• The ebox is connected to inter- and intranets wire- and wireless, e.g., with 

a intranet Lon-work system and Power Line Communication to internet 
• Service providers share the same physical infra-structure 
• Services are given independently of each other 
• Functionality and up-dating of the ebox is managed by a network 

operator 
• Functionality of the sensors and appliances may be remotely controlled 

by (other) specialised service providers 
 
Authorised access to attributes of sensors, appliances, PC:s etc is required 
since appliances and sensors are connected to internet (via the ebox). 
Applications (services) must therefore be protected from each other by 
firewalls on several lawyers. 
 
The design and architecture of the ebox-system is described in more detail by 
Lilliestråle et al. (1999). 
 
 



 

 

6.4 The Energy Barometer system 
 
The objective of the Energy Barometer (EB) is to provide energy services to 
residents, house owners, energy managers of housing companies and energy 
authorities. The name "Energy Barometer" is taken to allude to its possibility 
to follow the "pressure" on the demand for energy end-use.  
 
Buildings are provided with sensors for measuring energy use for heating, 
household electrical energy and indoor temperatures. The software for 
handling the raw data from the sensors are installed in the ebox. The 
preprocesssed data are communicated to an Internet Building Service 
Provider (IBSP). Weather data from the nearest official climate station are 
communicated via FTP to the IBSP.  
 
A data base system for analysis of data and presentation of results is linked to 
this IBSP. For a discussion of the EB data collection and analysis system, see 
Lindfors et al. (1998b). 
 
EB is a "passive" monitoring system. Future developments of the EB include 
incorporation of soft-and hardware for controlling the heating system, the 
lighting system and other electric appliances in the home.  
 

 
Figure 6:2. Structure of the Energy Barometer system 
 
 



 

 

6.5 An application of the Energy Barometer in 
Blekinge County 

 
An application or demonstrator of the EB system has been made in the 
laboratory at the Soft Center of the University of Karlskrona/Ronneby. 
Indoor temperature, electricity use for heating and electricity use for 
appliances are measured. Outdoor temperature data are collected from 
Ronneby Airport at a distance of 30 km from the Laboratory. LonWorks is 
chosen as intranet enabling physical lawyer communication on the existing 
220V-cables in the Laboratory. 
 

 
Figure 6:3. Measurement design of the Energy Barometer demonstrator 
 
 
Communication from the ebox is performed from the ebox over SUNET to 
the IBSP in Gävle.  
 
Results from the EB are given on a particular homepage on the Internet and 
on a WAP-telephone, a cellular terminal adapted for Wireless Application 
Protocol (WAP). WAP is a de facto standard for communication of 
information on the internet and for other advanced communication services 
to digital mobile terminals such as car-telephones. WAP corresponds to the 
html-language. WAP is devised for displays of relative few points and small 
cpu-resources. The WAP-telephone will be simulated by a PC in the present 
application since WAP-phones not are available on the market (August 1999). 
 

 
Figure 6:4. Use of WAP-telephony as a thin client to the ebox makes it possible to 
remotely control the heating system and household appliances 



  

 

6.6 A concluding remark 
 
We face a situation where appliances in homes all over the world are 
becoming connected to each other and to the internet to a great extent. This 
evolution of the networked society enhances the functionality of household 
appliances and building services systems. The market is growing for services 
in the area of monitoring and control of systems for heating, cooling, 
ventilation and particular household appliances.  
 
Further applications of the EB system described in this paper, and application 
of other similar systems, are needed to gain an understanding of how we 
now best can meet the needs of energy end-users and to achieve energy 
efficient buildings.  
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Chapter 7 
 
 

Practical Recommendations from a System 
Engineering’s Perspective 
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7.1 Executive Summary 
 
Many statistics have shown that majority of the IT systems implemented suffered 
from a number of problems. Either the IT systems failed to deliver their intended 
functionality, rendered them not able to deliver the intended benefits, or the IT 
systems became “white elephants”, rarely used, difficult and costly to maintain. One 
of the main causes to these problems is the inadequate attention given to requirement 
specifications, resulted in requirement not clearly stated and/or important aspects 
being missed out.   
 
To avoid such problems, it is imperative that a system engineering approach be taken. 
A system engineering approach helps to provide a “holistic” view of IT systems, 
viewing them not only from a technological perspective, but also from its goals, 
values and benefits that it is supposed to bring about, and the end-user needs, etc. 
 
The KEES project involved participants from many different sites. Inputs and 
findings from the different sites must be put together to provide a system view, from 
which important requirements can be drawn. The purpose of this chapter is therefore 
to assimilate all the inputs and findings from the different sites to provide a system 
view, and to identify important requirements for the system. The ultimate goal is to 
enhance the success rate of the proposed IT system. 
 
Apart from identifying the critical requirements for the proposed IT system, some 
recommendations for the choice of technology are also given based on factors such as 
project goals, customer needs, maturity of technology, potential of technology, and 
future trends. 



 

 

7.2 Introduction 
 
The purpose of the KEES (Karlshamn Energy Efficient System) project is to 
investigate the possibility of further enhancing the efficiency of energy 
systems by the use of Information Technology (IT). Beside energy efficiency, 
the project is also to investigate other possibilities made possible by IT such 
as introducing value-added services, raising the standard of living of the 
community, etc.  
 
The KEES project is partly funded by the European Union (EU) and it 
involved several universities in Sweden in its activities. With reference to the 
project plan [1], the role of the Dept. of Industrial Control Systems (ICS) in 
the Royal Institute of Technology (KTH) can be described by Figure 7:1. 

 
Figure 7:1. Division of tasks in the KEES project. 
 
 
While the deliverable from KTH-ICS is to provide guidelines and 
recommendations on practical implementation of Energy Efficient Systems 
(EES) for Karlshamn (based on inputs from all the sites), the ultimate goal is 
to enhance the success rate of system implementation from a requirement 
and system engineering perspective. 
 
In order to achieve the goal and bring about the deliverables, several tasks 
were carried out by this department. First, an exploratory survey was carried 
out to identify the existing and upcoming IT infrastructures that could be 
used to provide the needed two-way communication channel between utility 
and its customers to enable energy efficiency measures to be taken. Second, a 
stakeholder analysis was carried out to identify the goals and expectations of 
the stakeholders. The analysis was focused on the steering committee alone 
since the end-customers survey was carried out by another site at Lund 
University. Finally, an evaluation was carried out based on inputs from all 
the sites in order to provide the guidelines and recommendations from a 
requirement and system engineering perspective. 
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7.3 Summary of inputs/findings from other sites 
 
This section will briefly describe the findings from all the sites. These 
findings formed the basis for the guidelines and recommendations made in 
this report. 
 
 
7.3.1 Energy system optimization study 
 
This task was jointly undertaken by the Dept. of Mechanical Engineering in 
Linköping University and Sycon Energikonsult AB. The aim of this study 
was to identify possible cost efficient measures that could be taken in the 
energy system of Karlshamn. The optimization study was carried out by 
using the MODEST model (Model for Optimization of Dynamic Energy 
Systems with Time dependent components and boundary conditions) that 
was developed in the same university. 
 
The study was carried out for two different cases. First by considering the 
distributor as the main actor (supply side) and second by considering the 
small and medium customers as the main actors (demand side). 
 
The electricity demand for the municipality was divided into five different 
groups. These include household, small industries, services, and two other 
groups of industries. In the model, both existing plants and potential 
investments were considered. The considered potentials include different 
kinds of CHP (Combined Heat and Power) plant, hot water boilers, heat 
pump, efficiency improvements, load management and energy-carrier 
switching. 
 
The results of the study showed that the optimizations were different 
depending on the choice of the main actor. The change in the total system 
cost was rather small in both cases described above, especially when the 
distributor was taken as the main actor. This implied that the Karlshamn 
energy system was already operating at a very high efficiency level. On the 
other hand, the change in the total system cost was slightly larger when the 
small and medium customers were considered to be the main actors, 
especially when only the small customers were taken as the main actors. This 
implied that it could be profitable to carry out energy-carrier switching and 
load management measures from the demand side, especially when it 
concerned the small customers [2]. 
 
 



 

 

7.3.2 Market Investigation 
 
This part of the study was carried out by Lund University. The purpose of the 
study was to contribute knowledge about the customer side of energy saving 
activities in Karlshamn’s municipality by studying various customer 
viewpoints and profiles in relation to the local energy suppliers and their 
marketing. This study was initially focused on major customers but it was 
later extended to cover even the smaller (household) customers. The study 
used a combination of questionnaire and telephone surveys. 
 
The main findings of this study can be briefly summarized below [3]. 
 
From the major customers’ perspective, the study showed that the larger ones 
were more well aware of the various energy saving measures and the role of 
IT in achieving better energy efficiency than the smaller customers. The 
larger ones were also getting more support from their energy suppliers than 
the smaller ones, who have almost no idea about what the suppliers are 
planning to offer.  
 
Most of the larger customers have already implemented various energy 
saving measures. Their present activities are quite limited to further 
refinement of their past efforts. The main barrier to the implementation of 
energy saving activities, according to this group of customers, was clearly the 
high costs, low gains, and long pay-off periods. The larger customers 
considered IT as central to energy saving activities while the smaller ones 
were more uncertain and viewed the lack of IT knowledge as one of the 
barriers. 
 
From the household customers’ perspective, the study showed that they were 
in general very positive towards energy saving activities. They considered 
these activities being able to contribute towards (in order of their 
importance): 
 
• Saving resources for future generation. 
• Saving the environment. 
• Reducing household expenditure. 
 
The respondents were also of the opinion that these positive effects of energy 
saving measures could be achieved without compromising on the living 
standards, hindering product development and causing unemployment. 
Furthermore, they were not only interested in the lowest possible price 
(although this was their top priority), but also “green” energy, energy saving 
advice, load management, electric security equipment, energy saving 
appliances, etc.  
 



 

 

7.3.3 Smart technologies 
 
The study of existing and upcoming “smart” technologies and equipment 
was carried out by the Computer Science Department in HKR (High School 
in Ronneby). The aim of the study was to make a survey on the available 
smart technology and equipment that could be used in the KEES project. The 
focus was on smart technology and equipment that were deemed most 
appropriate for smart energy saving and smart home applications. Some of 
the key technologies and equipment surveyed are briefly presented below 
based on the report by HKR [4]. 
 
Communication technology 
 
Bi-directional communication is the very basic requirement to enable energy 
saving measures and value-added services to be introduced. The main barrier 
in introducing these services and applications has been the cost of 
deployment and the expected rate of return. In the recent years, a lot of focus 
has been put on developing communication technologies that do not require 
additional wire to be installed, thereby reducing the cost of deployment. In 
the following, some of these “wireless” technologies will be reviewed. 
 
 
Wireless communication 
 
Wireless communication here means radio communication. There are several 
wireless solutions (standards) proposed or accepted. One of the most visible 
and interesting technique that is relevant to the KEES project is the Bluetooth 
[5]. 
 
Bluetooth is a codename for an open specification for wireless 
communication of data and voice. It is based on a low-cost short-range radio 
link, built into a 9x9 mm microchip, facilitating protected ad hoc connections 
for stationary and mobile communication environments. It allows for the 
replacement of the many proprietary cables that connect one device to 
another with one universal short-range radio link.  
 
The major companies behind the Bluetooth technology are Ericsson Mobile 
Communications, Nokia Mobile Phones, and the IBM, Intel, and Toshiba 
corporations. Together with other computer, networking, and 
telecommunication companies, they formed a Bluetooth Special Interest 
Group (SIG) to manage the new technology. 
 
Bluetooth operates in the unlicensed but regulated ISM (Industrial-Scientific-
Medical) band at 2.4 GHz. Designed to operate in a noisy radio frequency 
environment, the Bluetooth radio uses a fast acknowledgement and 
frequency hopping scheme to make the link robust. Bluetooth radio modules 
avoid interference from other signals by hopping to a new frequency after 
transmitting or receiving a packet. Compared with other systems operating in 
the same frequency band, the Bluetooth radio typically hops faster (1600 
hops/sec) and uses shorter packets. This makes the Bluetooth radio more 
robust than other systems. Short packages and fast hopping also limit the 
impact of domestic and professional microwave ovens. It also uses Forward 
Error Correction (FEC) to limit the impact of random noise on long-distance 
links. 



 

 

 
The Bluetooth baseband protocol is a combination of circuit and packet 
switching. It has a gross data rate of 1Mb/s and can support an asynchronous 
data channel, up to three simultaneous synchronous voice channels, or a 
channel which simultaneously supports asynchronous data and synchronous 
voice. Each voice channel supports 64 kb/s synchronous (voice) link. The 
asynchronous channel can support an asymmetric link of maximally 721 kb/s 
in either direction while permitting 57.6 kb/s in the return direction, or a 
432.6 kb/s symmetric link. Based on a nominal antenna power of 0dBm, the 
nominal link range is 10 centimeters to 10 meters, but can be extended to 
more than 100 meters by increasing the transmit power. Unlike IrDA 
(Infrared Data association), Bluetooth does not require a direct line-of-sight 
and can transmit through solid, non-metal objects since it is omni-directional. 
 
The advantage of Bluetooth is that it is a very cost-effective technique 
(around 100 SEK for the transceiver in larger quantities). The disadvantage is 
that it is a new technique and thereby there is not any products or equipment 
out on the market yet. 
 
Powerline communication 
 
Powerline communication is also considered as another form of “wireless” 
communication technology since it does not require any additional wire and 
it reaches out to every socket. The interest in powerline communication has 
grown dramatically during the recent years. There are basically two 
categories of powerline communication systems: the “narrowband” systems 
that comply with the CENELEC standards (EN50065-1) and the “broadband” 
systems that utilize a frequency band outside the spectrum provided by 
CENELEC. See Figure 7:2. 
 

Figure 7:2. CENELEC frequency allocation on powerline (EN50065-1 standard) 
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In the narrowband cartegory, it exists today many different systems. The 
most commonly used system is the LonWorks system by Echelon [6]. This 
system, which has its root in the building automation and industrial control 
networking, has penetrated into various other industries including electric 
utilities, telecommunication and transportation. Today, due to its wide 
adoption, the LonWorks system can be considered to be the industry 
standard in many control networking applications including building 
automation and utility applications. 
 
The LonWorks technique has a range of about 300 meters, but in favourable 
cases, a range of up to 1.000 meter can be accomplished. The transfer rate is 
about 5 kbps, which is quite low but enough for most applications in home 
automation and also utility specific services. Besides supporting 
communication over the powerline, LonWorks also support other 
communication media such as twisted pair, coaxial, and radio.  
 
There are several products on the market using LonWorks technology, for 
example, the Arigo Home Automation System [7], Smart Systems [8], and 
Adasis. On the utility applications, several electric utilities in Sweden have 
been installed with AMR (Automatic Meter Reading) systems based on 
LonWorks. 
 
It is noteworthy that LonWorks is also an open standard. Its specification is 
easily available for those who wish to develop products using its technology. 
In January 1999, Cisco (the worldwide leader in networking for the Internet) 
and Echelon have teamed to create a new family of Internet Protocol (IP) to 
LonWorks connectivity products, thus integrating the control networks with 
the Internet. At the 1999 International Consumer Electronics Show (CES) in 
Las Vegas on January 8, Cisco demonstrated how a common browser can be 
used to interact with a number of off-the-shelf LonWorks enabled devices via 
the Internet. 
 
In order to promote interoperability between products from different 
vendors, the LonMark Interoperability Association [9] was formed with the 
mission to enable the easy integration of multi-vendor systems based on 
LonWorks networks using standard tools and components. The Association 
has three major functions:  
 
• Promotion of LonMark products and systems as open interoperable 

control solutions.  
• Recommendation of design guidelines for interoperable devices based on 

LonWorks. 
• Verification of products that meet the LonMark guidelines for 

interoperability. 
 
In the broadband category, several vendors have announced their systems. 
However, so far only the system by NOR.WEB [10] is available commercially. 
In order to deliver high data rate, The NOR.WEB’s system utilizes a 
frequency band in the MHz range (between 2.5 - 6 MHz), thus it is outside 
the frequency band allocated under the CENELEC EN50065-1 standard. The 
system has a gross data rate of about 1 Mbps. This data rate is shared among 
users on the same powerline, thus, the effective data rate per user will be 
lower. Due to the high frequency used, this system can only be used on 
shielded or screened cables to prevent it from interfering with other radio 



 

 

equipment, for example, in underground cables. It is not suitable for use in 
overhead cables that are not shielded. Since the announcement of this system 
in the end of 1997, three electric utilities in Sweden have signed up for pilot 
tests. 
 
It is important to note that at present, this system can only provide Internet 
access. It has the advantage of providing a permanent Internet connection 
without the need to dial-up. Another point worth noting is that the 
connection to Internet is via a coaxial cable from a conditioning unit installed 
near the fuse box of the premise (see Figure 7:3) and not from any socket 
outlet as many people had hoped for. The signal is not designed to be carried 
over in-house wiring. 

 
Figure 7:3. The NORWEB's PLT system (Source: NORWEB) 
 
Internet 
 
First started as a research and development project in 1969 sponsored by the 
U.S. Defence Department agency, the Internet (it was known as ARPANET 
then) has totally changed the way we use to carry out our daily routines, be it 
at home, at work, or even at our leisure time. In fact, the impact of Internet on 
the world is often being quoted as being analogous to the impact of such 
technologies as electricity, the internal combustion engine, the printing press, 
and even the wheel [11]. The Internet technology has and will continue to 
become an integral part of our society where we live in and will become a 
fundamental need just as electricity. 
 
Primarily due to the rapid development in the Internet, we witnessed today a 
dramatically accelerated rate at which different forms of information (data, 
voice, video, audio, control, etc.) are merging, thus allowing uninhibited 
mixing of information types for solving everyday problems. This 
convergence is allowing the end-user to more efficiently communicate and 
share information with the rest of the world. It also transforms the way 
business is transacted and enables new applications and services to be 
developed and delivered. 
 



 

 

The underlying strengths of the Internet are its robustness made possible by 
the packet switching technology, and most importantly, its open and 
accepted standards for protocols. Among some of the vital standard protocols 
are: 
 
• TCP/IP (Transmission Control Protocol/Internet Protocol), a standard 

protocol for the transport and network layer respectively. Together, they 
provide the robustness of the system by enabling packet of data to be 
routed around the interconnected networks to reach its final destination. 

• FTP (File Transfer Protocol), a standard application layer protocol for file 
transfer between two communication nodes connected to the Internet. 

• SMTP (Simple Mail Transfer Protocol), a standard application layer 
protocol for exchanging of e-mail. 

• HTTP (HyperText Transfer Protocol), the standard Web transfer protocol. 
Each interaction consists of one ASCII request, followed by one RFC 822 
MIME-like response. 

• HTML (HyperText markup Language), the standard language for writing 
Web pages. It allows users to produce Web pages that include text, 
graphics, and poiinters to other Web pages. 

• XML (Extensible Markup Language). Unlike the HTML that defines a fixed 
way to describe information in one specific class of documents, XML lets 
you define your own customized markup languages for different classes 
of document. XML is primarily intended to meet the requirements of 
large-scale Web content providers for industry-specific markup, vendor-
neutral data exchange, media-independent publishing, one-on-one 
marketing, workflow management in collaborative authoring 
environments, and the processing of Web documents by intelligent 
clients. The specification for XML is still evolving. 

 
Open Service Gateway Initiative (OSGI) 
 
The OSG Initiative (OSGi) is an open industry effort lead by Alcatel, Cable 
and Wireless, Electricité de France, Enron Communications, Ericsson, IBM, 
Lucent Technologies, Motorola, NCI, Nortel Networks, Oracle, Philips 
Electronics, Sun Microsystems, Sybase and Toshiba to specify the “Open 
Service Gateway”, an open standard for connecting the coming generation of 
smart consumer and small business appliances with commercial Internet 
services [12]. 
 
The Service Gateway is an embedded server that is inserted into the network 
to connect the external Internet to internal clients, like LonWorks. This 
gateway will provide a central point from which services can be deployed to 
and managed.  
 
The specification for the Service Gateway is a collection of APIs (Application 
Program Interface) that defines the service delivery, dependency and life 
cycle management, resource management, remote service administration, 
and equipment management (core APIs). It also defines the mechanisms for 
client interaction with the gateway and data management (optional APIs).  
 
Where possible the OSG is leveraging existing Java standards, such as JINI 
and JDBC. Where there are standards that apply that are not Java based, the 
groups work focuses on integrating with these standards. For example, the 



 

 

group will work on providing a consistent and standard set of APIs for 
Bluetooth and LonWorks. 
 
The OSG specification is expected to be available by summer 1999. A product 
having the same concept as the OSG is the e-Box by Ericsson. The e-Box is 
further described in the following section. 
 
 
The e-Box 
 
“e-Box” is a product developed by Ericsson that is used to connect the 
internal home-network to the external network such as the Internet [13]. Its 
concept is very much similar to that of the OSG described above. It acts as a 
gateway between the internal and the external networks, providing a 
platform for service providers to deliver their services to an internal network 
in a building or house.  
 
The e-Box implementation does not stipulate the type of external network to 
be used in an e-Box system, nor does it specify what access technology to be 
used. The external network can be connected to the Internet and the access 
network can be PSTN, ISDN, GSM, etc. The e-Box can also accommodate a 
large number of internal local network technologies such as LonWorks, 
Bluetooth, etc., see Figure 7:4 [13]. 

 
Figure 7:4. The Ericsson e-service infrastructure 
 
 
Initially, the target group of the e-Box is homeowners and the services 
include communication and entertainment, security, energy management, 
home automation and home care. Internet access and IP telephony are 
considered to be the basic services. 
 
 
One of the guiding principles behind the design of the e-Box is that standard 
technologies be used to enable third-party markets for hardware and services 
to evolve. The development environment for application software is based on 
Java standards. New applications will interact with the e-service 



 

 

infrastructure through Java API that comply with mainstream Java 
development. 
 
The e-Box concept is now being tested out by our KEES project partner at 
KTH-Gävle. 
 
 
7.3.4 Energy efficiency in a built-environment 
 
This subproject is to be carried out by KTH-Gävle. The purpose of this project 
is to provide statistics on energy usage in buildings so that measures can be 
taken to enhance the energy usage efficiency. 
 
KTH-Gävle has started a project “Kungsbäcks IT centrum” that can serve as a 
platform where different IT applications and services to be tested in a built-
environment. Ericsson, Gävle Energi AB, Hyresbostäder and the High School 
in Gävle are among the main participants in this project. 
 
This project uses the eBox technology of Ericcsson as a platform for the 
delivery of services. The main areas of focus are: 
 
• Internet technology for building research. Here, it includes an “Energy 

barometer” for existing buildings, and also an IT-based diagnostic for 
building that among others, to detect damages caused by moisture. 

• IT for residents. Here, a number of “down-to-earth” IT services will be 
developed, for example, access to Internet, IP-telephony, etc. 

• IT and industrial development. The focus here is to open up the possibility 
for small companies to develop IT-services within the building sector 
through the use of open standards and interfaces. 

 
 
7.3.5 IT infrastructure study 
 
This part of the study was carried out by the Dept. of Industrial Control 
Systems in the Royal Institute of Technology. The purpose of this study was 
to take stock of the IT infrastructure in Karlshamn commune and to provide 
an objective assessment on the suitability of the various IT networks in 
delivering value-added services. The possibility of further enhancing the 
efficiency of the electricity distribution network was also looked into.  
 
The study covered three major networks that are potential carrier for value-
added services to the households, namely, the electrical network, the telecom 
network, and the cable-TV network. It should be stated here that the scope of 
this study was strongly delimited due to the unavailability of much 
information from the local telecom network operator and owner as well as 
the cable-TV companies. This limitation has forced the study to change its 
focus to a more general study in order to draw some conclusion form the 
available information. The conclusions of the study presented below are 
based on [14].  
 
The first conclusion that can be drawn from the study is that the introduction 
of IT systems just to improve the efficiency of the electrical network by 
reducing the distribution losses is hard to justify strictly on economical basis. 



 

 

This is based on the fact that the distribution losses of the network are 
already very small, between 4-5%. Considering the unavoidable copper losses 
of the transformers and the cables, the most the losses can possibly be 
reduced is about 0.5%. This corresponds to just about 100,000 SEK per year of 
saving for the distribution companies. Thus, other services and applications 
must be bundled in the IT systems to make it economically justifiable. 
 
Secondly, in terms of geographical and customers coverage, both the 
electrical network and the telecom network have almost 100% coverage. This 
implies that there is no obvious advantage of the electrical network over the 
telecom network in this respect, in the attempt to offer value-added services 
such as Internet access to customers. However, these two networks have an 
advantage over the cable-TV network that has only about 65% coverage, 
which is an average figure in Sweden and in the case of Karlshamn, the 
figure could be lower. 
 
Thirdly, the many different cable types that energy companies have may be 
more problematic in introducing broadband services over powerline than 
that of the telecom network or the cable-TV network that have relatively few 
cable types. The many different cable types imply that more calibration may 
be needed in introducing broadband services by using powerline 
communication. This may increase the cost of deployment compared with, 
for example, ADSL (Asymmetric Digital Subscriber Line) by using the 
telecom network. 
 
Fourthly, based on the business case worked out by a vendor of the 
powerline communication system, the powerline communication systems use 
to provide broadband services are justifiable economically only if there are at 
least 20 subscribers per substation. This implies that a substation should have 
at least 100 - 200 customers connected, assuming a take-up rate of between 10 
- 20%. Based on this assumption and the average number of customers per 
substation, Karlshamn Energi AB is perhaps the only energy company in 
Karlshamn commune that is suitable for deploying powerline 
communication to deliver broadband services. It should be noted however 
that the take-up rate could be improved by better understanding of the 
customers' decision style (Chapter 3), thus reducing the average number of 
customers per substation needed. 
 
Finally, the digital communication on the telecom network can offer higher 
data transmission rate. Economic factor is the primary obstacle in introducing 
the new technologies. The cost for individual users is still considered too high 
for telecom operator to be motivated to introduce the technology in a large 
scale. 
 
7.3.6 Goals and objectives analysis 
 
This part of the study was carried out by the Dept. of Industrial Control 
Systems in the Royal Institute of Technology as another subproject. The 
purpose of this study was to determine in more detail the aims, goals and 
visions of the different members of the KEES project steering committee. The 
results of this study will not only have an impact on the proposed guidelines 
and recommendations for the implementation of the KEES project, but also 
provide a basis for evaluating the success of the project later. 
 



 

 

A combination of interviews and questionnaire was used in this study for 
data collection. In order to handle the diverse views of the members of the 
steering committee, a method prescribed by Saathy [15], widely known as the 
“Analytic Hierarchy Process” (AHP) for multicriteria decision making, was 
used in data analysis. The complete result of this study is documented in a 
report submitted to the KEES project organization [16]. 
 
According to the study, the most important aims of the KEES project were to 
(in order of their important): 
 
1. Increase the knowledge about, for example: 

• the attitudes of the market i.e. the end-users willingness to change their 
behavior regarding the use of energy and energy related services. 

• the information technology suitable for integrating into the energy 
distribution process in order to achieve higher efficiency. 

 
2. Create future development in areas such as: 

• technology relevant to an efficient energy distribution and energy 
handling. 

• the competence within the region (Blekinge County). 
 
3. Demonstrate the benefits: 

• show what are the benefits that can be gained from a more efficient 
energy use and energy distribution. 

 
 



 

 

7.4 Putting all the inputs/findings in perspective – 
a system view 
 

In the previous section, the findings of the various sites have been presented. 
This section will attempt to put all the findings into perspective in order for 
us to see the “big picture.” This is an important prerequisite in applying the 
concept of system engineering to achieve some kind of practical 
recommendations for the implementation of any project, especially the 
complex ones. 
 
 
7.4.1 An overview of a system engineering approach 
 
The concept of system engineering as viewed from the perspective of the 
Dept. of Industrial Control Systems, is summarized in Figure 7:5. 

Figure 7:5. System engineering in perspective 
 
The purpose and the importance of applying a system engineering approach, 
and the reasons behind the need for such an approach are well documented 
in [17] and will not be repeated here. Briefly, this approach aims in enhancing 
the success rate of IT-projects by integrating various important views or 
aspects that are critical for the success of the project. The ultimate goal of this 
approach is to arrive at a requirement specification that is goal or business 
driven, functional-focused instead of technology-focused, and most 
importantly, promote a vendor-neutral solution that is strictly based on 
merits. 
 
 
7.4.2 Application of system engineering approach in the 
 KEES project 
 
A system view of an IT system adapted for the KEES project is shown in 
Figure 7:6. This system view highlights the many factors that can affect the 
development and implementation of the IT system. By mapping the findings 
from the different sites participated in the KEES project, it will be able to lift 
up some of the vital requirements for the proposed IT system. 
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Figure 7:6. A system view of an IT system adapted for the KEES project 
 
 
Project goals 
 
Starting with the project goals, these goals can be derived from the goals of 
the sponsors as well as from the project steering committee. As far as the 
sponsors are concerned, they are concerned with the questions: “Can we save 
energy?” and “What are the energy saving potentials?” 
 
From the perspective of the steering committee, the goals and objectives are 
broader and more diverse as shown from the findings presented in [16]. This 
was not totally unexpected in view of the composition of the steering 
committee that consisted of people from different trades and professions. It 
was only after a long process of filtering the information and applying a 
technique widely used in multi-criteria decision making that the study 
managed to identify the top three priorities. 
 
The study concluded that the top three goals of the steering committee are to: 
 
• Increase the knowledge about the attitudes of the market towards energy 

efficiency measures and other IT-related services as well as the associated 
enabling technology. 

• Create future development in areas such as technology relevant to an 
efficient energy distribution and energy handling as well as the 
competence within the region (Blekinge County). 

• Demonstrate the benefits that can be gained from a more efficient energy 
use and energy distribution. 

 
Thus, we can see that the goals of the project sponsors are included in the 
steering committee’s top three priorities. There is no conflict of goals between 
the project sponsors and the steering committee except that the goals of the 
steering committee are broader. By achieving the goals of the steering 
committee, the goals of the sponsor are automatically satisfied. 
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It should also be noted that the focus of these goals is directed towards 
smaller customers group (including households) instead of the key energy 
customers as a result of the findings provided by the energy system 
optimization study conducted by LiTH described in chapter 2 above. The 
focus is also shaped by the findings of the IT infrastructure study conducted 
by KTH-ICS, which showed that energy efficiency measures alone would not 
provide enough motivation for the implementation of IT systems from an 
economic view-point. Energy efficiency measures must be combined with 
other possibilities to provide value-added services.   
 
 
Customer needs 
 
The customer or end-user needs are mostly identified from the market study 
conducted by Lund University. The focus of the study was shifted from key 
energy customers to smaller customers including households due to the 
findings concluded from the energy system optimization study conducted by 
LiTH that showed that there was better potential for improvement in the 
smaller customer group than the larger ones. 
 
The study revealed that the smaller customers (including the households) are 
in general very positive towards energy saving activities. They considered 
these activities being able to contribute towards saving resources for future 
generation, saving the environment, and reducing household expenditure. 
The top priority for them is the lowest possible price. Beside this, they are 
also interested in “green” energy, energy saving advice, load management, 
electric security equipment, energy saving appliances, etc. 
 
IT system 
 
The inputs to the mapping of the IT system are mostly contributed by the 
“smart technology” study conducted by the Computer Science Department in 
HKR (High School in Ronneby), and also the IT infrastructure study 
conducted by the Dept. of Industrial Control Systems in the Royal Institute of 
Technology. 
 
From these inputs, three categories of technology can be identified, namely, 
the local access technology, home networking technology, and the interfacing 
technology (see Figure 7:6). 
 
Local access technology 
 
In the category of the local access technology, three main technologies are, 
namely, the Powerline Telecommunication (PLT) technology, the ADSL 
technology, and the cable-TV technology. All these technologies made use of 
the existing infrastructure as the communication media. 
 
As described in section 4.3.2, there are basically two different types of PLT 
technology and system: the “narrowband” systems that comply with the 
CENELEC standards using a frequency spectrum between 3 - 95 kHz and the 
“broadband” systems that utilize a frequency outside the spectrum provided 
by CENELEC (in the Megahertz range). These two technologies, serving 
different application areas, are undergoing different stages of technological 
development and are at different maturity level as shown in Figure 7:7. While 



 

 

the narrowband systems have achieved some kind of standards, for example 
the IEC 1334 standards released in 1996 and also the LonWorks system which 
is widely considered to be the de facto industry standard, the broadband 
systems have remained largely proprietary. 
 
 

Figure 7:7. Maturity level of narrowband and broadband PLT technology (adapted 
from Gartner group) 
 
 
ADSL (Asymmetric Digital Subscriber Line) is the main competitor of 
broadband PLT technology. ADSL made use the existing POT (Plain Old 
Telephone) lines as its communication medium and it can deliver a data rate 
of up to 4 Mb/s downstream and 320 kb/s upstream for a distance up to 
approximately 3 km. 
 
Compared with the broadband PLT technology which has its breakthrough 
in the late 1997, ADSL that is first specified in 1995 [18], is considered a 
relatively more matured technology. Since the first commercial deployment 
of ATM over ADSL in the world by the ONE network of Singapore Telecom 
in November 1997 [19] to support broadband services to PC, many other 
countries have also started to deploy ADSL on a commercial basis [20]. For 
example, several tariffed (not trials) ADSL services have already been 
implemented in the U.S and Sweden today. 
 
It is noteworthy that in October 1998, ITU has specified a series of standards 
and recommendations for ADSL including the splitterless Lite version that is 
targeted at the residential and the SOHO (Small Office Home Office) market 
[18]. Commercial products complying to the standards are already available.  
 
ADSL, especially the Lite version, has many advantages over the broadband 
PLT technology. For a comprehensive discussion on this topic, see for 
example [21]. Briefly, the advantages are: 
 
• Ease of installation, “zero effort” by customers, especially in the Lite 

version which employed DMT (Discrete Multi-Tone) technique and a 
splitterless architecture, providing “rate adaptive” as well as the “fast 
retrain” features. 
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• More matured and has the support of the major vendors in the computer 
(hardware and software) and telecommunication industry. For example, 
Microsoft, Compaq, Intel, and GTE has together formed a Universal 
ADSL Working Group (UAWG) in January 1998. 

• Dedicated bandwidth (not shared among users) although its bandwidth 
may still vary between 1 to 1.5 Mb/s (in the Lite version) depending on 
the line condition. 

• “Pay as you go,” i.e., investment is only necessary in installing common 
equipment in the central office where all the subscriber lines terminate. 
As demand grows, more modules can be added to the common shelf. 
Thus, ADSL removes the risk of rolling out broadband services since the 
services can be targeted to individual users on a case to case basis rather 
than on a whole neighborhood basis. 

 
Broadband CATV technology is also a relatively more matured technology 
than broadband PLT technology. Products such as cable modems or set-top 
boxes are already available in the market and some of the cable-TV 
companies are already offering services to their customers, especially in the 
city area. Despite this, the “war” on standards in the cable modem or set-top 
boxes is still going on. 
 
CATV has the advantage of offering a much higher data rate than the PLT. A 
data channel that takes up the capacity corresponds to a TV channel can 
transport data in a data rate of up to 30 Mbps. Beside, several channels can be 
used in parallel without interfering one another [14]. However, like PLT, 
cable-TV network is also a shared network, i.e., the bandwidth is shared by 
all the users connected to the same cable. Thus, the effective data rate may be 
lowered if more users are connected simultaneously. CATV also has the 
disadvantage that its network coverage is normally limited to the densely 
populated areas. 
 
Home network 
 
Several technologies described in section 2.3 can be mapped to this category. 
They are the Bluetooth technology by Ericsson that employs wireless (radio) 
communication and the LonWorks networking technology that employs 
powerline communication by Echelon. 
 
While Bluetooth is a very promising technology, having a lot of support from 
major vendors such as Ericsson, Nokia, IBM, Intel, and Toshiba; it is also an 
open specification maintained by a special interest group (SIG). The 
advantage of Bluetooth is that it can be a very cost-effective technique 
(around 100 SEK for the transceiver in larger quantities). The disadvantage is 
that it is a new technique and thereby there is not any products or equipment 
out on the market yet. 
 
On the other hand, LonWorks networking technology is a more matured 
technology. It is considered the de facto standard especially in building 
automation. LonWorks has an open specification and its products are easily 
available from several vendors. LonWorks network has been used quite 
widely in several industries including the electric utilities, beside building 
automation. Besides, LonWorks also supports other communication media 
such as twisted pair, radio, coaxial, etc. It is also noteworthy that Echelon has 
recently teamed up with Cisco, which is the world leader in networking 



 

 

technology, to integrate LonWorks with the external network such as the 
Internet. 
 
The interfacing technology 
 
Until recently, the development of networking technology has been quite 
isolated in the sense that home networks can hardly communicate with the 
external networks such as the Internet. One good example is the existing 
broadband PLT technology that only provides Internet access but not able 
communicate with home devices connected to the home network. This has 
prevented the delivery of “end-to-end“ services. As Internet becomes more 
ubiquitous and users becoming more advanced, the integration of the two 
disparate networks is fast becoming an important requirement in order to 
satisfy the users' needs. 
 
The integration of the internal home network with the external network such 
as the Internet implies the integration of narrowband and broadband services 
(see Figure 7:6), thus providing “end-to-end” services to the users in a 
transparent way. This integration will allow users, for example, to access 
their home networks from anywhere by using a common browser, thereby 
allowing them to monitor and control their home devices remotely. 
 
The OSGi described in section 7.3.3 is an important effort towards achieving 
such an integration. Its aim is to specify an open standard for connecting the 
coming generation of smart consumer and small business appliances with 
commercial Internet services [12]. The OSGi has the support of major 
companies in the IT industry such as Alcatel, Cable and Wireless, Electricité 
de France, Enron Communications, Ericsson, IBM, Lucent Technologies, 
Motorola, NCI, Nortel Networks, Oracle, Philips Electronics, Sun 
Microsystems, Sybase and Toshiba. 
 
The OSG specification is expected to be available by summer 1999. A product 
having the same concept as the OSG is the eBox by Ericsson. 
 
 



 

 

7.5 Practical recommendations 
 
By now, it should be clear to the readers how different pieces of findings fit 
together to form a “big picture”, thus providing a system view of the 
proposed IT system. In the following, some recommendations will be given 
with regard to the specification of the proposed IT system. The 
recommendations are based on the following criteria:  
 
• Project goals 
• Customer needs 
• Maturity of technology: standardization, well-tested, widely-adapted 
• Potential of technology: support of major vendors, ability to be integrated 

with other technology, potential of being obsolete (future proof), etc 
• Trend of technology 
 
 
7.5.1 A specification for the proposed IT system 
 
The scope and focus of the system 
 
From the previous section, it is quite clear that the scope and focus of the 
proposed system is on the smaller energy customers (including households) 
and the functionality to be delivered is not only on energy efficiency 
measures, but also on other IT-enabled value-added services. The reason 
behind this is mainly economical. 
 
System goals and motivations 
 
In order to achieve the main goals of the project sponsors and the steering 
committee of the KEES project, a system (prototype) should be built with the 
goals to: 
 
• Increase the awareness of the targeted group what IT can do to improve 

energy efficiency and in delivering more value-added services. 
• Demonstrate the benefits that can be gained from the IT system in 

enhancing energy efficiency and in increasing the living standards 
through more IT-enabled services. 

• Get feedback from the targeted group to increase our knowledge about 
their attitudes towards energy efficiency measures and other IT-related 
services. 

• Promote the development of competence and technology related to efficient 
energy distribution and handling in the region. 

 
The motivation for the first goal is simple. People must become aware of the 
potential of IT in improving energy efficiency and in delivering other value-
added services before they become interested and to explore it further. No 
amount of talks can do this better than having a prototype that people can see 
and feel. 
 
The motivation for the second goal is based on the assumption that rarely 
anyone will invest into something that he/she can not see the benefit before 
the investment is made. It is vital for IT system that is aiming for the mass 



 

 

market to gain wide acceptance and be adopted by the end-users to be 
successful. 
 
The motivation for the third goal is somewhat related to the second goal. It is 
important for whoever who is going to introduce such IT systems in the 
future to gauge the possible response of the users. For example, to what 
degree are they needing the services, and how much are they willing to pay 
for such services. 
 
Finally, the motivation for the fourth goal is that, in order for any technology 
to be diffused into a society, people must have the competence to manage it 
and to use it in an effective way. This not only requires people to be educated 
and to have the necessary competence, but also industry to support and 
sustain such development. 
 
 
System functions and components 
 
There are two main functions that the system has to perform: 
 
1. To enable some form of energy efficiency measures to be carried out. 
2. To enable the delivery some value-added services. 
 
Please note that the specific energy efficiency measures and also the value-
added services were not very well-defined at this stage. However, this is not 
very important at this stage as long as the tasks are related to the two main 
functions in view of the goals stated above. 
 
To be able to perform these two main functions, at least four components or 
subsystems are required. These subsystems, along with some of their 
requirements are described below. 
 
Smart devices 
 
This include sensors, controller, actuators, etc., that are either attached to or 
formed part of the electrical appliances. This devices should preferably be 
capable of communicating and exchanging information with each other on a 
peer-to-peer basis to avoid a single-point of failure as in the case of central 
control. This requires an unique ID for each device. These smart devices 
should be easily available, reasonably priced, and have the support of major vendors. 
The devices should be self-configured when plug into the network and have 
self-diagnostic feature built-in. Each device should also contain non-volatile 
memory to prevent the loss of its configuration settings in case of power 
failure. 
 
The communication protocols used by these devices shall be uniform and based 
on stable,  well-established standards complying to the ISO/OSI layered 
architecture. The communication protocols should be adapted to the 
underlying communication medium, preferably powerline and/or radio link to 
avoid additional wiring in tandem with trend towards “wireless” solutions. 
Several priority levels must be supported by the protocols to enable urgent 
messages such as alarm signal, etc., to get through immediately without 
having to queue. 
 



 

 

Internal home network 
 
The internal home network shall be based on the concept that “no additional 
wiring” is needed. This means that either existing powerline or radio link 
may be used. The technology deployed in the home network should be based 
on stable, well-established standards. The capacity of the network should be 
adequate for the services and applications intended and the number of 
devices connected to the network plus at least 50% excess capacity to cater for 
future extension. The operation of the home network should not hinder or cause 
interference to the normal operation of the home appliance in any way. 
 
Access network 
 
Access network refers to that part of the network situated between a 
customer's premise and the first distribution node of the network operator's 
network. It is often called the “last mile.” In principle, any of the existing 
infrastructure may be used, including powerline, telecom network, CATV, 
etc. However, the choice of the communication medium should be based several 
criteria as followed: 
 
• Sufficient bandwidth to cater for the intended applications and services. 
• Maturity and stability of the underlying technology. 
• Open, standardized or proprietary technology. 
• Availability of products or components from third party. 
• Geographical coverage of the existing infrastructure. 
• Accessibility of the local access network to a trunk network. 
• Cost of deployment, which has a direct impact on the cost per end-user. 
• Operation and maintenance cost of the network. 
• Ease of installation and acceptable by end-users.  
 
Interface between internal and local access (external) network 
 
This interface often takes the form of a gateway device. This interface serves to 
integrate the internal and the external networks, thus providing “end-to-end” 
services to the end-users. It also serves as a platform for service providers and 
application developers to develop and deploy their applications and services 
without worrying about the underlying home network. Some of the 
requirements of such gateway devices are: 
 
• Capable of supporting the common home network technologies including 

LonWorks. 
• Capable of supporting different communication media including 

powerline and radio link. 
• Capable to be upgraded in a modular basis to cater for future home 

networking technologies. 
• Based on open standards and have the support from major vendors. 
• Support remote management, configuration, software upgrade, etc. 
• Security mechanisms for authentication and authorization must be 

provided to prevent intruder from getting into the internal network. 
• Require minimum end-user effort. 
 



 

 

General requirements 
 
This set of requirements applies to all components and/or subsystems used 
in the overall system. 
 
• All components including embedded components shall be Y2K safe. 
• The components and/or subsystems should require minimum 

maintenance effort of the end-users. 
• All components should support remote management such as 

configuration management, software upgrading, etc. 
• All components must comply with the requirements set forth by the 

relevant authorities. For example, on possible radio interference, EMF 
emission, etc. 

• The user interface should be easy to use and require minimum user 
training. A user interface based on common browser technology is 
preferred. 

 
 
7.5.2 Choices of technology 
 
Based on the above requirements specification, some choices of technology 
can be made to implement the proposed system. 
 
Home network technology 
 
LonWorks networking technology is the preferred choice. Not only it is an 
open, de facto standard, it is also widely deployed in several industries. 
Throughout the years, it has become a stable matured technology and has 
developed experienced people skilled enough to deal with the technology. 
Products deploying LonWorks technology are more readily available from 
several vendors than other newer home networking technology such as the 
Bluetooth. Furthermore, the recent team-up between Echelon (the owner of 
LonWorks technology) and Cisco, the world leading global networking 
company, to further develop technology that integrates LonWorks with the 
Internet will enable users to have access to their home networks by using a 
common browser from anywhere in the world and at any time. The 
interoperability of LonWorks products from different vendors is also assured 
by the LonMark Interoperability Association. 
 
 
Local access technology 
 
There are two major contenders for the local access technology that can 
provide broadband connectivity, namely, the PLT technology and the ADSL 
technology. In places where ADSL are available, it is recommended that it be 
used instead of the PLT technique. The main reasons are that ADSL is more 
matured and more future-proof than PLT technique. Furthermore, ADSL has 
the support from many major vendors in the computer and 
telecommunication industries and its standards have been specified by the 
ITU. It is widely anticipated that ADSL products, especially the ADSL Lite 
version, will be more generally available in a year or two. Another important 
factor that favors ADSL is its relatively ease of installation compared with the 
PLT technology. This is especially true in the case of ADSL Lite, which is 



 

 

spliterless and rate adaptive. This is an important factor to generate wide 
users acceptance especially in the mass residential market. 
 
Interfacing technology 
 
In this area, there is very limited choice since this is a very new area. The only 
product that is available today is the eBox by Ericsson. The work by the OSGi 
in defining a specification for such a service gateway is still going on. The 
first version of the specification is expected to be completed by summer 1999. 
Ericsson is, however, also a member in the OSGi and therefore it is able to 
follow the development very closely and to adapt its product to the future 
specification. The existing version of the eBox is also capable of supporting 
the LonWorks networking technology. 
 
 



 

 

7.6 Summary & Conclusions 
 
The purpose of the KEES (Karlshamn Energy Efficient System) project is to 
investigate the possibility of further enhancing the efficiency of energy 
systems by the use of Information Technology (IT). Beside energy efficiency, 
the project is also to investigate other possibilities made possible by IT such 
as introducing value-added services, raising the standard of living of the 
community, etc.  
 
Several findings can be concluded from this project. Firstly, the potential of 
introducing energy efficiency measures is greater in the smaller energy 
customers segment (including households) compared with that of the larger 
or key customers segment. Market investigation also indicated that 
residential customers are rather positive towards energy efficiency measures. 
Apart from very interested in the lowest possible price, they are also 
interested in “green” energy, energy saving advice, load management, 
electric security equipment, energy saving appliances, etc. 
 
Secondly, energy efficiency measures alone will not be sufficient to motivate 
investments into such an IT system. This is in view of the fact that the energy 
system in Karlshamn as well as its distribution networks are already 
operating in a rather high efficiency level. Thus, there is a need to integrate 
energy efficiency measures with other IT-related value-added services. 
Technologies are available today to allow the integration of energy efficiency 
measures and value-added services such as Internet access. The component 
technologies, grouped into three categories, namely, the local access or the 
“last mile” technology, the home networking technology, and the interfacing 
technology, are introduced in this paper along with their advantages and 
disadvantages. 
 
In order to implement an IT system to demonstrate the benefits of energy 
efficiency measures as well as value-added services, a system view of the IT 
system is presented in this paper by using concepts drawn from the system 
engineering discipline. The system view assimilates all the findings into a 
“big picture”, combining project goals, customer needs, and technology into a 
comprehensive view where requirement specification can be identified and 
drawn. This is necessary in order to take into consideration the many factors 
that can affect the success of the IT system and bring about the benefits 
intended. 
 
Apart from identifying the critical requirements for the proposed IT system, 
some recommendations for the choice of technology are also given in this 
paper based on factors such as project goals, customer needs, maturity of 
technology, potential of technology, and future trends. 
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8.1 Executive Summary 
 
The KEES project has delivered results that, we believe, are important to understand 
how to approach innovative IT applications and services in a deregulated energy 
market environment. The project has outlined approaches for market segmentation 
understanding, IT requirements and field experiments, and e-business service 
models, that help establish the business case for IT in energy applications.  
 
In brief: 
 
• Deregulation initially leads to a fierce price competition, and, in the short run, 

this reduces economic incentives for energy savings and efficiency. 
• Still, a significant energy savings potential through efficiency improving 

measures exists in the order of 10-20%, but to achieve this, investment costs for 
new technology must be lowered, by about 50% compared to the current level. 

• An alternative to the cost reduction would be to find cost sharing applications 
that uses a part or the whole of the energy saving IT infrastructure for other 
purposes. 

• Smart information technology for new applications and services in homes, offices 
and plants is getting mature, but how customers want to interact with this 
technology is an issue that must be better understood: technology is ahead of the 
market. 

• The use of the powerlines for electronic communication is a promising 
technology, but in considering its business case, a clear distinction must be 
drawn between broadband access technology (where strong competitors such as 
xDSL and others are present) and the in-home, narrowband home networking 
applications (where “no new wires” is an important requirement). 

• For the household market, price is the most important consideration, however, a 
broad customer interest in and support of energy saving activities and services is 
evident from market surveys.  

 
The KEES project points to several practical implications deriving from the above 
research results: 
 
• When introducing new energy saving activities and services to the market, 

carefully frame such services in an attractive way, in order to appeal to the wide 
variety of customer considerations that come into play. 



 

 

• There is an un-exploited potential for customer relationship building in several 
market segments. In the household market an interest has been expressed in 
being contacted by the supplier e.g. concerning energy saving advice, and in the 
industrial market a need is felt, apparently due to limited IT capabilities, for co-
development of  IT-based energy efficiency activities by the supplier with key 
industrial customers. 

• Technology is ahead of the market, and therefore there is a clear need for real-life 
application trials that focus on how customers interact with new forms of 
information and communication technology. 

• Further knowledge dissemination and promotion activities are called for, to 
enable enterprises and their customers to form a sharper vision on how the future 
may look like. These activities can benefit from the fact that the IT in energy field 
is widely seen as attractive, witness the high visibility and free publicity 
concerning the “smart home” (for example, see the cover article in Newsweek of 
31 May 1999). 

 
 



 

 

8.2 Directions for the Future – The BRIDGE project 
 

In “Directions for the Future”, the KEES project proposes two fundamental 
R&D sectors where further investigations have to be carried out in order to 
fully understand the impact IT will have on energy distribution and the 
potential for energy savings. 
 
• New Energy Business Logics: Karlshamn Municipality as test area 
• Electronic Energy Markets: Oskarshamns Municipality as test area 
 
Both those R&D sectors are described below forming the base for next step to 
better understand future possibilities integrating IT in energy distribution. 
The knowledge transfer between the academic researchers and the industrial 
partners is mainly done through deliverance of prototypes and 
demonstrators as well as through seminars, workshops etc. 
 
 
8.2.1 New Energy Business Logics: 
 The Karlshamn municipality test area 
 
The business logic or business model of the traditional electrical industry is 
fundamentally changing.  The value chain (producer-distributor-retailer-
customer) is emerging as a value constellation where services are bundled in 
sometimes completely unrelated and spontaneous ways. Where money is 
made and service delivered (customer service, electrical power, etc.) is 
shifting underneath us.  Understanding the logic of service development in a 
shifting, 'infodigital' economy is a tough challenge, but one that will be faced 
by energy suppliers that survive the coming decade. 
 
To understand what role energy suppliers can play in the coming decades, 
we must investigate the following questions.   What are the value creation 
models underlying 'existing access services' in play already?  How will these 
influence the service portfolios of Energy companies hoping to develop the 
local grid into an alternative local access service? What are the key elements 
of value in access networks other than technology? How can existing 
companies leverage their nearly 100% penetration rates, for the benefit 
(commercial and social) of households that do not have, but seek, low cost 
and equal access to the global information highway?   
 
What are the critical factors influencing energy information use by 
individuals and households, and how do they influence service choice?  How 
are the next generation customer loyalty and customer care programs to be 
outlined?  How will mobility and free-choice influence 'switching' behaviors 
and opportunities for building customer relationships over time? 
 
Answers to these questions will take concrete form in terms of specific service 
offers, service bundles, and service models.  The convergence of 
telecommunications and electrical energy industries, coupled with increasing 
and intense International (re-regulated) competition in the energy business 
demands innovative service ideas.  We are seeing this emerge already today 
in the form of: 1) New intermediaries selling electricity contracts to 
households and business, 2) Strange but promising strategic alliances 
between banks, insurance companies, etc. and electricity suppliers, 3) Cross-



 

 

selling between energy and telephony services, and 4) investing in new ways 
of using the power grid to control and optimize both energy consumption 
and energy markets for example.  Each of these efforts is eroding existing 
'energy business models' and are based on new business logics. 
 
The New Energy Business Logics program is investigating how the business 
logics of energy services are changing. In co-operation with Lund university, 
The Stockholm School of Economics, the University of Southern California, 
and others we are examining (and seek support to investigate further) how 
these changes are occurring, in what ways, and the impact they have on 
customer relations and service business models.  
 
The investigations already made through the KEES project in the Karlshamn 
Municipality builds the base for the proposed program on New Energy 
Business Logics. 
 
 
8.2.2 Electronic Energy Markets: 

The Oskarshamn Municipality test area 
 
The growth of the Internet has drastically increased the interest in and 
relevance of electronic commerce. There are already a number of electronic 
auction servers running on the Internet (such as the AuctionBot and eBay). Of 
particular interest is to allow real world parties to be represented by trading 
software, software agents. The introduction of software agents enables new 
market mechanisms. For example, when negotiating over a number of 
commodities, far more possibilities can be evaluated by software agents than 
by their human counterparts. Power markets are examples of such complex 
markets; there are dependencies between the production at different time 
periods and the corresponding holds for distribution and consumption. 
Furthermore, there are complex dependencies between the different actors. 
Electronic power markets can hence potentially increase the efficiency for all 
actors. They also allow for smaller consumers and producers to directly 
participate on the market, rather than buying through a reseller. 
 
As prices of power vary significantly over time and as many loads are not 
time critical, there is an incentive to control loads at the consumer side. How 
to control the loads locally is tightly connected to how to act on an electronic 
power market. As computational power is being integrated in more and more 
devices and since local and global communication capabilities continuously 
increase, even the extreme example of a software agent representing an 
"intelligent house" planning its power usage and buying the needed power 
directly from an electronic power market does not seem too far fetched. In a 
shorter time frame, larger users (such as industries) are in focus. This 
reasoning also applies directly to smaller and larger producers. 
 
The use of this type of load control is already in use to create "virtual gas 
turbines" and the like. The main improvement enabled by new technology is 
that these measures can be taken at a more fine grained level and be more 
automated, yielding higher efficiency. 
 
Specifically, fieldtests are in preparation in the Oskarshamn area. The 
application in focus in this work is to investigate and test how a number of 
industries and the local energy utility can co-ordinate their energy 



 

 

management in new and more efficient maners by use of information 
technology. 
 
The Electronic Energy Markets program is investigating how advanced 
computer technology can improve the co-ordination between production and 
use of energy. The work is done in co-operation with Uppsala university, the 
Free University of Amsterdam and academic expertise on energy systems 
(mainly professor Björn Karlsson and his group at Linköping University). 
Much of the work is done in co-operation with industrial partners (such as 
ABB (S), ECN (NL), Iberdrola (ES), IBM (US,S), PreussenElektra (D), and 
Sydkraft (S)). 
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Förord 
 

       
 
 
Projekt ISES – Information, Samhälle, Energi, System – påbörjades 1996 och 
avslutades tre år senare, dvs 1998. Utgångspunkten för projektet var att 
studera hur den snabbt expanderande informationsteknologin skulle kunna 
effektivisera framtidens energidistribution och samtidigt skapa 
synnergieffekter med det gryende informationssamhället genom att bl s 
erbjuda elnätet som en kommunikationskanal. Via projektarbetet (ISBN:91-
9753567-0-0) skapades grunden för ett fortsatt kraftfullt engagemang i 
Blekinge inom området "IT i Energi" och en plan utarbetades med målet att 
ge Blekinge en stark profil inom ett av många tillämpningsområden för IT. 
Högskolan i Karlskrona/Ronneby inlänkades på ett aktivt sätt i detta arbete. 
 
I denna projektrapport beskrivs det fortsatta arbetet, där fokus har varit att 
studera potentialen för energibesparing i en av Blekinges kommuner – 
Karlshamn. Projektet har med stöd från DESS (Delegationen för 
Energiförsörjning i Sydsverige), SITI (Svenska IT Institutet), EnerSearch AB 
(ett industriellt forskningskonsortium) och Karlshamns kommun samt 
Länsstyrelsen i Blekinge genomförts under 1999. En nära samverkan från 
medarbetare med ordinarie placering vid flera av landets universitet och 
högskolor har gjort projektet möjlighet. 
 
Som ett led i det fortsatta arbetet med att profilera Blekinge i detta viktiga 
tillämpningsområde för IT, planeras nu en rad aktiviteter och projekt med 
mål att förstärka och vidareutveckla den kunskap som erhållits via de två nu 
genomföra projekten. 
 
 
Hans Ottosson Torsten Magnusson 
Verkställande Direktör Kommunalråd 
EnerSearch AB Karlshamns kommun 
 
 
 



 

 

9.1 Projekt KEES – bakgrund, inriktning och mål 
 Akkermans, H. - Ottosson, H. 
 
 
Sammanfattning, kapitel 1 
 
Energi- och kraftindustrin står inför omfattande förändringar. Marknaden 
avregleras, kunderna får en möjlighet att fritt välja leverantör och en snabb 
utveckling inom informationsteknologin (IT) skapar nya servicemöjligheter 
inom såväl hushåll som kontorssektorn. 
 
Frågeställningar kring energibesparing och effektivare energisystem 
fortsätter att vara betydelsefulla. Den pågående förändringen inom såväl 
marknaden som när det gäller teknologi får emellertid en djupgående 
påverkan på hur dessa frågeställningar utvecklas inom den nära framtiden. 
Vad är potentialen för energibesparing och effektivisering i en internationell 
konkurrensutsatt marknad? Hur påverkar de ökande IT-möjligheterna och de 
framtida kommunikations-näten hemmet och hemmets apparater och 
utrustning? 
 
Hur kommer kunderna att utnyttja sin växande frihet och sina nya 
valmöjligheter i besluten att välja energileverantör, att sälja ny teknologi och 
att välja den service som kommer att finnas på marknaden när det gäller 
energibesparande åtgärder? 
 
Dessa frågeställningar har varit centrala i KEES-projektet vars resultat 
rapporteras i denna bok. Projektet har utförts under perioden januari – 
september 1999 under ledning av EnerSearch AB, Malmö, som en del av 
bolagets internationella forskningsprogram. Projektet har finansierat med 
medel från DESS (Delegationen för Energiförsörjning – Sydsverige), SITI 
(Svenska IT Institutet) och EnerSearch AB. 
 
Målet med projektet har varit att studera potentialen för energibesparing och 
service i en avreglerad energimarknad med hänsyn till åtskilliga förändringar 
i såväl marknadsplatser som när det gäller teknologiska förändringar inom 
energi och IT-sektorn. 
 
Arbetet har fokuserats mot Karlshamns kommun, ett samhälle i Blekinge i 
Sydsverige. I Karlshamn finner vi en blandning av energianvändare från 
hushåll, små och medelstora företag, servicebolag och stora industrier. 
Karlshamn har samtidigt en mix av konkurrerande energileverantörer och 
flera olika monopolistiska nätbolag. Med dessa förutsättningar, när det gäller 
såväl energistrukturen som med avseende på den informationstekniska 
infrastrukturen, tjänar Karlshamn som modell för ett generellt samhälle i en 
avreglerad energimarknadssituation. Därav projektets namn: KESS – 
Karlshamn Energi Effektivt System. 
 
Projektet KESS har varit en multidiciplinär studie, genomförd i samverkan av 
flera olika universitetsinstitutioner och olika dicipliner. Projektets 
övergripande uppläggning utformades för att finna svar på följande 
frågeställningar: 
 



 

 

1) Vilken påverkan får de nya marknads- och teknologitrenderna på 
energisektorn 

 
• med avseende på kundernas och marknadens intresse i 

energibesparande åtgärder. Marknadsstudien utfördes av 
institutionen för företagsekonomi vid Lunds Universitet (LU) under 
ledning av Dr. Rikard Larsson i samverkan med professor Michael 
Drive, University of Southern California, LA, USA. 

 
• med avseende på nya IT-möjligheter och teknologier som möjliggör 

intelligenta energi-relaterade nätverksbaserade tjänster och 
produkter. Denna studie utfördes av Karlskrona/Ronneby 
Högskola, institutionen för programvaru-teknik och datalogi under 
ledning av professor Rune Gustavsson. 

 
• med avseende på nya möjligheter för energihantering i byggnader. 

Studien utfördes av institutionen för Byggd miljö i Gävle 
tillhörande Kungliga Tekniska Högskolan i Stockholm. Arbetet 
utfördes under ledning av professor Urban Norlén. 

 
2) Vad kan uppnås i energieffektivisering i det totala energisystemet – i 

dag och i framtiden – om man tar hänsyn till den ovan beskrivna 
utvecklingen? Denna studie genomfördes av Linköpings universitet, 
institutionen för Energisystem, under ledning av professor Björn 
Karlsson. 

 
3) Hur kan föreslagna energieffektiviseringar och besparingar prak-tiskt 

genomföras i en tillgänglig och växande informationsteknisk 
infrastruktur? Detta arbete utfördes av Kungliga Tekniska  Högskolan, 
institutionen för Industriella styrsystem under ledning av professor 
Torsten Cegrell. 

 
 
Projektets överordnade ledning organiserades av EnerSearch AB med 
professor Hans Akkerman som projektledare och professor Hans 
Ottosson (VD för EnerSearch AB) som styrgruppens ordförande. En 
redovisning av samtliga projektdeltagare återfinns i Kapitel 10. 
 
Denna projektrapport har utarbetats för att underlätta spridningen av 
den kunskap som byggts upp genom projektarbetet. Genom att 
projektet spänner över ett stort antal områden av internationellt intresse 
har rapporten skrivits på engelska. På så sätt har redan ett nätverk 
kunnat etableras till ömsesidig nytta i det framtida arbetet. I kapitel 10 
återfinns namn och adresser för samtliga projektdeltagare, som gärna 
svarar på frågor och delar med sig av all den detaljerade kunskap som 
inte kunnat speglas i rapporten av utrymmesskäl. Besök även 
EnerSearch´s hemsida (http://www.enersearch.se) för ytterligare 
information kring angränsande projekt och aktiviteter. 

 
 



 

 

9.2 Energisystemanalys: Optimering av Karlshamns 
Energisystem 

 Gebremedhin, A. - Larsson, L. - Karlsson, B.G. 
 
 
Sammanfattning, kapitel 2 
 
Föreliggande studie handlar om energisystemet i Karlshamns kommun. 
Målsättningen har varit att identifiera ekonomiskt lönsamma åtgärder 
rörande elanvändning och eltillförsel. 
 
Den ekonomiska optimeringen är gjord med MODEST modellen. 
Systemet har optimerats för två olika scenarier, där skillnaden är vem som är 
huvudaktör, nämligen: 
 
• Energiföretagen  
• De små och medelstora slutkunderna  

 
Kunderna har delats upp i hushåll, småindustri, service och två grupper med 
storindustri. 
 
Hänsyn har tagits till såväl existerande anläggningar som möjliga 
investeringar. Möjliga investeringar har varit kraftvärmeverk, 
hetvattencentraler, värmepumpar, effektivisering av användningen, 
laststyrning och byte av energibärare. Kostnaderna för de olika alternativen 
varierar mellan kundsegmenten, samtidigt som det finns vissa restriktioner 
då det gäller möjligheterna att investera i olika typer av utrustning. 
 
Resultaten beror av vem som betraktas som huvudaktör. I båda fallen är det 
lönsamt med laststyrning, byte av energibärare och effektivisering av 
användningen i alla sektorer. De totala minskningarna i systemkostnad blev 
relativt små, beroende på låga elpriser, höga investeringskostnader och de 
använda restriktionerna. Minskningarna i systemkostnad blev dock betydligt 
större med slutkunderna som aktörer jämfört med då energiföretagen var 
huvudaktörer. 
 
Resultatet är relativt okänsligt för medelstora variationer i elprisets ökning. 
Vid extremt höga reala elprisökningar utnyttjas dock hela den tillgängliga 
potentialen för åtgärder på användarsidan, plus att det byggs ett antal nya 
produktionsenheter. 
 
Vid lägre specifika investeringskostnader för effektivitetsökningar minskar 
systemkostnaderna med 8% och elanvändningen med 10-20%. 



 

 

9.3 Kundsidan av energibesparande åtgärder - en 
explorativ studie av attityder och intressen på 
Karlshamns energimarknad 

 Larsson, R. - Schönknecht, J. - Sweet, P, - Driver, M. 
 
Sammanfattning, kapitel 3 
 
Detta kapitel rapporterar resultaten av det delprojekt inom KEES som är 
inriktat på en marknadsundersökning. Inledningsvis fokuserades 
energibesparingar hos industriella nyckelkunder genom expert- och 
kundintervjuer. Tidigare experterfarenheter av initiativ att spara energi pekar 
på vikten av hur de energibesparande åtgärderna framställs för att de ska 
framgångsrikt implementeras. Tio intervjuer med de största industriella 
kunderna och elleverantörerna i Karlshamns kommun visade att ju större 
elkunderna är, desto mer vikt lägger de på energibesparande åtgärder, desta 
mer hjälp erhålls från elleverantörerna  och desto större insikt om betydelsen 
av IT för energibesparingar. De huvudsakliga hindren sågs som 
kostnadsrelaterade: för dyrt, för små besparingar och för långa 
avbetalningstider (pay-off times). 
 
Vi genomförde sedan en explorativ hushållsundersökning med sammanlagt 
101 respondenter. Resultaten visade på (a) en mycket positiv inställning till 
energibesparande åtgärder, (b) viss kundtillfredsställelse med sin 
elleverantör, (c) en prioritering av framför allt billig energi, men även “grön” 
energi, energibesparingsråd och elsäkerhetsutrustning ses som intressanta 
framtida eltjänster, (d) intresse av att elräkningen innehåller inte bara 
kostnaden utan även förbrukningsstatistik, prognos för kommande period 
och alternativa betalningsätt och perioder, (e) ganska lågt intresse för att bli 
kontaktade av elleverantören och (f) få egna idéer om energibesparande 
åtgärder. 
 
Demografiska segmenteringsförsök med kön, ålder, och bostadstyp gav klart 
begränsade resultat. Ett första försök till att nå bortom dessa begränsningar 
på en djupare och mer precis förståelse av olika typer av hushållskunder 
gjordes med hjälp av en beslutsstilsmodell. En preliminär uppskattning av 
hushållskundernas beslutsstilar visade på en tydlig skillnad mellan 
“uni”fokuserande Hierarkiska och framför allt Beslutsamma beslutsstilars 
mycket positiva och icke-negativa inställningar till energibesparande 
åtgärder kontra de “multi”fokuserande stilarnas mer balanserade attityder. 
De multifokuserande Flexibla och Integrativa beslutsstilarna ville ha mer 
varierad information och betalningsalternativ på deras elräkningar än den 
Hierarkiska stilen. 



 

 

9.4 Karlshamn IT Infrastructure 
 Ståhl, C. - Petterson, H. 
 
 
Sammanfattning, kapitel 4 
 
Denna rapport innehåller en överblick av IT infrastrukturen i Karlshamns 
kommun som lämpar sig för introduktion av tjänster som kräver tvåvägs 
kommunikation mellan företag (speciellt elbolag) och hushåll. Slutsatserna i 
denna rapport utgör ett beslutsunderlag för rekommendationer till en slutlig 
implementation av KEES projektet. 
 
Av analyser baserade på den insamlade informationen kan följande slutsatser 
göras: 
 
• Både el- och telenätverken har 100% kundtäckning. Detta innebär att både 

el- och telebolagen har möjlighet att erbjuda alla invånare i Karlshamn IT 
relaterade tjänster via deras nätverk. Kabel TV däremot har en begränsad 
kundtäckning på cirka 65% (meddeltal i Sverige, troligtvis lägre i 
Karlshamn). 
 

• Ett av de möjliga problem med att använda elnätet som media för 
överföring av bredbandstjänster som t.ex. Internet är de många olika 
kabeltyper som som används i dessa nätverk. Tele- och kabel TV 
nätverken har däremot relativt få kabeltyper. De många olika 
kabeltyperna kan innebära högre utvecklingskostnader beroende på att 
kablar och behövlig utrustning bl.a. behöver mer kalibrering.  
 

• Att ha tillräckligt med abonnenter till en tjänst är ett av baskraven för att 
motivera en investering. Baserat på antalet ansluta kunder per nätstation i 
medeltal och ett affärsscenario som en av försäljarna från ett 
elnätskommunikationsbolag lagt fram så är det endast KEAB som kan 
uppfylla det behövliga baskravet med ett medeltal av 100 kunder 
anslutna till varje nätstation.  
 

• Det blir väldigt svårt att motivera en introduktion av IT system 
uteslutande för syftet att öka effektiviteten i elnätet. Detta beror på det 
redan effektiva elnätet i Karlshamn som endast har ca 4-5% 
överföringsförluster i lågspänningsnätet. Med hänsyn till de existerande 
kopparförlusterna i nätet, skulle en minskning av förlusterna på 
ytterligare en halv procent reducera i en besparing på endast ca 100 000 
SEK per år med dagens elpris. 



 

 

 
9.5 Teknologier som möjliggör intelligenta 

energirelaterade nätverksbaserade tjänster och 
produkter 

 Gustavsson, R. - Krejic, M. 
 
 
Sammanfattning, kapitel 5 
 
Bland de resultat som framkommit i KEES projektet framgår att 
energibesparande åtgärder och tjänster allmänt uppfattas som intressanta 
möjligheter för många kunder. Vi har vidare fått klara indikationer på att den 
största potentialen för energibesparingar i Karlshamns kommun är hos 
hushåll samt för små eller medelstora företag. Detta förhållande grundar sig 
på att Karlshamns Energi AB redan har energibesparingsprogram utvecklade 
och implementerade hos de större kunderna i kommunen. 
 
Det är emellertid från våra erfarenheter helt klart att för att uppnå klara 
affärsmöjligheter inom energibesparing så måste man utveckla individuella 
tjänster för olika typer av kunder. Dessutom så måste medverkande parter ha 
identifierat och utvecklat  tydliga egna nyttovärden och målsättningar, såväl 
ekonomiska som andra, i en sådan tjänst. Ett sätt att åstadkomma dessa typer 
av nya tjänster är att utgå från en installerad bas av smarta utrustningar hos 
kunderna. 
 
Utvecklingar inom ”tekniker for att koppla samman människor och smarta 
utrustningar i nätverk” är således huvudkomponenter vid skapandet av 
intelligenta hus. En annan nyckelfaktor är ändamålsenlig utveckling och 
implementering av informationssystem, som möjliggör tillgänglighet till 
intelligenta utrustningar på ett sätt som är accepterat, användbart och 
förtroendegivande för kunder och tjänsteleverantörer. 
 
I detta kapitel ger vi en kort introduktion och beskrivning av tekniska 
utvecklingstrender och deras roll i utvecklingen av olika typer av intelligenta 
tjänster. Vi illustrerar olika begrepp och möjligheter med implementerade 
demonstrationssystem och fältförsök. Vi ger förmedlar också några vunna 
erfarenheter av dessa försök. I slutet av kapitlet så anger vi slutligen några 
lämpliga vägar att gå vidare för att öka vår kunskap inom området intelligent 
energihushållning.  
 
 



 

 

9.6 Elektroniska energitjänster till hemmet: 
Demonstration av Energibarometersystemet 
Norlén, U. - Björsell, N. 

 
 
Sammanfattning, kapitel 6 
 
Energitjänster förmedlas i ökande utsträckning över Internet. I kapitel 6  
beskrivs hur energitjänster kan utformas inom ramen för ebox-teknologin. 
Tjänsterna baseras på den s k Energibarometern (EB) som är en produkt för 
analyser, prognoser och konsekvensredovisning av energiförbrukning inom 
fastigheter. I EB - systemet utnyttjas modern mät- och kommunikationsteknik 
och nyutvecklad statisk metodik baserad på s k energisignaturmodeller. 
Internet används både för insamling av energi- och klimatuppgifter för 
byggnader samt för presentation av resultat.  
 
I Karlshamn är ett småhus försett med ett internetbaserat 
informationssystem. Mätsystemet, som är baserat på LonWorks – produkter, 
mäter rumstemperaturen, hushållsel och uppvärmningsenergi. För insamling 
av mätdata används Ericssons eBox som är en enhet vilken gör det möjligt att 
koppla samman olika kommunikationsnätverk t ex LonWorks-nät till 
Internet. Mätdata skickas via Internet till en Internet Server. Där mätvärdena 
tillsammans med klimatdata från SMHI (även det erhållet från Internet) 
statistiskt bearbetas m h a Energibarometern för att erhålla byggnadens 
termiska egenskaper. 
 
De uppmätta termiska egenskaperna används prognostisera framtida 
energiförbrukning och kostnader. I EB-systemet finns uppgifter om ett stort 
antal byggnader som utgör en nationell databas. Denna databas kan utnyttjas 
för jämförelse mellan liknade typer av byggnader. 
 
Resultatet redovisas på individuell hemsida på Internet samt på mobiltelefon 
anpassad för WAP. Där kan husägaren t ex snabbt undersöka konsekvensen 
av ett ändrat beteende såsom hur stor besparing i kronor och ören en sänkt 
inomhustemperatur medför. Det är välkänt att denna typ av redovisning 
påverkar konsumenter att minska sin energiförbrukning. 
 



 

 

9.7 Praktiska Rekommendationer ur ett 
systemtekniskt perspektiv 

 Cheong, K-H. - Cegrell, T. 
 
 
Sammanfattning, kapitel 7 
 
Flera studier av genomförda IT-projekt visar att de i många fall kan betraktas 
som misslyckade. Det är alltför vanligt att de framtagna IT-systemen 
antingen, inte uppfyller de funktionella behov som användarorganisationen 
satt upp, eller att IT-systemen har funktionalitet som inte används. Ett annat 
vanligt problem är att systemen är svåra att vidareutveckla och dyra att 
underhålla. En av huvudorsakerna till dessa misslyckanden är att man inte 
allokerat tillräckliga resurser i de tidiga faserna av projektet, t.ex. 
specifikationsfasen. Detta kan resultera i att användarorganisationens krav 
på systemet glöms bort eller är felaktiga vilket i sin tur medför att den 
kravspecifikation som ligger till grund för utveckling av systemet är felaktig.  
 
För att undvika problem av dessa slag är det viktig att man använder ett 
systemtekniskt angreppssätt med helhetssyn i projektarbetet. Ett 
systemtekniskt angreppssätt ger stöd för att betrakta IT-system, inte bara från 
ett tekniskt perspektiv utan även inkludera behov, målsättningar, krav från 
olika grupper av slutanvändarna, etc., vilket är en förutsättning för att uppnå 
en kostnadseffektiv lösning.     
 
I arbetet med KEES-projektet har aktörer från flera olika universitet och 
högskolor deltagit. Resultat och tankar från dessa olika perspektiv har 
kombinerats i syfte att erbjuda den nödvändiga systemsynen. Syftet med 
detta kapitel är att sammanställa och bearbeta informationen från dessa olika 
delar av projektet och identifiera viktiga krav gällande systemet. Den 
övergripande målsättningen är att höja sannolikheten för att den föreslagna 
systemlösningen motsvarar de uppställda kraven avseende funktion på ett 
kostnadseffektivt sätt och att projektet därigenom blir lyckat.    
 
Förutom en presentation av kritiska krav på det föreslagna IT-systemet 
presenteras några rekommendationer kring valet av det teknikkoncept som 
ligger till grund för systemlösningen. Dessa rekomendationer baseras på en 
rad faktorer som sammanvägts, bl.a. projektmål, slutanvändarnas behov, 
teknikmognad, framtida tekniktrender.  
 
 



 

 

9.8 Projektresultat and inriktning på framtida 
arbete: Projekt BRIDGE 

 Akkermans, H. - Ottosson, H. - Sweet, P. - Ygge, F. 
 
Sammanfattning, kapitel 8 
 
Projektet KEES har producerat resultat som är betydelsefulla när det gäller 
förståelsen av hur nyutvecklade IT-tillämpningar och serviceerbjudanden 
kan påverka en avreglerad energimarknad. Projektet har beskrivit nya sätt för 
marknadssegmentering, behov av IT-funktioner, fältförsök och elektroniska 
affärs- och marknadsmodeller som hjälp att etablera affärsmöjligheter för 
tillämpningar av IT i energidistribution. 
 
• Avregleringen av energisektorn ledde till en utbredd prisbaserad 

konkurrenssituation vilken reducerat utrymmet för energibesparing och 
energieffektivisering. 
 

• Trots detta finns en betydande energibesparingspotential som i 
datormodeller kunnat uppskattas till 10-20 %. För att uppnå detta krävs 
emellertid att kostnaderna för investering i ny teknik kan reduceras med 
50% jämfört med dagens kostnadsnivå. 
 

• Ett alternativ till kostnadsreduceringen i investeringsskedet är att finna 
möjligheter att dela på kostnaderna för den IT-tekniska infrastrukturen 
med andra tillämpningsområden. 
 

• Intelligenta kommunicerbara komponenter och apparater i hushålls-, 
företags- och industrisektorn har påvisat en snabb mognadsprocess, men 
kunskapen kring marknadens intresse i att utnyttja denna nya teknologi 
måste fördjupas betydligt. Idag ligger den teknologiska utvecklingen 
betydligt före den marknadsmässiga. 
 

• Användningen av enätet som kommunikationsteknisk infrastruktur är en 
lovande teknik men i de utarbetade affärsmodellerna är det viktigt att 
skilja mellan bredbandsteknik och teknik för lägre överföringshastigheter. 
Området elnätkommunikation genomgår för närvarande en omfattande 
utvecklingsfas. 
 

• Projektet har visat att priset på energi är den mest påtagliga 
intressefaktorn, men påtagligt är också marknadens intresse för stöd till 
energibesparande åtgärder. 

 
KEES-projektet har pekat ut flera praktiska frågeställningar och resultat. 
 
• Det är viktigt att redovisa de tilltänkta energibesparande åtgärderna så 

attraktivt som möjligt för att vinna gehör hos en så bred marknad som 
möjligt. 
 

• Det finns en stor potential i kund-leverantörsrelationen inom flera 
marknadssegment. Hushållsmarknaden har redovisat intresse i att skapa 
närmare kontakt med den lokale energileverantören t ex när det gäller 
energibesparande åtgärder. Industrisektorn har önskemål om en 



 

 

samverkan med energileverantören när det gäller IT-tekniska 
systemlösningar. 
 

• Teknologin ligger idag före marknadsåtgärderna, varför det är viktigt att 
nu kunna studera marknadsfrågor via demonstrationer och fältförsök där 
analyser kan göras av kundernas acceptans och betalningsvilja för de nya 
informations- och kommunikationsmöjligheterna. 
 

• Ytterligare kunskap måste skapas så att företag och kunder skall kunna ta 
ställning till alla de visioner som nu skapas när det gäller de framtida 
erbjudanden som skall utformas. 

 
 
9.8.1 Fortsatt arbete 
 
Det är projektgruppens rekommendation att 
 
• Karlshamns kommun får bilda bas för fortsatt arbete när det gäller att 

bygga upp kunskap kring affärs- och marknadsmodeller bundna till den 
nya tekniken. Det arbete som nu utförts inom projekt KEES i Karlshamn 
utgör en värdefull plattform för detta fortsatta arbete. 
 

• Oskarshamns kommun får bilda bas för fortsatt arbete när det gäller 
kommunikations- och datalogiska frågeställningar. Det arbete som nu 
pågår inom ramen för EnergiCentrum AB i Oskarshamn utgör en 
värdefull plattform för detta fortsatta arbete. 

 
Detaljerade projektförslag kommer att utarbetas för de två ovan angivna 
arbetsfälten. 
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