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ABSTRACT

Many countries in the world are trying to 

establish clean energy production technologies 

and minimize impact on the environment and to 

reduce the energy dependency from fossil fuels. 

Currently,  the  world  is  highly  dependent  on 

nuclear power and the importance to penetrate 

renewable  energy  market  is  essential. 

International  agreements,  such  as  the  Kyoto 

Protocol  to  the  United  Nations  framework  on 

climate  change  convention,  ratified  by  many 

countries in the world, aiming to fight climate 

change  and  prevent  harmful  anthropogenic 

activities. The energy sector is one of the main 

polluters,  as  old  energy  production  and 

distributions  systems  do  not  provide  efficient 

and clean technology. We are living in the 21st 

century,  where  IT technologies  are  taking  the 

place  in  every  part  of  our  lives,  energy 

production is no exception.  The Smart Grid is 

based  on  IT  technology  for  new  energy 

production and distribution system. The Smart 

Grid  offers  improvements  in  reliability  and 

operational efficiency, reduce price of electricity 

and delivers new environmental quality.  Smart 

Grid  aims  to  replace  aging  unproductive 

infrastructure  and  provide  better  efficiency  of 

the energy production and engage consumer into 

the system. This system could be also a possible 

solution  for   a  greenhouse  gases  reduction 

trough  improved  energy  efficiency  and 

conservation,  increase  integration  of-utility 

scale  and  distribute  renewable  energy  with 

promotion  of  electric  vehicles.  The  energy 

production  and  distribution  decentralization  is 

what the Smart Grid is offering. This can be a 

key solution for the countries which has a high 

dependency from fossil or nuclear fuels or even 

international  energy  dependency  (i.e.  former 

Soviet  Union  countries).   More  and  more 

countries in Europe, USA and Asia are trying to 

establish and adopt this technology and receive 

high benefits from this system. 

This paper is structured in five chapters. 

First  chapter  describes  study  aims,  objectives 

and  methods.  Second  chapter  focuses  on 

literature  analysis  of  the  Smart  Grid.  Third 

chapter overviews the main object of this study- 

the  Smart  Grid  project  in  Sweden  (Norra 

Djurgårdsstaden).  Chapter four is dedicated for 

a detailed S.W.O.T. analysis of the Smart Grid 

in  the  Royal  Seaport.  Finally,  chapter  five 

propose final consideration of the Smart Grid. 

This  paper  aims  to  analyze  the  Smart  Grid 

concept, features, challenges and risks in order 

to evaluate through S.W.O.T. analysis  the first 

Swedish  smart  grid  in  the  Royal  Seaport  and 

give  recommendations  how  to  overcome 

possible barriers and problems. 



1 CHAPTER ONE: Research Baseline

1.1 INTRODUCTION

In the current world demand for energy is growing and it’s necessary to seek sustainable 

energy production and consumption to ensure sustainable development. Possible energy peak due to 

overpopulation and scarcity of the resources requires sustainable technologies to provide enough 

energy as  well  as  increase  infrastructure  efficiency.  According to  International  Energy Outlook 

2010, “Energy demand is expected to rise 44% by 2030, with 70% of the demand increase coming 

from developing countries.” Climate change becomes one of the most relevant topics in the world, 

therefore  it  is  important  to  mitigate  and adopt  our  existing  technologies  and make them more 

sustainable and suitable  for society. The current  energy grid is  based on one way exchange of 

energy and information and has one rate at all times and centralized energy production. This do not 

ensure energy independence and sustainable use of resources. Now it is essential to seek for more 

sustainable energy production and distribution system .

 The Smart Grid is a new system to provide cleaner energy and regulate customer’s energy 

consumption.  This is  an intelligent two-way interaction system for energy distribution which is 

based on IT technology. Advancing metering infrastructure (AMI) and automated energy system 

operation let consumers to understand energy usage and peak demand control. This technology can 

incorporate more renewable energy, such as wind mills to electric vehicle, into the grid and help to 

control break downs in our network.  The rise of the IT era and the Smart Grid development,  can be 

a  tool  to  increase  consumer  environmental  awareness  and active  engagement  into  the  grid  for 

consumer to become proactive user. This will create a modern, aware and active society. 

 Main actors in the Smart Grid system are: end-users (consumers), retailers (producer) and 

local government. For each actor, Smart Grid offers different opportunities. Smart Grids creates 

interaction between producers and consumers and can contribute to a cheaper and cleaner energy. 

Consumer engaged in the Smart Grid receives a better information, which increases the consumer's 

awareness and encourages taking actions to reduce energy footprint. Consumers are the active part 

of the system, because technology let them generate their own electricity and react upon the data 

they receive.

 Many countries such as Italy, Canada, Germany or Sweden adopt this technology to reduce 

energy price, enhance renewable energy usage, provide decentralized energy and enlarge energy in 

dependency.  In  the  United  States,  the  Obama administration  allocated  nearly $100 Million  for 

Smart Grid Workforce Training and Development.  European Union regulations require Member 

States to establish modern accounting electricity system by 2020. Thus, the government also play a 



crucial  role  in  order  to  ensure Smart  Grid implementation legal  background and enhance fully 

functioning market for this new model electricity generation and distribution system. The Smart 

Grid also has a high potential for commercial players in the market. “Smart grid technologies could 

deliver between $1.3 trillion and $2 trillion in benefits over the next 20 years, according to a study 

by  the  Electric  Power  Research  Institute  (EPRI),  reported  in  the ”  (New  York  Times.  The 

Environmental Leader…2012). Therefore, it’s very likely that Smart Grid in a few years becomes 

the leading technology for energy production and distribution. Since the Smart Grid is an emerging 

concept, it is important to map possible risks associated with this technology. At the same time it’s a 

highly costly technology and it’s necessary to determine pay back processes and identify coming 

challenges.  Indeed  it’s  important  to  study  how  to  adopt  such  technologies  in  developed  rich 

European countries. 

Sweden currently is implementing the first fully functioned Smart Grid in residential area-

The  Royal  Seaport  (Norra  Djurgårdsstaden).  This  Smart  Grid  will  connect  together  170 

apartments linked with the Smart lab. First residents are planning to move in such houses in 2016. 

This kind of the grid will be a global showcase for more sustainable electricity production and 

distribution system. The new model of the Smart Grid will rely on intelligent technologies, active 

consumer engagement and incentive models. At Stockholm Royal Seaport new technology and new 

electricity market models are being developed. Furthermore, the Smart Grid will offer for consumer 

flexibility and adaptability to energy load and energy tariffs. It is important to notice, that the Smart 

Grid in the Royal Seaport is a demonstration project (research and development- R&D) and it is 

difficult to predict exactly outcomes of the grid. The Smart Grid is based on mainly 6 components: 

Active house, Smart Grid lab, Grid development, Information Management System, Shore to ship 

and Market. It is desirable to assess and look into each component of the Smart Grid in order to 

evaluate component benefits and risks. As Stockholm Royal Seaport is a demonstration project with 

the Smart Grid first time implemented into residential area, I decided to choose this project as my 

case study. Hence this thesis focuses on the Smart Grid concept benefits and functions and provides 

an overview of the implementation challenges and risks in The Royal  Seaport  project.  For this 

assessment,  a  S.W.O.T  analysis  (strengths,  weaknesses,  opportunities  and  threats)  for  each 

component of the Smart Grid will be conducted. This will be combined with an analysis of different 

actors’ assimilation and roles in the Smart Grid in order to define potential benefits, challenges and 

risks for each group. As consumers play a significant role in the two-way interaction technology, the 

study will focus on consumer engagement efficiency and possible deficiencies of the system or the 

people’s involvement. Only if everyone will play efficiently their role in the Smart Grid, we can 

expect outcomes that will satisfy our vision of the Smart Grid.  



It is for sure, that the Royal Seaport Smart Grid will be a showcase with concrete results in  

order to asses most efficient components of the grid and in the future will help to decide on further  

Smart Grid expansion across the country. 

 



 1.2 AIM AND OBJECTIVES

The Smart Grid is a emerging technology which will be possibly widely used across the 

globe in the near future. This technology brings benefits for consumers in terms of savings and 

contributes to a clean environment, but it also requires a great amount of financial, technological 

and human resources. Hence, the assessment of possible strengths, weaknesses, opportunities and 

threats (S.W.O.T. analysis) of each Smart Grid component is required in order to be able to make a  

trade-off between the investments and potential benefits. The study object is Stockholm's Royal 

Seaport with the first wide scale Smart Grid, adopted in the residential area. 

This research paper analyzes and aims to develop recommendations to address the 

issues  related  to  the  Smart  Grid  implementation  and  maintenance  in  the  Royal  Seaport 

project. 

For this study following research questions have been defined:

General (literature analysis)

• Is  the  Smart  Grid  the  future  energy  system?  Pilot  projects  of  Smart  Grids  in  Europe 

overview.

• What are the main functions and features of the Smart Grid?

• What are the Smart Grid technology main components?

• How different actors'  (consumers,  retailer  and governance)  can incorporate  in  the Smart 

Grid  and what opportunities does it offer for each of the actor?

Case study (The Royal Seaport)

• What are the benefits and risks related to the implementation of the Smart Grid? S.W.O.T. 

analysis of the Stockholm Royal Seaport smart grid project.

• How  to  overcome  barriers  of  the  Smart  Grid  in  the  Royal  Seaport  project? 

Recommendations.



1.3 METHODS AND LIMITATIONS

 METHODS

 Thesis research was based on theoretical framework and methodology that consist mainly 

from  four parts: 1) Literature overview and analysis of the Smart Grid 2) Case study of the Royal 

Seaport and it's Smart Grid overview 3) Performance of the S.W.O.T. analysis of the Royal Seaport 

Smart Grid six components 4) Interviews with professionals.

 1) Literature overview

 One part  of the research was based on literature review of  journals articles, documents 

sources and internet websites analysis in order to analyze all available information about the Smart 

Grid concept, technology, features and functions, as well to identify the main players in this energy 

production and distribution system. 

 2) Case study- the Royal Seaport Smart Grid

 Second part of research was investigation of a case study – The Royal Seaport and it's first 

residential Smart Grid. The main task of this stage was to identify Stockholm's Royal Seaport Smart 

Grid  technology,  main  six  components  (Active  House,  Smart  Grid  Lab,  Grid  development, 

Information Management System, Shore to ship and Market) and its benefits and risks. During this 

stage  of  the  research  also  exact  actors,  that  are  responsible  for  this  grid  implementation  and 

maintenance were identified. This stage was essential for further S.W.O.T. analysis performance.

 3) S.W.O.T. analysis

 The main part of research was to perform a S.W.O.T. (strengths, weaknesses, opportunities 

and risks) analysis for the Stockholm's Royal Seaport Smart Grid. Analysis was performed based on 

these aspects: a) literature overview results and different literature sources comparison b) outcomes 

from interviews  with  leading  professionals.  In  order  to  obtain  accurate  results  the  process  for 

performance of the S.W.O.T. analysis was the following: firstly, analysis was conducted for main 

six grid components, that were identified during the overview of the case study. Secondly, each 

component of the analysis (benefits, opportunities, challenges and risks) were divided into three 

groups- social,  economical and environmental, according their area of the impact. Thirdly,  each 

component was assigned to different grid players (electricity end-users, retailer, society, government 

and market) in order to see who is an active player in the grid and who is the main beneficiary of 

this system. The outcome of the S.W.O.T. analysis – six tables with analysis of results for each 

component.



 4) Interviews with professionals

According  to  ABB  pre-study,  there  are  many  different  stakeholders  in  the  Smart  Grid 

implementation in the Royal Seaport project (see illustration below):

Partners and participators in Stockholm's Royal Seaport Smart Grid project (ABB pre-study, 2011)

In order  to  perform S.W.O.T.  analysis  and obtain accurate  information,  interviews were 

carried out with leading professionals from Fortum Energy, ABB and KTH, who are responsible for 

the development and implementation of the Smart Grid in the Royal Seaport in Stockholm.  Those 

professionals  were selected in  order  to represent  all  stakeholders,  that  plays  part  in  the Royals 

Seaport project Smart Grid implementation- private sector (Fortum Energy and ABB) and academic 

society (KTH). It is important to noticed, that selected stakeholders plays a role in all components 

of  the Smart  Grid (WP1-6).  That's  why they were selected-  to  provide information about  each 

component of the grid.

In  addition,  an  interview with  Stockholm municipality  professional  (public  sector)  was 

carried out  to  gain a  updated information about  the Norra Djurgårdsstaden project  (The Royal 

Seaport) and find out governmental position and thoughts about the project. 

In order to obtain information from the source, not involved directly into the Royal Seaport 

Smart Grid project, interview was carried out with professional from Swedish Council for  Smart 

Grid. This Council aims to develop  a road map and guidelines how to enhance and estimate Smart 

Grid expansion possibilities in Sweden 



As outcome of S.W.O.T. analysis, recommendations were formulated  how to enhance the Smart 

Grid benefits and overcome possible barriers.

Interviews  were  carried  out  with  the  following  key  actors,  responsible  for  the  Smart  Grid  

implementation in the Royal Seaport project: 

1)  Johan  Ponten,  Head  of  the  Environment  Administration  of  Stockholm municipality  (email: 

johan.ponten@stockholm.se) 

2) Hansson Olle, Project manager at Fortum, a provider of sustainable energy solutions in Nordic 

countries, Russia and the Baltic Rim area, (email: olle.hansson@fortum.com) 

3) Karin Widegren, Head of Office at the  Swedish Coordination Council for Smart Grid (email: 

karin.widegren@regeringskansliet.se) 

4)Karl Elfstadius, Senior Vice president of Smart Grids at ABB (email: karl.elfstadius@se.abb.com) 

5) Nils Brandt, researcher at the Royal Institute of Technology (KTH) (email: nilsb@kth.se )

LIMITATIONS

The Smart Grid system is a complex technology addressing many technical features and it’s 

difficult to assess all technological aspects of the grid in detail and to describe all potential benefits. 

Economic considerations will not be taking into account because it’s not easy to provide an accurate 

estimation of the infrastructure costs for implementation, maintenance and to define the payback 

period. Additionally, since this project is a demonstration project  in the energy market, there are not 

many well established Smart Grids that could provide  efficient results and performance feedback 

for a comparison. Finally  the Smart Grid in the Royal Seaport is unique and consists from different 

components and technology, so it is difficult to compare this grid with any other existing grid.

mailto:johan.ponten@stockholm.se
mailto:nilsb@kth.se
mailto:karl.elfstadius@se.abb.com
mailto:karin.widegren@regeringskansliet.se
mailto:olle.hansson@fortum.com


 2. CHAPTER TWO: Literature analysis

2.1  SMART GRID: THE FUTURE ENERGY MODEL

Sustainable energy technologies becomes a key area that developed countries are focus in 

their international energy agendas. In the growth strategy Europe 2020 for the coming decade, the 

European  Commission  has  recognized  sustainable  growth  instruments  that  develop  new  green 

technologies  and  methods  and  introduce  efficient  smart  electricity  grids.  The  European  Union 

supports the shift towards resource efficient Europe and sets the goal to reduce CO2 emissions by 

20 %,  as  well  as  increase  energy from renewable  source  usage  by 20 % and increase  energy 

consumption efficiency by 20%. All of these goals should be achieved by 2020.  Additionally, the 

European  Commission  stresses  the  need  to  reduce  member  states'  dependency on  fossil  fuels, 

because their  consequences involves consumer and business vulnerability to harmful and costly 

prices, threatens economy security and contributes to climate change. Europe recognizes the Smart 

Grid to be a solution to meet these needs.  Smart grid is an effective way to ensure the supply of 

electricity to generate the diversity of sources and add a user to the power supply system. It also 

provides the opportunity to choose between different rates and develop effective building energy 

management systems.  

The Smart Grid is defined as: “A closed electrical ecosystem with energy and information  

travelling bi-directionally from the point of generation to the point of consumption across inter-

connected  systems,  for  the  purpose  of  improving  reliability,  reducing  the  proliferation  of  

infrastructure over time, creating energy awareness,  and improving the capability to forecast  

trends and events.”(Iteres…2011).

The European Union use the following definition of the Smart Grid: “A Smart Grid is an 

electricity  network  that  can  cost  efficiently  integrate  the  behavior  and  actions  of  all  users  

connected to it – generators, consumers and those that do both – in order to ensure economically  

efficient,  sustainable power system with low losses and high levels of quality and security of  

supply and safety” (IEC detailed technical document for Smart Grid standardization 2010).



Fig 1: “Smart Grid” (Smart Grid research Associates 2030…2012)

The first time the audience of "Smart Grid" term at the Chicago Technology Conference 

presented Andres E. Carvallo, and before these networks were mentioned in 1998. Nevertheless, the 

official  smart  grid  idea  was  accepted  and  began  to  develop  only  in  2007  when  the  "Energy 

Independence and Security Act was issued (called the Energy Independence and Security Act of 

2007). The document states that from now on, "National Institute of Standards and Technology  

(The National Institute of Standards and Technology - NIST) is the national coordinator for smart  

grid.”

The  main  components  of  the  Smart  Grid  are:  Generators,  Processors,  Sensors,  Smart 

Appliances, Demand management and Storage. The Smart Grid integrates innovative products and 

services together with intelligent monitoring, control, communication, and self-healing technologies 

in  order  to  attain  more  efficient  facilitation  of  the  connection  and operation  of  generators  and 

technologies. This grid allows consumers to play a role in optimizing the operation of the system 

and  achieving  energy reduction  by providing  a  valuable  information  on  electricity  usage.  The 

system is  highly  reliable,  and  supplies  high  quality  and  security  on  electricity  production  and 



maintains the existing services efficiently. The Smart Grid deploys renewable energy integration 

into the grid and power energy storage technologies and can help to achieve the national policy 

objectives (EU Commission task force for Smart Grids 2010).

Old  grid  vs.  Smart  Grid. The  existing  electricity  transaction  system  relies  on  aging 

infrastructure  and does  not  provide  efficiency.  Centralized supply technologies  that  our  current 

energy transition is based on, do not guarantee an efficient energy transfer and recognize the limited 

facilities management capabilities. Our old electric grid does not provide possibilities to add new 

green energy plants.  Energy production and distribution system is  based on high-energy power 

stations and transmitted over long distances to points of use with large energy losses. Suppliers also 

provide almost no information to consumers about the power grid and make consumer inactive in 

this process. Most of the electricity networks are old structure and require constant upgrading, high 

costs and continuous repairs.

Figure  2  and  figure  3  shows  difference  between  old  grid  generation,  distribution, 

communication and management and the smart grid system.

Fig 2: “Before Smart Grid and after the smart grid”  (Belden...2014)



Fig 3 “Comparison of components of the current grid and the smart grid” (ABB report “When grid 

gets smart”, 2008)

It's important to notice, that the Smart grid is an electricity network with two ways digital 

communication  technology  between  energy  producers  and  consumers.  Main  benefits  of  this 

interaction  is  that  the  grid  provides  a  cost  reduction  for  consumer,  energy saving,  increase  of 

reliability and transparency. The Smart Grid works as efficient tool to mitigate and adopt climate 

change through energy reduction and renewable source introduction into the grid. The consumer is a 

part of this energy system and through reliable information that he receives from smart meters, he 

can  interact  and  reduce  energy  consumption.   Hence,  consumers  can  be  aware  and  receive 

information about all his energy consumption and optimize his cost by choosing the lowest daily 

energy prices for electricity consumption. This type of grid can become a significant tool to achieve 

a sustainable energy production and distribution system.

The International Energy Agency forecast,  that the consumption of electrical energy will 

grow substantially in the future and we will need to add one 1 GW power plant by 2015 in order to 

satisfied growing energy demand. Energy blackouts and other disturbances currently affects our 

grids  and  become unacceptable.  A recent  study performed  for  the  United  States,  reported  that 

unreliable  electrical  systems  cost  $80 billion  annually.  Projections  by the  International  Energy 

Agency shows that using energy more efficiently has a greater potential to curb CO2 emissions over 

the  next  20  years  than  all  the  other  options  put  together.  Therefore,  the  Smart  Grid  should 



emphasise  four  main  areas,  which  future  energy system should  meet  to  satisfy  society  needs: 

capacity, reliability, efficiency and sustainability (See Fig 4)(ABB Review of Smart Grids 2009).

Fig 4 “Smart Grid value proposition” (ABB Review of Smart Grids, 2009).

Currently, many countries across Europe, are establishing the Smart Grid technology.  The 

European Technology Platform, also called SmartGrids ETP, is the key European forum for the 

policy and technology research and development for the smart grid sector.  In 2012 March, the 

SmartGrids ETP has released Strategic Research Agenda indicating Smart Grids needs by 2035. 

Currently, the  total budget of the collected projects (over €5 billion) shows that significant efforts 

have already been undertaken, but transaction to the Smart Grids only are taking the initially stage. 

Anyhow, most of the projects and investments are located in EU15 countries, while EU12 Member 

States  still  are  left  behind  (see  figure  5,  other  countries  indicates  EU12). According  to  the  

International Energy Agency (IEA), Europe requires investments of €1.5 trillion total over 2007-

2030 to renew the electrical system from generation to transmission and distribution. The figure 4 

includes investments for the Smart Grid implementation and for maintaining and expanding the 

current electricity system. The leading countries in Smart Grid technology implementation in EU 

are Denmark, Germany, Netherlands and UK, while Lithuania, Estonia,  Cyprus and Bulgaria, are 

most weak countries in this grid implementation.  (JRC Reference Report,  2011).  According to  

McKinsey report in 2010 on the Smart Grid, early adopters of the Smart Grid in Europe are Italy, 



Norway,  Sweden, Denmark and Finland. In France,  Spain and U.K. national governments have 

issued the dates by which countries should get mandatory their Smart Meters deployed- France in 

2016, Spain in 2018 and U.K. in 2020. Countries with active pilot projects, but not mandatory grids, 

are Germany and Netherlands. In these countries deployment of the Smart Meters are voluntary 

approach. In the Eastern block countries (post Soviet States countries) there are yet no plans to 

launch  smart  grids  system due  to  national  budget  restrictions.  Anyhow,  even  among  different 

European  countries  technology  standards  varies  for  smart  meters  and  there  is  a  lack  of  clear 

regulatory framework and initiatives.  According McKinsey,  there will be a need for EU member 

states  to  expand  smart  grids  in  the  next  decade  due  adoption  of  Third  European  Energy 

Liberalization Package, in order to reach energy target for 2020 and optimize energy systems.

Fig 5 “Distribution of projects between EU15 and EU12countries“ (JRC Reference Report, 2011)



Fig 6: “Smart Grid investments in Europe and beyond” (JRC Reference Report, 2011)

An interactive  tool  was  created  to  show smart  meters  installation  across  the  globe  via 

„Google  maps“.  The  following  pictures  shows  the  location  of  smart  meters  implementations 

projects  across the globe (see pic  1) and Sweden (see pic  2). Key: red=electricity,  green=gas,  

blue=water  and  triangle=trial  or  pilot  where  circle=project.  AMI-Advanced  metering  

infrastructure.



Picture 1 „Smart Metering projects map“ (Google maps, 2014)



Picture 2 „Smart Metering projects map in Sweden“ (Google maps, 2014)

Currently, there are many projects done in Sweden, that relates to Smart Grid infrastructure. 

One of the main component of the Smart Grid- smart meters were installed across the Sweden in 

wide scale. The legal demand for Smart Meters started from 2009, when 99 % of all meters was  

replaced by the 1st of July. Thus, there was no actual legal demand on minimal functionalities or 

communication systems. Therefore, about 90 % of AMI were smart meters, who are capable of 

hourly  meter  reading  and  transfer  hourly  meter  values.  The  main  function-  two  way 

communication.  Anyhow,  data  handling  system are  lacking.  Here  are  the  following projects  in 

Sweden. The main projects are Advanced Metering System (AMI)- Smart meters implementation 

projects and Smart Grid projects (Google maps):



• PiteEnergy  in  Pitea,  in  2007 have  completed  AMI system installation  work:  L+G AMI 

solution for 20,000 customers, based on LON PLC and GPRS were installed.

• Vattenfall  in  Stockholm,  in  2009,  completed  installation  of  850,000  electricity  meters. 

600,000  of  these  were  Echelon  NES  PLC meters  installed  by  Telvent,  who  have  also 

provided the enterprise software.

• Utsikt Nät AB have installed 90,000 customers in  Linköping and Katrineholm new digital 

smart meters in 2009. The majority of the meters delivers statistics about the power usage by 

the hour. These Smart meters have two way communication, diagnostic alerts, PLC, GPRS.

• Gothenburg Energy AB have installed NURI AiMiR AMM system (Zigbee-enabled meters) 

for  all  270,000  homes  in  Gothenburg.  Using  Ember-based  ZigBee  on-a-chip  and 

EmberZNet to deliver a wireless mesh network. It have made Gothenburg the world's first 

ZigBee city.

• Halmstad Energi and Environment have installed in Halmstad city in 2008, 38,000 Echelon 

NES electricity meters. Overall contract value of $4 million.

• In  Malmo, E.ON  Sverige,  supplying  electricity  to  over  1m  customers  in  Sweden,

for  390,000  customers,  installed  Smart  Meters,  using  Echelon  solution.  Project  was 

completed in 2009.

• In  Malmo, Staffanstop  Energi  AB,  owned  by E.ON,  have  installed  L+G Enermet  AIM 

solution  for  6,000  customers  based  on  PLC  and  GPRS  communications.  Project  was 

completed in 2008.

In May, 2012, Swedish government has appointed  The Swedish Coordination Council  for 

Smart  Grids  with the  overall  role  to  encourage,  inform and plan smart  grid implementation in 

Sweden, discuss strategic issues between different stakeholders. The Council should also deliver 

proposals how to remove barriers and stimulate efficient grid development. The main goal is to 

establish clear ground rules in the market and create a good conditions for these grids development 

in Sweden. They will also create a knowledge sharing platform. Furthermore, issues, concerning IT 

security and data privacy control,  should be finalized at  early stages  of  projects.  This  council 

consists  from  15  members  with  key  positions  within  industry  governmental  authorities  and 

academia and will operate until December, 2014 (Swedish Coordination Council...2014).



Currently, the main Smart Grid Activities in Sweden includes:

a) EIT KIC InnoEnergy Sweden is a European Node for Innovation on Smart Grids and 

Electricity  Storage.  In  Sweden  it  is  a  Swedish  co-location  center  (CC)  within  Innoenergy, 

responsible for coordination of the Smart Electricity Grid and Storage throughout the consortium. 

Projects includes all aspects of the Smart Grid, including ICT and material research. The goal for 

InnoEnergy is to pave the way for a sustainable energy system enabling a climate-neutral Europe by 

2050 to be achieved by successful commercialization of innovations. Specifically for the Swedish 

CC, this includes enabling start-ups, IPR creation, patents and prototypes (EIT KIC Knowledge and 

innovation community...2014).

b)  SweGRIDS is  a  Swedish research program in Smart  Grids  and energy storage.  This 

program has started in 2011 and will continue until 2021. The leading institution of this program is 

KTH, it's  funded by Swedish Energy Agency,  KTH and Uppsala University.  It  focuses on five 

different areas:  smart power; ICT tools for smart grids;  power components;  energy storage and 

materials  for  the  grid.  About  100  researchers  will  be  active  during  this  program  to  create 

knowledge, techniques, optimize operations, develop storage technologies, design power systems, 

develop controllable components and support Smart Grid in Gotland and Smart Grid in the Royal 

Seaport national demonstration projects. (European Commission...2014).

 c) Stockholm Royal Seaport first large-scale Urban Smart Grid (residential) demonstration 

project. The project will integrate the whole electricity supply system- from refrigerator to harbor in 

a new urban area. There will be 10,000 new apartments and 30,000 new work places. Budget of the 

feasibility study: 3,75 M euros. Main functional focus on energy efficiency, active consumers and 

new market models.

d)  Smart Grid Hyllie is a large-scale Smart City project in Malmo. The new project will 

create the whole new energy system: electricity, heating, cooling and transport. The energy from 

renewable resources, or from recycling such as biogas for transportation will be incorporated. Smart 

Grid Hyllie is a demonstration project and will last until 2015. It is funded by Swedish Energy 

Agency.

e) Smart Grid Gotland is a large-scale Rural smart grid demonstration project and it will 

demonstrate  integration  of  wind  power  in  existing  distribution  network.  Functions  to  be 

implemented and tested include advanced metering system, grid automatization,  energy storage 

technology. Main functions includes integration of wind power,  reduction of peak load through 

demand response and new market (European Commission...2014).

f) ELEKTRA- is a research program in Electrical Power Engineering in Close Cooperation 
with industry



As we can see, Sweden has a lot of Smart Grids demonstration projects going through and 

might become one of the leading country in the near future with existing real-time smart grids in 

residential areas. Anyhow, many countries also are establishing Smart Grids across the Europe.

The introduction of smart metering systems in Europe started after an important regulatory 

push by the European Union’s Third Energy Package provisions and particular Annex I.2 of the 

Electricity Directive (REF). The Annex explicitly requires Member States to assess the roll-out of 

intelligent metering systems as a key step towards the implementation of Smart Grids and to roll out 

80% of those that have been positively assessed.

Italy  started a national roll-out already in 2001 (Telegestore project). By the end of 2006 

about 30 million smart meters had already been installed in Italy. There was a Regulatory Order No. 

292/06 of 18 December 2006, which indicated that automatic  metering infrastructure  would be 

mandatory. The Italian metering system is focusing on reduction of non-technical losses more than 

on energy savings (JRC Reference Report, 2011).

Sweden, as mentioned before,  has  already implemented the system in 2003. Sweden has 

mandated monthly automatic  meter reading for all  electricity meters in July 2009. Overall,  the 

national deployment of smart meters was carried out by means of about 150 projects, amounting to 

around €1.5 billion and involving the installation of approximately 5 million smart meters (JRC 

Reference Report, 2011).

 France has  started  the  demonstration  project  Pilot  Linky  in  2007.  It  produced  the 

installation of 300,000 smart meters in France. A national roll-out is also in preparation, building on 

the  results  of  the  pilot  phase  that  was  conducted.  The  roll-out  phase  had  investigated  the 

deployment of 35 million smart meters appliance, with an expected investment of ca €4 billion. The 

new goal in France is to install from January 2012 electronic meters and to have 95% coverage by 

the end of 2016. The regulator defined some guidelines and minimum functional requirements for 

electricity meters. A cost-benefit analysis as well was presented in 2007 with some positive results  

(JRC Reference Report, 2011).

One of the biggest international pilot project, called “ADRESS”, involved 11 countries and 

25 companies. The project started in 2008 and had duration of 4 years. The main objective of the 

project  -  an  interactive  electric  distribution  networks  for  the  integration  of  renewable  sources 

generation and active demand management. At the end of the project, recommendations for future 

R&D projects for single stakeholder were submitted (Address Interactiv energy…2011).

 Spain has developed a pilot project in Malaga,  where the distributed generation of solar 

panels,  micro-wind  and gas turbines system will be installed.  The project includes 900 industrial 

customers, 300 providers and 11,000 households (Metering, 2011).



Hence, we can see there are many future plans for Smart Grid implementation into energy 

systems worldwide. It’s important to understand why the Smart Grid is the future energy system and 

what are this system benefits for consumers, producers and environment. Therefore, the next section 

describes the main features and functions related to this grid.



2.2 SMART GRID: FEATURES AND TECHNOLOGY

The Smart Grid is highly advanced electricity system with high grid reliability. This system 

reduces frequency and durations of power outages, regional blackouts and overall power quality 

disturbance.  The Smart  grid  technology can  help  to  mitigate  or  reduce  electricity costs  due  to 

efficient interaction between consumers and suppliers. The Smart grid is a complex system and it 

requires new products and services. This technology implementation can create a new platform in 

the  market  and  offer  all  necessary  goods  and  services  for  this  electricity  distribution  system. 

Furthermore, it gives customers a great possibility for flexibility in their energy consumption and 

helps to create value for end-users.

Another  advantage  of  the  smart  grid  is  improved  grid  operational  efficiency.  A study 

research for San Diego (REF) shows, that a capital investment of $450 million can create over $1.4 

billion in reduced costs and other benefits to the utility system over the life of the investments.  

Finally, the Smart Grid is an environmental friendly system that can offer an opportunity to 

provide clean and low-carbon emitting energy. Additionally, the Smart Grid efficiently use climate 

change friendly infrastructure- produces renewable energy from solar panels and wind turbines, 

provides energy conservation structures (batteries)  and plug-in electric vehicles. 

Indeed, this grid allows more efficient consumer response to prices and can reduce the need 

for fossil fuel generation capacity, in that way reduce the emissions of CO2 and other pollutants.  

The Smart Grid is a great tool not only for efficient energy supply and production, but it also 

to  mitigate and adopt global  warming issue and create  energy dependency (Illinois Smart  Grid 

Initiative 2009).

According to International Energy Agency (IEA), the Smart Grid has a potential to reduce 

carbon emission by 2 gigatonne annually by 2050 (see picture 3, green column – direct reduction 

from  peak  load  management,  pink-  Electric  Vehicles  and  solar  panels  or  wind  mills  energy 

deployment). According to this research (see picture 3), OECD Europe countries has a potential by 

2050 years to reduce CO2 emission by more than 1 gigatonne per year.
 



Picture 3 „Regional smart grid CO2 emission reduction potential” (International 

Environmental Agency, 2010)

According to United States Department of Energy, Modern Grid Initiative report, a smart 

grid should have further possibilities (Smart Grid decision interface…2012):

- Self- healing (should be able to heal itself);

- Motivation for consumers to efficiently participate in operations of the grid;

- Resist all kind of attack and avoid blackouts;

- Offer higher quality power and save consumers money, which are wasted from outages;

- Accommodate energy generation and storage options;

- Enhance electricity market;

- Run more efficiently the whole grid;

- Offer higher penetration of intermittent power generation sources.



Self-healing

The Smart grid should be able to heal itself by using real- time data from embedded sensors 

and automatic controls. The grid will anticipate, detect, and reply to system issues and mechanically 

avoid or mitigate power outages, power quality issues, and repair disruptions. It is common, that the 

grid will have control system, which analyzes grid performance and will use controllers in changing 

environment  to  learn  from equipment  failures.  A System can be  used to  control  switches  with 

varying cost of generation (Smart Grid decision interface…2012).

 Consumer participation

One of the grid main features are consumer participation in the grid and behavioral changes. 

Consumer will have a possibility for variable electric rates. This grid incorporates consumer for 

better “smart appliances” usage and control and they can manage energy consumption and reduce 

energy costs. Two way communication will enable to sell energy back to the grid with net-metering. 

Consumer can sell energy, produced by himself from solar panels or small wind turbines, plug-in-

hybrid. This will allow for small player also participate in energy supply and distribution system 

(Smart Grid decision interface…2012).

Resists attack

The grid offers real-time information about the energy flow and can immediately identify 

damaged facilities and respond to man-made or natural disruptions. The grid can avoid or mitigate 

system wide blackouts with grid control and management system of the Smart grid. The monitoring 

is based on weighted least square (WLS) that is very non-dynamic and prone to fail when gross 

errors (including topology errors, measurement errors or parameter errors) are present. New grid 

technology of state monitor is needed to achieve the goals of the smart grids (Smart Grid decision  

interface…2012).

High quality power

Current energy systems are facing different quality challenges and outages, and it cost a lot 

of money for governments. A new Smart Grid system will improve overall energy system quality 

and will prevent such big losses (in U.S. Annual losses for power quality issues is around $100 

billion on average each year.



Accommodate generation option

The  Smart  grid  supports  not  only traditional  power  loads,  but  they  also  accommodate, 

renewable, fuel cells,   micro turbines, and other distributed generation technologies at local and 

regional levels. This kind of small-scale integration of small-scale, on-site power generation allows 

customers  to  generate  and  sell  excess  power  to  the  grid  with  minimal  technical  or  regulatory 

barriers. This can also improve reliability and power quality, minimize electricity costs, and offer 

for consumer higher flexibility of choices (Smart Grid decision interface…2012).

Enable electricity market

Increases in  capacity of  energy transmission require  better  grid management.  Therefore, 

open marketplace should be created that  consumers  from different  region can sell  their  energy 

across the distant locations. New intelligent grid will allow for producers to produce and sell energy 

at  the  local  level  using  alternative  sources  such  solar  panels,  wind  turbines,  and  micro  hydro 

generators (Smart Grid decision interface…2012).

Optimize assets

Newly  created  smart  grid  have  opportunity  to  optimize  capital  value  by  minimizing 

operations and maintenance costs. Power flows that are optimized can reduce waste of energy and 

avoid producers  losses.  Maximized system improves energy flow transmission and produce for 

consumers  savings  not  only  by  improved  distribution  system,  but  two  way  interaction  and 

flexibility of choices (demand response).

Enable a high penetration of intermittent generation sources

The need of  climate change mitigation tools  and other  environmental  concerns  increase 

demand for  renewable  energy resources  usage.  The Smart  Grid  technologies  allows  for  power 

systems to operate with high amounts of such energy resources since they enable both the suppliers 

and consumers to compensate for such intermittency.



The Smart Grid main features includes:

• Load adjustment possibilities. In the grid, the connection of the load can differ over a time. 

The total load is the sum of all consumers connected to the grid at the same time and it's not 

a stable, as well as consumption rate is not stable. For example, if all consumers want to use 

dishing machines at the same time, then the Smart grid will issue the warning for customers 

to reduce the load temporary for an efficient start-up.

• Demand response for consumer. This response support allows for loads and generators to 

reflect real-time data and coordinate energy demand. It coordinates life of equipments and 

allows consumers to save money by advising for devices to use energy only when it  is 

cheap. This requires an information flow in two ways.

• Better resilience. The new smart grid will use multiple routes and will help to prevent the 

domino effect  of disturbances in the system as in the old grid this is when the flow in the 

grid exceeds the limits of any network element. Technology with load shedding by rolling 

blackouts or voltage reduction will be used to avoid this kind of disturbance.

• Energy decentralization possibilities. The grid allows consumers to generate energy on-

site, and gives flexibility to choose the method they find appropriate for them. This makes 

them independent from grid power failures.

• Price signals for customer. In many countries many homes installed double tariff electric 

meters to encourage to use electricity during the night or weekends, when demand from 

industry is lower (off-peak period). In the smart grid this will be even more efficient- price 

can be changed in seconds and grid equipments will react on this. One choice of flexibility- 

consumer  can  choose  to  use  only  green  energy,  produced  from  renewable  sources 

incorporated in the grid.

Thus, the main benefits of the Smart Grid are the followings (picture 4):

I.       Reduction in forced outages;

II.      Reduction in peak demand;

III.    Reduction in congestion cost;

IV.    Reduced blackouts probability;

V.     Environmental benefits;

VI.   Tax gain from depreciation Increase;

VII.  Increased capital investment;

VIII. Job creation and GDP increase;



IX.    Power quality and security;

X.     Distributed generators.

Picture 4 ”Smart Grid benefits breakdown” (Smart Grid research consortium...2014)

Smart Grid Technology

Smart  grid  is  a  multi-mechanism  and  includes  smart  meters,  dynamic  pricing,  smart  

thermostats and smart appliances (See Fig 1).  

Smart meters  (see picture 5) are electrical devices that records consumption of electrical 

energy every hour and send information once a day to utility for monitoring and billing purposes.

The old grid usually uses Automated Meter Reading (AMR) system, which has meters, that 

can be read remotely using fixed network. The Smart grid uses Advanced Metering Infrastructure 

(AMI). AMI is a system that can measure, collect, and analyze consumer energy usage,  as well as 

communicate with other metering devices (electricity, heat, gas and water meters) either on request 

or  on  a  schedule.  These  AMI  systems  include  the  following  components:  hardware,  software, 

communications, consumer energy displays and controllers and customer associated systems, Meter 

Data Management (MDM) software, and supplier business systems. (Glossary, provided by U.S. 

Department of Energy 2014)



Picture 5 “Smart Meters- ZigBee” (Home automation...2014)

Smart appliances and smart thermostats can shut off in response to frequency fluctuations 

(i.e. ventilation and heating systems can run when energy prices consumption is low). Smart Grid 

technology is fully automated with real-time and next day energy information feedback send to 

electricity  users.  Not  only  residential  area  can  benefit  from  Smart  grid  technology,  but  also 

industrial and commercial customers - system can help to integrate production and operations in 

more  efficient  market  (ABB  Review  of  Smart  Grids  2009).  Sensors  detects  fluctuations  and 

disturbances and can signal to areas to be isolated. Processors execute special protection schemes in 

microseconds. Energy storage can be done in off-peak times and could be used later, storage is 

located in  batteries.  Smart  generators can also produce energy from small  generators and solar 

panels or small wind mills and can reduce overall demand on the grid.

Customer involvement is one of the main benefits that smart grid provides. It is necessary to 

motivate customer be part of the operations of the grid to achieve energy reduction and provide 

higher quality of energy and different energy sources and storage options. It’s important to mention, 

that smart grid can be efficient tool to create successful renewable energy market and increase 

sustainable energy and devices (i.e. electric cars) usage due to flexible grid infrastructure and ability 

to accommodate consumers produced energy and electric vehicles charging stations.  This type of 

network provides a  fully automated accounting and management  system. Smart Grid platform 

consist of  a modern electric energy metering system, distribution network automation,  machine-

operated  distributed generation,  electricity production and consumption,  systems integration  and 

secure information transmission system. 



The Smart grid main technology have seven main components:

1) Integrated communication within the grid  (technology:  substation automation,  distribution 

automation,  supervisory  control  and  data  acquisition  (SCADA),  demand  response,  energy 

management  systems,  wireless  mesh  networks  and  other  technologies,fiber-optics,  power-line 

carrier  communications).  The main function of this  component is  real-time information control, 

reliability, security.

2)  Measuring  and  sensory  system (technology:  advanced  smart  meters,  reading  equipment, 

dynamic line rating (Distributing temperature sensing system  combined with Real Time Thermal 

Rating  (RTTR)  systems),  wide-area  monitoring  systems,  electromagnetic  signature 

measurement/analysis,  advanced  switches  and  cables,  time-of-use  and  real-time  pricing  tools, 

backscatter radio technology, and Digital protective relays.) The main function of this component is 

grid stability, monitoring equipment health measurement, control strategies support.

3) Smart meters. The old grid mechanical meters are replaced within the Smart Grid with digital 

meters  that  can  record  energy  usage  in  real-time.  They  are  identical  to  Advanced  Metering 

Infrastructure (AMI) meters and provide efficient communication from the beginning of the grid- 

generation plants to end of usage-electrical outlets (called „smart socket“) and other smart grid-

enabled devices. Customer can choose to shut down devices during times of peak demand.

4)  Phases  measurement  units. Sensors  with  high-speed  (PMUs)  are  distributed  throughout  a 

transmission network and can be used to monitor the state of the whole electric system. A wide-area 

measurement  system (WAMS)  is  a  system from network  of  PMUs  and  can  provide  real-time 

monitoring data on a regional or/and national scale.

5) Advanced components include innovations of fault tolerance, superconductivity, storage, power 

electronic  and  diagnostics  components.  New  technologies  within  smart  grid  R&D  categories 

includes: high voltage direct current, flexible alternating current transmission system devices, first 

and second generation superconducting wire,  distributed energy generation and storage devices, 

high temperature superconducting cable, composite conductors, and “intelligent” appliances.

6) Advanced control system. Energy power system automatization requires diagnosis and specific 

solutions to different grid disruptions or outages. The following systems are used in the Smart grid 

for  advanced  control  methods:  distributed  intelligent  agents  (control  systems),  operational 



applications (SCADA, demand response, substation automation etc.) and analytical tools (such as 

software algorithms and high-speed computers).

7) Smart power generation.  This  is  a  concept  which includes  energy production and demand 

control interaction.  This includes load control in the grid,  which helps  to avoid blackouts.  The 

system is also able to accommodate renewable energy into the grid- wind turbines, solar panels.



2.3 SMART GRID:  CHALLENGES AND RISKS

The  main  challenges,  that  smart  grids  face  consists  of  deficiencies  in  sensor, 

communication, control and information systems in the entire grid from delivery to utilization. The 

grid will improve the whole system efficiency, reliability, security and environmental sustainability .

As ABB company is one of the main players in the Smart Grid market, that hasdone a lo of 

research on Smart Grids.  According to the  ABB review of the Smart Grid (REF),  the most urgent 

technical challenges include:

–  Creation  of  a  sustainable  market:  economical  efficient  grid  build  up  while  reducing  the 

environmental impact:

– Power flow control and management increases grid asset utilization;

– To reduce power losses and peak demand in transmission and distribution through controlling and 

managing power flow;

– Connection of local and remote locations of renewable resources (small scale wind mills, solar 

panels) and managing intermittent generations;

– To reduce demand capacity on grid by integrating and optimizing energy storage;

– Integration of mobile plug-in electrical vehicles (EV) in order to reduce stress on the grid and to  

use them as resources-energy storage;

– Reduction of blackouts, system disturbances detection and isolation from other components and 

the quick restoration of service;

–  Consumer  response  management  in  order  to  minimize  stress  on  the  grid  and optimize  asset 

utilization.

As consumers through the smart meter play a significant role in the grid functional success, 

it is necessary to ensure that the interaction is optimized. Consumers receive data through the Smart 

Meter about energy consumption efficiency and should interact by using this information properly. 

Besides that, the consumer might be a Electric vehicle (EV) user and one of the main component of 

the grid is electric vehicle as energy storage component.

Therefore, one of the main challenges that Smart Grid might face is the lack of consumer 

interaction  with  the  grid.  Attractive  market  prices  and  other  incentives  to  increase  consumer 

willingness to participate are a key for successful grid. It is essential to form consumer awareness 

and provide correct information on how he can participate in this system and what benefits he might 

receive. As Smart Meters are the main instrument for two ways communication, interviews with 

professionals  from ABB and  Smart  Grid  Council  have  showed,  that  there  are  some doubts  if 



communication  will  be  successful.  Furthermore,  there  are  some  claims  that  smart  meters  are 

environmental unfriendly and can cause even health damage for humans due to transmitted radio 

waves.

Accordingly to many different literature sources analysis, here are several complimentary risks 

and problems related to Smart Grids:

•Very expensive infrastructure- long payback period.

•It is not clear how efficient consumers can participate in double circulation energy supply 

and production system- lack of social transaction.

•Utility company can record customer energy consumption in  the real  time and send it 

through smart meter to the central hub.  If hacker could get attached to this data, he could 

easy find out that customer is not at home – loss of privacy and safety.

•Utilities will remotely control customer appliances and in case of hacker attack it can cause 

blackouts for hundreds of smart meters – threat on security.

•Smart Grid engineers’ claims that data is encrypted, anyhow any software sometimes fails. 

It creates threat on liability – billing errors.

•The old meter system do not spins when energy is not consumed and do not requires any 

energy while smart meter if fully electronic and requires energy even it does not working to 

keep themselves operating- energy losses.

•To produce new meters requires high amount of resources and creates GHG, as well to 

dispose old meters into waste.

•Customer must pay for Smart meter, but this meter remains utility property

•Smart meters are using the 2.4GHz ISM band (to communicate with the suppliers) and can 

cause interference to other devices that use the same band- Wi-Fi or blue-tooth devices.

•It can increase radiation and cause serious health problems (not prove yet, but there are 

some claims about this).

„At greatest risk from "smart grid" radiation — as is the pattern with any hazardous contaminant — are the  

young, the elderly, the immune-compromised, those who are pregnant and the growing population of those  

with electromagnetic or electrical sensitivity. Soon, if we allow Hydro to get away with this so-called "smart"  



experiment, we can never be free of  electromagnetic contamination.”- CHRIS ANDERSON, Weep news,  

2011 May.

“The reality is that ‘smart’ meters emit radiation of a power and frequency that has been linked with DNA  

disruption, pathological leakage of the blood-brain barrier (which can lead to neuron death), and many  

other health impacts” (Stopsmartmeters…2011).

“New independent report suggests that living next to a 'smart' meter is comparable to living within 3-600  

feet of a major cell phone tower”(Stopsmartmeters…2011).

2011 published report “Assessment of radiofrequency microwave radiation emissions from Smart meters” by  

Sage  Association  provides  computer  modeling  and  analysis  results  about  Smart  meters  as  sources  of  

radiofrequency radiation (RF).

This  are  only  few  quotes  from different  literature  sources,  anyhow  this  is  controversy 

theories and it’s difficult to make any conclusions. Anyhow, since Smart Grid is still on the way the 

results will be seen later on. But many countries are successfully preparing themselves for Smart 

Grids entry to the energy systems. It’s important to note, that this technology implementation is in  

political  hands – new legal  framework and decision making is  needed to establish Smart  Grid 

technology. European Commission are working to establish the legal background for Smart grid 

implementation and maintenance. Smart Grids will be a leading energy production and distribution 

system around the world in the near future. Anyhow, even Smart Grid concept claims customers’ 

right to choose, it seems that right to choose or not to implement Smart meters they lost. Consumer 

is integrated in the grid and it might be a challenge to achieve efficient consumer participation.

Another big question is either communication between customer and supplier can be truly 

efficient and do customer really interested in receiving advanced energy and other informational 

services through the electricity grid? Consumer plays significant role in purchasing electric cars – 

this car is one of the main key for energy storage in the grid (Fig 7). But there is a big doubt that 

electric cars will successfully be implemented in a wide scale in the future.



Fig 7: “Smart Grid vehicle” (Smart grid vehicle...2014)

Other challenge is to enable a legal framework to ensure efficient smart grid deployment and 

successful market. European Union already have started its work and trying to include smart grid in 

a legal framework.

Literature  research  have  shown, that  currently  Smart  grids  are  mentioned  in  the  following 

directives:

-Energy  Efficiency  Directive  (2006/32/EC)  has  identified  smart  meters  as  one  of  the  main 

measures, contributing to the overall energy efficiency improvement.

-Renewable Directive (2009/28/EC, Art16)  views Smart Grids as an enabler for integration of 

increasing renewable energy into the grid and obliges the Member States to develop transmission 

and grid infrastructure towards this aim.

-3rd package for the internal energy market (Directive 2009/72/EC and Directive 2009/73/EC)

Also EU activities for Smart Grid development and deployment includes:

1.Technology push

-  RTD&D  projects  since  2003,  more  than  €300  Million  EU  support  -  European  Technology 

Platform, launched in 2006

- Strategic Energy Technology Plan – European Electricity Grids Initiative, launched in June 2010

2.Market push



- Market regulation: 3rd energy package, adopted in August 2009

- Task Force for Smart Grids, November 2009 – June 2011

- European Infrastructure Package, November 2010 and October 2011

- Communication on Smart Grids, COM(2011)202 - 12 April 2011

- Energy Efficiency Action Plan and revision of ESD in June 2011

3.International cooperation

- EU-US Energy Council

- International Grid Action Network (ISGAN), under the Clean Energy Ministerial Conference.

At present there are many activities running in parallel which are related to the field of smart 

grid standardization. Since these activities are relevant to the same subject, there is inevitably some 

overlapping and duplication of activity and opportunities for learning from the work of others. 

Among these initiatives are:

• Smart Grids European Technology Platform (ETP)

• M 441 Smart metering mandate

• OPEN meter project

• NIST Smart Grid mandate

• IEC Smart grid (SMB Strategic Group)

• IEEE Smart grid initiatives

Smart metering standardization is covered by a specific Mandate by the Commission to the 

European Standardization Organisations (ESOs), within the framework of the following Directives:

− 2006/32/EC Directive on energy end-use efficiency and energy services.

− 2009/72/EC Directive for the Internal Electricity Market (replaces 2003/54/EC).

− 2009/73/EC Directive for the Internal Electricity Market (replaces 2003/55/EC).

− 2004/22/EC Measuring Instruments Directive and its current revision.

Directive 2004/22/EC on measuring instruments sets the essential requirements of the meter 

related to its legal role supporting the energy provision contract and is the root for a fair billing.  

2004/22/EC also describes the conformity assessment procedures for all  legal meters.  Directive 

2009/72/EC stipulates that where roll-out of smart meters is assessed positively, at least 80% of 

consumers should be equipped with intelligent metering systems by 2020.



In addition, the European Commission Digital Agenda for Europe (COMMUNICATION A 

Digital Agenda for Europe COM (2010) 245 final/2, 26.8.2010) takes over this objective and sets as 

a 16 goal, in Action 73:  “Member States to agree common additional functionalities for smart  

meters”, by the end of 2011.

The general objective of the mandate (M/441) is “To create European standards that will  

enable interoperability of utility meters (water, gas, electricity, heat ) which can then improve the  

means by which customers’ awareness of actual consumption can be raised in order to allow timely  

adaptation in their demands”.

Thus the major  focus of the M/441 work is  the provision of improved information and 

services to customers and enabling customers to better manage their consumption.

Indeed, we can see that smart grid technology is taking a place across the globe very quickly 

and Europe is taking a place to create not only legal basis for grids but also by launching new 

markets. Anyhow, new technology enables not only new products and markets, as well as creates 

economical  benefits,  but  also address  certain  issues  and challenges.  The next  chapter  focus  on 

particular  smart  grid  project-  The  Royal  Seaport  in  Stockholm,  the  first  Swedish  smart  grid 

establishment. Chapter describes project baseline and focuses on S.W.O.T. analysis of the project.



3. CHAPTER THREE: The Royal Seaport project

3.1 PROJECT BASELINE

Stockholm is the capital of  Sweden and part of  a growing region. By the year 2030, the population of the city of Stockholm will increase by nearly 150 000 people. This increase will continue and by 2050 Stockholm total population estimated to be between 1 and 1.3 million (in 2005, Stockholm's population was about 770, 000). The growing population involves an increased need for housing, jobs, services, recreation, and especially infrastructure. In order to satisfy citizens needs, effective infrastructure is required as part of the creation of the compact city.  The development of the compact city entails an increased pressure on built-up areas, natural areas and park lands. Therefore, it is important to efficiently operate and manage the city's land resource.  As part of the compact city development industrial areas are remediated and new areas for housing are created. One of the areas, that have been identified as potential  for  compact  city  creation  with  the  high  environmental  profile,  lies  between  Northern Djurgården and Hjorthagen. The area was used for town gas production and various types of  small industries. The area is included in the program that was developed in 2001 covering the urban  areas  of  Hjorthagen,  Värtahamnen  and  Loudden.  The  program  included  the establishment of housing, services and office spaces. today this project is under construction and is one of the main projects in Sweden. The project name is “Stockholm's Royal Seaport”.

Fig 8: “Stockholm Royal Seaport location” (Sweco EIA, 2009)

Stockholm Royal  Seaport  is  one  of  Stockholm’s  urban  development  areas  with  a  high 

environmental profile. From the beginning of 2010, Stockholm Royal Seaport has started to develop 



gradually and will grow with 500 residences each year. The residential area will consist of rented 

flats, housing for tenant-ownership, as well as students apartments. Stockholm Royal Seaport will 

be fully developed around 2025 encompass a total of 10,000 new flats.  Stockholm Royal Seaport is 

largely located on former brown field sites, which will be recovered, within the port area which is 

one  of  Stockholm’s  prime  locations.  Besides,  10,000  new  dwellings  and  30,000  new  work 

opportunities are planned to build.  The ambition is clear: Stockholm Royal Seaport should become 

a  global  showcase  for  sustainable  urban  design  and  compact  city  development.  Innovative 

environmental technologies and creative solutions will be developed, used and displayed in a world-

class environmental urban district.

The three overall environmental targets for the „Stockholm Royal Seaport: are:

•By 2030, Stockholm Royal Seaport is free of fossil fuels

•By 2020, carbon emissions are lower than 1.5 tonnes per person

•Stockholm Royal Seaport is adapted to future changes in climate

Picture 6 „The Royal Seaport visualization“ (City of Stockholm 2014)

The  Clinton  Climate  Initiative  program supports  large  scale  urban projects  with  highly 

climate friendly solutions. Stockholm Royal Seaport is one of them.  As part of the new residential 

area with high environmental profile, Sweden’s first Smart Grid will be developed. This type of 

technology will help for Royal Seaport to achieve its ambitious goal to have this area free of fossil 

fuel by 2020.



The new urban district encourages residents and workers to own initiatives and a responsible 

lifestyle that also involves good social  relationships.  The area offers a mix of dwellings,  many 

workplaces, services in a unique geographical location. The proximity to the city center, nature and 

water attracts people of various backgrounds and of all ages. Stockholm Royal Seaport offers a 

wide  range  of  services,  including  restaurants,  cafes,  bars,  shops,  gyms,  cinemas,  conference 

facilities and hotels. The area also incorporates culture stages for music, art and dance, as well as 

other types of events. The optimal transport location of Stockholm Royal Seaport is reinforced with 

the  Norra  länken  (E20  European  Highway)  road  infrastructure,  the  possible  expansion  of  the 

Eastern Road Link, and the new tram link connecting Ropsten, in the northern part of the district,  

with the port area (City of Stockholm 2014).

Large investments will be made on public transport, but also on the extension of new road 

infrastructure.  The underground is  complemented with a modern city tram through the area.  At 

Ropsten, the link connects to the Lidingöbanan train, linking Lidingö with Ropsten and the port 

area. The Tvärbanan tram link has been extended via Solna and will be extended to the University 

area.  Improved  bus  links  connect  Stockholm Royal  Seaport  to  the  Citybanan  train  line.  Many 

residents and workers use the pedestrian and cycle lanes that connect ”Stockholm Royal Seaport”, 

the city center,  and the large green areas of Norra Djurgården. Environmentally friendly public 

transport will also be developed on the surrounding waters (City of Stockholm 2014).

The first residents of the Stockholm Royal Seaport moved in 2012 and annually 500 are 

moving into the new area.  Although the area is under construction,  there are visible residential 

buildings,  underground  waste  systems,  cycling  paths,  green  parts,  plants  and  sustainable 

surroundings  (pic 7 and 8, April  2014).



Picture 7 (a) „The Royal Seaport status quo in 2014 April“ (Authors' photos, 2014)



Picture 7 (b) „The Royal Seaport status quo in 2014 April“ (Authors' photos, 2014)



Picture 8 (a) „The Royal Seaport status quo in 2014 April“ (Authors' photos, 2014)



Picture 8 (b) „The Royal Seaport status quo in 2014 April“ (Authors' photos, 2014)



3.2 SMART GRID FEATURES IN THE ROYAL SEAPORT PROJECT

While  building  the Smart  Grid,  it  is  necessary  to  manage  the  transformation  into  a 

sustainable  energy  system  with  two  way  interaction  between  consumer  and  producer.  The 

development of the new system will generate valuable experiences and can strengthen the Swedish 

energy industry that  can take a leading position on the smart grid market  and stimulate export 

business. An important ambition for the Smart Grid in the Royal Seaport is to support the Swedish 

Government goal to transform the electrical energy system and the environmental target to become 

a fossil free country by 2050, including goals for 2020 and 2030. The Smart Grid in Stockholm will  

support  the  City target  to  reduce  overall  CO2 emissions,  increase  energy efficiency and adopt 

infrastructure to meet the challenges related to climate change.

The Stockholm Royal Seaport will be an unique place in Sweden with ambitious targets  and 

new solutions to integrate the whole energy system into one smart grid. This can change not only 

citizens behavior, but involves also a new business model. The smart grid in the “Stockholm Royal 

Seaport” can ensure a sustainable, effective and robust energy system.

The Smart Grid technology, which will be implemented in the Royal Seaport was described 

in  ”Stockholm  Royal  Seaport  (SRS)-  Urban  Grid  Pre-study”.  This  final  report  summary  was 

approved in 2011 by different actors, responsible for the Smart Grid implementation in the Royal 

Seaport.  It  includes  followings  actors:  Fortum,  ABB,  Ericsson,  KTH,  Electrolux,  Interactive  

Institute, NCC, HSB, JM, ByggVesta, Stockholm Hamn. The work in the pre-study focuses on six 

different work packages (WPs) including WP1 Active House, WP 2 Smart Grid Lab, WP 3 Grid 

Development, WP 4 Shore to Ship, WP 5 SRS Information Management System and WP 6 Market 

Concept.

Hansson Olle, project manager at Fortum energy, stated in his interview that “in the Royal 

Seaport 170 apartments will be connected  to  the Smart Grid. First residents in active houses will 

move in 2016, smart grid and smart lab will be established already before”.

Figure 9 shows ”The Royal Seaport Smart Grid“ vision. The interview with project manager 

in Stockholm municipality and literature studies has shown, that residential area will have active 

buildings and demand responses to reduce peak loads and increase energy efficiency by demand 

side  participation  and  building  automation  (1).  Residential  areas will  accommodate  distributed 

energy systems with integration of renewable energy production from solar panels and wind mills 

(2). System will include electrical cars charging devices (3) and energy storage constructions (4). 

CO2 emissions will be reduced by ship electrical shore connection (5). Smart primary substations 

will ensure efficiency and reliability (6). Finally, smart grid Lab will be  established in the Royal 



Seaport area to provide, develop and simulate Smart Grid technology (7). To establish mature Smart 

grid will take about 7-15 years (ABB group 2010).

      

Fig 9 “The Royal Seaport smart grid” (ABB group 2010)

The following section is based on literature sources review and interviews with experts and 

will  describe  all  main  components  (Active  house;  Smart  grid  lab;  Grid  development; 

Information  Management  System;  Shore  to  ship;  Market) of  the  Smart  Grid  in  the  Royal 

Seaport and expected results from the each component.

1: Active House

A very important component of the Smart Grid is The “active house”, which focuses on the 

households in the smart grid. Through the active house, users can communicate and react on the 

load balancing functions and can receive higher comfort level in the household. In order to reduce 

CO2  emissions  and  keep  comfort  level  at  home,  the  Active  House  utilizes  energy  efficiency 

functions and pre- and post shift of electric loads. This Active House has different loads transfers- it 

shifts  loads  from electricity  production  with  high  CO2  emissions  to  the  lower  CO2  emission 



electricity. Therefore, the active house plays a central role in the smart grid by minimizing peak 

load and increasing energy efficiency by active ‘prosumer’ (resident, who not only consumes less 

energy, but also generates the energy). .

According  the  SRS  pre-study  (REF), the  most  important  components  in  the  Active 

house/terminal are:

•Photovoltaic Generation (solar panels)

•Local energy storage in batteries

•Control system for Demand and response

•Customer display (visualization) -accurate data

•Connections for charging of electrical vehicles (EV)

•Home automation/different functions-”home away”, “stand by” mode

•Smart appliances/meters

•Individual metering of usage for control, follow-up and settlement

•Intelligent waste collection system (ENVAC)-environmental data

  



Fig 10: “Active house in the Smart Grid” (Smart Grid Pre-study of The Royal Seaport 2011)

The Solar panels that are established into the grid produce green energy and reduce the 

building’s CO2 emission,  decreases dependency on non-renewable resources. In the Active house 

automation system will submit production data from the Solar panel system and will display the 

energy production amount to the households or it will also show if the household bought shares in 

the system. The resident doesn't have to own the whole solar panel system, but only have some 

shares.  The  visibility  of  renewable  energy  production  is  believed  to  increase  environmentally 

friendly attitude and can affect  energy consumption patterns.

In order to show possible Smart Grid features, the visualization concept was developed with 

the  aim  to  motivate  and  simplify  sustainable  life  for  consumer.  The  following  features  are 

visualized in the project to show consumption/production of these devises:



-Cooking, Washing, Individual outlets, Electric vehicle (EV) charging

-Local electricity storage, Solar PV

Fig 11: “Reductions of GHG emissions of Normal vs. Active House” (Smart Grid Pre-study of The 

Royal Seaport 2011)

It  is  estimated  in  the  SRS  pre-study,  that  the  Active  house  greenhouse  gases  (GHG) 

emissions will decrease from 633 kg to 436 kg annually throughout all grid components. National 

GHG emissions can be also reduced, mostly from electrical vehicles potential, local energy storage 

and smart appliances usage (see figures 11,12). Therefore,  Electrical Vehicle usage and charging 

stations play an important role. . Consumers should be motivated to use this kind of vehicles. Yet, 

the usage of these vehicles increases and technology is developing continually. Hence, we can count 

that the main components of the Smart Grid are also include Electrical Vehicle, together with Solar 

panel/wind mill. All these components are part of the active house.



 

Fig 12: “National GHG emission saving potential by shifting and reducing household loads”

According to the SRS pre-study (REF), the expected qualitative results of the active houses in the 

area include the following advantages:

-Understanding of how predicted shift and/or reduction of load affects the electrical grid

-Contribution to research base to be used for further research improvements

-Shift of load patterns and performance records, which can contribute to the demand 

response research

-New innovations, technical features and market concepts

-Customer response and Behavioral changes/environmental responsibility

- Flexibility of tariffs: different price signals, CO2 signals

-Ability for house to response to the comfort and AAL impact of the demand response and 

energy efficiency technical systems

Waste collection in the Royal Seaport

It is important to notice, that the Smart Grid in the Royal Seaport will have and already has 

(see picture 8) a vacuum intelligent waste collection system- “ENVAC”. This system is based on the 

vacuum technology and is located underground. Similar systems exist in Hammarby Sjöstad. In the 

“Overall program for environmental and sustainable city development in Stockholm Royal Seaport 

(7.2)”  (reference)  the City Council required  waste collection systems that  are consumer-friendly, 



highly accessible,  convenient,  and easy to  use.  Currently,  in  the  Royal  Seaport   ENVAC have 

installed  45  waste  inlets,  collecting  the  municipal  waste  from  the  first  residential  blocks  in 

Hjorthagen.  The  ENVAC system collects about 15 tons per month (rest fraction, newspapers and 

plastics).  When  the  Hjorthagen  area is finished, the vacuum waste collection system will  serve 

around 5000 apartments.  ENVAC will  install  about  130 self-emptying litter  bins  (Envac group 

2014).

The main principles of the system operation: 1) waste is put in relevant bin (waste issorted 

immediately by the consumer into 4 fractions- rest, paper, self-emptying litter bins, plastics) 2) a 

computer detects when a bin is full 3) the vacuum sends waste at 50mph through the tube network 

4)  waste  goes  automatically  into  correct  container  which  is  loaded  onto  a  lorry  and  sent  for 

recycling.

Picture 9 “ENVAC system in the Royal Seaport” (Envac group...2014)

One  of  the  important  components in  this  waste  collection  system  is  RFID  tags.  In 

Hjorthagen, for residents ENVAC have registered and distributed 1300 RFID tags. These tags are 

used for opening the waste inlet doors and identify which household is disposing what type of waste 

(fraction), which inlet point they are using and at what time they throw the waste bags. In the future  

there  will  be  also waste  weighing in  the  inlet.  This  will  give  accurate  information  how many 

kilograms of each waste fraction is disposed off per household (Envacgroup 2014).

Thus,  active house is one of the main components of the smart grid.  Consumers play a 

significant  role  and  are responsible  for  the  environmental  performance of  the  system.  In  other 

words,  it is  crucial  for  consumers to  engage in  the  grid  in  order  to  gain  all  benefits  that  this 



technology offers. The technology offers different social, economical and environmental benefits. 

Another important component of the grid is the smart grid lab.

2: Smart Grid Lab

The  Smart  Grid  Lab  is  the  Smart  Grid  “brain”.  It  is  a  software  environment  that  can 

communicate  with  the  grid’s  different  physical  assets.  This  software  enables  the  integration  of 

distributed  energy resources  (DER),  new technologies  (i.e.  electrical  vehicles,  waste  collection 

system) and energy storage in large scale. These computers collects all the accurate information in 

real-time from all relevant grid components, then analyses the data and takes corrective decision 

based on the network situation, in order to balance the interchange with the superior network or to  

avoid disturbances such as power outages. The software enables consumer participation through 

active demand response, allowing distribution network operators to maximize efficiency, reliability, 

availability and economic  performance of  the  electric  network. Consumer  is  provided with the 

information of real-time energy prices and CO2 emissions, through the Energy Services Interface 

(ESI) system. This allows for consumer to react in this information and to reduce energy costs and 

CO2 footprint (Smart Grid Pre-study of The Royal Seaport 2011).

3: Grid development

Grid  development  component  in  the  smart  grid  system  identifies  and  research  a  new 

structures, designs, technologies to incorporate new components such energy storage, active house, 

renewable energy production, electric vehicles, electric harbor (shore to ship) into the grid in order 

to  reduce  all  kind  of  costs,  increase  power  quality  and  security,  reduce  energy system losses, 

increase asset utilization and ensure two way interaction between consumer/prosumer and producer. 

The future grid system is based on IT technology and full automatization. It is essential is such grid  

information provision and communication. The full system is connected with smart grid lab control 

center.  Grid  development  should  identify,  research  of  new grid  ideas  or  offer  development  of 

existing structure. It  is research based component (Smart Grid Pre-study of The Royal Seaport 

2011).

According to SRS pre-study, the most important components in the grid development are:

-Medium Voltage /Low Voltage Substations (for ships)

-Distribution cabinets

-Smart meters for extended functions



-Centralized energy storage

- EV power charging station

It  is  essential  to  follow the energy demand in the area.  The grid should serve the port, 

residential/commercial  building,  light  industrial  etc.  It  is  foreseen,  that until  2016 there will  be 

enough energy with existing 220/10 kW substation and 10 kV feeders. Anyhow, power needed for 

the cruise ships- a new HV substation, will be later established in the area.

Utility scale applications in electric power systems are covered by battery energy storage 

systems:  power quality improvement, distribution facility deferral, peak shaving, island operation 

and frequency regulation. The launching of shore-to-ship electrified cruise liners, plug-in hybrid 

and electric vehicles (EV) will lead to a stressed and less secure power system operation.  It can 

create a demand from the power sector for battery energy storage systems.

The SRS pre-study identifies the grid development following expected results:

-Collection of information system and measures to Smart Grid Lab

-Medium Voltage and partly Low Voltage network with monitoring and self healing

- Demand response enabling

-Operation process maintenance through reliability center

-Connection of EV power charging station

-Battery energy storage system in order to perform island operation, to control residential 

loads and to mitigate the pressure on the grid



Fig 14: “ The Smart Grid secondary Substation”

The new equipment will be installed in the Stockholm Royal Seaport (DSO) and it will be 

useful for many different actors (consumer and producer) and can bring benefits in various forms 

for all. Customers can manage their energy consumption and price. DSO will increase accessibility 

for  customers  and  will  minimize  the  cost  to  maintain  and  operate  the  network.  This  kind  of 

technology is  a  catalyst  for  stakeholders  to  incorporate  new technologies  in  their  own way to 

produce and use electricity (Smart Grid Pre-study of The Royal Seaport 2011).

4: Shore to ship

In Stockholm Royal Seaport the traffic of ships is heavy, therefore it contribute to a large 

amount of the CO2 and other emissions, such as sulphur oxide, nitrogen oxides, small particles in 

the area. It is very important to ensure a clean air and health of local residents in new residential 

area, which will be built in very close proximity to the port. Another important task- reduce the 

noise from vessels. This can be done by connecting the vessels to the electrical local grid, who can 

also provide energy from renewable sources. At the same time it will minimize emissions and will 

increase the quality of environment in the area. To be able connect the vessels to the grid, they 

should be modified.



Usually simply ferries requires 2 to 3 MW and cruise ships requires between 8 to 12 MW. 

According the SRS pre-study, the total  reduction in CO2 emissions can be achieved through all 

vessels that are connected is around 17,000 tons per year. This approx. corresponds to the average 

CO2 emissions of 7,555 cars per year.

Usually, most ferries use the European standard frequency of 50 Hz and most of cruise ships 

use 60 Hz. In order to connect these cruise ships a frequency converter is required to be installed in 

the grid. Only a handful of ports providing onshore power supplies (OPS) exist today and very few 

allow both vessels using 50 and 60 Hz to connect. If the planned set up will be finalized, Stockholm 

City would be unique in the world in providing electricity to all types of vessels, especially at a 

large number of berths with a capacity of 40 MW.

In the Royal Seaport project a new terminal (“active terminal”)building is planning to be 

built to provide access for passengers to new berths. Indeed, this structure is an crucial component 

of the port  solution.  The work, done by researchers, studied the possibility to apply the Active 

House concept to the new terminal building. Anyhow, as the terminal has shown itself to already be 

very energy efficient and not having any large controllable loads, focus has been on other solutions 

reducing CO2 emissions and noise.

The proposed solution for the Active Terminal consists from three parts (see figure 15). 

Firstly, solar panels will be installed on the terminal building with the total area of 2,100 m2. These  

cells will generate electricity of 157 MWh annually. This is estimated to serve 16% of the total 

heating, cooling & building electricity need for the terminal.



Fig 15: “ Port of the Royal Seaport project”(Smart Grid Pre-study of The Royal Seaport 2011)

Secondly,  battery in the building will be used to reduce the necessary production during 

peak hours (day time) by charging during night (when energy is cheaper) and discharging when 

production is CO2 intense. Thirdly, the visualization solution will be implemented to provide and 

show information for visitors of the positive environmental impact of the solar panels, battery and 

shore-to-ship  connection  on  LED screens  in  the  terminal. This  will  rise  public  awareness  and 

environmental  conscious  of  the  port  solutions  and  will  promote  the  Ports  of  Stockholm’s 

environmental profile (Smart Grid Pre-study of The Royal Seaport 2011).

According the SRS pre-study, the expected results of the shore to ship component are:

-Feeding grid and port distribution grid installation, including shore-to-ship connection and 

frequency converter, which will allow for visiting cruise ships and ferries to be connected to 

the electrical local grid.

-Solar  panels  and  battery  in  the  terminal  building  installations  in  order  to  reduce  CO2 

emissions.



-Implementation and development of the visualization solution in the terminal with the aim 

to integrate port solutions in one total overview of possible environmental benefits.

-It is necessary to find a way to operate with “Fortum Värme” and use their facilities to 

optimize the cold, heat and electricity production & distribution from an environmental and 

cost perspective in relation to consumption.

P

icture 10 “The expected quantitave measurments which the metering points support” (Smart Grid 

Pre-study of The Royal Seaport 2011)

Picture 10 shows quantitative benefits in terms of emission reduction from each Active 

Terminal component. The main CO2, SOx , NOx emissions reduction comes from connecting 

ferries and cruise ships to the electrical local grid.

Therefore, shore to ship is very important project in the whole Smart Grid implementation in 

the Royal Seaport- it ensures better environmental quality through reduced emissions and noise, as 

well  as uses  renewable energy and reduces  energy dependency.  Shore to  ship can also help to 

provide  environmental  awareness  in  the  area  by  using  visualization  (LED  screens)  with 

environmental information for terminal passengers.



5: Information management system

 Information management system will be the main information flow system with the  main 

function to follow up of the operational goals of the sustainable city project and data collection as  

basis for future research. It will also share all research data with other institutions and parts.

According the SRS pre-study, the information management system tasks are:

-To define relevant indicators to monitor climate impact/collect environmental data/share

-To  Establish  follow-up  model  for  Stockholm  Royal  Seaport  development/offer  new 

opportunities

The  Stockholm  city  and  the  Royal  Institute  of  Technology  (KTH)  will  implement  a 

conceptual following up model (SRS-M), who will be based on the environmental program for the 

urban  district  decided  by  the  City  Council  of  Stockholm.  This  model  will  include  different 

indicators, data collecting, action programs, control plans, stakeholder processes etc. The main  goal 

is to create accurate evaluation of the sustainability visions of the district in order to support and 

develop sustainable urban development in Stockholm and Sweden (Smart Grid Pre-study of The 

Royal Seaport 2011).

As  Figure  16  shows,  information  management  system  will  track  and  monitor  district 

transportation system, electricity and heating utility system, intelligent waste system data collection 

(ENVAC system) and building management system. All  the data,  that will  be collected will  be 

shared with  Stockholm SL,  SCB and SvK institutions  and will  be used  to  develop maximized 

system later  on.  Furthermore,  as  The Royal  seaport  is  research  and development  project,  data 

collection and technology increase accordingly, is one of the main project vision in general. That’s 

why information management system plays very significant role in the grid. It helps to collect all 

possible benefits of the smart grid and track overall grid performance.



Fig 16: “Information Management System of the Royal Seaport” (Smart Grid Pre-study of The 

Royal Seaport 2011)

6: Market

In order to be efficient, the Smart Grid needs energy market boost. The grid offers not only 

technological, environmental, but also economical benefits. 

In  Sweden,  energy  markets  still  have  several  areas  in  need  of  adaption  to  support  of  the 

development of smart grids. Early in the report I mentioned, that European Union have started to 

establish more convenient legal background in order to adopt Smart Grid implementation. Anyhow, 

the free market should also to adapt the new grid, first of all dynamic electricity prices and grid 

tariffs are the most important components of the new market establishment. The grid tariffs, when 

the energy is made from renewable sources should be decreased. Another important thing in new 

grid  market  establishment-  the  integration  of  electrical  vehicles,  Distributed  Energy Resources 

(DER), market adoption to new services and smart metering system, a well as demand response. As 

was mentioned before, some of the required adaptions might not be possible under existing laws 

and regulations  in  the  country,  but  many others  are  possible,  so in  some cases  adjustments  in 

existing  laws  and regulations  might  be needed.  Therefore  is  important  to  evaluate  the  need to 

establish a new regulatory system.



One  of  the  main  smart  grid  market  benefits-  consumer  flexibility  in  terms  of  energy 

generation and network load, based on hourly price and CO2 signals. Anyhow, possible challenge 

can rise for retailer, because its difficult to predict tariff prices in the long-term, that’s why for 

retailer is risky to predict supply and demand flows and calculate the possible profit. (Smart Grid 

Pre-study of The Royal Seaport 2011).

The Smart  Grid  also seek to  enable Demand Side Participation for  load  shift  and peak 

shaving. Communication, standardized access, smart metering, and interaction system between the 

grid and the consumer (or the retailer or any other new market actors) is necessary to establish. 

Prosumers  should also have adequate tariff  structures  in relation to  Demand Side Participation. 

Tariffs  should  take  into  account:  load  (kW) and time  of  use  ,energy (kWh)  to  be  able  ensure 

accuracy towards all grid users and assign the same value to a saved kWh as a produced DER (from 

renewable energy sources) kWh.

That’s why to introduce Flexible Energy Pricing and Flexible Grid Tariffs are one of the 

main objectives in Stockholm Royal Seaport. According to SRS pre-study, several solutions relate to 

this (Smart Grid Pre-study of The Royal Seaport 2011):

-Grid  Tariff  Structure  with  Time  of  Use  elements,  dynamic  pricing.  Different  pricing 

depends on peak load, demand response, source of energy

-Retailer acting as the sole interface towards the consumer/ consumer is a prosumer/retailer

-Flexible demand through Day Ahead prices and Demand response by intra day incentives

-Data privacy and integrity

       The main actors in the markets as retailer and consumer. Anyhow, in the Smart Grid consumer 

can become retailer and generate the energy. It is important to ensure “win-win” solution in the 

smart  grid for consumer and producer.  Consume should be responsible and help to achieve all 

possible benefits for himself and retailer.



Fig 17: “Retailer responsibilities in creating attractive market” (Smart Grid Pre-study of The Royal 

Seaport 2011)

The main actor in the market concept of the Smart grid  will be the Retailer. The DSO will 

be an enabler concerning access to hourly metering and access to demand response signal (Fig 17).

Therefore, the establishment of the healthy market of the smart grid is crucial. It is important 

that  the  system will  be economically reasonable,  with  the reasonable pay back period.  As this 

project  is  pilot,  it  will  show the possible  cost-benefits  analysis  in the near  future.  Anyhow, all 

required environment for such grid should appear, and could be created in terms of correct market  

signals. Consumer should also get all possible benefits, that’s why tariff structure is very important. 

Consumer should be motivated to use green energy, because it's cheaper or produce his own energy 

from renewable sources,  because he can get reasonable profit  and benefits  from it.  That’s  way, 

regulation in the market is very important. It's also advisable to think about subsidies for renewable 

energy produced by consumer and sell it to the grid with the higher price than energy from other  

sources. Anyhow, subsidies is external tool in the market. That’s why its important that smart grid 

would be strong itself and would create a market within self-regulatory limits.



Fig 18: “Smart Grid operational scheme”(Smart Grid Pre-study of The Royal Seaport 2011)

The next section describes the S.W.O.T. (strengths, weaknesses, opportunities and treats) of 

the planning smart  grid project  in  the Royal  Seaport.  This  analysis  was based on all  available 

literature sources, interviews with professionals and my personal input.
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4. CHAPTER FOUR: S.W.O.T. analysis

S.W.O.T.  analysis  is  defined  as  „a  structured  planning  method  used  to  evaluate  the  

strengths,weaknesses,opportunities, and threats involved in a project or in a business venture. A 

SWOT analysis can be carried out for a product, place, industry or person. It involves specifying  

the objective of the business venture or project and identifying the internal and external factors  

that are favorable and unfavorable to achieve that objective.” (Humphrey, Albert, 2005).  SWOT 

analysis main task is to identify project strengths, weaknesses, opportunities and threats.

•Strengths: identifying advantage of the project;

•Weaknesses: identifying disadvantage of the project;

•Opportunities: components that the project could exploit to its advantage;

•Threats: components in the environment that could cause issues for the project.

Fig 19: “S.W.O.T. analysis”(Wikipedia...2014)
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As the Smart Grid in the Royal Seaport consist mainly from 6 components (1) Active 

House; (2) Smart Lab; (3) Grid Development; (4) Information Management System; (5) Shore to 

ship and (6)Market), I decided to conduct S.W.O.T analysis for each part separately.

Literature sources analysis have showed good result and great amount of benefits for the 

Smart Grid project in the Royal Seaport. Anyhow, it is also very important to evaluate  project  

sustainability value and to estimate if the project follows sustainable development principles.

Sustainable development is defined as “Development that meets the needs of the present  

without  compromising the ability  of  future generations  to  meet  their  own needs."— from the 

World Commission on Environment and Development’s (the Brundtland Commission) report Our 

Common Future (Oxford: Oxford University Press, 1987). Sustainable development usually take 

into account three dimensions- economical, environmental and social.

It is important to notice, that Smart Grid has different benefits, opportunities, challenges 

and  risks.  Following  tables  (1-6)  describes  all  the  benefits  and  risks  together,  anyhow each 

S.W.O.T. analysis component (strengths, weaknesses, opportunities and treats) are marked  under 

two  categories:  a)  Each  S.W.O.T.  component  is  divided  into  social,  environmental  or  

economical/efficiency b) Each S.W.O.T. component  have different  beneficiary (for strengths or 

opportunities)/ or “payer” (for weaknesses or treats). S.W.O.T. analysis also address different grid 

players- electricity end-user, retailer, society, government and market.

Here is the following example, how I divided the Smart Grid benefits into three groups:

A. Social benefits, such as: improved energy security, improved worker and house safety, cyber 

security etc.

B. Environmental benefits, such as: reduced impact on climate change, increased human health, 

better  ecosystem quality,  deployment  of renewable (environmental  friendly)  energy resources, 

reduced oil dependency, increased energy independence etc.

C. Economical/efficiency benefits, such as: reduced cost, increased production, improved utility 

efficiency  and  asset  utilization,  improved  energy  quality,  improved  reliability  and  system 

efficiency, reduction of disturbances, elimination of blackouts, new products and opportunities for 

market.

Here is  the following example how  I divided beneficiaries of the Smart  Grid under different 

benefits:
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–Electricity  end-users (reduced  cost,  improved  energy  security,  improved  worker  and  house 

safety,  cyber security,  reduction of disturbances, elimination of blackouts)

–Retailer (increased  production,  improved  utility  efficiency  and  asset  utilization,  improved 

energy quality,  reduction of disturbances, elimination of blackouts)

–Society (reduced impact on climate change, increased human health, improved energy security, 

improved  worker  and  house  safety,   cyber  security,   better  ecosystem quality,   reduced  oil  

dependency, improved reliability and system efficiency)

–Government ( reduced oil dependency, increased production/GDP, improved energy quality)

–Market ( deployment of renewable (environmental friendly) energy resources, new products and 

opportunities)

The following tables (1-6) shows the result for S.W.O.T. analysis. Each S.W.O.T component is 

divided into environmental (ENV), social (SOC) or economical/efficiency (ECO) category and is 

marked which actor  in  the Smart  Grid receives  benefits  or  risks-  electricity  end-user (EEU),  

retailer (RET), society (SOC), government (GOV) or market (MAR).

List of acronyms:

ENV- environmental S.W.O.T components

SOC- social S.W.O.T components

ECO- economical/efficiency S.W.O.T  components

EEU-  impact on electricity end-user

RET-  impact on retailer of the Smart Grid

SOCI-  impact on society

GOV-  impact on government

MAR- impact on market

Note:  each  S.W.O.T  component  can  fall  under  more  than  one  category,  i.e.  can  have  

environmental and social impact or can have impact on electricity end-user and society at the  

same time.
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1: Active House

Inter
nal

HELPFUL HARMFUL
STRENGHTS WEAKNESSES

•Consumer  relation  to  the  Grid-  two  ways 
interaction  in  Active  house  through  smart  meter 
(Impact: ENV; SOC; Player: EEU; RET; MAR)

•Consumer  is  the  main  component  in  the  Active 
house  and  is  responsible  for  the  performance 
(consumption) (Impact:  ECO; SOC; Player: EEU; 
MAR)

•Consumer  response  (price  signals,  CO2 signals) 
through smart meter (Impact: ENV; ECO;  Player: 
EEU; RET)

•Lack  of  consumer  knowledge  and  intention  to 
apply  controllable  loads  (need  to  be  trained)
(Impact: ENV; ECO; Player: EEU; GOV; SOCI)

•Understanding  shift  of  load  (information 
provision)-raising  awareness/load  management 
(Impact: ENV; SOC; Player: EEU; RET; MAR)

•Data  security risk /haker  attacks  (Impact:  ECO; 
SOC; Player: RET; SOCI; GOV)

•Consumer comfort and security level at home/less 
efforts (Impact: SOC; Player: EEU)

•Privacy concern risk (Impact: SOC; Player: EEU; 
GOV; RET; MAR)

•Efficient energy usage: improved level of service 
in  an  economically  efficient  way (Impact:  ECO; 
Player: EEU; GOV)

•Lack  of  willingness  to  integrate  Electrical 
Vehicles into the Grid (Impact: ECO; Player: EEU; 
RET; MAR)

•New technical  features  introduced in the  Active 
House:  utility  communication 
(heating/lighting/ventilation/  consumer  battery 
charge  control  of  EV;  solar  PV  Inverter;  smart 
appliance  control;  home  away  button:  shut-
off/stand  by  function;  smart  meter;  ambient 
assisted living (AAL)- presence detectors; steering 
impulses  (CO2  forecast,  Load  Constrains,  RTP 
forecast);  fixed  load  vs.  controllable-  consumer 
choice/flexibility. Ability for consumer to use only 
green energy!(Impact:  ENV;  SOC;  ECO,  Player:  
EEU; RET; MAR; SOCI)

•Smart meter operational cost (requires electricity 
itself  and  is  expensive)  (Impact:  ECO;  Player: 
EEU; RET)

•Blackouts  prevention  (Impact:  SOC;  ECO; 
Player: EEU; SOC; RET; GOV)

•Negative media  opinion/fear  of  change  (Impact:  
SOC; Player: EEU; SOCI)

•Electric cars usage increased (Impact: ENV; ECO; 
Player: EEU; MAR)

•Local  energy  storage  possibilities  in  batteries 
(Impact: ENV; ECO; Player: EEU; GOV)

•Consumer-  active  player  in  the  grid:  energy 
producer  and  seller  (prosumer)  (Impact:  ENV;  
ECO; Player: EEU; RET, MAR, GOV)

Exter
nal

OPPORTUNITIES                                                 THREATHS

•Increased consumer awareness and environmental 
responsibility  knowledge-  behavioral  change 

•Market failure for active house to implement new 
technologies  into  the  grid  (i.e.  lack  of  Electric 
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(Impact: ENV; SOC; Player: EEU; SOCI) vehicles  or  solar  panels)  (Impact:  ECO;  Player: 

MAR; GOV)

•CO2 emissions reduction  –  instrument  to  tackle 
climate  change  (Impact:  ENV;  Player: EEU; 
SOCI)

•Weak  legal  background  (no  strong  policy 
regulations) to penetrate consumer (Impact:  ECO; 
Player: GOV)

•Increased  resource  efficiency  (Impact:  ENV; 
Player: EEU; SOCI)

•Security  attacks  of  smart  meters/smart  meters 
technical  failures  (Impact:  ECO;  SOC;  Player: 
RET)

•Boost  new  technologies  innovation  and  new 
markets (including expansion of EV, solar panels, 
wind mills) (Impact: ECO; Player: MAR; GOV)

•Blackouts of the active house (Impact: ECO; SOC 
Player: EEU; RET; MAR)

•Reduced  fossil  fuel  dependency  (Impact:  ECO 
ENV; Player: MAR; GOV)

•Active  house-  Instrument  to  achieve 
environmental agendas, i.e. Agenda 2020 (Impact:  
ENV; Player: GOV)

Table 1 ”S.W.O.T. analysis for The Smart Grid in the Royal Seaport component- Active house”

Analysis results/overview for the Active House

Analysis of the Active house strengths, weaknesses, opportunities and treats have shown, that 

this component in the Smart Grid plays a crucial  role to ensure the whole grid success. The main 

identified benefits (strengths and opportunities) are environmental and economical. The Active house 

includes the main grid components- solar panels/wind mills, smart meters, advanced waste collection 

system, electrical vehicles. The main beneficiary in this house is consumer (electricity end-user), who 

can decrease electricity cost, control energy load or use different modes of devices. Resident of the 

active house can be also “prosumer”- produce his own electricity. Retailer can also obtain economical 

benefits  through maximized energy production and distribution system. Treats  and weaknesses  are 

mainly  connected  with  economical  environment,  where  data  security  and  privacy  concerns  plays 

significant role and it can affect not only end-user, but also retailer, market and government.
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2:Smart Grid Lab

Intern
al

HELPFUL HARMFUL
STRENGHTS WEAKNESSES

•Real  time  information  provision/accurate  data 
(Impact: ECO;SOC; Player: EEU; RET;)

•Hackers  are  searching  more  specifically  for 
vulnerable  ICS/SCADA systems  (Impact:  ECO; 
SOC; Player: EEU; RET; MAR)

•Analysis of the data (Impact: ENV; ECO; Player: 
RET; MAR)

•Risk  of  research  and  development  project- 
investments pay back, lack of technology “know-
how”, system failure (Impact: ECO; Player: GOV; 
RET; MAR)

•Corrective  actions  based  on  current  network 
situation (Impact: ECO; SOC; Player: RET)

•Reduction  of  outage  duration  and  frequency 
(Impact: ECO; Player: RET)

•Fewer  power  quality disturbance  (Impact:  ENV; 
SOC; ECO; Player: EEU; RET;)

•Virtual elimination of regional blackouts (Impact: 
ECO; SOC; Player: RET)

•Smart  lab allows consumer participation through 
demand  response  (Impact:  ENV;  SOC;  Player: 
EEU; RET; MAR)

•Improved  grid  reliability,  availability,  efficiency, 
economic performance (Impact: ENV; SOC; ECO 
Player: EEU; RET; MAR; GOV; SOCI)

•Energy Device Interface (EDI) provides data that 
allows  cost  reduction  and  CO2  footprint 
minimization  (Impact:  ENV;  SOC;  Player:  EEU; 
RET; MAR)

•Integration  of  static  VAR  compensation,  energy 
storage, feeder and substation automation enabling 
micro grid operation (Impact: ECO; Player: RET)

•SCADA/DMS smart grid- smart application usage 
(Impact: ECO; Player:  RET)

Exter
nal

OPPORTUNITIES                                                 THREATHS

•Improved  public  and  worker  safety  through 
system automatization (Impact: SOC; Player: EEU; 
RET; MAR)

•Too  expensive  to  apply  whole  smart  grid 
components, especially smart grid lab, widely later 
on when establishing smart grid across the country. 
Smart lab- research and investigation tool in R&D 
project (Impact: ECO; Player: GOV; RET; MAR)

•Reduced  vulnerability  to  attacks/high  security 
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concern (Impact: ECO; SOC;  Player: EEU; RET; 
MAR)

•New  option  for  market  and  new  technologies 
adjustment  (Impact:  ECO;  Player:  RET;  MAR; 
GOV)

•Advanced  business  intelligence  system  (Impact: 
ENV; SOC; Player: EEU; RET; MAR)

•The  whole  network  management  and  control 
(Impact: ECO; Player:  RET; MAR)

•New  opportunities  for  science  to  get  the 
knowledge and ”know-how” through Research and 
Development project. Smart lab is one of the main 
component to absorb project performance (Impact: 
ECO; SOC; Player: RET; MAR; GOV; SOCI)

Table 2 ”S.W.O.T. analysis for The Smart Grid in the Royal Seaport component- Smart Grid Lab”

Analysis results/overview for the Smart Lab

Analysis of the Smart Grid Lab strengths, weaknesses, opportunities and treats have shown, that 

this  component  in  the  Smart  Grid  plays  a  crucial  role  to  ensure  the  whole  grid  performance 

measurement. The main identified benefits (strengths and opportunities) are economical. Smart Lab 

ensures that the system functions well and works as Smart Grid “brains”. The main benefits of smart 

lab  is  for  consumer  and  retailer,  because  software  ensures  consumer  participation  through  active 

demand  response,  allowing  distribution  network  operators  to  maximize  efficiency,  reliability, 

availability  and  economic  performance  of  the  electric  network.  Accurate  data  collection  and 

management  provides  opportunities  for  retailer  and  market  to  boost  the  technology  and  increase 

efficiency of the system. Government can also benefit from information provision and ensure more 

efficient further development projects. Main risks and treats are due to uncertainty. The Smart Grid is 

research and development project, and for market and retailer there are certain risk for pay back period 

and market environment. Government should ensure efficient market environment for the smart grid 

and enable reasonable tariff structure.
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3: Grid Development

Intern
al

HELPFUL HARMFUL
STRENGHTS WEAKNESSES

•Efficient  grid  development  technology:  low  and 
medium  voltage  switchgear,  transformer  stations 
with  extensive  monitoring  and  control  systems 
(Impact: ECO; Player: RET; MAR)

•Data security risk /haker attacks (Impact:  ECO; 
SOC; Player: EEU; RET)

•Controlling  system:  cable  cabinets  with  control 
and  monitoring  to  ensure  efficient  grind 
functioning (Impact: ECO; Player: RET)

•Privacy concern risk (Impact: SOC; Player: EEU; 
RET)

•The  grid  allows  centralized  energy  storage 
(Impact: ENV; ECO; Player: EEU; RET; MAR)

•Failure to install efficiently grid components such 
EV,  solar  panels-  no  demand  from  consumer 
(Impact: ENV; ECO; Player: EEU; RET)

•The grid incorporates electric station for electric 
vehicles  (Impact: ENV; SOC;  Player: EEU; RET; 
MAR)

•The grid has system for collection indications and 
measures to Smart Grid Lab  (Impact: ECO; SOC; 
Player: RET; MAR; GOV)

•A monitored  and  self  healing  Medium  Voltage 
network  and  partly  Low  Voltage  (Impact:  ENV; 
ECO; Player: RET; MAR)

•A network enabling Demand response-benefits for 
customer  and  producer,  avoids  losses  (Impact: 
ENV; ECO; Player: EEU; RET; MAR)

•Reliable Centered  Maintenance  process  in 
operation (Impact: ECO; Player:  RET)   

•Network to connect an EV power charging station 
(Impact:  ENV;  SOC;  ECO  Player:  EEU;  RET; 
MAR)

•Battery energy storage system to perform island 
operation, to level residential loads and to mitigate 
the stress imposed on the grid (Impact: ENV; SOC; 
ECO Player: EEU; RET; MAR)

•Improved  Generator  operation-  improved  assest 
utilization (Impact: ECO;ENV Player: RET )

•T&D  Capital  savings-  deferred  transmission 
capacity  investments,  distribution  capacity 
investments,  reduced  equipment  failures  (Impact: 
ECO; Player: RET)

•Operation  and  maintenance  cost  reduction- 
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reduced  distribution  and  operation  maintenance 
costs,  reduced meter reading costs (Impact: ECO; 
Player: EEU; RET)

•Reduced  electricity  cost  and  losses  and  theft 
(Impact: ECO; SOC; Player: EEU; RET)

•Advanced waste  system (EnVac)  (Impact:  ENV; 
SOC; ECO Player: EEU; RET; MAR)

Exter
nal

OPPORTUNITIES                                                 THREATHS

•Opportunity  for  the  smart  grid  development 
research and  increased  efficiency (Impact:  ENV; 
SOC;  ECO  Player:  EEU;  RET;  MAR;  GOC; 
SOCI)

•Difficult to apply smart grid in wide city areas- 
long  term  vision  (Impact:  ECO;  Player:  RET; 
MAR; GOV)

•Reduced  overall  power  interruptions  (Impact: 
ENV; SOC; ECO Player:  RET; GOV)

•Expensive infrastructure- higher real estate prices 
(Impact: ECO; Player:  RET; MAR)

•Increased  power  grid  performance  and  reduced 
wide  scale  blackouts  (Impact:  ENV;  SOC;  ECO 
Player: EEU; RET; MAR; GOV; SOCI)

Table 3 ”S.W.O.T. analysis for The Smart Grid in the Royal Seaport component- Grid development”

Analysis results/overview for the Grid Development

Analysis of the Grid Development strengths, weaknesses, opportunities and treats have shown, 

that this component in the Smart Grid plays a crucial role to obtain research and new technologies for 

better grid performance in the future. The main identified benefits (strengths and opportunities) are 

economical, social and environmental. It is important to seek for new technologies how to incorporate 

better all grid components to achieve the best result for consumer and increase smart grid market in the 

country. Most benefits goes for consumer, as they are the primary target of this network. Anyhow, the 

smart  grid  is  essential  for  new market  and product  to  appear.  Government  can  also benefits  from 

increased energy independence and fossil-free technology. Most of the risks are economical- expensive 

infrastructure, lack of “know-how” since it is pilot project.



   74

4: Information Management System

Intern
al

HELPFUL HARMFUL
STRENGHTS WEAKNESSES

•IMS (information management system) will define 
relevant  indicators  for  monitoring climate  change 
impact  (transportation,  waste  disposal,  electricity 
usage and other data)  (Impact:  ENV; SOC; ECO 
Player: EEU; RET; GOV)

•System failure/ automation disturbances (Impact: 
ENV; SOC; ECO Player: RET; SOCI)

•IMS will collect the information of electricity and 
district  heating utility system;  of waste collection 
system (ENVAC); of building management system 
and  intelligent  transportation  system (Impact: 
ENV; SOC; ECO Player: EEU; RET; MAR)

•Expensive  system,  high  technology and  human 
resources (Impact: ECO; Player: MAR)

•IMS will  collect  relevant  information  for  better 
Stockholm development and will share it with SL 
(Stockholms  localtrafik),  SCB  (Statistika 
centralbyran)  and  SvK  (Svenska  kraftnät) 
(Impact:  ENV;  SOC;  ECO  Player:  EEU;  RET;  
MAR; SOCI; GOV)

•Pilot  system-  not  aplicable  in  all  projects,  only 
R&D  (Impact:  ENV;  SOC;ECO  Player:  EEU; 
RET; MAR; GOV; SOCI)

•Waste collection systems, that are automatised will 
have  the  following  benefits  for  the  whole  area: 
reduced transportation (no need to collect waste), 
better hygiene, lower operational and maintenance 
costs, environmental benefits (cleaner air, reduced 
emissions,  better  sustainability)  (Impact:  ENV; 
SOC; Player: EEU)

•High information flow- reduces ability to monitor 
information  and  use  efficiently  (Impact:  ECO; 
Player: RET; MAR)

Exter
nal

OPPORTUNITIES                                                 THREATHS

•Knowledge  sharing  among  other  institutions 
(Impact: SOC Player: GOV)

•Privacy  threat-  all  data  will  be  accessible  for 
thirds  parts  (Impact:  SOC;  Player:  RET; 
GOV;SOCI)

•Data collection and sharing (Impact: ENV; SOC; 
ECO Player: EEU; RET; MAR; GOV)

•Security  concern  (Impact:  SOC;  Player:  EEU; 
RET; GOV;SOCI)

•Stockholm sustainability increases (Impact: ENV; 
SOC;  ECO  Player:  EEU;  RET;  MAR;  SOCI; 
GOV)

•Stockholms  development  follow-up  (Impact: 
ENV; SOC; ECO Player: EEU; RET; MAR;SOCI; 
GOV)

•New  technologies  usage  (Impact:  ENV;  SOC; 
Player: EEU; RET; MAR)

Table 4 ”S.W.O.T. analysis for The Smart  Grid in the Royal  Seaport  component-  Information Management  
System”
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Analysis results/overview for the Information Management System

Analysis  of  the  Information  Management  System strengths,  weaknesses,  opportunities  and 

treats have shown, that this component in the Smart Grid plays a significant role in data collection and 

usage.  The  main  identified  benefits  (strengths  and  opportunities)  are  economical,  social  and 

environmental.  The  IMS will  collect  different  information  and will  analyze  it  and give  results  of 

environmental, economical, social cost-benefits, as well it will share it with third parties-Stockholm 

institutions.  So,  the  main  benefits  are  for  society,  government  and  market  in  order  to  reflect  the 

information flow and adjust technologies later on.
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5: Shore to ship

Intern
al

HELPFUL HARMFUL
STRENGHTS WEAKNESSES

•Integration and development  of the power supply 
solution for Shore to ship for 50Hz 10kV – in the 
first  phase  (Impact:  ENV;  SOC;  Player:  EEU; 
RET; MAR)

•Increased  flow  of  the  ships-impact  on  the 
environment  (Impact:  ENV; SOC;  Player:  EEU; 
RET; MAR)

•A new electrified  ”Smart Harbor” (Impact: ENV; 
SOC; Player: EEU; RET; MAR)

•Increased  pressure  on  the  area  (Impact:  ENV; 
SOC; Player: EEU; RET; MAR)

•Integration and development  of the power supply 
solution for flexible frequency 50/60Hz 10 kV- in 
the  second  phase  (Impact:  ENV;  SOC;  Player: 
EEU; RET; MAR)

•R&D  project-  difficult  to  apply  across  the 
country, specific case (Impact: ENV; SOC; Player: 
EEU; RET; MAR)

•Infrastructure  update-  installation  of  HV/MV 
distribution substation with the  aim to increase a 
capacity  for  smart  harbor   new  loads.  (Impact: 
ENV; SOC; Player: EEU; RET; MAR)

•New  “smart  house”  /”active  terminal”-solar 
panels, usage of batteries/load control/reduced CO2 
emissions (Impact: ENV; SOC; Player: EEU; RET; 
MAR)

•LED  screens  for  passengers/public  awareness 
raising  (Impact:  ENV;  SOC;  Player:  EEU;  RET; 
MAR)

•Smart harbor will  reduced overall  environmental 
impacts  by  using  sustainable  solutions  (Impact: 
ENV; SOC; Player: EEU; RET; MAR)

•New  harbor  will  have  better  communication-
increased accessibility-feeding grid (Impact: ENV; 
SOC; Player: EEU; RET; MAR)

Exter
nal

OPPORTUNITIES                                                 THREATHS

•Increased  ships  flow  and  higher  acceptability- 
economical  benefits  for  the  area  (Impact:  ENV; 
SOC; Player: EEU; RET; MAR)

•Expensive  infrastructure-  long  pay  back  period 
(Impact: ENV; SOC; Player: EEU; RET; MAR)

•New works places  (Impact:  ENV; SOC;  Player: 
EEU; RET; MAR)

Table 5 ”S.W.O.T. analysis for The Smart Grid in the Royal Seaport component- Shore to ship”
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Analysis results/overview for the Shore to ship

Analysis of the Shore to ship strengths, weaknesses, opportunities and treats have shown, that 

this component in the Smart Grid plays is important part of the project. The main identified benefits 

(strengths and opportunities)  are economical and environmental. New project will  help to establish 

more efficient infrastructure, adjust vessels in the harbor to be able to connect ferries and cruise ship to 

the local electrical grid. New “active terminal” will be “environmental friendly”-with solar panels, and 

“green” information provision system for passenger. So, the main actors of the grid, which will benefit 

from this, are society and the market. Society can be environmental more aware and market can benefit  

from increased flow of ships in the area. Anyhow, it will also produce the pressure for the area, which 

is one of the risks.
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6: Market

Intern
al

HELPFUL HARMFUL
STRENGHTS WEAKNESSES
Retailer  and  end-user  benefits:  Grid  Tariff 
Structure  with  Time  of  Use  elements,  dynamic 
pricing/less of losses  (Impact: ECO; SOC  Player: 
EEU; RET)

Requires  city  municipality  partly  control-  tariff 
structure  setting,  information  management 
(Impact: ECO; Player: GOV)

Retailer  acting  as  the  sole  interface  towards  the 
consumer (Impact: ECO; SOC Player: EEU; RET; 
MAR)

•Requires legal background to boost new market 
and  apply this  technology across  the  country at 
large scale (Impact: ECO Player: MAR; GOV)

Increased flexibility- demand control through Day 
Ahead prices and Demand response by intra  day 
incentives  (Impact:  ECO;  Player:  EEU;  RET; 
MAR)

Data privacy and integrity-boost for new need of 
technologies (Impact: ECO; Player: MAR)

•Consumer can become prosumer/retailer (Impact: 
ECO; Player: EEU; RET; MAR)

•Economy boost in the area (Impact: ECO; Player: 
GOV; MAR;SOCI)

•New workplaces (Impact: SOC; Player:  SOCI)

Exter
nal

OPPORTUNITIES                                                 THREATHS

•New  products/technology  market  development 
(Impact: ECO; Player: MAR)

•Lack  of  sufficient  legal  background  for  new 
market  to  appear  (Impact:  ECO;  Player:  GOV; 
MAR)

•New  legal  background  development  (Impact: 
ENV,;SOC;ECO Player: EEU; RET; MAR; SOCI; 
GOV)

•Economically  expensive/long  pay  back  period 
(Impact: ECO; Player: MAR)

•The whole city development (Impact: ENV; SOC; 
ECO Player: EEU; RET; MAR; GOV; SOCI)

•Requires  intelligent  technologies,  difficult  to 
enter the market (Impact: ECO; Player:  MAR)

•R&D project, not applicable widely yet (Impact: 
ENV;  SOC;  ECO  Player:  EEU;  RET;  MAR; 
GOV; SOCI)

Table 6 ”S.W.O.T. analysis for The Smart Grid in the Royal Seaport component- Market”
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Analysis results/overview for the Market

Analysis of the Market strengths, weaknesses, opportunities and treats have shown, that this 

component in the Smart Grid is very important in order to be self-sufficient technology. The main 

identified benefits  (strengths and opportunities)  are economical.  It  is  very important to create such 

environment,  where  this  technology  can  be  self-supportive  and  bring  benefits  for  retailers  and 

consumers. Firstly,  energy tariffs structure should be applied in very accurate way. Secondly,  legal 

background for such technology to appear should be settled down, in order to attract more investments 

in  the  future  (especially  fair  taxation).  Currently,  when  the  project  is  pilot  and  requires  large 

investments, it is difficult to predict such project applicability in the near future across the country.  

Project performance results will show cost-benefits and how such technology can function without 

external enforcement (such as subsidies or government investments). Therefore, the main actors in the 

market are retailers, society and government. It is important to ensure different actors perspectives and 

create a “win-win” solution for all.
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5. CHAPTER FIVE: Final considerations

5.1 DISCUSSION AND RECOMMENDATIONS

Indeed,  the  Smart  Grid  is  a  very  important  future  energy production  and  distribution 

system with plenty of benefits and opportunities for sustainable development in the near future.

Literature analysis research have shown,  that the Smart Grid offers more opportunities 

than  it  brings  risks.  The  main  risks  are  related  with  privacy  and  security  concerns,  active 

consumer/prosumer participation in the grid and economical environment. Since the structure is 

very expensive, it requires long pay-back period and retailers have uncertainty how in the long 

term market and prices can change. Hans Ollen in the interview said, that “main benefits of the 

smart grid is price and CO2 signal and scheduling of devices and remote control.” Johan Ponten 

mentioned, that „there are all possibilities for consumer to access all benefits of the grid, but it 

requires active participation and information provision about  the project„.  Erik Hjelm said, that 

“The consumers in Norra Djurgårdsstaden  (The Royal Seaport) will get price and  CO2 signals 

that show the status of the grid. They will then be able to react to these signals. To help them 

react, they will also have smart washing machines and smart dryers that can schedule themselves 

according to these signals.” Therefore,  flexibility is  very important component  of the grid-  it 

should reflect current situation and react upon demand immediately. In this case, not only retailer, 

but  also  government  (municipality)  should  also  play  a  crucial  role  to  ensure  successful  and 

attractive  market  for  the  smart  grid  developers,  as  well  as  enable  fair  tariffs  with  continues 

revision for consumer.   Hansson Ollen noted, that “Research and Development (R&D) projects 

are always risky business and there are many stakeholders cooperating with different goals, as 

well  as  individual  goals.”  Karl  Elfstadius mentioned,  that  „it  is  essential  to  follow the  grid 

performance, becouse that is one of the main tasks of R&D project, in order to take into account 

and reflect all possible disturbances and obstacles.” It is clear, that to enter this market is still a bit  

risky  step,  because  it's  unsure  what  will  be  exactly  cost-benefits  of  this  project  in  reality. 

Furthermore,  big  players   in  the  market  such as  ABB, Fortum  are  involved in  this  project, 

because they want to be leaders in their business and follow new technologies to be able to place  

them earlier than anyone else. Another concern is, that only big corporations can afford this kind 

of business, so in the market, small-scale companies are pushed away and this can create sort of  

“monopolization”, where only few companies controls Smart Grids across the country.
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As consumer is a part of the system, it is essential to ensure his active participation in the 

grid, that he can affective react upon information he receives or be environmental aware of the 

area where he is living. In my opinion, it is important to place a trainings for resident that are  

going to live not only in those 170 apartments connected within Smart Grid, but for all residents  

of the Royal Seaport. Stockholm municipality could place such trainings for citizens to increase 

their environmental awareness and raise responsible consumer/prosumer.  Furthermore, Swedish 

institutions  should  continually  collaborate  with  each  other  to  ensure  knowledge  sharing  and 

“know-how” transfer, if possible also at international level with other countries. Karin Widegren, 

who  was  assigned  in  the  Swedish  Smart  Grid  council  in  our  interview said,  that  “the  main 

Swedish council of the Smart Grids task is to come out with the road map for the Smart Grid and 

it includes to look after opportunities, benefits and barriers. The Council is working in the broad 

scale, not with particular the Royal Seaport project. The Council work includes from technology 

to  accommodate  more  renewable  sources  till  government  role.  Another  task  is  from society 

perspective, the Smart Grid can be a tool to achieve climate change goals and ensure society 

health, as well as ensure high quality and security of energy distribution and supply system. This 

can help to transform whole system to more sustainable one from political perspective. Another 

opportunity is cost benefit, and this can also be force to change consumption habit by reflecting 

different prices. From energy industry perspective, the Smart Grid is more cost effective system. 

So, there are opportunities for everybody- consumer, society and industry. The Council is also 

working on the behavior of consumer- how to ensure effective consumer participation in the grid. 

For example,  if  you live in very small  apartment,  you are not very interested to reduce your 

already quiet  small  bills.  Therefore,  we have to  address consumer groups or categories,   not 

everybody  necessary  should  be  engaged  in  the  grid  to  be  effective.  The  Council  also  has 

assignment to evaluate existing legal framework in Sweden and offer necessary changes to be 

able to promote Smart Grid. This will be in the Council proposal by the end of this year. But 

definitely, Smart Grid has many opportunities to offer.”

Therefore,  from my interview is  obvious,  that  the  Royal  Seaport  can  be  a  successful 

example not only in Sweden, but across the globe. It is important to ensure, that information will 

be transferred and used also in other projects. Healthy market is one of the goals while creating a 

new technology to attract investments and wide scale models for the smart grid, therefore more 

pilot projects should be done. This can ensure grid development and smart grid lab efficient work, 

to  research  a  new  models  and  technologies  to  increase  efficiency  and  incorporate  different 

schemes in the smart grid. Each case of the smart grid is unique.



 82

Here are the following recommendations to  enhance smart  grid technology and ensure better 

communication:

A. For Consumer/prosumer:  awareness of technology capabilities; active use of devices and 

reaction into peak load and demand response; use of electric vehicles; reduction of waste flow of 

the household; tracking the environmental data in order to reduce environmental impact; self-

control and responsibility.

B. For retailer: enable prosumer to sell energy into the grid in reasonable price; ensure effective 

energy production and distribution system; take actions to ensure data protection and security; 

avoid blackouts and hacker attacks; information management and monitoring.

C. For government (municipality): support and create reasonable environment for smart grid to 

appear  in  terms  of  the  legal  background  and  fair  tariff  structure;  support  new  pilot  project 

enforcements across the city/country; arrange trainings for residents of The Royal Seaport; raise 

overall public awareness about the smart grid technology through institutions and media.

D. For market: monitor cost-benefits of the smart grid; enforce new pilot projects; avoid market 

“monopolization”; dynamic pricing; knowledge sharing; development of new technologies and 

products; increased production/economy.

E.  For  society:  self-responsibility  towards  sustainable  consumption;  environment-friendly 

products and service usage; healthy and sustainable environment.

As we can see, there are different benefits and responsibilities for everyone involved in the 

Grid-  end-user,  retailer,  society,  government  and  market  players.  Anyhow,  it  is  necessary  to 

reduce all  risks and threats that can appear in the Grid.  As  Karin Widegren  also mentioned, 

“security and privacy concerns are main risks in the Smart Grid implementation and its difficult to 

ensure  this,  because  energy  retailers  don't  have  necessary  knowledge  about  IT technologies, 

because they never participated in this market (IT) before. It is not only energy production and 

distribution,  but  very  difficult  IT  technologies  involved.” Karin  Widegren also  said,  that 

“unfortunately discussion in Sweden about privacy and security still is not very lively. In one 
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hand cyber security is increasing due to more advanced technology, but in another hand security is 

in risk in the Royal seaport due to increased risks of cyber attacks.”

Also it is important to notice, that the Royal Seaport is a demonstration project with the 

goal to look after all possible opportunities of the Smart Grid. As Karin Widegren said, “demo is 

to  demonstrate  all  possible  opportunities  of  the  Grid  and  it  is  specific,  it  not  going  to  be 

implemented in the roll out, rather to understand what we need in the roll out, which parts of the  

Grid to implement in the full scale across the country.”

To sum up, the Smart Grid in the Royal Seaport is a demonstration project of the possible  

Smart Grid opportunities, risks and benefits. We need to learn from this results and apply it in  

wide scale later one. Furthermore, additional actions currently are taking places in Sweden, that 

will push up the implementation of this Grid across the country and will help to understand what 

is lacking. One example is the work of Swedish Council of Smart Grids, that will come up with  

action plan, that includes assessment of this kind of Grid opportunities, possible risks, consumer 

behavior, legal framework and will advise certain actions.

The Smart Grid is a complex system, where everyone plays a role. But I am sure, it is a 

future energy distribution and supply system.
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5.2 CONCLUSIONS

The purpose of this study was to investigate the Smart Grid in Royal Seaport opportunities 

and  risks  from  literature  analysis,  interviews  with  professionals  and  “on-site”  research.  The 

findings of this study suggests, that the Smart Grid can offer many benefits and opportunities for  

different  grid  players-  electricity  end-users  (consumers/prosumers),  retailer,  government 

(municipality), market and the whole society of the Royal Seaport. The research task was also to 

conduct S.W.O.T. analysis of the Smart Grid.

The result of the study have shown, that the main benefits of the Smart grid is flexibility in 

peak  load  and  demand  response.  The  Grid  also  offers  opportunity  to  deploy environmental-

friendly components into the Grid, such as renewable sources (solar panels or wind mills), electric 

vehicles or intelligent waste collection system. The Grid has two ways communication which 

brings  most  benefits  for  electricity  end-user,  as  well  as  retailer.  Furthermore,  consumer  can 

become prosumer and create his own energy from renewable sources- that's the main idea of the 

Active house- create more than consume.

Literature analysis and interviews have shown, that the main risks of the Smart Grid are to 

ensure security and privacy of the data, reasonable pay-back period of investments and efficient 

communication between consumer and producer. Additionally, real estate prices of the Stockholm 

Royal Seaport are very high and this means, that accessibility is limited for all Stockholm citizens 

to live in such environmental-friendly area. This can create social and environmental inequality. 

Anyhow,  everyone  plays  a  role  in  the  Smart  Grid,  there  are  many  stakeholders  with 

different ideas and goals, it is necessary to communicate and share knowledge with each other. 

Market  push-up  is  very  important  for  this  technology  to  become  wide-scale  and  attract 

investments. Therefore, dynamic pricing structure and common-sensible legal background should 

be adopted in order to boost this technology. For this grid to be efficient, everyone should play 

their  role effectively,  only then is  possible that this  system will  be environmental,  social  and 

economically efficient.

This technology is a wide step into more reliable, efficient and secure energy production 

and consumption system. Technology can help not only to save cost, enhance environment, but 
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also reduce dependency on fossil fuels. This can create the energy security of the country and 

decentralization of the power.

Additionally, his kind of technology also have  a  positive impact on local economy and 

technology boost in the market. The Smart Grid can enhance Stockholm sustainable development 

and expansion, create healthy environment, ensure social comfort ability, raise economy of the 

area through increased consumption and work places. The implementation of the Royal Seaport in 

Stockholm will enforce to become Stockholm more compact, accessible and healty city.

Indeed, the Stockholm Royal Seaport is one of the best development projects, which 

offers sustainable living and recreation, currently done in Sweden.
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