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Summary 
The energy demand of today, with increasing population and the price of fossil fuels in one hand 
and consequent environmental issues such as climate change and global warming on the other 
hand, has resulted in global consideration concerning increasing energy efficiency in distribution 
network. Integrated product/service engineering (IPSE) has been frequently applied to propose 
integrated product/service offering at different physical product manufacturing companies. 
However, it has not been utilized at utility providers. Therefore, this project applies IPSE, at a 
Swedish utility provider to introduce new ideas of business models with the aims of increasing 
energy efficiency in the distribution network with means of new technologies and energy policy 
instruments.  

Literature survey on IPSE methods to choose the most appropriate method was followed by 
literature review on smart grid and new technologies as means for utility provider to increase 
energy efficiency in distribution network. Different IPSE methods has been discussed and 
investigated recently. For this thesis, however, PSS Layer method was applied to answer the 
research questions such as customer needs, new technologies, involved actors, the flow of 
information and service between actors, life cycle activities, associated services, contracts and 
finances. 

Then, interviews with experts at Göteborg Energi AB were implemented to investigate customer 
demands, available new technologies, economic and technical opportunities and barriers.  

Five different integrated product/service proposals by providing the nine dimension of PSS Layer 
method were designed. In each model, new actors and technologies were introduced to increase 
value for both customer and utility provider. 

As discussion, first, it was shown that the findings in designing new business models at GBE 
could be generalized to the most of Swedish utility providers. Second, the five proposals with 
their impacts on GBE were presented and the main aspects of each integrated product/service 
proposals were discussed.  Then, the keys to tackle the problem by designers were described. 
Finally, the feasibility of the results by PSS layer method was assessed by comparing the method 
with theory. 

Organizing workshops with the attendance of involved actors was recommended to add more 
details to the proposed business models. For further research, cost-benefit analysis and life cycle 
assessment were important to analyze the feasibility of proposals. 
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1. Introduction 
In this introduction the importance of energy efficiency especially in electricity generation and distribution 
is explained. Then, smart grid and new technologies, as means for utility providers toward energy 
efficiency are introduced. Additionally, Integrated Product/Service Engineering is proposed in order to 
withdraw the existing gaps in designing business models by incorporating new technology toward 
economic and environmental sustainability at utility. Finally, the research aim and limitations are 
described.  

The global demand of energy is increasing dramatically. The growth of population is one reason 
to increase the use of energy. Global population will be 7.5 billion people approximately by 
2020. Another reason is the development of new technologies in residential sector which mostly 
need high quality electricity during the use phase of their life cycle (Garrity, 2008). 

The price of fossil fuels, which are the main sources of electricity generation in power plants, is 
rising greatly. On the other hand, fossil fuels contribute to greenhouse gases emissions and 
climate change, which are the main concerns of people and governments in the world. In 
addition, Electricity infrastructure in transmission and distribution sections is very close to the 
end of life (Garrity, 2008). Thus, it cannot support the increasing demand of electricity 
efficiently. Moreover, centralized electricity generation decreases energy efficiency due to 
transmission losses between the generation and the use of electricity. Thus, the development and 
penetration of the renewable resources of energies are considered as a solution to the 
environmental and energy efficiency issues. 

New technologies such as smart grid and smart meters have been considered as a potential means 
for utility providers in increasing energy efficiency and CO2 emissions reduction in distribution 
network. This aim is completely in the line with the EU 20-20-20 target, which demands a set of 
climate and energy targets to be met by the year 2020. These targets are reduction of greenhouse 
gases by 20% compared to that in 1990, increase the share of renewable resources in total energy 
consumption by 20% and reduction of primary energy use by 20% through increasing the energy 
efficiency (Böhringer et al., 2011). 

At the same time, the essential element to consider by utility providers is keeping their economic 
revenues. The new technologies are able to address this crucial aspect as well. Smart grid and 
advanced metering infrastructure (AMI) will assist to further develop the integration of 
renewable electricity generation to the grid. Since decentralized (renewable) electricity 
generation increases energy efficiency, several economic and environmental benefits are obtained 

Creating appropriate business models using those new technologies that contribute to win- win-
win situation for suppliers, end users and environment is huge challenge. IPSE and Product 
Service System (PSS) have frequently addressed this essential issue.  

Method is required to implement IPSE successfully. Most of the research in this area focuses on 
models and instructions especially for tangible product manufacturers. However, there is a great 
potential for utilities to increase their value creation by developing IPSE. Thus, there is a gap in 
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applying IPSE method in designing integrated product/service offering within utility providers. 
Several PSS design methods have been developed (Sakao & Lindahl, Introduction to 
product/service-system design, 2009) for differnet industrial applications.  This project 
investigates the application of PSS Layer Method  (Sakao et al., 2011),  (Müller and Sakao, 2011) 
in suggesting new product/service systems at a Swedish utility provider, Göteborg Energi. 

1.1. Aim  
The Master-thesis Project in Environmental Technology and Management at Linköping 
University (LiU) investigates how IPSE/ PSS and new technologies incorporate increasing 
energy efficiency and decreasing CO2 emission at Swedish utility providers, such as Göteborg 
Energi (GBE), while keeping or even increasing their economic status. The outcomes are 
expected to imply new ideas for introducing business models and technologies at GBE. 

1.2. Scope and delimitations 
As previously mentioned the study will be performed on a Swedish utility provider, GBE. 
Following items are not included in the scope of this study: 

• The feasibility of each integrated product/service offering (IPSO) by for example cost 
benefit analysis. 

• The evaluation of each integrated product/service proposal by for instance life cycle 
assessment (LCA) to calculate the total environmental impact. 

In addition, since there is not available information in following areas at GBE, data from 
literature survey is used to design business models by IPSE.  

• Recent customer needs (two years ago the company interviewed only with customers who 
receive energy services). 

• Technical information about the current situation of distribution network in Göteborg (the 
data is gathered from GBE’s Web pages and other reliable Web pages such as Zigbee 
Alliances). 

• The number of future plug-in hybrid electric vehicles (the evaluation of new economic 
status for GBE during off-pick hours is not included in the research). 
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2. Methodology 
In this methodology, the manner and work packages that the research is carried out are explained. 
Furthermore, the outcomes of each work package are described.   

The project consists of 3 work packages (WP). WP 1 is carried out to collect the relevant 
information about IPSE, PSS and new technologies. Information on IPSE and PSS will be 
provided through literature survey at LiU.  From literature survey, information about situation of 
commercially existing new technologies will be provided as well. WP 2 is carried out by 
interviews with experts at GBE to collect information about their customers’ requirements, 
available new technologies and services, and dedicated economic investments. WP 3 is fulfilled 
with proposing ideas of introducing new technologies and business models at GBE as well as 
receiving feedback on the validity of the proposed ideas. Figure 1 presents the work packages of 
the project and their chorological order. 

 

Figure 1- Work packages 

2.1. WP1- Identifying challenges  
In WP1, a literature survey on IPSE and PSS is made to collect information concerning different 
methods, concepts and key elements of each method. As a result, the appropriate PSS method is 
chosen. Additionally in this work package a literature review on smart grid (in electricity 
distribution network), new technologies (that assist convenient energy efficiency) and 
participating actors (stakeholders) is implemented. Consequently, a draft of questions that will be 
asked from the experts in GBE is prepared. Following are some examples of the questions.  

 Who are your customers? 

 What are customers’ requirements? 

 What are available new technologies? 

 What are the provided services? 

 What are energy management targets? 
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 What are environmental management targets? 

 What types of actors cooperate in providing exiting services? 

 What are drivers and barriers of introducing new technologies? 

 How much is the dedicated economic investment? 

2.2. WP2- Matching the needs and the new technologies 
In WP2, by interviews with GBE’s experts, the situation on introducing integrated new 
technologies and services will be asked from the utility provider’s perspective. Then, some 
comments and modifications from GBE are received. As the result, an in-depth report on 
business models and available new technologies will be provided. This report is according to 
experts’ experiences of GBE who have insight view about new technologies and energy services.  

2.3. WP3- Proposing new ideas for introducing new technologies and 
business models  

First, new business models corresponding to the given new technologies will be designed by 
answering to the critical questions: For example,  

 What are associated services?  

 Why those services?  

 Who are involved actors?  

 How the involved actors cooperate?  

 How is charging/payment scheme?  

Second, through interviews with GBE’s experts, the feasibility of such business models in 
keeping economical status of GBE will be accessed.  
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3. Results 
This part describes the result of literature review on IPSE/ PSS tool is followed by the results of literature 
review on smart grid and new technologies; actors, future demands, current situation of main actors and 
available new technologies. Then, PSS Layer method is introduced as a method to design some integrated 
product/service systems at GBE which aim at increase of energy efficiency in distribution network and at 
residential end-user. 

3.1. IPSE / PSS method 
In this part, the result of literature review on IPSE / PSS method is described in general. Then, 
one of the IPSE methods as PSS Layer Method is introduced and its main elements are described. 

According to (Evans S. et al., 2009), through making platform and working with different actors 
for designing PSS, a high degree of sustainability is achievable. Although making changes in 
product design is necessary for producers, it is not sufficient to decrease environmental burden of 
the products during whole life cycle. The producers need to cooperate actively with other actors 
to develop sustainability. 

The principle of PPS is to change the existing relation between producer/ provider and 
user/receiver. One barrier is the practicality of suggested new services. Thus, the producers 
should realize the importance of extending the boundaries to include other actors to improve 
environmental impacts of the products over their life cycle (Evans S. et al., 2009). 

Furthermore, Evans S. et al. (2009) define solution oriented partnership, in which producer 
designs, makes and provides services that include active participation of other actors in the design 
of PSS. Other actors have incentive to improve the economic, environmental and social aspects 
of sustainability. Moreover, in this type of partnership, the producer centrally applies the 
knowledge of product designing and mass production to create a service platform. 

In addition, Evans S. et al. (2009) state that the system consists of material and immaterial 
elements such as products, services, operating rules, producers and organizations that are inter-
related or interdependent to achieve a goal. The role of producer is crucial to any changes to the 
system because the producer has the most influence in design of the product, thus the producer 
should be in the centre of any change in the system. 

To achieve a sustainable PSS, producers should develop platform strategies which enable them to 
design different services. The advantages of such platform are significant. It reduces the cost of 
design, increases production volume of the re-used components, and enables the producer to meet 
the end-user’s needs by minimum change of product´s components. To design the platform, 
producers are required to predict present and future customer’s requirements to increase 
functionality of platform in meeting customer’s needs (Evans S. et al., 2009). 

Evans S. et al. (2009) argue that it is possible to develop a successful PSS by recognizing PPS as 
a system which consists of several components provided by different actors and integrated by a 
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platform structure. Moreover, the system boundary that considers both production and 
consumption systems provides benefits for producers and customers. Following describes the 
benefits. 

● It enables analysis of production-consumption in an organized method. 
● It provides all- inclusive strategies across systems and during whole life cycle of a 

product service instead of studying production and consumption systems separately. 

Finally, economic, social and Environmental benefits are achieved through participating different 
actors, finding innovative solutions and exploring new system boundaries (Evans S. et al., 2009). 

As the result of literature survey, PSS Layer Method (Sakao and Lindahl, 2009) is applied to 
suggest new cases of integrated product-service offerings in the utility provider. The advantage of 
the method is that it runs through a stepwise process, in which the steps are iterative. In addition, 
the method supports business model designers to document a current or a future PSS 
systematically (Sakao and Lindahl, 2009). Figure 2 gives an overview of the PSS layer method. 
Nine major dimensions (dim.) are defined to design an integrated product-service proposal. 
According to (Sakao et al., 2011) the nine compulsory dimensions are described as following: 

“Customer needs (dim. 1) are satisfied by customer value (dim. 2), which a 
customer perceives. Such value has to be generated by deliverables (dim. 3), 
which creates value for a customer. The deliverables are results of delivery 
processes, i.e. lifecycle activities (dim. 4). To implement a chain of lifecycle 
activities resources are needed. Actors (dim. 5), core products (dim. 6) and 
periphery (like IT infrastructure or public transport systems) (dim. 7) are 
such resources. Contracts (dim. 8) frame the entire value creation process, 
including billing (dim. 9), offerings, and finally the entire business model.” 

 

Deliverables

Value(s)

Needs

Lifecycle 
Activities

Actors

Resources are needed to perform 
lifecycle activities.

Lifecycle activities are performed to 
implement valuable deliverables.

Values have to satisfy / meet needs.

Deliverables must lead to value.

Core 
Products

Periphery

Contract(s)

“Billing”

Framing element.

Monetary dimension.

 

Figure 2 –PSS Layer method (Müller & Sakao, 2011)  
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3.2. Needs of relevant actors 
The following part consists of the main findings of literature survey on smart grid and new 
technologies. It investigates the involved actors and energy policy instruments as well as needs, 
benefits and challenges in adoption of smart grid and new technologies which aim at increasing 
energy efficiency in energy distribution. 

The findings have been categorized according to the realized actors. Then, for each actor the 
relevant needs, benefits, challenges and tasks are described. As a result, according to the theory 
the flow of services and information between actors, which assist utility provider increase energy 
efficiency in distribution network, are mapped.  

3.2.1. Utility provider 
In the study by Vojdani (2008) it was argued that utilities globally are actively investing on 
following fields: 

● Smart grid which includes upgrading the whole energy system infrastructure from 
metering to transmission. 

● Smart metering/advanced metering infrastructure (AMI) which controls and monitors 
home devices and appliances as well. 

● Smart pricing such as real-time pricing 
● Smart devices to facilitate in-home energy management systems such as programmable 

controllable thermostats (PCTs) that make smart decision regarding smart prices. 
● Distributed generation which allows end-users to be sellers or buyers of electricity at 

different times with various tariffs. 

In the same study (Vojdani, 2008) drivers to change from exiting grid to smart grid from a utility 
point of view are identified as: 

● Low efficiency of centralize generation to meet the increasing electricity demand 
● Rising the price of fossil fuels such as oil, natural gas and coal 
● Increase of environmental conscientious and the fact that exiting grid is destructive to the 

environment 
● Demand for higher power quality in nowadays digital technology 

Vojdani (2008) argues following revenues for utility provider by the development of smart grid: 
● Huge savings in unneeded infrastructure investment 
● Banish the need for building a number of new coal fired power plans 
● Large reduction of CO2  emissions 

However, Vojdani (2008) states that the strong intensive of privet utilities for selling more energy 
to the end-users, indicates energy efficiency is not of high priority for them. The author proposes 
a new growing market for utilities in transportation sector. It is argued that utilities can benefit 
from extra income during off-peak hours by charging lots of Plug-in Hybrid Electric Vehicles 
(PHEVs). 
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In a later study (Farhangi, 2010) it is argued that existing electricity grid is not able to address the 
huge challenges such as generation diversification, demand response and reduction of Carbon 
foot print. The existing grid is unidirectional (one-way communication) accompanied with low 
efficiency in generation as well as transmission losses. On the other hand, smart grid, the next 
generation electricity grid, provides utility providers with comprehensive control over their assets 
and services. 

The comparison between exiting grid and intelligent grid is presented in Table 1. 

Table 1- Comparison of existing grid with smart grid (Farhangi, 2010) 

Existing Grid Smart grid
Electromechanical Digital
One-way Communication Two-way Communication
Centralized Generation Distributed Generation
Heirarchical Network
Few Sensors Sensors Throughout
Blind Self-Monitoring
Manual Restoration Self-Healing
Failures and Blackouts Adaptive and Islaning
Manual Check/Test Remote Check/Test
Limited Control Pervasive Control
Few Customer Choices Many Customer Choices  

Farahani (2010) states that introduction of communication technology and information 
technology to power system engineering and the existence of new technologies as well as 
approaches and applications such as intelligent agents, electric transportation, the integration of 
renewable energies, electricity storage, sensing and measurements, efficiency, reliability and 
infrastructure security change the current grid to the smart grid. 
In the same study (Farhangi, 2010) it is argued that the increase in the price of fossil fuels in one 
hand and the rising demand for electricity on the other hand forward the need of evolution in 
distribution network by means of new technologies( e.g. two-way automated metering 
infrastructure) which assists utilities with demand management and income protection. 

Ipakchi and Albuyeh (2009) claim that transformation from electromechanical to smart grid is 
necessary in order to respond the climate and energy issues and to develop plug-in vehicles, 
distributed generation and storage devices.  

In the study by Ipakchi and Albuyeh (2009) it is identified that environmental issues are in the 
first line of utility business because of greenhouse gas emissions taxes and renewable energy 
sources subsidies. Furthermore, the study argues that the increase of load demand requires secure 
and reliable distribution system. With aging the existing infrastructure, growing the use of plug-
in vehicles and increase of renewable energy power plants, essential advancements to the 
distribution system are required to meet the two-way direction energy flows and response to high 
electricity demand. 
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Ipakchi and Albuyeh (2009) define demand response (DR) as changing from meeting load 
demand to shaping load demand; that is, demand-side resources are controlled to meet the 
generation and distribution capacity.  

In the study by Ipakchi and Albuyeh (2009) it is argued that DR promotes competition for less 
wholesale energy prices, conscious energy usage and increase of energy efficiency. Its 
combination with new technologies develops distributed generation and renewable energy 
resources.  

The study identifies barriers to the shaping load demand as following:  

● The lack of information. 
● The need of market modification to change from existing pricing to enabling DR. 

C.K. Woo et al. (2008) hold the opinion that electricity deregulation in developed countries has 
not provided certain services at reliable prices to the end-users. Lack of DR in volatile daily 
wholesale market prices and not adequate use of decentralized electricity generation are two main 
reasons. 

In the later study (Faruqui et al., 2010) it is shown that smart grid and new technologies assist the 
utility to reduce CO2 emission, increase energy efficiency and develop renewable energy 
generation. In addition, Faruqui et al. (2010) argues that utility provider can return the significant 
amount of the cost of AMI by operational benefits such as saving in meter reader costs, faster 
outage identification, increased customer services, better control of connection and 
disconnection, and improved distribution management. However, there is gap between benefits 
and costs of the development of the future smart grid infrastructure that utilities are able to 
recover through adaption of DR. 

Figure 3 shows that benefits of DR can fill the exiting gap between the costs of AMI and 
operational savings in distribution network. The gap remains if the adoption of DR is low. 
According to Faruqui et al. (2010), applying full dynamic pricing and new technologies result in 
high adoption of DR. 

 
Figure 3- Current cost and benefit of AMI in the EU with high and low adoption rate of DR (Faruqui 

et al., 2010) 
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Tai and Hogain (2009) state that in addition to home area network (HAN) development, utilities 
must choose appropriate technology to be able to affect on the energy usage behavior of end-
users. It is argued that utilities must apply proper pricing scheme as well as a business model to 
promote end-users to participate in new technologies adaption and in energy use alteration. 

According to Tai and Hogain (2009), home area network (HAN), advanced metering 
infrastructure (AMI) and grid applications are three main areas of investment in smart grid 
adoption which will be changed the current energy costs and services. 

In the study by Tai and Hogain (2009) it is argued that smart grid enables functions such as 
integration of wind, distributed solar energy and electric vehicles. However, utility providers 
have not been active in this area. One reason is that investment in renewable energies and 
relevant integration needs are implemented by groups that work separately from smart grid 
developing groups. Another reason is that the concept of smart grid has not been fully understood 
by decision makers at utility.  

Tai and Hogain (2009) claim that smart grid’s enabling functions increase the utility’s economic 
income. Environmental impacts such as CO2 emission will be monetized in the near future thus 
development of enabling functions brings benefits to utilities. Furthermore, by enabling functions 
utilities can actively follow the decentralized energy generation goal. 

Rahman (2009) holds the opinion that both increasing integration of solar and wind energies into 
the grid and keeping the stability and reliability of the grid are the growing concerns of power 
network. Because of intermittent nature of these energy sources, providing storage and backup 
generation are considered as solutions at small scale. However, for the large scale load 
management, smart grid serves two-way communication system which addresses the 
uncertainties of intermittent energy sources.  

In the study by Heidell and Ware (2010) it is argued that some of economic benefits of smart grid 
are measurable such as reduced meter reading costs and reduced costs of connection/ 
disconnection services. However, there are other benefits that are difficult to measure as 
following: 

● Power cost savings 
● Increase of distributed generation system 
● Increase of customer participation 
● Avoid or delay in distribution system investment 
● Improvement in maintenance costs 
● Potential of upgrading to new programs 
● Reduce of external costs (e.g. emission costs) 

Heidell and Ware (2010) state that broadband use addresses the issues concerning to smart grid 
and AMI technologies development. It assists smart grid and new technologies to implement 
complicated control and load management disciplines, and to support more distributed 
generation. As a result, the credibility and efficiency of the new system increases while its capital 
and operating costs decreases.  
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According to Heidell and Ware (2010), broadband use develops broadband Internet services, 
particularly in rural areas where utilities will face less competition because the cost of Internet 
infrastructure is high. Thus, both smart grid applications and high-speed Internet access services 
can use broadband network in share to produce and consume electricity more efficiently and 
improve Internet access opportunities. Moreover, the utility is able to benefit from selling a part 
of its excess broadband capacity to other utilities or third party to achieve added economic 
income. 

Hledik (2009) holds the opinion that two scenarios are introduced to describe environmental 
impacts of smart grid. First scenario, conservative, considers upgrading infrastructure into 
commercially existing new technologies and examines the reduced emissions. Second scenario, 
expanded, has greater perspective and includes future technologies such as smart distribution 
system and distributed energy sources that would be accessible in long term.  

In the study by Hledik (2009) it is shown that expanded scenario and conservative scenario 
contribute to 15.7% and 5.1% CO2 emission reduction correspondingly. Within these results, 
distribution of renewable resources and expanded transmission system has highest share and 
dynamic pricing has lowest share. 

3.2.2. Authorities 
It is needed that authorities develop harmonized rules to ensure the removal of unnecessary 
barriers and the accessibility to common benefits and incentives. In one hand, the EU 20-20-20 
target demands a set of climate and energy targets to be met by the year 2020. These targets are 
reduction of greenhouse gases by 20% compared to that in 1990, increase the share of renewable 
resources in total energy consumption by 20% and reduction of primary energy use by 20% 
through increasing the energy efficiency. On the other hand, European Smart Grids Technology 
Platform (European Commission, 2006) provides vision and strategy for Europe’s electricity 
networks of the future. It identifies clear missions and suggests a strategy for the development of 
electricity network that meets the needs of Europe’s future such as flexibility, accessibility, 
reliability and economically.  

In the study by C.K. Woo et al. (2008) it is argued that marginal cost pricing is efficient for all 
types of customers. However, existence of regulator’s constrains prevents its implementation. 
Thus, the task of regulator is to find the second-best pricing that meets these constrains.  

In the later study (Faruqui et al., 2010) it is shown that the adoption of dynamic pricing is a key 
point to overcome economic barriers to smart metering installation by utility providers. 
Authorities cannot force end-users to adopt dynamic tariffs for their electricity usage. However, 
they are able to set rules to oblige dynamic transmission and distribution (T&D) tariffs in which, 
(T&D) prices vary according to the customer’s time of use of power. Then, authorities can 
mandate utility provider to pass the charges to the customers directly.   

McDaniel and Smith (2009) propose that government should protect the privacy of end-users 
through passing rules, in which the laws would determine how data from end-users is gathered, to 
whom it can be revealed and what penalties are expected in the case of information abuse. 
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Moreover, they state that government must examine the security of smart grid components, 
especially smart meter, both in experimental and practical cases. Government must identify 
innovative tests to evaluate the security of smart meter system. 

Heidell and Ware (2010) state that the benefits of broadband network such as reducing air 
pollution and promoting competition in distributed generation and energy services, promotes 
authorities to accept the uncertainties associated with financial support. Furthermore, authorities 
should allow the utilities to own and operate broadband to compensate their uncertainties and 
huge financing. 

According to Tai and Hogain (2009), changing communication technologies is a challenge for 
utilities to deploy smart grid. They state that authorities should let utilities to invest in smart grid 
technologies over a short time. 

Thollander et al. argue that standardized guidelines for making energy services contracts will 
reduce the risk to both user and energy service provider. Also, the guidelines lower the hidden 
cost, lack of trust and the barrier of imperfect information. They propose that dedicating one web 
page by Swedish Energy Agency introduces energy services in industry and gives successful 
examples of implemented energy services. 

3.2.3. End-user 
Vojdani (2008) argues that in one hand electricity has different prices during hours of the day and 
over the seasons; on the other hand, price signal is a controlling driver of usage and definitely 
prohibits wasteful consumption.  Thus, end-users are able to reduce their energy cost if they are 
given the required means to regulate their energy usage. 

However, the study by Vojdani (2008) argues that getting high number of end-users to use the 
complex means such as smart meters and smart devices is one challenge to hold back all-
inclusive use of them.   

Tai and Hogain (2009) state that home area network value chain with its wide range of smart 
devices assists end-user to be less involved in complex DR program. They introduce gateway 
(smart meter), in-home displays (IHDs), and program controllable thermostats (PCTs) as well as 
switches, appliances, energy communication software and DR program management as such 
components. 

According to Tai and Hogain (2009), utilities must define to what extent they are willing to 
invest in HAN components and where they leave place for end-user to finance added capacity on 
their own budget.  

In the study by Vojdani (2008) it is mentioned that new advances in plug-in hybrid electric 
vehicles (PHEVs) enables end-users to drive on most trips with little gasoline (if required any), 
because electric batteries can store electricity to carry the passengers to the destination where 
they can recharge the batteries. The growing number of PHEVs – globally1.1 billion cars by 
2020- depicts the increase use of electricity in transportation. 
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According to Ipakchi and Albuyeh (2009), development of Plug-in vehicles brings significant 
increase of revenue to the utility through high electricity usage in transportation. It also lowers 
the operational costs of electric vehicles compared to existing gasoline or gasoline-electric hybrid 
vehicles. On the other hand, it would raise the power demand of residential segment significantly 
that needs more monitoring and automation capacity in distribution system. 

Ipakchi and Albuyeh (2009) state that the existence of advanced metering infrastructure (AMI) 
leads to design of pricing schemes according to marginal pricing that promotes economic 
efficiency and energy initiatives. On the base of a price rationing scheme, customers are informed 
about the real-time price of kW by utility provider. Thus, they are able to reduce their demand 
when kW is in high price duration.  

C.K. Woo et al. (2008) describe price rationing schemes such as real time pricing (RTP), time of 
use pricing (TOU), and critical-peak pricing (CPP) as following:  

● RTP: End-users pay hourly prices that change daily and manage their consumption 
correspondingly. In this type of pricing, utility provider moves the risks of volatile market 
to end-users. It is suitable especially for large industries which have complicated 
consumption.  

● TOU: Fixed price by considering expected marginal cost during TOU period. 
●  CPP: Utility provider sends high-prices signals to end-users in a critical event. The end-

user probably reduces his load demand. In return, he will receive discount on prices in 
other hours. 

Figure 4 visualizes different time-varying electricity pricing by providing examples of typical 
rate levels. 
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Figure 4- Time dependent electricity pricing with examples of typical rate levels ( Fox-penner 2009, 

P.41, cited in Faruqui, et al. 2010) 

C.K. Woo et al. (2008) suggest that demand subscription service (DSS), curtailable service, 
interruptible service and curtailable load bidding are other designs under reliability 
differentiation. Through these kinds of designs, utility provider affects load reduction by either 
end-user voluntary agreement with its curtailment notice or automatic shut-down with means of 
relay.  

According to C.K. Woo et al. (2008), by DSS, end-user approves a firm service level (FSL) 
before receiving a service. The end-user can only subscribe for a group of appliances. If the load 
is above customer’s approved FSL, utility provider is able to curtail the load under a predefined 
conditions.  

C.K. Woo et al. (2008) hold the opinion that price rationing scheme shifts the peak time 
consumption to off- peak time without changing to total consumption. This leads to the use of 
more efficient units during peak time as well as reduction of GHG emissions. However, 
reliability differentiation removes peak time capacity requirement and reduces GHG emission. 
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In the same study (C.K. Woo et al., 2008) it is shown that all of pricing methods bring benefits to 
utility provider, help them to recover the costs and improve economic efficiency. However, TOU 
and reliability differentiation cannot implement efficient rationing. TOU has preset rates and 
cannot be updated with market situation. Reliability differentiation may not be efficient because 
end-user demands are not classified logically. 

According to C.K. Woo et al. (2008), the main barrier to both price rationing schemes and 
reliability differentiation is end-user acceptance. While TOU and CPP are more acceptable for 
residential end-users, reliability differentiation is pleasant for industrial (large) end-users. Then, 
generalized demand subscription service (GDSS) is suggested as an option for large residential 
end-users which has different remarkable aspects: 

● FSL choice: Customer subscribes its FSL before receiving the service. FSL is less than 
customer’s historic peak demand. Then utility provider may cut the load to the customer’s 
subscribed FSL when the operative reserve is less than the accepted limit. 

● Curtailment queue adjustment: When utility provider faces load shortage it cannot cut the 
load according to customer subscribed FSL. Customer can ask the utility to curtail the 
load later in the case that the utility is able to supply the demand and the customer is 
willing to pay based on market spot price. 

● FSL description: The customer can describe its FSL by separating different parts and 
define each part with a self-stated price set-up. Thus, customer informs willingness to pay 
for additional curtailment. The customer is able to update its FSL description according to 
its requirements. 

● Time-changing rates for special end-user: That is low-cost for off peak hours and high-
cost for on peak hours. The high-cost must include the marginal cost of CO2 emissions by 
fossil fuel units on peak hours. 

Rahman (2009) states that a large number of software and leading communication infrastructure 
are required to address the crucial questions such as; to what extent the utility provider will be 
able to control the end-user load without the end-user’s prior permission? Can that permission, 
once accepted, be canceled or delayed if the end-user’s priorities change? Can end-user have a 
planned priority list to choose when the utility provider needs to reduce the system load to a 
specific amount? Can the end-user have the ability to decide if selling or to storing home-based 
renewable energy sources? 

In the later study by McDaniel and Smith (2009) it is argued that the end-users need to share 
information about their energy usage. Thus, they are vulnerable to privacy attack.  On the other 
hand, since end-users are connected through advanced meter infrastructure, their information can 
be exposed to network hackers. Moreover, smart meter, that stores and distributes the energy 
usage information of end-users, reveals their habits and behavior. Utility provider is not the only 
one who receives the information.  It can be used by other companies for commercial purposes as 
well. 
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3.2.4. Network operator 
According to Vojdani (2008), if the complicated components upstream and downstream of a 
smart grid or metering system are not effectively unified, nothing will be done by the huge 
investment.  

The research by Vojdani (2008) identifies that “people, systems, solutions, and business 
processes must be dynamic and flexible, able to bend, shrink, or stretch in response to changes in 
technology, customer needs, prices, standards, policies, or other requirements.” It is suggested a 
flexible bottom-line IT infrastructure that is able to expand or change against the changing rules, 
procedures, the number, and construction of end-users. Such an infrastructure, integrates different 
services in an adaptive way according to service oriented architecture. 

It has been suggested (Farhangi, 2010) that globally accepted interfaces, messaging, control 
protocols and standards are needed in order to make secure communication between components 
of smart grid network. Then, home area network (HAN), local area network (LAN) and wide area 
network (WAN) are identified as different terminologies for partitioning the command-and-
control layers of the smart grid . Consequently, ZigBee, ANCI C12.22 and IEC 61850 
(supporting TCP/IP) standards are suggested for the layers correspondingly. 

According to (Zeebee Alliance, 2011), 
“ZigBee has earned a strong leadership role in the worldwide movement 
toward smart electrical grids. Numerous utilities and energy service 
providers are deploying ZigBee solutions because ZigBee meets their needs 
and gives them an inherently green, reliable, secure and easy-to-use 
standard, ZigBee Smart Energy. Only ZigBee offers Zigbee Smart Energy, 
the world's preferred wireless smart metering standard for advanced 
metering infrastructure (AMI) home area networks (HAN). Entire cities, 
like Goteborg Sweden, rely on ZigBee standards …” 

Tai and Hogain (2009) have the opinion that utilities must decide how far they need to participate 
in operating HAN-based DR devices and software. It is suggested that the maintenance of smart 
devices such as IHDs and PCTs will be assigned to third party after the devices are installed by 
utility provider. In addition, end-users need the third party services for maintenance of smart 
devices that they have financed on their own cost. 

It is argued (Tai and Hogain, 2009) that data acquisition is multiplied since meters can read in 
narrower intervals. Thus, the tasks such as system integration, linking the systems to end-user 
data and pricing systems, and business decision systems are crucial. Consequently, system 
integrators (SIs), large information technology (IT) consulting companies and security providers 
are being entered to gird service providers. It is suggested (Tai and Hogain, 2009) that SIs 
together with utilities will participate in smart grid development decisions. It brings a new flow 
of economic income for many SIs because winning a smart grid partnership provides a long term 
need of support and agreement.  

The research by Rahman (2009) identified that all the data from the end-users do not need to be 
transmitted to the utility provider. The data can be collected locally and only a part of them need 
to be reported to the utility. This method reduces communication load and required bandwidth, 
makes the network more protected against hacker attacks and addresses cyber security 

http://www.zigbee.org/Standards/ZigBeeSmartEnergy/Overview.aspx
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challenges. It is shown (Rahman, 2009) that increasing interconnection, new two-way 
communication, end-user access into utility’s information, existence of third-party control 
systems and high demand of communication software are the issues that make cyber security a 
main concern in the grid.  

Idermark et al. (1999) suggest that an e-service platform permits different service providers share 
the same infrastructure to supply advanced value-added services to customers while reduce cost. 
Network operator plays a critical role in the model because it provides several service providers 
with shared infrastructure, without affecting each other’s services. 

3.2.5. Communication provider 
In the study by Tai and Hogain (2009) it is argued that since the functionality of smart meters 
increased, the choice of appropriate communication system both at home and local area network 
has been a main concern for utilities, authorities and decision makers. Among broadband, radio 
frequency (RF) and power line carrier (PLC) communication systems, RF has been supported by 
utilities mostly.  

Siemens AG (2008) describes the technical specification of its smart meters as:    
“To communicate, AMIS uses power line technology, in which the power grid 
transmits data. Other systems require separate radio or GSM communications or 
an Internet link, which add costs. 
AMIS will be able to integrate gas, water and district heating information via 
cable or wireless communications into the remote metering system. The resulting 
data can then be viewed by the customer, who can access his or her individual 
use along with load profiles via an Internet portal.  
Power line communication is limited in range, and is therefore best suited for 
densely populated areas.” 

According to Tai and Hogain (2009), the next generation of communication system consists of 
three competing technologies. The first technology improves the bandwidth and latency ability 
and Internet protocol (IP) capacities. The second one benefits from advanced telecommunication 
technologies in the form of 3G, GPRS, and WiMax. The Third technology concentrates on 
communication through an Internet connection in which, a data server is used at home instead of 
meter and connects to the end-user’s computer in order to send back data to the utility.   

It is shown that (Heidell and Ware, 2010) some of services with GPRS system which operates at 
very lower speed compared to residential broadband system, enables end-users to sign up for 
price plans with peak time and off-peak time rates, set equipments and lighting to automatically 
turn off or on. End-users are able to connect to Internet to log onto the utility’s Web site to 
evaluate their energy usage model and compare it with similar customer’s pattern. Moreover, the 
Utility is able to read meters once a day, receive information about possible outages and 
connect/disconnect the services remotely. 

3.2.6. Security company  
Vojdani (2008) holds the opinion that very secure and faultless system for the entire demand 
response program is needed. Such system acts in real-time and with high speed. 
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In the later study by McDaniel and Smith (2009) it is argued that control system on grid elevates 
energy transmission management as well as increasing the robustness of control system against 
failures, cyber or physical attacks. Indeed, adoption of smart grid has huge social and 
technological gains; however, it brings several security and privacy issues. It is argued (McDaniel 
and Smith, 2009) that compared to traditional physical meter, smart meter will change the type 
and volume of end-user complains. That is, attacks change from physical manipulation to remote 
invasion and control of computerized meters. 

McDaniel and Smith (2009) state that the existing complicated software systems in smart grid 
network are vulnerable to bugs. Utility must work with third party in order to develop all-
inclusive restoration plan in case of any failure. 

3.2.7. Smart device and software provider 
It is suggested (Vojdani, 2008) that the supplier of different components of a complex IT 
infrastructure must be able to reconfigure the business models and business rules in own products 
quickly and easily. 

In the later study by Faruqui, et al. (2010) it is shown that on the basis of cost-benefit analysis, 
smart devices (enabling technologies) are crucial in enabling utility provider to fill the gap 
between installation cost and operational benefits of Advanced Metering Infrastructure (AMI). 

Hledik (2009) describes some of enabling technologies as: 

● Programmable communicating thermostats (PCT); improves the set point of appliances 
(not only heating or cooling devices) when the electricity price is high. (The concept of 
listen to price) 

● In-home information displays (IHDs); provides historical consumption information for 
customer. It also is able to give some tips in order to decrease electricity bills. 

● Future technologies; such as smart distribution networks, development of distributed 
generation and storage technologies, and plug-in hybrid electric vehicles.  

A recent report by Panasonic Corporation (Amano, 2010) makes it clear that like electricity 
generation, management of electricity generation must be changed from unified to disperse type. 
The report argues that the utility and end-user will have two-way communication by smart meter; 
however, the problem will appear if the home appliances are not connected to the smart meter. 
Absence of the connection is called “missing link.” 

Amano (2010) describes some aspects of Panasonic’s home energy management system (HEMS) 
as following: 

● It depicts the electricity consumption of each home appliance separately. It transmits 
measured data once every three seconds that enables real time pricing. Although the home 
owners are environmentally consciousness, they probably do not know how they can 
reduce their electricity consumption. The device helps them act effectively to preserve the 
environment. 

● It is able to be linked to photovoltaic system. 
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● It enables controlling of home appliances remotely by using a mobile phone or touch 
panel controller. 

● It highlights excess use of electricity and shaves the peak power. When the current closes 
to the maximum allowed amount, the condition is highlighted and low priority appliances 
turns off automatically (enabling DR). 

● It helps energy savings with animated images. This aspect even helps children to realize 
the importance of energy preservation. 

● It is omnipresent; it is possible to control home appliances remotely by an easy-to- use 
control panel. 

It is argued (Amano, 2010) that HEMS is beneficial to end-users, utilities, society and 
environment. Benefit to end-user is changing lifestyle toward saving electricity by the use of 
sensor control and remote equipment control. Moreover, it provides utilities with the stability of 
power supply, the load reduction of power generators, lower operational costs and new services 
to the customers. Consequently, it reduces CO2 emission by developing renewable energies and 
encouraging energy savings. 

In the report (Amano, 2010) it is suggested that since  80% of total energy in Europe is used for 
providing hot water and space heating, the development of sensors which save energy by 
controlling heat generating equipments is crucial. 

3.2.8. Energy services company 
Thollander et al. (n.d.) state saving energy is a mean to reduce GHG emissions. It is also a part of 
customer value. Each EU member should develop the energy services markets and explore third 
party financing to reduce energy usage and add customer value.  

According to (Thollander et al., n.d.), studies show that the lack of access to capital and the 
deficit of budget funding are in the front line of barriers to energy efficiency at industries. These 
barriers can be addressed by third party financing and energy performance contracting. 

The authors argue that information is asymmetrical between users and service providers (machine 
manufacturer or third party service provider). Users are willing to pay to achieve beneficial 
knowledge which is originated in manufacturers. Manufacturers and energy services companies 
(ESCOs) find that their knowledge can bring a new market to them. 

In the study by Thollander et al. (n.d.) it is shown that only 15% of all profitable energy measures 
are implemented in the industry; therefore, energy services create new business opportunities for 
ESCOs, reduce CO2 emissions and increase energy efficiency. 

Thollander et al. (n.d.) hold the opinion that from an economic point of view, ESCOs are able to 
address disagreement, hidden cost, access to capital, risk, asymmetric information and bounded 
rationality challenges through their skilled staffs, involvement in the investment phase, financing, 
following agreement guidelines, organizing an agent who is responsible for both costs and 
benefits, and guaranteeing the products/services and transferring information from agent level up 
to the principal level, correspondingly. 
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3.2.9. Home care provider 
In the research by Idermark et al. (1999) it is argued that home care has growing potential market 
for service providers. Old and physical ability challenged people are in the forefront of security 
and monitoring services. Other services such as convenient home-shopping and video telephony 
communication would be interesting for this group of end-users. The aging population in 
developed countries is the main incentive for home care services. 

 

Table 2 and Table 3 summarize actor’s need and actor’s capabilities according to the literature 
review. 

Table 2- Actor’s needs 

Actor Utility provider End-user Authority

Meeting increasing 
electricity demand

Need of  convenient 
means to reduce their 
energy use

Meeting EU 20-20-20  targets

Lower price primary 
energy sources

Charging their plug-in 
hybrid electric vehicles  

Meeting European Smart Grids 
Technology Platform vision and 
strategy 

Reduction of Carbon 
footprint

To be informed about 
real-time pricing

Meeting higher power 
quality

Need of best  energy 
pricing

Finding new markets
Reduction of 
Greenhouse gases

Controlling and 
monitoring assets and 
services

Data confidentially

Integration of renewable 
energies

Selling renewable 
electricity to the grid 

Using the benefits of 
energy policy instruments

Thermal comfort and 
standard air quality

Providing reliable energy 
distribution

Increasing home safety

Increasing energy 
efficiency

Supplying lower cost 
energy to end-users

Offsetting  investment 
costs 
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Table 3 – Actor’s capabilities 

Actor Smart devices and 
software provider

Network operator Telecommunication 
provider

Autorities Home care 
provider

Security company Energy services company

Providing end-user with  
smart devices and 
software  to save energy 

Network integration

Providing two-way 
communication 
technologies and 
standards 

Finding best energy 
pricing

Providing security 
and monitoring 
services

Providing security of 
transmitting data in real-time 
and high speed

Reducing Greenhouse gases

Enabling real-time 
pricing

Maintenance of 
smart devices

Preserving privacy of end-
users

Providing user-
friendly 
communication 
services 

Increasing the robustness of 
control system against failures, 
cyber or physical attacks 

Adding customer value

Integrating renewable 
energy generation to the 
grid

 Distribution of data 
among service 
providers

Allowing utility 
providers to own their 
communication system

 Data restoration Increasing energy efficiency

Enabling the Control of 
home appliances 
remotely

Establishing guidelines 
for energy services 
contracts

 Supplying financial support 
for end-users

Enabling demand 
response

 Providing energy saving 
knowledge for end-users

Training energy saving 
to end-user

Updating  own products 
with  changing business 
models and business 
rules  quickly
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3.3. Available new technologies 
In this part the result of research concerning exiting new technologies that assist utility further 
increasing energy efficiency in distribution network is described. 

3.3.1. Smart meter  
Smart meter enables two-way communication between utility provider and end-user. It enables 
utility to obtain a real-time outlook of power demand and also provides the feedback that assists 
end-users reduce their energy use (Siemens AG, 2008). 

Unlike Internet and telephone services with fixed prices, electricity has flexible prices in 
international market during different hours of a day and it is cheaper during nights and weekends 
when the demand is low. Thus, instead of fixed price tariff, there will be dynamic pricing tariff 
which asks for different rates during a day (Siemens AG, 2008). 

The results of experiences show that it is possible to persuade energy saving among end-users 
through their wallet. Thus, dynamic energy pricing is crucial to increases environmental 
conscientious. Smart meters in the home that are able to report energy consumption at every 15-
minute, provide the solution to the recent needs (Siemens AG, 2008). 

Smart meter is now suitable for large-scale use by residential end-users to measure their electric 
power use electronically. It also enables their utility provider to read the measured data remotely 
and compare with agreed-on power demand profile (Siemens AG, 2008). 

Smart meter will reduce load fluctuation in the grid. It also enables more renewable electricity 
generation to be fed into the grid. As a result, according to Electric Power Research Institute in 
the U.S., adoption of smart meter provides 5-10% decrease in electricity consumption without 
reducing comfort level of end-users (Siemens AG, 2008). 

There will be the possibility to increase the smart meter functionality by integrating gas, water, 
and district heating and cooling data through cable or wireless communications and reading 
information remotely (Siemens AG, 2008). 

3.3.2. In-home displays (IHDs) 
In-home display (IHD) assists home energy management. It shows how much energy is being 
used at any point in the day and how much energy the consumption is being cost to end-user 
otherwise he does not know how much energy has been used until electricity bill arrives. In the 
case that end-user does not know how much energy has been consumed, intelligent choices are 
not made. Studies have shown 5-20% reduction in energy consumption is achievable only by real 
time feedback (Energy Aware, 2011). 

IHD displays electricity cost and usage in real time for the entire home through wireless 
communication with smart meter. It contains a radio receiver that collects information in 
adequate time intervals from smart meter. In order to keep data confidentially, IHD has been 
programmed with a unique code corresponding to the smart meter at home. Its display also shows 
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hourly, daily and monthly electricity costs and usage patterns. It enables end-users to control their 
electricity cost and reduce their Carbon footprint by changing their energy consumption behavior 
without reducing comfort levels. In addition, utility can use the advantages of IHD to send 
important text messages such as dynamic pricing signals, critical peaks, etc. to the display screen. 
(Aztech Associates, 2010) 

Figure 5 shows a Landis & Gyr ecoMeter IHD. The IHD displays a series of ‘traffic lights’ which 
is used to provide end-users with notification of tariff changes, where green corresponds to off-
peak hour rate, orange to a shoulder rate and red to a peak event. 

 

Figure 5- Landys & Gyr ecoMeter IHD displaying a green ‘traffic light’ 
(http://www.ecometer.com.au/, Cited in Strengers 2010) 

3.3.3. Translate  
This product assists utilities to create a smart energy distribution network by the use of their 
AMR system. Thus, they will be able to protect and extend AMR meter investments as well as 
continuous change to AMI in the future (Tendril, 2011a). 

Since AMR communications mechanisms are on the basis of Radio Frequency (RF), Translate is 
able to receive and interpret RF communication signals. Thus, combination of AMR meter and 
Translate creates most of the advantages of AMI origin meter such as enabling dynamic pricing 
tariffs and providing real-time information to the end user as well as complying home area 
network (Tendril, 2011a). 

3.3.4. Load control switch (LCS)  
LCS enables utilities to turn off connected appliances at specific residences or groups of 
residences for a short time during peak load demands. 
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LCS assists utilities to involve the residential end-users, who are not interested in using 
programmable thermostats, in load curtailment during critical peak events. Thus, previously 
introduced GDSS can be applied as electricity pricing method. 

In future LCS will enable end-users to select electric appliances such as pool pumps and HVAC 
work during off peak hours when the electricity is cheap. In addition, it will display the electricity 
consumption of each appliance which allows end-users to discover how much each energy 
intensive appliance, e.g. electric boiler, contributes to energy usage and energy cost (Tendril, 
2010b). 

3.3.5. Web based software 
The software receives end-user characteristics, energy usage pattern and home audit data and 
returns individual messages and detailed proposals to end-user on the basis of his priorities and 
energy saving goals. All services are possible through existence of home area network (e.g. 
Zigbee) and home smart devices. Figure 6 shows seasonal, “no-cost and low-cost” hints which 
are included the predicted annual savings to make it easy for end-users to realize their savings. 

 

Figure 6- A sample of personalized messages (Tendril, 2010c) 

Providing the end-users with goal setting is another benefit of the software. Since psychologists 
have proven that goal setting is a helpful tool to successfully change the behavior of people, the 
software is able to persuade end-users to participate in energy saving practices continuously. 
End-users select their energy usage goals then the software provides personalized advices to 
enable them to achieve their goals. Figure 7 presents a sample of energy saving advice by 
considering end-user’s goal setting.  
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Figure 7- A sample of energy saving advice by setting goals (Tendril, 2010c) 
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3.4. Situations particular to GBE 
In this part, first the main actors in the Swedish electricity market are introduced, then situations 
particular to GBE (utility provider), Gothnet (telecommunication provider) and Authorities in the 
current business model are presented. 

According to (Svenska Kraftnät, 2007), the Swedish electricity market includes several 
independent actors. Following is the list of the actors. 

● Electricity producers 
● Network owners 
● The system operator (Svenska Kraftnät) 
● Electricity consumers (end-users) 
● Electricity traders 
● Nord Pool 

  Figure 8 presents the relationships between the different actors. 

 

Figure 8 – The flow of electricity and the relationships between main actors in Sweden (Svenska 
Kraftnät, 2007) 

An electricity producer generates power and sends into the network. Then, the network owners 
transmit the generated electricity to the end-users. Svenska Kraftnät is responsible for the 
national grid to keep the Swedish power plants working together in a reliable way. The regional 
networks transmit electricity from the grid to the local networks and sometimes to industrial end-
users. Finally, the local networks distribute electricity within end-users in a specific geographical 
area (Svenska Kraftnät, 2007). 

On the other hand, end-users receive electricity from the electricity network and use it. The end-
users must have a contract with an electricity trader in order to purchase electricity. The end-
users must have a contract with the network as well to be able to be connected to their network. 
Therefore, the end-users also pay a network fee for connection and transmission (Svenska 
Kraftnät, 2007).  
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3.4.1. GBE 
According to Göteborg Energi AB (GBE), ( Zigbee Alliances, 2011b) and interviews with experts 
at GBE (Appendices8.1) for more than 150 years the company have been ahead in growth of 
Göteborg’s infrastructure. Energy services, district heating and cooling, natural gas, fiber optics 
and the electricity supply network are among their offerings to handle end-user’s energy 
requirements. Göteborg Energi Nät AB, a local network and one of the subsidiaries of GBE, is the 
owner of electricity distribution network in Göteborg. Moreover, GBE is a big municipality 
owned company. The municipality supports green energy and cost effective projects.  

GBE has implemented different plans in order to increase energy efficiency and customer 
satisfaction while decreasing the environmental impacts of their activities. The majority of energy 
services offering by GBE are dedicated to commercial or business end-users such as real-estates, 
buildings with 100 apartments and commercial buildings. Currently, the number of private homes 
and industrial end-users receiving energy services is negligible. Since 270,000 out of total 300,000 
installed energy meters in Göteborg region belongs to residential end-users, the potential of 
providing new energy services for this group is significant. 

The “EU 20-20-20” targets and “a sustainable Göteborg” (Göteborgs Stad, 2009) vision are 
amongst key elements to design energy services at GBE. However, the customer need, which is 
critical element to be considered in designing energy services, is not been systematically assessed. 
Although two years ago an interview, with customers who have energy services contract with 
GBE, was implemented to realize customer needs, due to the growth of technology and changing 
customer demands, the result is not valid today. Furthermore, the result of the interview shows the 
requirements of the specific group of customers; thus, it cannot be developed to the whole 
residential end-users. 

Because the most part of energy generation is used for providing hot water and space heating, the 
existing energy services mainly aims at increasing the energy efficiency of the heating demand. 
The services guarantees the acceptable level of thermal comfort in apartments at fixed price 
without taking to account the minimum out-door temperature in the contracts. Such energy 
services challenges economic sustainability at GBE in cold years since naturally heat demand 
increases in extremely cold days while GBE has to provide agreed level of thermal comfort in the 
apartments. Therefore, including a minimum out-door temperature in the energy services contract 
is suggested in order to keep the economic income of services.    

In the old buildings that there is no central computer system, the indoor temperature is monitored 
and controlled manually. This service increases operational costs of energy services, since GBE 
needs to employ special personnel for this purpose. Thus, application of new technologies which 
assist GBE monitor and control the indoor temperature remotely is suggested. 

Decentralized electricity generation by renewable resources which is in accord with the “EU 20-
20-20” targets, provides GBE with economic benefits. The reduction of distribution losses is one 
reason for such benefits. However, exiting energy services at GBE do not motivate residential 
end-users to start own electricity generation. Although GBE, as one provided energy services, 
enables residential end-users to sell electricity to the grid, due to the high investment cost of the 
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required equipments for renewable electricity generation, the proposed offer for buying electricity 
by GBE does not promote decentralized energy generation among private residential end-users. 
One way to address the issue is increasing the proposed feed-in tariff. Additionally, it is suggested 
that GBE can make a contract with equipment provider for renewable electricity generation in 
order to buy the equipments and sell them to the residential end-user under mutual benefits 
conditions. For example, a part of the investment cost of the equipments is paid by GBE; in return, 
the end-user pays the equivalent value to GBE by transmitting the specific amount of kWh 
electricity during defined period to the grid free of charge. 

Advanced heat pumps with high COP are considered as a threat to district heating service by 
GBE. On the other hand, currently GBE has monopoly on district heating services in Göteborg 
region. Thus, GBE will be under threat of competitor in the future deregulated market. In order to 
address the mentioned issues, GBE should provide district heating service at competitive price. 
Since district heating pricing is according to marginal cost, energy efficiency measures in space 
heating and hot water at residential buildings reduces the price of district heating. The cooperation 
of GBE and renovation companies is suggested to increase heat demand efficiency at residential 
buildings. GBE can monitor heat demand of each building remotely, then in the case of high 
deviation from standard, contacts with renovation companies to provide an energy efficiency 
service to the end-user. 

PHEVs provide an opportunity for GBE in supplying new services for residential end-users in 
transportation. PHEVs are charged during night when the electricity demand is low. However, 
during day (peak hours) PHEVs are considered as mobile electricity generators that are able to 
transmit the stored electricity to the grid. Thus, PHEVs demand for new infrastructure in 
transportation that facilitates charging and mobile electricity generating. GBE by providing the 
required infrastructure is able to take this opportunity to develop energy services for residential 
end-users. In order to develop such infrastructure, the first step is the evaluation of the number of 
future PHEVs in Göteborg region. The second step is collecting the geographical information of 
more concentrated demand areas to make the investment cost feasible. Currently, due to the lack 
of information about customer needs, GBE is not able to evaluate the possible new market in 
transportation system. However, some charging places for electric cars have been built. In 
addition, there are some ongoing projects at Volvo and Chalmers University for making new 
electric cars. Thus, a survey by GBE on end-user’s requirements is recommended strongly in 
order to take the advantages of new opportunities (Interview with experts at GBE). 

The ongoing project is the production of biogas from biomass. In addition, GBE supplies 80% of 
district heating demand through waste heat (from CHP plants). Some of carried on plans and 
services by GBE are as following: 

● Investment in renewable energies such as wind power and biogas  
● Installation of automatic meter reading (AMR) at customer’s place  
● Individual water, electricity and district heating metering of each apartment are other 

services for business customers. However, bills are sent to the owner of building only. 
● Training the customers how to save energy in cooking, washing and drying, lighting, food 

storage, TV, Radio and telecommunications, and hot water  
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● Offering fixed price for electricity and four price packages for district heating  
● Free on-line for residential customers to easily monitor their use of electricity, district 

heating and gas 
● Electricity subscription of customers can be connected/ disconnected remotely. 
● Supporting "Make your own energy" through enabling end-users to sell their renewable 

energy generation to the grid 

● GBE provides commercial end-users with energy services. In addition to real time pricing 
for district heating, GBE analyzes the energy status of property, makes thermal comfort 
agreements at fixed price, finances energy and environmental investments, and provides 
energy services such as maintenance and optimization of processes.   

In the video by Zigbee Alliances (2011b) it is shown that from June 2009, the company has 
managed to install 275,000 AMR in Göteborg region to remotely read the monthly electricity 
consumption of residential end-users (up to 63A). The decision to change all the exiting meters 
was made after a law was passed that all the electric companies in Sweden were required to read 
the end-user’s electricity meters at least once a month.  Previously, the company used to charge 
the end-users according to estimated annual consumption. Thus, the application of AMR provides 
accurate measurement and assists the end-users to make a balance between their energy usage and 
cost. According to GBE, on the basis of a pilot experience, between 2 and 5% energy saving has 
been reported through the installation of AMR. Moreover, the new technology assists GBE to 
control and monitor the low voltage network in order to protect the network assets. Furthermore, 
the infrastructure helps GBE connect/disconnect the electricity subscription of end-users from far 
away. GBE did not have serious problem for adoption of current meters, since it was strongly 
supported by authority due to national rule. Only some customers were conscious about 
electromagnetic impacts of meters. 

GBE ( Zigbee Alliances, 2011b) states that in order to read new meters remotely, first each 
electricity meter transmit data wirelessly via a radio communication solution called Zigbee to 
various collection units, so called concentrators, owned by electricity supply network. Then, these 
concentrators send the meter reading through GPRS or fiber optics to a central metering system 
which has vast capacity. Figure 9 presents the flow of metering data at GBE. 
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Figure 9- The flow of metering data in present situation (Andersson, n.d.) 

It is argued (Zigbee Alliances, 2011b) that the new system will assist GBE create better, more 
energy efficient services to their customers. It is able to measure other energy types such as 
district heating, water and gas. The technology is also capable of providing other functionalities 
such as alarms and different kinds of surveillances for residential, commercial and industry. 

GBE seeks energy conservation, new energy pricing models and decreasing power losses through 
adoption of new technologies such as smart meter. In fact, better cash flow has been obtained due 
to remote connect/disconnect of electricity subscription, because power losses had been 
decreased (Interview with experts at GBE). 

According to the video by Zigbee Alliances (2011a), GBE’s smart meter infrastructure will be 
used to monitor hourly usage, display random reading, record outage statistics, control end-user 
connection/disconnection, monitor electrical outlets and the level of voltage, and control end-user 
appliances.  

There is good opportunity for GBE in development of smart grid. That is, real time energy 
pricing is possible at network operator. Also, most likely it is possible for electricity supplier 
companies in Göteborg.  

However, there is an organizational barrier at GBE that can slow down the development of smart 
grid in Göteborg region. In fact, smart grid group works separately from renewable energies 
group at GBE. Since smart grid infrastructure comprehensively supports decentralized electricity 
generation such as photovoltaic, these groups can share their economic and knowledge resources 
in the case that they join together and make a united group.  

3.4.2. Gothnet  
Broadband Internet access is supplied to residential and commercial end-users by means of fiber 
optics technology through one of GBE’s subsidiaries (GothNet, 2011). According to GothNet 
(2011), the company offers secure and robust solutions for transmitting data, voice and 
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telecommunications housing. Tele-Housing service allows their industrial end-users to mange 
storage and backup of information efficiently. 

In addition to high reliability and flexible services that can be easily adapted to the needs and 
demands, the required security to the commercial end-users is provided through local network 
operations center (NOC) (GothNet, 2011). 

It is argued (GothNet, 2011) that effective services such as entry phone, alarm, laundry booking 
and smarter energy services are offered to real estate companies through GothNet’s service 
providers. Thus, real states can provide efficient and affordable communications to tenants and 
increase the future value of property by serving secure connection. 

3.4.3. Authorities 
According to Vasconcelos (2008), the legal framework governing metering activities in Sweden 
is included following items: 

• Regulatory regime of electricity meters is regulated bundled type. 
• Distributor is the owner of meters. 
• Distributor is responsible for both installation and maintenance of meters (four activities 

for the operation of meter are installation, maintenance, reading and data management). 
• Regarding to regulation government has demanded monthly invoices for low voltage end-

users since 2009. It promotes development of smart meters. 
• Consumption of end-users with high power demand is measured hourly. 

It is argued (Vasconcelos, 2008) that Sweden is the first country in the European Union that 
mandated smart metering. Then, the reasons for supporting the adoption of smart meter in 
Sweden are identified as: 

• Providing more accurate information about electricity usage 
• Enabling new type of contracts between provider and customer 
• Contribution to energy savings 
• Supporting nation policy goals related to energy efficiency and Greenhouse gases 
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3.5.  Integrated product-service offering at GBE 
In this part, the result of applying PSS Layer Method in designing IPSO is presented by 
proposing different new ideas of introducing up-to-date business models and technologies at 
GBE. Totally five business models are designed. Table 4 presents an overview of the five 
proposals. 

 

Table 4- The five proposals at a glance 

Proposal 1 Proposal 2 Proposal 3 Proposal 4 Proposal 5
Customer End-user End-user End-user Real-estate Elderly end-user

Reducing energy 
consumption and 
cost

Reducing energy 
consumption and 
cost

Reducing energy 
consumption and 
cost

Increasing economical 
gains 

Reducing energy 
consumption and cost

Convenient 
energy 
management

Convenient 
energy 
management

Convenient energy 
management

Increasing 
competitiveness 
through customer 
(tenant) satisfaction

Convenient energy 
management

Privacy and 
security

Privacy and 
security

Privacy and 
security

 Reducing energy 
consumption and cost

Privacy and security

Reducing CO2 

emission
Reducing CO2 

emission
Reducing CO2 

emission
Convenient energy 
management

Thermal comfort and 
standard air quality
Increasing home 
safety

New technology Smart meter
AMR, Translate 
and Web based 
software

AMR, Translate 
and LCS

Smart meter and IHD
Smart meter and 
shared e-infrastructure

Increasing energy 
efficiency

Increasing energy 
efficiency

Increasing energy 
efficiency

Improved energy 
efficiency

Increasing energy 
efficiency

Reducing 
transmission 
losses

Reducing 
transmission 
losses

Reducing 
transmission losses

Reducing 
transmission losses

Reducing 
transmission losses

Cost reduction Cost reduction Cost reduction Cost reduction Cost reduction

Reduced 
investment cost

Reduced 
investment cost

Reduced 
investment cost

Reduced investment 
cost

Reduced investment 
cost

Extending AMR 
meter 
investments 

Extending AMR 
meter investments 

Reduced 
infrastructure 
investment cost

Convenient 
energy 
management

Convenient 
energy 
management

Convenient energy 
management

Enhanced 
competitiveness

Convenient energy 
management 

Economic 
incentive

Economic 
incentive

Economic incentive
Achieving green 
building certification

Securely protecting 
home

Enabling tenants to 
make intelligent 
decisions

Benefits to GBE

Customer value

Customer needs
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3.5.1. IPSO by adopting DR 
The detail of present product / service offering has been taken from Web pages of GBE. Then, 
target end-user is defined to recognize customer needs and values. Finally, a new technology and 
PSS Layer Method are applied to propose an integrated product/ service for the target end-user 
with the purpose of increasing energy efficiency. 

Structuring the current situation 
Figure 10 presents the current information and service flows between different actors in 
electricity distribution system in Göteborg. 

 

Figure 10 - The current network of actors 

Describing the target end-user 

Characteristics 
a. Low budget 
b. Since the end-user has been informed about energy saving tips and also opportunities 

to share in renewable energy investments, that will allow saving money and protecting 
the environment, the person might be an environment-conscious one. 

c. The person knows that electricity has different prices during hours of the day and over 
the seasons in the market. 

Potential needs 
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a. Since the end-user receives free web services to easily monitor the use of electricity, 
district heating and gas, it is possible to infer that the end-user looks for something 
else for enhancing the functionality of web services. 

b. Because the end-user has access to accurate monthly electricity consumption and 
electricity cost through available AMR, due to the low budget, the end-user probably 
is interested in decreasing energy cost without reducing comfort levels. 

c. Since AMR stores and distributes the energy usage information, the end-user is 
concern that his/her habits and behavior to be revealed to other companies for 
commercial purposes (needs data confidentially). 

Product/service description before the improvement proposals (Göteborg 
Energi AB) 

Characteristics 
a. Offering fixed price for electricity  
b. Responsibility for electrical safety just before the electricity meter and fuses. The 

responsibility is transferred to the network operator at the point.  

Behaviors 
a. Limited information on how much kWh energy is consumed for different purposes 

such as cooking, washing and drying, lighting, food storage, TV, Radio and 
telecommunications is available online (GBE’s website). 

b. Providing online energy saving tips for lightening, washing and drying, cooking, food 
storage, TV, Radio, Telecommunication and hot water. 

c. Online information about FAQ with the possibility to send a question through the 
webpage. Telephone numbers are provided depending on various services. 

d. Online information on how to start own electricity generation; such as the necessary 
equipments, safely installation, negotiation with network operator to request for up-
dating software of available AMR, and feed-in tariffs.  

Potential needs 
a. Meeting increasing electricity demand by increasing energy efficiency 
b. Reduction of Carbon footprint 
c. Meeting higher power quality 
d. Providing new services to end-users 
e. Controlling and monitoring assets and services 
f. Using the benefits of energy policy instruments 
g. Providing reliable energy distribution 
h. Supplying lower cost energy to end-users 
i. Offsetting  investment costs  

Benefits to GBE 



 

35 

 

 Increasing energy efficiency by shaving peak load demand; that is, shifting the demand 
from peak hours, that electricity is expensive, to off-peak hours, which electricity is 
cheap, without changing the total consumption. This leads to more efficient units work 
during peak time as well as reduction of GHG emissions.  

 Reducing transmission losses due to development of decentralize electricity generation. 
 Cost reduction through increased avoided electricity generation by fossil fuels, because 

utilities usually use fossil fueled (less efficient) capacity during peak demand hours. 
 Reduced investment cost to build new power plants for increasing energy demand. 

Table 5, Table 6 and Table 7 present the results of international and Australian dynamic pricing 
trials, in which the amount of energy consumption reduction is the function of season, the type of 
energy pricing (TOU/ DPP) and applied new technology (IHD/ DCL).  

Table 8 summarizes the environmental impact of smart grid by adoption of dynamic pricing, new 
technologies and decentralized (distributed) energy generation which has been simulated by 
Regional Capacity Planning (RECAP) model. Overall conservation effect means that some 
existing carbon emitting plants will simply be used less on average (Hledik, 2009).  
  

Table 5- Demand response from international residential smart meter dynamic pricing trials 
(Strengers, 2010) 
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Table 6 - Demand response from international residential smart meter dynamic pricing trials (Faruqui 
et al., 2010) 

 

 

Table 7- Demand response from Australian residential smart metering dynamic pricing trials 
(Strengers, 2010) 
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Table 8- Environmental impact with different scenarios (Hledik, 2009) 

 

*RPS: renewable portfolio standard  
 

Table 9 shows a description of integrated product-service proposal by applying PSS Layer 
Method to recognize possibilities of improvements at GBE.  
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Table 9- Nine dimensions of the first proposal 

Customer (End-
user) Needs 

• Reducing energy consumption and cost 
• Convenient energy management 
• Privacy and security 
• Reducing CO2 emission 

Customer (End-
user) Value 

• Interactive information about how to optimize the load demand and increase energy 
efficiency.  

• Interactive information about how to reduce energy cost. 
• Convenient energy management by increased functionality of AMR.* 
• An economic incentive (through increase the feed-in tariffs) to generate electricity 

from renewable resources. 
• Contribution to decrease Carbon footprint. 

Deliverables • Supplying energy ( electricity, district cooling and heating,  and gas) 
• Advanced metering infrastructure (AMI) 
• Information on hourly energy prices 

Lifecycle 
Activities 

• Up-grading AMR meter to AMI smart meter to be able to send data to the end-
user. 

• Design of new electricity pricing method 
• Sending electricity prices one day ahead to smart meter, at end-user place, by 

considering market situation and fluctuation in local renewable energy generation.  
• Improving the capacity of telecommunication system (e.g. broadband Internet) to 

be able to send (receive) data to (from) the end-user. 
Actors • GBE (utility provider) 

• AMI Smart meter provider 
• Network operator 
• End-user 
• Telecommunication provider 
• Security Company (for adding Security Company as a new actor to the network to 

meet the need of privacy and security). 
• Equipment provider for renewable electricity generation 

Core Products • Energy ( electricity, district cooling and heating,  and gas) 
• On-line services ( easily monitoring the use of electricity, district heating,  and gas) 

Periphery • High capacity telecommunication system 
• Smart meter 
• Advanced metering infrastructure to send every 15 minutes electricity consumption 

and hourly electricity price information 
Contract • Dynamic electricity pricing 
Finance • Real-time electricity tariffs 

• Increase of the feed-in tariffs to about 50% of electricity supply fees 
• Free On-line energy services 

 

* The newly added cases to current situation are shown in bold. 

Modifying the network of actors 
Figure 11 shows the network of actors as well as information and service flows between actors 
after the improvements.  
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  Figure 11- The proposed network of actors after the first PSS offering 

* The changes against the current situation are shown in green. 

 

3.5.2. IPSO by increasing AMR life time  
The detail of current product / service offering and the definition of target end-user are the same 
as what described in the first integrated product/service approach. Then, by introducing other 
types of new technologies and implementing PSS Layer Method, an integrated product/ service is 
designed for the target end-user to increase energy efficiency. 

Benefits to GBE 
In this model Translate is introduced. As mentioned in 3.3.3, this product assists utilities to create 
a smart energy distribution network by the use of their AMR system. Thus, GBE will be able to 
protect and extend AMR meter investments as well as continuous change to AMI in the future. 
Moreover, other benefits are the same as ones mentioned in the first proposal. 

Table 10 describes the proposed product/services system by adoption of Translate and Web based 
software as new technologies and applying PSS Layer Method. Since the customer needs and 
values are the same as first product / service system offering, they have not been repeated in the 
table.  
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Table 10- Nine dimensions of the second proposal 

Deliverables • Supplying energy ( electricity, district cooling and heating,  and gas) 
• AMR metering 
• Translator 
• Information on hourly energy prices 
• Web based software  

Lifecycle 
Activities 

• Combining Translator and AMR meter to be able to send data to the end-user. 
• Providing an on-line educational video in order to inform how the software works 

and which specific reports are supplied to the end-users. 
• Specific information on energy saving tips by adoption of Web based software. 
• Design of new electricity pricing method 
• Sending electricity prices one day ahead to smart meter, at end-user place, by 

considering market situation and fluctuation in local renewable energy generation.  
Actors • GBE (utility provider) 

• AMR meter, Translator and Web based software provider 
• Network operator 
• End-user 
• Telecommunication provider 
• Security Company (for adding Security Company as a new actor to the network to 

meet the need of privacy and security). 
• Equipment provider for renewable electricity generation 

Core Products • Energy ( electricity, district cooling and heating,  and gas) 
Periphery • AMR, Translator and Web based software 

• AMR metering infrastructure 
• High capacity telecommunication system (e.g. broadband Internet) to be able to 

send (receive) data to (from) the end-user 
• Home area network (e.g. zigbee) 
• Internet access 

Contract • Dynamic electricity pricing 
Finance • Real-time electricity tariffs 

• Increase of the feed-in tariffs to about 50% of electricity supply fees 
• Free Web based software 

 

* The newly added cases to current situation are shown in bold. 

Modifying the network of actors 
Figure 12 presents the network of actors as well as information and service flows between actors 
after the improvements.  
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Figure 12 - The proposed network of actors after the second PSS offering 

* The added actors or flows are shown in green. 

3.5.3. IPSO by remote demand control 
The present condition of actors and flows of service and information is shown in Figure 10. The 
first two dimensions of Layer Method, customer needs and values, are the same as first integrated 
product/ service design. In this case, other types of new technologies are adopted because a group 
of end-users does not have available Internet access or are not interested in using such a service, 
since they think it is not convenient. 

Benefits to GBE 
Since Translate is adopted beside the exiting AMR meters, the benefits to GBE are the same as 
what mentioned in the second proposal. 

Table 11 presents the third integrated product/service design. Combined AMR metering and 
Translate, and Load Control Switch have been chosen among new technologies. Then, PSS Layer 
Method is an applied to design a new product/ service offering to increase energy efficiency at 
GBE. 



 

42 

 

Table 11- Nine dimensions of the third proposal 

Deliverables • Supplying energy ( electricity, district cooling and heating,  and gas) 
• AMR metering 
• Translator 
• Information on hourly energy prices 
• Load control switch (LCS) 

Lifecycle 
Activities 

• Combining Translator and AMR meter to be able to send data to the end-user. 
• Providing generalized demand subscription service (GDSS) 
• Sending electricity prices one day ahead to smart meter, at end-user place, by 

considering market situation and fluctuation in local renewable energy generation.  
Actors • GBE (utility provider) 

• AMR meter, Translator and LCS provider 
• Network operator 
• End-user 
• Telecommunication provider 
• Security Company (to the network to meet the need of privacy and security) 
• Equipment provider for renewable electricity generation 

Core Products • Energy ( electricity, district cooling and heating, and gas) 
Periphery • AMR metering infrastructure 

• High capacity telecommunication system (e.g. broadband Internet) to be able to 
send (receive) data to (from) the end-user. 

• AMR, Translator and LCS 
• Home area network (e.g. zigbee) 

Contract • According to generalized demand subscription service (GDSS) 
Finance • Real-time electricity tariffs 

• Increase of the feed-in tariffs to about 50% of electricity supply fees.  
• Motivating end-users to participate in load control events by offering discount on 

their electricity bill. 

 

* The newly added cases to current situation are shown in bold. 

Modifying the network of actors 
Figure 13 shows the result of third integrated product/service proposal.  New added actors or 
flows to the current situation are presented in green. 
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Figure 13- The proposed network of actors after the third PSS offering 

*The added actors or flows are shown in green. 

3.5.4. IPSO by increasing the impact of DR  
The result of first integrated product/ service proposal for the end-user is considered as the basis 
to suggest a product/ service system offering for a real estate company as a customer. Then, the 
real estate’s characteristics, behavior and potential needs are described to realize customer needs 
and values. In addition, current energy services for the real estate are taken from GBE Web 
pages. Finally, PSS Layer Method is applied to propose an integrated product/ service for the real 
estate. 

Structuring the current situation 
Figure 14 displays the network of actors, and information and service flows after implementing the first 
proposed integrated product/service by adding Real estate Company to the system. 
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Figure 14- The situation after implementing the first proposed business model 

Describing the receiver (Real estate company) (Stångåstaden AB, 2011) 

Characteristics 
a. Looking for economic values. 
b. Since the real state has been informed about green building certification (Sweden 

Green Building Council), it might be an environment-conscious firm. 
c. The firm knows that smart meter helps tenants with energy efficiency and saving 

money. 

Behaviors 
a. The real estate company has announced a competition in their website, in which the 

tenants have been invited to send their advices about non-efficient use of energies in 
common areas, such as lights in staircase, hot tap water leakage, etc, to the company. 
Then, the best idea for increasing energy efficiency will win a significant prize. 

b. The company has established Living Stores, where tenants are supported with good 
offers to choose energy efficient home appliances and equipments according to their 
personal interests. Since the scheme of apartments are available, Living Stores are 
able to assist the tenants choose the suitable size of appliances which best fits to the 
location. Thus, the real estate increases customer’s satisfaction by providing the sense 
of safeness and comfortableness as well as increasing energy efficiency.  

c. The real state sends important messages, such as water will be temporarily switched 
off, to individual household through organizing an internal TV channels for tenants. 
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Potential needs 
a. Since utility provides tenants with real time energy prices (electricity, district heating, 

hot tap water and gas) by smart meter, it is possible to interpret that the real estate 
company looks for something else for enhancing the functionality of smart meter. 

b. The real estate company is looking for increasing economical gains. 
c. The company needs to achieve higher value through satisfied tenants.   

Benefits to GBE 
Since the result of first integrated product/ service proposal for the end-user is considered as the 
basis to suggest a product/ service system offering for a real estate company as a customer, only 
more added benefits to GBE, compared to the first proposal, are described. 
Table 12 shows the results of EnergyAustralia’s residential dynamic pricing trial. In the table the 
results of different dynamic pricing schemes (TOU/DPP) and different dynamic peak pricing 
(DPP) schemes (DPP 20/ DPP40) trails both with and without IHD are compared during summer 
and winter, and overall. Thus, there is more energy efficiency opportunity for GBE with IHD. 

Table 12- Energy efficiency resulting from EnergyAustralia’s residential pricing trial (Collins 2009, 
Cited in Strengers 2010) 

 

*DPP 20 : DPP rate of approximately 20 times the off-peak rate 

**DPP 40: DPP rate of about 40 times the off-peak rate  

Product/service description before the improvement proposals (Göteborg 
Energi AB, 2011)  

a. An on-call urgent center has been organized to receive error reports from tenants 
which is available day and night the whole year round. After receiving a service 
request, it is registered as non-urgent or urgent report. The non-urgent defects are 
handled during the next daytime and urgent defects are informed to the on-call 
contractors of real estate. GBE sends monthly reports about the number of cases, 
actions, types of errors, etc to the real estate company. 

b. Offering maintenance services for heating, cooling, ventilation, electricity and 
sewage systems. The services are available during 24 hours per day. In addition, 
proactive proposals on technical upgrading and cost reduction measures are offered to 
real estate. Furthermore, observations reports, reports on the implemented work, 
annual heat usage and heating costs are provided for the real estate. 
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c. Providing regular operational meetings where the real estate receives information 
about the undertaken work, statistics on used materials, materials costs and regulatory 
inspections. 

d. Offering comfort agreement on the basis of a fixed price per square meter, in which 
the real estate decides a desired indoor climate and GBE takes care of operation, 
maintenance and delivery of media such as heat, electricity and sewage in order to 
reduce risk and increase operation efficiency as well as providing the tenants with 
good indoor climate. 

e. Proposing services for green partners (the environment-conscious real estate), in 
which GBE implements a detailed energy and environmental survey by inspecting 
energy systems and building envelope in order to propose measures to reduce CO2 

emission to an agreed level. Moreover, GBE takes full responsibility for the 
operation, maintenance and optimization of heating, ventilation, cooling and 
electricity. Environmental investments can be included in the agreement as well. 

f. Offering thermography of electrical installation to discover the probable defects in 
the components of electricity distribution within building envelope. 

g. Performing energy certificates under a new law on energy certification of buildings 
(SFS 2006:985).  

h. Installation of individual electricity, water and heat metering for tenants, a fair option 
that allows the real estate to measure the consumption of each apartment and assist 
the tenants to reduced total energy consumption (e.g. one experiment showed 30% 
reduction of total energy consumption). 

i. Providing e-report which depicts energy consumption and energy cost through 
Internet to enable the real estate to monitor and predict the energy usage model. 

j. Offering property monitoring by Internet in which, GBE installs necessary 
equipments that allows the real estate to get better control over the economics of 
property by monitoring, controlling and regulating the temperature of heating, 
ventilation, cooling, electricity and water systems while increasing the comfort level 
of tenants.  

Table 13 presents a description of integrated product-service proposal by applying PSS Layer 
Method to identify potential improvements at GBE.  
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Table 13- Nine dimensions of the forth model 

Customer ( Real 
estate) Needs 

• Increasing economical gains  
• Increasing competitiveness through customer (tenant) satisfaction 
• Reducing energy consumption and cost 
• Convenient energy management 

Customer (Real 
estate) Value 

• Enhanced competitiveness by including new green technology. 
• Achieving green building certification. 
• Enabling tenants to make intelligent decisions in order to reduce their energy cost. 
• Customer satisfaction 
• Supporting energy conservation  
• Contribution to decrease Carbon footprint. 
• Saving operational cost  

Deliverables (to 
tenants) 

• energy ( electricity, district cooling and heating,  and gas) 
• Advanced metering infrastructure (AMI) 
• Information on hourly energy prices 
• Messages to individual household to inform economic and environmental benefits 

of IHDs  
• Monthly prizes for the most energy saving contribution 

Lifecycle 
Activities 

• Purchasing in-home displays (IHDs) in bulk and supplying them to the real estate 
company as a new energy service (bulk purchase reduces the pay-back time of 
device). 

• Enabling AMI smart meter with home area network (ZigBee technology).  
• The real estate sends messages to individual household through the organized 

internal TV channels in order to inform economic and environmental benefits of 
IHDs (e.g. pilot studies show that IHDs can reduce your energy bills by 7-14%, 
which is the equivalent of free energy for a month annually). 

• The real estate supplies IHDs to the tenants through Living Stores. 
• The real state together with GBE announce monthly competitions through their 

websites and by sending individual messages to the tenants (through internal TV 
channels), in which each household that contributes to the most energy saving 
during the month will receive 20% discount on the rent.  

Actors • GBE (utility provider) 
• AMI Smart meter and In-home display provider 
• Network operator 
• Real estate company 
• Telecommunication provider 
• Security Company 
• Living stores 

Core Products • Energy ( electricity, district cooling and heating,  and gas) 
• In-home display 
• Energy services  

Periphery • High capacity telecommunication system 
• AMI smart meter with home area network (ZigBee technology).  
• In-home displays (IHDs)  
• Internal TV channels for tenants to inform economic and environmental benefits of 

IHDs 
Contract • Energy efficiency contracting 
Finance • Dynamic pricing 

• Monthly payment during a year for in-home display  

 

 *The newly added cases to current situation are shown in bold. 
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Modifying the network of actors 
Figure 15 displays modified service and information flows between actors.  

 

 

Figure 15 - The proposed network of actors after the forth PSS offering 

*The added actors or flows are shown in green. 

3.5.5. IPSO by reduced investment cost 
The detail of current product / service offering and the definition of target end-user are the same 
as what described in the first integrated product/service approach. Then, by introducing other 
end-user’s needs and implementing PSS Layer Method, an integrated product/ service is designed 
for the end-user to increase energy efficiency. 

In this model, an elderly and/or physically challenged end-user needs thermal comfort and 
standard air quality as well as higher home safety. Additionally, network operator plays a critical 
role in the model because it provides a shared infrastructure among several service providers, in 
which the service providers supply services to the end-user without affecting each other’s 
services (Clarke et al.) and (Idermark et al., (1999)).  

Benefits to GBE 
In addition to the benefits to GBE with the first proposal, through the shard use of e-
infrastructure with other actors such as authority, energy services company, home care provider 
and security company, GBE is able to reduce the investment cost of building AMI infrastructure. 
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Table 14 describes the proposed product/services system by applying PSS Layer Method. In the 
table in addition to offered products and services by GBE to the end-user, all products and 
services proposed by other introduced actors are described.  

 

Table 14- Nine dimensions of the fifth model 

Customer ( end-
user) Needs 

• Reducing energy consumption and cost 
• Convenient energy management 
• Privacy and security 
• Thermal comfort and standard air quality 
• Increasing home safety 

Customer (end-
user) Value 

• Interactive information about how to optimize the load demand and increase energy efficiency.  
• Interactive information about how to reduce energy cost. 
• Convenient energy management by increased functionality of AMR. 
• Securely protecting home against risks and dangers 
• An economic incentive (through increase the feed-in tariffs) to generate electricity from renewable 

resources. 
• Contribution to decrease Carbon footprint. 

Deliverables • Energy ( electricity, district cooling and heating, water and gas) by utility provider 
• Advance metering infrastructure (AMI) by utility provider 
• Information on hourly energy prices by utility provider 
• Broadband Internet access by Telecommunication provider 

Lifecycle Activities • Enabling end-user to manage own energy use by sending real-time energy price is to network 
operator. 

• Supplying secure and reliable energy by utility provider.  
• Energy Services Company controls home appliances, heating, cooling, HVAC and lighting systems. 

It also provides the possibility for end-user to sell own renewable energy generation to the grid as a 
function of electricity price and demand. 

• Security services company provides services such as remote monitoring and control by a PC 
or a mobile phone while keeping data confidentially requirement. 

• Providing the elderly and physically challenged persons with security and monitoring services 
by home care provider.  

Actors • Authorities 
• GBE (utility provider) 
• Network operator 
• Telecommunication provider 
• Security Company 
• Energy services company 
• Home care provider 

Core Products • Energy ( electricity, district cooling and heating,  and gas) 
• Energy services  
• Safety services  

Periphery • Advanced metering infrastructure (Smart meter) by utility provider 
• AMI smart meter with home area network (ZigBee technology).  
• Sensors and home area network by Network operator (e-service infrastructure provider) 

Contract • Energy efficiency contract to deliver an agreed indoor temperature and standard air quality. 
Minimum outdoor temperature should be included and agreed in the contract. 

• Guarantee and maintenance of sensors are included in the energy efficiency contract.    
• Safety contract to monitor and control gas leakage, smoke, humidity and temperature 

Finance • Monthly fixed payment for energy and safety services in separate bills.  
• Dynamic pricing by utility provider 
• 20% of installation cost of sensors is paid in advance by end-user. The remaining part is paid 

regularly during 12 months. 

 

* The newly added items are shown in bold. 
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Modifying the network of actors 

Figure 16 represents a business model in which, an e-service platform permits different service 
providers share the same infrastructure to supply advanced value-added services to customers 
while reduce cost. The new added actors and flows to the current situation are shown in green.  

 

Figure 16- The proposed network of actors after the fifth PSS offering 

*The added actors or flows are shown in green. 

1. Providing broadband Internet services. 

2. Smart meter receives information from sensors through home area network (e.g. Zigbee technology). 

3. Sending data to eSC which is located on the Internet. 

4. Organized data are sent to database server. (eSC has software to receive and organize the information from 
gateway device.) 

5. Database server, by receiving services from software provider, extracts the data-subsets and sends to the 
relevant actor.  

6. Real-time energy (gas, electricity and water) use is transferred to utility provider. 

7. Heating, cooling, HVAC, and lighting data are sent to the energy service provider. 
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8. Total real-time data is transferred to the security services provider. 

9. Gas, smoke, temperature and humidity data are sent to home care provider. 

10. Regulations - to promote real-time pricing, penetration of renewable energy generation, CO2 emission 
reduction and energy efficiency- are informed to utility provider. 

11. Regulations (established penalties of information abuse) are informed to security service provider. 

12. Authorities receive the statistical data of city energy consumption by fuel type and emissions from utility 
provider. 

13. Providing end-user’s ability to manage own energy use by sending real-time energy price is to network 
operator.  Supplying secure and reliable energy.  

14. Controlling home appliances, and heating, cooling, HVAC and lighting systems. Providing the possibility 
for end-user to sell own renewable energy generation to the grid as a function of electricity price and 
demand. 

15. Providing services such as remote monitoring and control by a PC or a mobile phone while keeping data 
confidentially requirement. 

16. Providing the elderly and physically challenged persons with security and monitoring services.  

17. Actuation requests from service providers (utility provider, energy services companies and home care 
provider) are sent to database server for transmission back to the smart meter. 

18. The returns from service providers which are held within the database server are transferred to eSC to be 
organized by available software. 

19. The organized data are sent from eSC to smart meter. 

20. Smart meter sends the actuation data to the sensors that exist in the end-user place to meet a particular 
service need. 

21. Developing inclusive recovery systems in the case of failures. 

22. Software provider supplies software to organize and extract data. 

23. Smart meter, software and sensors are provided for network operator. 
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4. Discussion  
In this chapter first the generalizability of the findings in designing new business models in Swedish 
utility providers is discussed. Second, the five proposals with impact on GBE are presented.  Then, the 
keys to tackle the problem are described. Finally, it will be analyzed how different schemes such as PSS 
layer method and actors’ network support business model designers and also what kinds of schemes or 
tools would help designers further. 

In this project GBE as a utility provider situated on the west coast of Sweden, in the Göteborg 
region, has been chosen as the case study. The company is also the only local network in the 
region that distributes electricity to end-users. Moreover, GBE has monopoly for supplying 
district heating and cooling, and natural gas in Göteborg. Since the situation of other utility 
providers in Sweden is similar to the situation particular to GBE, the findings in designing 
business models can be generalized to the most of Swedish utility providers. 

4.1. The impact of the five IPSOs on GBE 
The five integrated product/ service offerings (IPSOs) with impacts on GBE, such as the potential 
change of economy, the need of development, challenges, expected market size, expected 
reduction of environmental impact has been summarized in Table 15. The table also includes 
matching between customer’s values and applied new technologies.  

Adoption of DR and new technologies helps GBE to offset the investment costs and also achieve 
economic and environmental sustainability.  The current rules in Sweden do not prohibit utility 
providers from adopting dynamic pricing. On the other hand, dynamic pricing assist end-user to 
manage own energy cost by shifting energy usage from high price hour to low price time of day. 

Since DR and new technologies need huge amount of data transfer between GBE and end-users, 
the use of high capacity and secure telecommunication system such as broadband Internet is 
important. Additionally, GBE should enable HAN services of smart meters to provide wireless 
communication between smart meter, smart devices and smart appliances at home. Only after all 
mentioned improvements, GBE will be able to use the whole benefits of smart grid adaption 
toward economic and environmental sustainability. Furthermore, advanced broadband Internet 
not only increases the capacity and security of smart grid infrastructure, but also assists GBE 
provide Internet access among end-users especially in rural areas.  

In order to address this problem, PSS layer method proposed multiple stakeholders such as 
Utility providers, Authorities, Network operators, Tenants, Real estate companies, Security 
companies, Smart device providers and Energy services companies to increase the added value of 
integrated product/service offering. In designing all business models this advantage has been 
taken to account. In fact, compared to current situation, at least one new actor is added to each 
proposed model. 

One of the main elements of the project is the application of new technologies with the aim of 
increasing energy efficiency. In all proposed models at least one new technology has been 
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included. The choice of new technology is on the basis of defined customer needs and values in 
each proposal.  

Moreover, cost-effective new technologies that increase the functionality of the exiting metering 
infrastructure are applied in the proposed models. For instance, in second and third models by 
applying Translate as new technology, GBE is be able to protect and extend AMR meter 
investments while continuously changes from AMR to AMI in the future.  

The dynamic pricing of electricity is one common new service in the all models. The service is 
vital to motivate both end-user and GBE. In one hand, it is beneficial for end-users to decrease 
their energy cost by shifting the energy usage from high price hours to low price times of day. On 
the other hand, it supports GBE to recover the exiting gap between the costs of building AMI 
infrastructure and the benefits of operational cost reduction.   

In the forth model, through expanding the system boundary from end-user to real-estate 
company, more service opportunity and cost benefit proposals are proposed to GBE. In fact, the 
new actor in the business model, real-estate company, has available infrastructure such as internal 
TV channels and Living Stores that through the shared use of them, both GBE and real-estate 
company are able to achieve their goals while they reduce their investment costs. 

A comprehensive business model is introduced in the fifth integrated product/service offering. 
The number of actors that share the same infrastructure is increased in order to reduce the 
investment costs. The role of network operator is critical, since it is in close contact with end-user 
and is responsible for receiving/sending data from/to end-user. On the other hand, network 
operator has the ability of processing the gathered data and distributing information among 
different actors. Furthermore, home care provider is newly introduced actor to the business 
model. Because the average age of end-users is increasing in Europe, the provided services by 
home care provider, that increases security of elderly and physically challenged people at home, 
will be interesting in the near future. 
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Table 15 – Summary of five IPSOs 

IPSO1 IPSO2 IPSO3 IPSO4 IPSO5

Interactive information on 
optimizing the load demand 

Interactive information on 
optimizing the load demand 

Interactive information on 
optimizing the load demand 

Increasing economical gains 
Reducing energy 
consumption and cost

Interactive information on 
energy cost reduction

Interactive information on 
energy cost reduction

Interactive information on 
energy cost reduction

Increasing competitiveness 
through customer (tenant) 
satisfaction

Convenient energy 
management

Convenient energy management Convenient energy management Convenient energy management
Reducing energy 
consumption and cost

Privacy and security

An economic incentive to 
generate electricity from 
renewable resources.

An economic incentive to 
generate electricity from 
renewable resources.

An economic incentive to 
generate electricity from 
renewable resources.

Convenient energy 
management

Thermal comfort and 
standard air quality

Contribution to decrease 
Carbon footprint.

Contribution to decrease 
Carbon footprint.

Contribution to decrease Carbon 
footprint.

Increasing home safety

Smart meter
AMR, Translate and Web 
based software

AMR, Translate and LCS Smart meter and IHD Smart meter

Real-time electricity tariffs Real-time electricity tariffs Real-time electricity tariffs Real-time electricity tariffs
Monthly fixed payment for 
energy and safety services in 
separate bills. 

Increase of the feed-in tariffs to 
about 50% of electricity supply 
fees

Increase of the feed-in tariffs to 
about 50% of electricity 
supply fees

Increase of the feed-in tariffs to 
about 50% of electricity supply 
fees

Energy efficiency 
contracting

Dynamic pricing by utility 
provider

Free Web based software

Motivating end-users to 
participate in load control 
events by offering discount on 
their electricity bill

20% of installation cost of 
sensors is paid in advance by 
end-user. The remaining part 
is paid regularly during 12 
months.

New technology(ies)

Customer Value 

Potential 
change of 
economy

Impact on 
GBE
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IPSO1 IPSO2 IPSO3 IPSO4 IPSO5

Advanced metering 
infrastructure to send every 15 
minutes electricity 
consumption and hourly 
electricity price information

Broadband Internet) to be able 
to send (receive) data to (from) 
the end-user

Broadband Internet) to be able 
to send (receive) data to (from) 
the end-user

High capacity 
telecommunication system

Advanced metering 
infrastructure (Smart meter) 
by utility provider

Home area network (e.g. 
zigbee)

Home area network (e.g. zigbee)
Home area network (ZigBee 
technology)

Sensors and home area 
network by Network 

  

In-home displays (IHDs) 

Internal TV channels for 
tenants to inform economic 
and environmental benefits 
of IHDs

Challenges
Designing dynamic 
pricing

Designing dynamic 
pricing

Dynamic pricing and 
Generalized demand 
subscription service 
(GDSS)

Designing dynamic 
pricing

Designing dynamic 
pricing

Expected 
market size

275,000 Residential 
customers

275,000 Residential 
customers

275,000 Residential 
customers

No inforamation is available No inforamation is available

Dynamic pricing with 
enabling technology 
:11.5% reduction

Dynamic pricing with 
enabling technology 
:11.5% reduction

Dynamic pricing with 
enabling technology 
:11.5% reduction

Dynamic pricing with 
enabling technology 
:11.5% reduction

Dynamic pricing with 
enabling technology 
:11.5% reduction

Distributed energy 
resources : 10% 
reduction

Distributed energy 
resources : 10% 
reduction

Distributed energy 
resources : 10% 
reduction

IHD: 1.4% reduction
Distributed energy 
resources : 10% 
reduction

Impact on 
GBE

Need of 
development

Expected 
reduction of 
env. Impact 
(CO2 
emission 
reduction)
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4.2. Keys to tackle problem 
In this project, through following the three work packages, previously introduced in 
methodology, five new business models has been proposed to GBE. As this study presents, the 
first work package supports business model designers in order to tackle the problem significantly. 
In fact, literature survey on tools incorporating increasing energy efficiency in distribution 
network, smart grid and new technologies, reveals the importance of existing multiple 
stakeholders for designing IPSOs toward economic and environmental sustainability. Indeed, 
according to literature survey, the main actors; utility providers, end-users and authorities, have 
several needs in the future distribution network. On the other hand, there are other stakeholders 
such as smart device providers, network operators, real estate companies, security companies, 
energy services companies and home care providers, which hold abilities to fulfill the 
requirements of the main actors. Therefore, by the recognition of different actors as well as their 
needs, values and abilities, business model designers are able to discover the possible flows of 
information and services among the actors. 

Moreover, the second work package supports IPSO designers to realize the current situation of 
the actors, identified in the first work package, through finding provided products and services by 
each actor as well as current flows of information and services among actors. Then, comparing 
the results of the first and second work packages, both new actors and new information and 
service flows among multiple stakeholders are added to the current situation.  

In addition, PSS layer method assists business model designers to systematically follow the 
process of nine steps; customer needs and values, deliverables, life cycle activities, actors, core 
products, periphery, contracts and finally billing, in order to add more details to their final 
integrated product service offerings. 

As a result, different comprehensive IPSOs are proposed by business model designers to decision 
makers. Then, there are some tools for decision makers; such as cost-benefit tool, which support 
them to assess the feasibility of each IPSO and finally choose the best business model toward 
sustainability. 
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4.3. The feasibility of the five IPSOs 
In order to analyze how different schemes such as PSS layer method and actors’ network (used to 
describe current/proposed business concepts) support business model designers and also what 
kinds of schemes or tools would help designers more, the five IPSOs by PSS layer method are 
compared with theory. 

According to (Sakao et al., 2009), different set of schemes, which have different functions, is 
required within the actor’s network of IPSO to cover tasks such as addressing customer needs 
and values. In order to support business model designers, the methods must be developed. Thus, 
the schemes require following specification: 

1. Answering the questions such as who, what, why and how.  

2. Supporting companies when they investigate the feasibility of new businesses and when 
they quantitatively evaluate a potential offering to a customer. 

3. Representing value and cost. For provider it should include profit, turnover, cost and risk 
while for customer it should include the qualitative description of customer value, cost 
and risk over time. 

4. Are used by marketing, sale, product development and after-sale sections in a company. 

5. Addressing key parameters such as “feasibility of IPSO”, “access to physical products 
during the use phase” and “control over spare parts”. 

Table 16 analyzes the feasibility of the five IPSOs by the comparison of PSS layer method with 
theory. In the table, green cells shows the strong points and the red ones presents the weak points 
PSS layer method in supporting business model designers. 
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Table 16- Comparison of PSS layer method with theory 

Theory PSS Layer Method

Who: Actors( dim. 5), Needs (dim. 1)

What: Customer value  (dim. 2)

Why: Needs (dim. 1)

How: Life cycle activities (dim. 4)

Does not support. Cost-Benefit tool is required.

for provider Does not provide information concerning profit, 
turnover, costs and risk. 

for customer Values (dim. 2) and Billing( dim. 9)

Contracts (dim. 9), Life cycle activities (dim. 4), 
Periphery (dim. 7)

Feasibility of 
IPSO

Does not support.

Access to 
physical 
products during 
the use phase 

Life cycle activities (dim. 4)

Control over  
spare parts

Life cycle activities (dim. 4)

Supporting companies when they 
quantitatively evaluate a potential 
offering to a customer

Representing 
value and cost

Attaching  the responsibility of 
the use of method to marketing, 
sale, product development and 
after-salesections in a company

Addressing key 
parameters

Answering to who, what, why 
and how questions
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5. Conclusion 
In conclusion, the research presented the ability of integrated product service engineering (IPSE) 
as a tool for a Swedish utility provider, GBE, to design new business models in order to increase 
energy efficiency, by means of smart grid and new technologies, toward economic and 
environmental sustainability. 

The findings of the project demonstrated that smart grid and new technologies were able to assist 
both GBE and customers successfully increase energy efficiency, and reduce CO2 emission and 
energy cost. Moreover, the research presented that smart grid could help utility provider decrease 
operational costs and transmission losses, and increase penetration of renewable energies.    

On the basis of the aim of project, PSS Layer Method, as one of exiting IPSE schemes, was 
applied to design five IPSOs. The proposals discovered the impacts on GBE such as potential 
change of economy, need of development, challenges, expected market size, expected reduction 
of environmental impact.  

Multiple stakeholders such as utility provider, authorities, network operator, tenant, real estate, 
smart device provider and home care provider as well as some new technologies such as smart 
meter and in-home display were distinguished in order to address the problem. 

Dynamic energy pricing was introduced as a crucial key for GBE to keep economic income by 
adoption of smart grid and new technologies toward increasing energy efficiency. 

Moreover, the feasibility of the five IPSOs was analyzed by comparing PSS Layer Method with 
theory. The result showed that the method was able to support business model designers with 
answering the main questions such as who, what, why and how as well as qualitative representing 
values for customers. Furthermore, the method could be used by marketing, sale, product 
development and after-sale departments in a company as well as providing the access to physical 
products during the use phase and control over spare parts. 

However, PSS layer method did not support the company to investigate the feasibility of new 
businesses and to quantitatively evaluate a potential offering to a customer. Moreover, it did not 
describe profit, turnover, cost and risk for IPSO provider. 
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6.  Recommendations 
First, organizing workshop sessions by GBE is highly recommended. In the workshops all the 
introduced actors would be invited to share their knowledge to assess the technical and economic 
feasibility of proposed integrated product/service systems. Furthermore, in the workshops 
participants are able to add more details to the models to make them practicable.   

Second, cost-benefit analysis is one tool which assists decision makers evaluate the economic 
feasibility of each proposed business model. Since the application of cost-benefit tool is not 
within the scope of this project, the definition of a new project by GBE is recommended. 

Then, life cycle assessment (LCA) is another important tool to evaluate quantitatively the 
integrated product/ service proposals toward environmental sustainability. In fact, LCA enables 
GBE to assess the amount of CO2 emission reduction that would be achieved by implementation 
of each model. Thus, LCA project is vital for GBE and is recommended for further research.  

Finally, by considering the results of workshops, cost-benefit analysis and life cycle assessment, 
the required amendments would be applied on each business model and consequently the best 
business model that supports economic and environmental sustainability at GBE would be 
chosen. 
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8. Appendices 

8.1. Interview questions 
No. Question To whom?

1 How many percent of customers are residential end-users? Sale manager

2 Do you have statistics of end-user requirements? Sale manager

3 Is there any new energy services beside what mentioned in your web pages? Sale manager

4 What are energy and environmental management targets? Energy and environmental manger

Sale manager

Sale manager

7
Is the investment in new technologies for short or long term? How much it is? Have you 
evaluated pay-back time?

Financial manager

8 Is there enough communication capacity available to transfer real-time data? Technical manager

5

What are the barriers of introducing new technologies?6

What is your aim with new technologies such as smart meter (two-way communication 
between utility and end-user)? Is it energy conservation, new billing models or 
decreasing power losses?
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9 How you will mange security and privacy challenges? Technical manager

Technical manager

Financial manager

Sale manager

Technical manager

Financial manager

12
Is GBE the owner of smart devices (e.g. smart meter)?If yes, will end-user lock in buying 
energy only from GBE ?

Sale manager

13
Have you considered buying services such as software up-grading,  from new 
technology provider?

Purchase manager

Sale manager

Technical manager

Financial manager

Is there any legal barrier to charge the end-users according to real-time pricing?14

Are the group who work to develop renewable energies work separately from smart 
grid development group? 

15

Have you considered to share the network platform with other service providers such as 
energy services company, home care provider, etc?

10

Which new technologies (e.g. smart meter, in-home display, load control switch) will 
you pay for? Who will provide the end-user with maintenance and up-grading devices? 
Which technologies will be paid by end-user?

11
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16 Are you interested in investing in communication systems? E.g. Broadband Internet Financial manager

17 How much is the potential for selling electricity for electric cars in the near future? Sale manager

18

To what type of end-users  are thermal comfort services provided (e.g. residential, 
industrial or commercial)?  How do you monitor and control the room temperature in 
the energy services? Do you guarantee to deliver a specific indoor temperature in your 
contract?

Technical manager

Technical manager

Sale manager

20
Which information are given to end-users through web services? How the information 
are presented?

Sale manager

21

How many percent of your customers can generate electricity by renewable resources? 
How do you motivate more customers to participate in electricity generation? How 
many percent of these customers are willing to sell electricity to the grid? Are they 
satisfied with feed-in tariffs?

Sale manager

22
Are communication provider and network operator different actors in the current 
situation? If yes, which products/services do they provide for end-users and GBE?

Technical manager

23
Which type of contract  do you have with communication provider and network 
operator? What items are included in your contract?

Financial manager

24
Which type of contract  do you have with current AMR metering provider? What items 
are included in your contract?

Purchase manager

Is there any project to monitor and control the room temperature of residential end-
users? If not, what are the barriers ?(e.g. Technology, investment cost or customer 
acceptance)

19
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