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Pre-Face 

The Pre-study Stockholm Royal Seaport – Urban Smart Grid  is a joint initiative by Fortum, ABB and 

KTH. The preparatory work for the pre-study with eleven partners was kicked-off in late 2009, with 

the objective to formulate the scope of the implementation of a Smart Grid R&D Arena as part of the 

sustainable city project Stockholm Royal Seaport. The result of the work was av pre-study, financed 

by the eleven partners together with the Swedish Energy Agency and Vinnova. The pre-study was 

initiated in October 2010 and finished by April 30th 2011.  

The uniqueness of the pre-study is that it describes an implementation of a smart grid pilot based on 

a holistic approach where the system solution is built on not only technology but also business 

models, market concept and consumer participation. The solution is designed with the purpose to 

enable the inhabitants in Stockholm Royal Seaport and the City of Stockholm to reach the world-class 

sustainability targets that has been set for the sub-city while providing highest level of comfort and 

security of supply for the end-users of energy. 

The unique holistic approach has been possible to achieve thanks to the interaction with not only a 

wide range of industrial stakeholders, but also with authorities and academy.  

The work in the pre-study has been focused 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. 

Collaborators, in addition to Fortum, ABB and KTH, have been the City of Stockholm, Ports of 

Stockholm, Ericsson, Electrolux, Interactive Institute, NCC, HSB, JM, ByggVesta, the Swedish Energy 

Agency and Vinnova . 

In the reference team for the pre-study, the Energy Markets Inspectorate and Elforsk have also 

participated and the project has been able to create a network to discuss important general topics 

such as market concept and cyber security with broad participation from the power industry, 

authorities and other stakeholders. 
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1 EXECUTIVE SUMMARY  

1.1 Introduction  

The development of Smart Grids is necessary to manage the transformation into a sustainable energy 

system. It will also strengthen the energy consumers position and enable Swedish Industry to take a 

leading position in an area which will imply growth in export business. The ambitions of the Urban 

Smart Grid pre study coincide and support the target of the Swedish Government to transform the 

electrical energy system into becoming fossil free by 2050 with well defined intermediate goals for 

2020 and 2030. It will demonstrate how an urban area can contribute to reach these objectives. 

The Smart Grid concept will also support Stockholm City in obtaining its targets for the new urban 

area Stockholm Royal Seaport, including reduction of CO2 emissions, higher energy efficiency and a 

more robust infrastructure adapted to future climate changes. The international exposure of the 

planned R&D Arena, for example by the Clinton Climate Initiative, will provide an excellent 

opportunity for research and development, innovation, demonstration and evaluation for Swedish 

industry, academy and authorities. 

The City of Stockholm has by an ambitious target setting and world class agreements with all 

participants, been able to make Stockholm Royal Seaport a unique place where all future solutions 

may be integrated in one smart grid system. This will allow development not only of new technology 

but also to study system aspects including behavior issues, which will be necessary to fully 

understand the impact of new business models.  

The smart grid concept for Stockholm Royal Seaport is developed to enable a future sustainable, 

robust and effective energy system. In this pre-study the potential positive impact on the targets of 

the future society and its inhabitants has been assessed. 

1.2 Objectives of the pre -study  

The aim of the pre study is to describe, in detail, an urban Smart Grid concept including business 

models, market concepts and technical solutions for a full scale R&D arena in Stockholm Royal 

Seaport. 

Specific objectives: 

4 Develop use cases, requirement and functional specifications and solutions. Specify 

research and test scenarios related to the Smart Grid system  

4 Time schedule and cost estimate for the implementation phase 

4 Partners for the implementation phase 

4 How to engage academy and small and medium sized companies in the full scale test 
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1.3 Scope of the Smart Grid R&D arena 

1.3.1 Work Packages 

The complete scope of the pre-study is broken down into six different work packages (WP) as follows 

WP 1: Active House 

Reduced peak load and increased energy efficiency by active ‘prosumer’ participation based on 

Demand Response application including PHEV’s infrastructure and home/building automation 

The most important components in the Active 

house/terminal are: 

4 Photovoltaic Generation  

4 Local energy storage  

4 Control system for Demand and response 

4 Customer display (visualization) 

4 Connections for charging of electrical cars  

4 Home automation  

4 Smart appliances  

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

 

WP 2: Smart Grid Lab  

A complete run-time environment for full scale test of smart grid applications Based on Network 

Manager SCADA/DMS 

4 SCADA/DMS – Smart Grid Applications 

4 Demand Response Management System 

4 Advanced Business Intelligence System 

 

WP 3: Grid development 

Identification and research of new grid designs with new active and passive components for 

reduction of costs, losses, increasing power quality and increasing interaction with consumers / 

prosumers. 

The most important components in the grid are:  

4 MV/LV Substations  

4 Distribution cabinets  

4 Smart meters for extended functions 

4 Centralized energy storage  
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4 Prepare grid for EV power charging station  

WP 4: Shore to Ship 

Smart harbor solution with connection of visiting vessels to local grid and interaction of local power, 

heat and cooling production to reduce capacity need at 

TSO level and reduce local losses. 

The most important components in the port are: 

4 Connection for vessels to electrical grid 

4 Frequency converter   

4 Energy storage   

4 Smart meters  

4 Harbor, industrial grid operator (IGO) 

 

 

WP 5: SRS Information Management System 

Definition of an information system for follow up of the 

operational goals of the sustainable city project and data as 

basis for future research.  

4 Define relevant indicator to monitor climate 

impact 

4 Establish follow-up model for SRS  

 

 

WP 6: Market Concept 

Business Model and Regulatory framework for actor. 

4 Identification of test scenarios and hypothesis to be tested 

4 Market Statement for increase consumer participation in energy market 

4 Market Statement for improved DSO operation of the smart grid 

1.3.2 Stockholm Royal Seaport Innovation Arena  

In addition to the work packages above, a concept for an Innovation arena has been described, 

including the process how to involve the academy and small and medium sized companies. 

1.3.3 Test scenarios 

Test scenarios have been developed to evaluate overall objectives and KPIs, business models, market 

concepts and roles, regulatory framework and technical solutions.  In a pilot a future market model 

will be simulated and tested and consumers will be invited to participate in the practical tests. 
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1.4 Recommendations  

1.4.1 Findings  

4 There is a strong support in the pre-study for the creation of an Urban Smart Grid pilot in 

SRS focused on the proposed business and market models, technical solutions with the 

ambition to create a general solution that shall be easily adaptable in other areas with 

similar ambitions. 

4 The Stockholm Royal Seaport is a strong enabler of, and catalyst for, world-class research 

in Smart Electricity grids and Sustainable Cities. The SRS pilot enables research by 

providing a forum for industry-academia-public sector collaboration in which research 

ideas are born and developed into scientifically viable, yet industrially relevant R&D 

projects. 

4 A successful pilot with long lasting sustainable solutions will require a broad participation 

of major stakeholders representing different parts of the value chain. The pre-study and 

it´s working format have generated a good basis for this with a fruitful and living 

collaborative network around smart grid development between the industrial partners, 

the academy, the authorities and external reference bodies connected to the project. 

4 New research topics preferable done by academy have been identified with clear links to 

proposed solutions in the project. Overall, two critical success factors have been 

identified for this type of research projects, firstly a close collaboration with industry and 

secondly, the formation of larger groups of PhD students and researchers under a 

common theme.  

4 Thematic workshops with broad participation of external stakeholders on domain width 

subjects of market models and cyber security revealed a need to establish Forum to 

discuss and share experience with objective to establish common understanding and 

suggest improvement and find best practice of implementation. 

4 The proposed concepts including supporting market framework is fully applicable to 

Nordic electricity market conditions and with adaptations, mainly in the supporting 

market models, to the broader international electricity market. 

4 A proactive approach towards communication to and dialogue with external 

stakeholders and public are essential for the pilot to get maximum impact for the society. 

4 The pilot will be an instrument for the Swedish Government, universities and private 

companies to retain a leading position as forerunners in the development of the 

concepts for urban smart grids. 

4 Cyber Security is essential to address in parallel with a pilot. The topic has two important 

aspects, the protection of user data (privacy) and the protection of the network 

(security). Protection of user data is more of an operational issue while network 

protection is an issue of both technical countermeasures and operational procedures. It 

is vital that both these aspects are considered already from start in the implementation 

project. 

4 Solutions for communication of data within smart grids need to challenge traditional 

solutions to meet new requirement such as performance, quality of service, security and 

privacy etc. 
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1.4.2 Complementary projects  

In addition to the Stockholm Royal Seaport Smart Grid project, which focus on the active consumer in 

an urban environment, there are other projects that will add value to the challenges in the Swedish 

energy system transformation in a complementary way 

4 Smart Grid Gotland, with focus on large scale wind integration in a rural grid 

4 Smart Heating in the Stockholm Royal Seaport  with focus on heating and cooling as part 

of a sustainable energy concept 

4 Smart Communication in the Stockholm Royal Seaport, with focus on the future 

communication infrastructure, which can be a technical enabler for the Smart Grid 

applications 

1.4.3 Recommended actions  

1.4.3.1 Deployment of Stockholm Royal Seaport Smart Grid R&D project  

A Smart Grid R&D project including system studies and tests of technical solutions as well as business 

models with interaction of consumers are crucial learning’s for the transformation of the Swedish 

energy system into a more sustainable one. A Smart Grid concept supporting a sustainable city is an 

enabler to reach these objectives. 

 

As an additional important result, the Stockholm Royal Seaport offers a unique opportunity to 

establish R&D, test and demonstration programs including an innovation process to strengthen 

Swedish export industry and academy in a future growth area. 

1.4.3.2  Implementation of Stockholm Royal Seaport Innovation Arena  

In parallel with the Smart Grid R&D project, the implementation of an open smart grid innovation 

arena within Stockholm Royal Seaport Innovation is proposed. This will offer an entry point for small 

and medium sized companies and researchers from academy to join the project. The process around 

the arena should be managed by professional actors such as STING and InnoEnergy. 

1.4.3.3 Proposed partners  

The same partners are proposed as in the pre-study for the initial set up. The innovation arena is 

opening up for participation of small and medium sized companies and new research projects. 

1.4.3.4 Test scenarios 

With the primary objective to validate overall goals for the Urban Smart Grid project, i.e. Power 

Balancing capacity in the test grid, Peak Capacity reduction etc. Five major test scenarios are 

proposed.  

 

4 Customers’ willingness to reduce and move consumption due to price and CO2. 

4 Implementation of environmental follow up system 

4 Robust and reliable operation of the Smart Grid 

4 Loss minimization 

4 Local power balancing capacity and dynamics 
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Associate each scenario are variations of the test setup and a hypothesis to be proven. All scenarios 

require participation of all sites: residential and commercial areas, port and grid. 

1.4.3.5 Cyber Security knowledge center 

The Energy Agency is proposed to support the creation of a Cyber Security knowledge center, as a 

basis for developing a common approach to this topic. The future Smart Grid R&D project could serve 

as a test site for evaluating specific solutions. 

1.4.3.6 Time Schedule 

Stockholm Royal Seaport is a city development project with the ambition to be a world class 

sustainable city project with international visibility by partnering with the Clinton Climate Initiative 

and others global climate initiative. The project started in 2010 and will be completed in 2030. The 

area includes approximately 10,000 apartments and 30,000 workplaces and required infrastructure. 

In addition, the area includes a large port that during this time period will be transformed from an 

industrial port to a entry point for ferries and cruisers visiting Stockholm.  

The implementation of the urban smart grid in Stockholm Royal Seaport will follow the construction 

schedule of the new area. The first installation of Secondary Substation equipped according to Smart 

Grid Specification is planned for 2012, with construction work already started in 2011. First set of 

residential buildings (apartments) will be ready for move in the first quarter of 2013. Integrated 

functional tests of smart grid solutions are foreseen to start in the second quarter 2013. Full scenario 

test will be started in 2013 and continue through 2014. 

1.4.3.7 New funding request 

A new application for co-funding by the Swedish Energy Agency and Vinnova of the implementation 

phase will be developed, with target date for decision September 2011. It is important that the 

momentum of the pre-study can be maintained. 

 



Final Report Summary 

Stockholm Royal Seaport, Urban Smart Grid Pre-Study 

 

 Page 10 

2 CONCEPTS AND SOLUTIONS 

2.1 Introduction  

In the pre-study a limited number of Main Actors with Value Propositions have been identified within 

each WP and consolidated to a common understanding of roles and responsibilities of each main 

actor. From this specific smart grid, Use Cases were developed. (A use case consists of scenarios that 

describe how actors, who could be a human or a piece of hardware, interact with a system to reach a 

specific goal. Several of these scenarios might be required to be able to reach the goal). 

The main actors identified are:  

4 Households, end-customer consuming energy at home/apartment/office level  

4 Building Manager, the landlord with responsibility for the building 

4 Local retailer, local electricity sales    

4 Local DSO, local distribution system operator   

4 Harbor, industrial grid operator (IGO) 

4 Information Management System (IMS) 

To formulate rules and prerequisites for a future energy market, a Market Concept Statements has 

been formulated as a common platform for all WPs.  

   

Requirement 

Specification

Solution

Specification

Information

Model

Market Concept

Statement

Functional TestFunctional Test Test 

Scenarios

Test 

Scenarios

Value proposition

Main Actors

Physical construction

Solution 

Overview incl

System 

Architecture

GoalsGoalsResearch 

Challenges

Research 

Challenges

 

Figure: Use-Case methodology used in Stockholm Royal Seaport pre-study 

Starting from Value Propositions, Main Actors, Use Cases and Market Concept Statements the 

information flow between the different actors was identified and described as a base for more 

detailed Functional Requirements Specifications, Solution Overviews and Solution Specifications. 
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 Figure Solution overview 

The next step was to identify the test opportunities and scope for a full scale development test site. 

The Physical Construction of the Stockholm Royal Seaport Area will take place over a prolonged 

period of time, making it important to identify when and to what extent test scenarios can be 

implemented. For the different Scenario tests, Goals and Hypothesis are established, to be validated 

or challenged in the next phase.  

Connected to Scenarios and Functions, Research Challenges has been formulated that can be part of 

identified scenario/functional tests or driven as separate research ideas in parallel with the next 

phase.  
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2.2 Summary WP 6 Market Concept   

2.2.1 Market, regulatory and legal aspects  

The Swedish energy markets have several areas in need of adaption to support of the development 

of smart grids. Some important areas are dynamic electricity prices and grid tariffs, the integration of 

Distributed Energy Resources (DER), metering system, market adoption to new services from smart 

grids, demand response and charging and use of electrical vehicles. Some of the required adaptions 

might not be possible under existing laws and regulations, but many others are possible, so in some 

cases adjustments in existing laws and regulations might be needed. The next phase of SRS includes 

some scenario tests that could use exceptions, for a limited time, from the existing laws and 

regulation. 

One of the most important objectives  is to establish a consumer market adapted to higher flexibility 

in generation and network load through an hourly price signal accompanied by a CO2-signal. As 

flexibility - both in supply and in demand - often necessitates costly investments, the tariff system 

has to provide long-term price relations to legitimate the financial expectations of the investors. 

 An assessment of the actual grid tariff systems reflecting grid load by demand charge on a metered 

hourly basis and by offering special discounts for interruptible loads, could help to find the essential 

framework to be designed. One of the important aims of Smart Grids is to enable Demand Side 

Participation for load shift and peak shaving. A system of communication, metering, standardized 

access and interaction between the grid and the consumer (or the retailer or any other new market 

actors) is necessary. 

In relation to Demand Side Participation and to the growing importance of the grid users, prosumers   

who are both producers and consumers of electricity needs adequate tariff structures. Tariffs need to 

take into account: energy (kWh), load (kW) and time of use, in order to ensure fairness towards all 

grid users and assign the same value to a saved kWh as a produced DER kWh. 

To introduce Flexible Energy Pricing and Flexible Grid Tariffs are one of the main objectives in 

Stockholm Royal Seaport. Several solutions relate to this: 

4 Grid Tariff Structure with Time of Use elements, dynamic pricing  

4 Retailer acting as the sole interface towards the consumer  

4 Flexible demand through Day Ahead prices and Demand response by intraday incentives 

4 Data privacy and integrity 

The main actor in this case will be the Retailer. The DSO will be an enabler concerning access to 

hourly metering and access to demand response signal. The DSO will also be a contributor to the 

flexibility by offering dynamic tariffs and to some extent demand response products. The fully 

potential including aggregators offering demand response products to the intraday balancing market 

will not be offered within SRS. The reason for this is that it will add substantially to the complexity of 

the needed market solution, and that the local potential in SRS is too small, at least for the 

residential area.   
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2.2.2 Market statements  

The future energy market is expected to have more volatile prices, more decentralized production 

and higher costs for environmental impact. Market models that are commercially and socially 

sustainable can be found and are described in the pre-study report (Market Concept Statements) 

The main solution developed is focusing on consumer participation in the energy market and the 

main questions have been:  

4 How can we create a Market Concept that will increase the consumer influence and 

awareness concerning energy usage?  

4 How can we create a Market Concept that can be implemented into a future developed 
Nordic and National market environment, supporting the 2020 European and national 
targets? 

4 How can changes to Energy Market Concept stimulate fulfillment of the overall all goals 
of the City of Stockholm related to environmental sustainability including lifestyle issues, 
energy efficiency and CO2 foot print? 

The Market Concept Statements have also been designed from these perspectives; 

4 Simplify for consumers and encouraging stronger and more direct involvement of  their 

energy usage 

4 Simplicity also in all other areas 

4 Incentives in place throughout the whole value chain 

4 Improved market efficiency 

The approach in the work with the development of the Market Concept Statements has been to 

identify business and regulatory platform that stimulate for the future energy market. It is likely that 

some of these identified features are not in line with the current legislation. The projects approach as 

been to find a way to make it possible to verify the defined hypothesis and that the result then can 

be a base for a cost-benefit analysis, both as seen from an individual market player and on a national 

level including the long-term perspective. The result from the project is foreseen to be valuable for 

market participant in development of a new market concept.  

 The project will continue to drive the question to find a solution for the needed changes/exceptions 

in law and/or regulation. The solution that finally will be implemented is dependent on the final 

solution with the legal and regulation related issues since the project will not implement solutions 

that are not in line with laws and regulations 

Description of solutions to be tested in the Royal Seaport: 

The Statements introduce some new options to increase the consumer choices as  

4 Virtual Delivery Points 

4 Introduction of a Retailer acting as the only interface towards the consumer  
4 All consumers will be offered hourly based electricity market products  
4 All grid tariffs will be of dynamic tariff types, with costs elements based on     hourly 

metering values for both capacity and energy usage  
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4 Demand response in form of day-ahead price signals and control signals for intra-day 
for peak shaving and load shifting  

4 Net billing will be allowed, increasing incentives for local solar energy as a way to 
reduce own consumption  

 

The Virtual Delivery Point, VDP, that aggregates the consumers loads from own consumption, 

household or commercial, with EV-charging and share of generation coming from solar panels will 

give the consumer tools to optimize use of energy and participation in reaching the environmental 

goals. 

New price structures will give both environmental and economic incentives to consumers, DSO and 

electricity supplier. Day a head hourly prices and CO2-signals will have impact on the customer’s 

behaviour. By introducing demand response contracts will both financial and emergency incentives 

appear and add to the environmental effects of peak shaving and load shift. New dynamic grid tariffs 

will give incentives to reduce peak load and grid constraints as wells as increase load factor. 

 

 

 

Taxes and VAT are considered fixed as of today. From a consumer perspective it is of course 

important to take into account the total costs. Taxes and VAT represents about 45 percent of the 

total costs which means that this portion of the costs is out of scope in this study on new market 

models. 
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The Statements also introduce new options to increase the DSO participation in the smart 

grid  

4 Hourly metering for all consumer and option of Virtual Delivery Points  

4 Dynamic tariffs (see above)  
4 Incentivized regulation also for the DSO to get a regulated benefit of reducing 

peak demand including Styrel functionality  
4 DSO has an important role in giving open access to relevant data and to support an open 

market platform, with respect to data security and data integrity  

 

The participant consumers will be offered the listed new features during the test period: 

4 Virtual Delivering Points, VDP 

4 Retailer with single point of contact and hourly based tariffs below 63A 
4 Net billing at VDP 
4 Demand response contracts 
4 Tariffs only available for the SRS project participants during phase 3, 2012-2014 
 

It is likely that some of these features are not in line with the current legislation. One way forward 

could be to extend the possibility to use a concession free area in a new way during a R&D pilot 

project for a limited period. The following list of information need to be further developed and 

analysed in order to assess the possibility to perform the Scenario Test within the scope of the actual 

legislation (Electricity Act and other relevant laws).  
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4 The Scenario Tests consumer benefits needs to be described in more detail in phase 3. 

4 Customer participating in the SRS have volunteered 

4 The market models in use in SRS will be applicable also when there is a choice of 

supplier, even if it during the SRS project will be Fortum. 

4 Customers joining SRS will not be given inappropriate treatment compared to other 

customers in the Stockholm area. 

An alternative is to have the connection to the electricity network on building level. That would mean 

that the building owner handles all the metering for PV, EV, building and households beyond the 

connection point. The building owners will hand over the customer handling to the project. This 

solution might affect electricity network infrastructure feeding the building. The customers will not 

be part of the regulated market but will be treated by Fortum Distribution as if they were regulated 

with all obligations and rights that belong to the customers in regulated areas.  

 

Data Security and Data Privacy   

4 Protection of end user data - data privacy shall be a focus area concerning   

operational procedures  

4 Smart Grid products and solutions should be designed from the start with 
appropriate levels of data privacy and security at their core  

4 Identification and need of standardized interfaces between the different  
actors / roles in a developed market concept to support an open market environment  

 

The use cases, solutions and information models developed during the pre-study should be validated 

and/or refined to be compliant with the use cases developed within standardization work as well as 

the information models. With regards to cyber security, the main standardization focus should in the 

initial stages be put on protection of end user data, which is actually more a question of operational 

procedures than technical countermeasures and as such are outside the scope of Smart grids 

standards. 

2.3 Summary WP 1 Active House 

The active house focuses on the homes in the smart grid. How do users relate to and use load 

balancing functions and how do they perceive it to affect comfort levels in the home. The Active 

House is a concept that utilizes energy efficiency functions and pre- and post shift of electric loads to 

reduce CO2 emissions while preserving the comfort level of the households. Active House shifts loads 

from times when the electricity production causes high CO2 emissions to times when the electricity 

production causes lower CO2 emission or reduces loads at the times of high CO2 emissions of the 

electricity production. While today the bulk of demand response programs are triggered by reliability 

events, in 10 years, most demand response might be price-or CO2 driven, enabled by automated 

onsite energy controls fed by near-real time pricing and/or CO2 emission information without 

significant customer effort or intervention. Demand response entails customers changing their 
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normal consumption patterns in response to: changes in the price of energy over time, changes in 

CO2 emission of the energy production over time, or when the system reliability is in jeopardy.  

Energy efficiency refers to using less energy to provide the same or improved level of service to the 

energy consumer in an economically efficient way; it includes using less energy at any time, including 

during peak periods.  

Solutions for coordination of demand response and energy efficiency, using the same technical 

system platform, have been investigated in the Active House pre-study. The technical platform was 

chosen to be the home automation system which is extended with demand response and energy 

efficiency functions, (see figure below)  There are several existing home automation functions that 

can participate in demand response and energy efficiency, e.g. electricity 

heating/lighting/ventilation/customer battery charging control. The new functions are: utility 

communication, Solar PV production visualization, smart appliance control and EV charging control is 

added to the existing functions.  The customer can have a home/away button that notifies the home 

automation system that nobody is at home and the system can use this information to shut-off 

stand-by functions but also for input to the smart appliance and EV charging control. It might be that 

the customer does not want the washing machine or EV charging to be started when nobody is at 

home.  

 

Figure: Solution overview 

Home automation functions for demand response have additional value for what is called Ambient 

Assisted Living (AAL). The residents are provided with assistance to self care and better health. One 

AAL function could be a presence detector in the bathroom combined with the home/away button to 

detect possible accidents: if somebody is at home but does not visit the bathroom for long this might 

trigger a SMS alert. The same presence detector can turn on/off lights to reduce electricity 

consumption. 
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The building’s Solar PV electricity production reduces the building’s CO2 emission as it replaces the 

need of electricity produced from non-renewable resources. The home automation system gets 

production data from the Solar PV system and displays the production to the households. If the 

household has bought shares in the Solar PV system, the corresponding share of produced electricity 

can be shown. Visualization of Solar PV production is believed to increase the sense of being 

environmentally friendly and can help change energy consumption patterns.  

 

Figure: Active House Demand Response and Energy Efficiency Components 

 

A visualization concept to motivate and simplify a sustainable 

living has been developed in the project, a few features are 

visualize of consumption/production of: 

4 Washing, Cooking, Individual outlets, EV charging 

4 Local electricity storage, Solar PV  

 

2.3.1 Expected result phase 3 ɀ High light  

The split between fixed and controllable household loads are shown in Figure 1.  Fixed load is load 

that the consumer is not willing to shift in time, e.g. cooking or TV watching. The fixed building load 

can be ventilation, staircase lighting etc, and is in Figure 1 split per household. The controllable load 

can be time-shifted or reduced if the consumers agrees.  
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Figure 1: Household electric loads                  Figure 2: Controllable loads shift or reduction 
 GHG emission impact 

The controllable loads can be shifted or reduced and the GHG emission reduction of these actions is 

shown in Figure 2 and the national potential of these savings are shown in Figure 3. The latter 

assumes 4,5 million households in Sweden and 4,3 million private EVs. 

 

Figure 3: National GHG emission 
saving potential by shifting and 
reducing household loads 

 

 

 

 

 

The expected qualitative results are: 

4 Competence building by spreading approach and results 

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

grid 

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

Ê Record shift of load patterns and performance which can contribute to the demand 

response research 

Ê Contribution to new innovations by proven technical and market concepts 

4 Behavioral changes  

Ê Customer response 

À Customer reaction to contract signals (Day ahead and intraday signals, price 

signals, CO2 signals). Understanding shift of load patterns may lead to new 

business models  

Ê Comfort and personal safety impact 

À Household response to the comfort and AAL impact of the demand response 

and energy efficiency technical systems  



Final Report Summary 

Stockholm Royal Seaport, Urban Smart Grid Pre-Study 

 

 Page 20 

2.4 Summary WP 2 Smart Grid Lab  

The Smart Grid Lab is a software environment that, through communication with various physical 

assets, enables the integration of distributed energy resources and new technologies such as 

electrical vehicles and large scale energy storage. It collects real-time information from various grid 

components, analyses the data and takes corrective or remedial actions based on the current or 

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

avoid or mitigate disturbances such as power outages and network overloads. 

It also facilitates consumer participation, i.e. active demand response, allowing distribution network 

operators to maximize reliability, availability, efficiency, and economic performance of the electric 

network. This is achieved by providing consumers with information related to energy prices and CO2 

emissions, through the Energy Services Interface (ESI), allowing them to act upon this information in 

order to reduce their energy costs as well as the CO2 footprint.  

The environment consists of different application platforms to support the daily tasks of operating 

the Stockholm Royal Seaport electric grid, from Demand Response customer enrollment to 

controlling the complete network as well as settlement support for complex billing. 

The Smart Grid Lab environment will provide a platform with system function to operate and 

research the test scenarios decided for the SRS Urban Smart Grid project. The system structure and 

collected data will mirror the needs for different actors in the future smart grid including the 

distribution system operator. Different visualization concepts can be used by stakeholders and 

visitors for further study and information purpose. 
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Description of subjects addressed in the Royal Seaport: 

4 Urban Smart Grid Interchange control 

4 Centralized/ De-centralized demand response management 

4 Load and generation forecast 

4 Energy storage management 

4 Advanced distribution management application 

4 Advanced metering infrastructure 

4 Situational awareness 

2.4.1 Concept Demonstrator  

The intended use for the Concept Demonstrator is to inform and educate those, directly or indirectly, 

involved in the project as well as visitors, on the complex choices experienced today, from renewable 

integration, CO2 reduction, and deployment of new Information Technology and Operational 

Technology, as well as how these have to be evaluated, deployed, and measured. 

2.4.2 Cyber security  

Current power system management is heavily supported by a large number of Information and 

Communications Technology (ICT) functions. A clear trend in the future is that power system 

operation will change from an explicit hierarchical top-down approach supported by SCADA 

(Supervisory, Control, And Data Acquisition) and Substation Automation Systems to a more 

distributed control with an increased level of transparency and control. A complementary trend is 

that automatic closed loop control strategies from a both centralized and decentralized perspective 

will increase as will the number, and types, of components to monitor and control. 

The future ICT infrastructure will need to be closely integrated to many external systems in order to 

allow new types of information flows to stakeholders, not the least to and from end customers and 

equipment. So, at the same time as ICT is a key enabler to the smart grid it will also open up new 

opportunities for cyber attacks, any vulnerability in the ICT infrastructure will also directly mean 

vulnerability in the power system itself with a potential failure to deliver power and services to 

customers and other stakeholders.   

The implementation project must, therefore, address all these different issues by understanding, 

analyzing, and mitigating vulnerabilities in the SCADA and control systems and in the ICT 

infrastructure for the future smart grid. Techniques and tools to analyze different solution 

architectures and privacy aspects of the SCADA/control system and the ICT infrastructure exist and 

must be applied to identify cyber security risks in the smart grid together with appropriate options 

for reducing these risks.  

2.4.3 Expected result phase 3 ɀ High lights  

The Smart Grid Lab solution with supporting market models and associated system is expected to 

provide the following aggregated result 
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Expected Quantitative measurements 

The quantitative measurements will look at the improvements compared with a similar type of 

network that has recently been constructed as this is applicable, but using traditional network 

components and structures, as well as central Stockholm (concession area 48). WP2 has concluded 

that the Hammarby Sjöstad area is suitable as reference area for the similar type network. 

 

Area Measurements 

Availability 
≥ 20  percent improvement compared to the 

reference area, on an annual basis. 

Losses 
≥ 10  percent improvement compared to the 

reference area, on an annual basis. 

Deviation from load forecast 

   Not using Energy Storage 

   Using Energy Storage 

 

≤ 5  percent deviation over a 24 hour time span  

≤ 2  percent deviation over a 24 hour time span 

Outage Duration 

   CAIDI 

 

   SAIDI 

 

≥ 10  percent improvement compared to the 

reference area, on an annual basis. 

≥ 20  percent improvement compared to the 

reference area, on an annual base 

Accuracy of estimated available DR compared 

to achieved load reduction 
≤ 10  percent deviation from estimated available DR 

Decrease load by Emergency Demand 

Response (StyrEl) 
≤ 10  percent of normal load 

 

Expected Qualitative results 

4 Competence building by spreading approach and results 

Ê Understanding of how Energy Storage can be used to improve predictability of the 

grid. 

Ê Understanding of how Demand Response can help to increase network availability. 

Ê Understanding of how extended SCADA coverage and self healing components can 

help to improve reliability and availability. 

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

Ê Recording DR patterns that can contribute to the understanding of how DR can be 

used. 

Ê Understanding of how Smart Grid Applications could be used and how they may lead 

to new approach when dimensioning future power grids. 

4 Behavioral changes 

Ê Energy consumption patterns that contribute to reduced CO2 emissions 

Ê Increasing household members' awareness of energy and energy-related behaviors 
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Expected Technical accomplishments 

4 Network Management 

Ê Integration of static VAR compensation, energy storage, feeder and substation 

automation enabling micro grid operation 

4 Outage Management 

Ê Optimal usage of new grid components and extended availability of metering data for 

secure and stable supply of power 

Ê Usage of advanced distribution applications to give more efficient restoration plans 

and increased network availability 

4 Demand response 

Ê Optimization of demand response towards the active components in the urban smart 

grid. 

2.5 Summary WP3 Grid Development  

Grid Development has identified and researched new future grid designs to integrate new 

components such as, active house, energy storage, decentralized renewable production, electric 

vehicle charging and an electrified port into the grid and design the grid for reduction of costs, losses, 

increasing asset utilization, increasing power quality and increasing interaction with 

consumer/prosumers. The future grid design has a close connection with information and 

communication technology (hardware, software and communication) and is connected to the smart 

grid lab control center. 

Grid development in SRS has to solve a number of challenges, consisting use of new technology 

solutions to solve problems that arise when the network must cope with new needs that arise when 

the new benefits of Demand Response, Energy Storage, bidirectional power flows and EV charging is 

introduced 

In the SRS area a new power grid needs to be installed to manage power and energy requirement 

from facilities in the area such as the port, light industrial and residential/commercial consumers etc. 

Up until 2016 it is foreseen to be sufficient to extend the existing 220/10 kV substation with 10 kV 

feeders into the area. When power will be needed for the cruise ships a new HV substation will 

probably have to be established in the area.  

Battery energy storage systems cover a wide spectrum of utility scale applications in electric power 

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

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

hybrid and electric vehicles will potentially lead to a stressed and less secure power system 

operation. These factors may create a demand from the power sector for battery energy storage 

systems. 
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Norra 1 

110 kV  

New 
Substations 

10 kV  U 

Gärdet 

Värtan 

33 kV  

Harbor 

220 kV  

220 kV  

Värtan 

Värtan 

Gärdet 

Västra 

Gasverket 

Existing 
Substation 

Alt 1:  
≤24MW 

Alt 2:  
>24MW 

Vid Alt 2, 
och Alt 3 

Alt 3:  
>24MW 

Battery Storage 

 

The SRS substation solution 10/0.4 kV system is adapted to fit into the existing double ring 10 kV 

system. Whereas the traditional substation would requires manual intervention at the RMU to 

isolate the faults. The SRS substation will be equipped with facilities that will detect and signal 10kV 

faults to Smart Grid Lab (SGL) for automatic service restoration.  

The SRS Substation 0.4 kV system will have the majority of 

the outgoing feeders above 63 A equipped with smart LV 

circuit breakers with protection functionality. The present 

system is using fuses for over-current protection. The new 

feeders will have the facility to send power data thru the 

adjacent Remote Terminal Unit (RTU) to the SGL. They will 

also have the facility to send over-current trip information 

to the SGL, thus enabling to accurately pinpoint a faulty 

Low Voltage (LV) cable. 

Reliability Centered Maintenance (RCM): Implementation 

of sensors and measurement distributed to SGL will be a 

base for establishing RCM. This will minimize customer 

interruptions, increase reliability (self restoration) and in 

the long term have a lower operating cost.  

Description of subjects addressed in the Royal Seaport: 

Automated Substation for MV/LV Networks 

4 Feeder Automation in collaboration fault 

localization, isolation and restoration 

4 Centralized Energy Storage and its influence on the Feeder Automation system 

4 Network Planning and Design 

Outgoing feeders with 

fuses

Outgoing feeders with 

fuses

Incoming feeders with 

CB with measuring and 

protection

Incoming feeders with 

CB with measuring and 

protection

Outgoing feeders with 

LV CB measuring and 

protection

RTU

Outgoing feeders with 

LV CB measuring and 

protection

Incoming feeders with 

CB with fault detection, 

measuring and 

protection

Incoming feeders with 

CB with fault detection, 

measuring and 

protection

To 

SCADA

Traditional Secondary Substation

SRS Secondary Substation
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4 Proactive and reliability centered maintenance 

4 Power Quality 

4 Communication from sensors and indicators to SGL 

4 EV power charging station and new port 

2.5.1 Expected result phase 3 ɀ Highlights   

The new equipment installed in the SRS will be useful for many different actors and to bring benefits 

in various forms for all. Customers will be able to manage their energy consumption and price. DSO 

will be able to increase accessibility for customers and the cost to maintain and operate the network 

will be reduced. A network of this type is a catalyst for all stakeholders to implement new 

technologies in their own way to produce and use electricity. 

The solution in WP3 grid Development will enable the Smart Grid Lab solution (WP2) with the 

following expected result 

4 System for collection indications and measures to SGL 

4 A monitored and self healing MV network and partly LV 

4 A network enabling Demand response 

4 A Reliability Centered Maintenance process in operation 

4 Network to connect an EV power charging station 

4 Battery energy storage system to perform island operation, to level residential loads and 

to mitigate the stress imposed on the grid 

Expected Quantitative measurements  

The measurements in this study will have two objectives: 

4 Online measuring to enable Demand response, Energy storage, Fault localization and 

RCM 

4 saved measurement to enable Network planning and RCM   

These objectives gives not any measureable savings in CO2, Energy consumption  or other direct 

savings, those will be given from other parts that are enabled through those measurements. 

Expected Qualitative results 

4 Competence building by spreading approach and results 

Ê Understanding of functionality of those new equipment  

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

Ê How an Energy storage cooperate with the network to balance loads 

Ê Contribution to new innovations by proven technical concepts 

Ê RCM experience to implement in to daily business 

4 Increased power quality due to Energy storage and demand response 

4 Less unplanned outages due to use of sensors 

4 Less planned outages due to Live Work 

4 Improved safety working safety 
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Most solutions are scalable to a city network and the MV fault restoration equipment are scalable to 

a rural network. 

Expected Technical accomplishments 

Distributed optimization of energy demand response: 

4 Optimization of demand response towards the active components in the urban smart 

grid. 

2.6 Summary WP 4 Shore to Ship  

Ships in the Stockholm Royal Seaport contribute to a large amount of the CO2 emissions in the area. 

Not only emissions of CO2 but also emissions like sulphur oxide, nitrogen oxides as well as small 

particles that affect the local environment. As new residential areas will be built in very close 

proximity to the port it’s of high importance to minimize the emissions affecting air quality and the 

health of the local population. Reducing noise from vessels is also essential to allow the residential 

buildings close to the vessels to be habitable.  

By connecting the vessels to the electrical grid and provide power from renewable energy sources 

the emissions can be minimized and low frequency engine noise will also be reduced. Vessels need to 

be modified to allow connection to the grid. While not all vessels are capable to be connected today 

new vessels are and several old ones are modified to be able to connect. The modification of the 

vessels is out of scope for this project.  

Both ferries and cruise ships visit the port today and the number of vessels is expected to increase. 

Ferries arrive all year while cruise ships visit during May to the end of September. Ferries require 

about 2 to 3 MW while cruise ships are larger and require between 8 to 12 MW. The total estimated 

reduction in CO2 emissions that can be achieved if all these vessels are connected is above 17,000 

tons per year.  This corresponds to the average CO2  emissions of 7,555 cars per year1. 

While most ferries use the European standard frequency 50 Hz most cruise ships use 60 Hz. To be 

able to connect these cruise ships a frequency converter is required to be installed. 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. With the recommended setup Stockholm City would be unique in the world in 

providing electricity to all types of vessels at a large number of berths with a capacity of 40 MW. 

For the whole solution to function as planned the feeding grid to the port and the port distribution 

grid is also needed to be installed as seen in the figure below. 

                                                           
1
 The calculation is based on the assumption that the CO2 emissions from the cars is in Sweden is in average 

180gram/km and that the yearly driving distance per car is 12500 km. 



Final Report Summary 

Stockholm Royal Seaport, Urban Smart Grid Pre-Study 

 

 Page 27 

 

The large power demand required by the vessels will increase the grid capacity needed. During the 

winter this will be done when consumption is at its peak creating a strong environmental incentive to 

balance this load. This may either be done by shifting loads from peak consumption hours to low 

consumption hours or by storing energy during night and using when vessels are connected during 

the day. 

The work package has studied two possible energy storage solutions. Storage with compressed air 

might be a suitable solution as it’s able to store enough energy to cover the need.  

Another alternative was studied together with Fortum Värme where the possibility to use a heat 

accumulator for storing energy was discussed. There are also possible solutions where Fortum Värme 

may move heat and cold production from day to night or use bio fuels during peak hours. 

It was concluded that both the solution with compressed air and any cooperation with Fortum Värme 

requires further studies.  

As a new terminal building is being built to provide access for passengers to new berths this structure 

is an important component of the port solution.  The work package studied the possibility to apply 

the Active House concept to the terminal building. 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.  

The recommended solution for the Active Terminal is divided into three parts. Solar cells will be 

installed on the terminal building on a total area of 2,100 m2. These will provide 157 MWh per year 

which is estimated to 16 percent of the total heating, cooling & building electricity need for the 

terminal. 

A battery in the building can be used to reduce the necessary production during peak hours by 

charging during night and discharging when production is CO2 intense. The last component in the 

terminal is a visualization solution which will show the positive environmental impact of the solar 

cells, battery and shore-to-ship connection on LED screens in the terminal area. This is meant to raise 

public awareness of the port solutions and promote the Ports of Stockholm’s environmental profile. 
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2.6.1 Expected result phase 3 ɀ Highlights  

4 The installation of feeding grid, port distribution grid including shore-to-ship connection 

and frequency converter allowing visiting cruise ships and ferries to be connected to the 

electrical grid. 

4 Installation of solar cells and battery in the terminal building to reduce CO2 emissions. 

4 Development and implementation of the visualization solution in the terminal 

integrating all port solutions in one total overview of all environmental benefits. 

4 Finding a solution on how to cooperate with Fortum Värme and use their facilities to 

optimize the heat, cold and electricity production & distribution from an environmental 

and cost perspective in relation to consumption.  

Expected Quantitative measurements 

The expected quantitative measurements which the metering points support are: 

Area Measurements 

Reduced CO2 emissions by connecting ferries 8300 tons/year 

Reduced SOX emissions by connecting ferries 270 tons/year 

Reduced NOX emissions by connecting ferries 170 tons/year 

Reduced CO2 emissions by connecting cruise ships 8900 tons/year 

Reduced SOX emissions by connecting cruise ships 210 tons/year 

Reduced NOX emissions by connecting cruise ships 140 tons/year 

CO2 reduction due to battery solution 2.34 tons/year 

CO2 reduction due to solar cells 15.7 tons/year 

CO2 reduction if solution is found to load balance 100 
MWh from ferries during winter  

675 tons/year 

 

Expected Qualitative results 

4 Better knowledge of the challenges of installing a large scale shore-to-ship connection 

with a frequency converter. 

4 Better understanding of how a battery may be used to reduce CO2 emissions by charging 

and discharging during optimal periods. 

4 Better understanding on how the visualization solution in the terminal promotes the port 

environmental profile and raises public awareness. 

Expected Technical accomplishments 

4 Integrating solar cells, energy storage, metering of vessels and the ESI solution and 

visualize it in the terminal building. 

4 Installation of the feeding grid to the port and the distribution grid in the port. 

4 Installation of solar cells with a total effect of 163 kW.  

4 Installation of a 100kWh battery in the terminal building. 

4 Installation of the frequency converter allowing vessels that uses 60 Hz to be connected. 



Final Report Summary 

Stockholm Royal Seaport, Urban Smart Grid Pre-Study 

 

 Page 29 

2.7 Summary WP 5 SRS Information Management System 

To follow up and evaluate the sustainability program of the SRS, a conceptual following up model 

(SRS-M) is under development by the city and KTH, based on the environmental program for the 

urban district decided by the City Council of Stockholm. The model include, indicators, action 

programs, data collecting, control plans, stakeholder processes etc. The main idea with the following 

up model is to create a dynamic evaluation of the sustainability visions of urban district in order to 

support and develop sustainable urban development in Stockholm and Sweden. 

Results from WP5 (2,1) shows that 2  percent SRS-M indicators will be fully functionally enabled and 

13  percent of the indicators will be partially functionally enabled if the Urban Smart Grid net is 

developed as proposed in this pre-study and integrated within the SRS – M IMS. These indicators 

reflect the use and flow of electricity. Based on information from WP1 the proposed Urban Smart 

Grid will be able to connect to other systems concerning other relevant non - electrical indicators. 

In terms of planning, it is a good solution to develop the pilot project Urban Smart Grid for the 400 

apartments, as a start of delivering real-time data for electricity as it is shown in the pre-study result. 

The SRS-M – IMS will not be ready by mid-2012 when people move into pilot-project, however since 

it is a project primarily concerned with electricity, it might be a good solution to develop the 

electricity components of the SRS-M IMS by then. 

Results from WP5 (2.1) shows that the rest of the SRS-M indicators (waste, warm water, heat, 

transports etc) will not be enable by the Urban Smart Grid proposed in this pre-study. 

The gap analysis done in WP5 in this pilot study shows that the different parts of a conceptual model 

of SRS-M-IMS (excluding electricity) could be solve by technology used or under development today. 

The gap analysis shows from a systems-perspective that a SRS-M IMS is needed, and based on 

sectoral subsystems (traffic, waste, water etc), connected by a core system, SRS-M-IMS.  

 

The IMS-M – IMS should try to be seen as small and interoperable as possible. Instead of trying to 

internalize all the capabilities within one tool, there are many benefits of decentralizing the 

functionality to other actors who already have working business models for a lot of this. This would 

make the system more flexible and also easier to replicate. 
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3 IMPLEMENTATION PROPOSAL  

3.1 Introduction  

The conclusion from the pre-study is to take the concepts and solutions into the next 

implementation phase.  

The implementation proposal describes Scenario tests to prove hypothesis and Pilot scope as 

platform for the tests. Visionary basic conditions and Key performance indicators anticipated has also 

been defined to support the Scenario Tests.   

The R&D activities in the implementation project needs to be divided  and can be described as:  

Research and Development: includes detailed specification for prototyping and development, Setup 

of development and test scenario. Prototypes and in-house testing, Academic research projects by 

PhD students.  

 

Functional tests:  aim to prove that the function/technical solution works within the framework 

defined and to document operational boundaries for the solution.  

 

Scenario test: primary objective is to validate overall goals for the Urban Smart Grid Project i.e. 

Power Balancing Capacity in the test grid, Peak Capacity reduction etc.  

The implementation of the pilot scope will be coordinated with the physically construction of SRS. 

First set of residential building (apartments) will be ready for move in the first quarter of 2013. 

Integrated functional tests of smart grid solutions are foreseen to start in the second quarter 2013. 

Full scenario tests will be started in 2013 and continue through 2014. 

 

The starting point for the creation of the Scenario Tests has been to validate the overall objectives 

and goals. Four cornerstones has been identified as the foundation for the Scenario Tests. 
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Five major Scenario where created to support these cornerstones.  

The Scenarios are as follows: 

1 Customers’ willingness to reduce and move consumption due to price and CO2 

2 Implementation of Environmental follow-up System 

3 Robust and reliable operation of the Smart Grid 

4 Loss minimization 

5 Local Power balancing capacity and dynamics 

3.2 Recommended Scenario tests  

3.2.1 Customers willingness to reduce and move consumption due to price and CO2 

signals 

Participation is voluntary and we expect that the tests will cover 200 consumers and additional 

consumers as reference. The form of contract with the volunteers will be defined during the 

implementation project. According to SCB did Swedish housing and services use 42,3 TWh electricity 

2009. A load shift of 5 percent means that 2,1 TWh will be effected and with 15 percent 6,3 TWh. 

The purpose of the test is to verify customers’ willingness to reduce their consumption during peak 

load hours and move part of their consumption to low load hours. The goal is to test against 

conditions on the Swedish market of today and to test with future prices with likely higher price 

differences.” 
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Scenario 1, Test 1 ς Response to price signals 

Scenario 1: 1 Response to price signals 

Test hypothesis Load shifting of energy consumption from peak to off-peak 

Business model 4 Balance energy consumption during a day for mitigating future increased volatility on the electricity market.  
4 Reduce CO2 emissions and costs.   

 

Method Grid Tariff & Energy Tariff Aggregated price signal based on Day-ahead - hourly price signals  

 Hypothesis Move 5 and15  percent of daily energy consumption from peak to off-peak 

Test Case Verified with contracted customers (Test group 1 and 2 each consisting of 40 Apartments) 

Solutions 4 Active House 
4 Smart Grid Lab 
4 Market Concept 

Variations 4 Response to price signal Current variation approx +/- 15 percent 0,3 kr/kWh 
4 Response to price signal Extreme variation approx +/- 75 percent 1,5 kr/kWh 1) 

1) European price variation 

Scenario 1, Test 2 ς Response to CO2 signals 

The purpose of the test is to verify customers’ willingness to reduce their consumption during peak 

CO2 hours as well as moving part of their consumption to low CO2  hours. The goal is to test against 

conditions on the Swedish market of today and to test with CO2 from Coal-fired condensing power 

plants. 

Scenario 1 : 2 Response to CO2 signals 

Test  Load shifting of energy consumption from peak to off-peak 

Business model 4 Balance energy consumption during a day for mitigating future increased volatility on the electricity market.  
4 Reduce CO2 emissions and costs.   
 

Method National CO2 emission signals including artificial extreme variation  

 Hypothesis Move 5 and15  percent of daily energy consumption from peak to off-peak 

Test Case Verified with contracted customers (Test group 3 & 4 each consisting of 40 Apartment) 

Solutions 4 Active House 
4 Smart Grid Lab 
4 Information Management System 

Variations 4 Response to CO2 signal Current variation approx 10-100g/kWh 
4 Response to CO2 signal Extreme variation approx  10 - 1000g /kWh 1) 

1) Coal-fired condensing power plant 
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3.2.2 Implementation of Environmental follow Ϻup System (Information Management 

System) 

Test how well the information system serves the goals and effects attitude and behavior. 

Scenario 2, Test 1 ς Implementation of Environmental followҍup System KTH 

Scenario 2 : 1  Enabling and verification of key performance indexes  for SRS ς M IMS in households 

Test  How visualization in apartments influences households behavior 

Business model Reduce CO2 with help of peak shaving and peak shifting  of electricity and heating 

Reduce emissions caused by transportation 

Method Interview with households, measure number of manual interactions  

Hypothesis The visualization system effects the behavior and attitude on daily level 

Test Case Verified with contracted consumers  test group 1-5 plus reference group 

Solutions 4 Active house 
4 Smart Grid Lab 
4 Information Management  System 

Variations 4 Not Applicable  

 

Scenario 2, Test 2 ς Implementation of Environmental followҍup System (Information 
Management System) 

Scenario 2 : 2 Enabling and verification of key performance indexes  for SRS ς M IMS  

Test  How visualization in society  influences households behavior 

Business model Reduce CO2 with help of peak shaving and peak shifting  of electricity and heating 

Reduce emissions caused by transportation 

Method Interview with households and commercials  

Hypothesis General publicity influences the consumers attitude and behavior 

Test Case Verified with contracted consumers  test group 1-5 plus reference group 

Solutions 4 Active house 
4 Smart Grid Lab 
4 Information Management  System 

Variations 4 Not Applicable 
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Scenario 2, Test 3 ς Implementation of Environmental followҍup System (Information 
Management System) 

Scenario 2 : 3  Enabling and verification of key performance indexes  for SRS ς M IMS 

Test  How many SRS environmental indicator can be enabled 

Business model Influence design of our future urban areas 

Method Integrate data from different stakeholder systems in to  smart grid lab visualization tool 

Hypothesis Stakeholders are motivated to provide information needed for defined indicators 

Test Case Verify availability in smart grid lab visualization tool 

Solutions 4 Smart Grid Lab visualization tool 
4 Information Management  System 

Variations 4 Not applicable 

 

3.2.3 Robust and reliable operation of the Smart Grid  

The effect on the national level of cut in maintenance costs with 25 percent and increased availability 

with 25 percent is the hypothesis of this Scenario test. This means that on national level, 2009 

figures, the average total SAIDI, own network, was 83 minutes and a reduction of 25 percent will 

result in 21 minutes less outages per consumer with a regulatory value of 1 SEK/min. Preventive 

maintenance and operation on local network on national level amounts to 2,808 MSEK, 2009 figures, 

and a reduction of 25 percent will result in 702 MSEK lower costs or 133 SEK/consumer and year. 

Scenario 3, Test 1ςEvent driven Reliability Centered Maintenance 

The goal is to show how reliability can be increased with event driven maintenance of self monitored 

equipment. Avoiding fatal errors as well as reducing maintenance cost by reliability analysis. 

Reducing and avoiding regular test and maintenance of equipment that not yet needs it. 

Scenario 3 : 1 Event driven Reliability Centered Maintenance 

Test  Increased availability and reduced maintenance costs 

Business model 4 Increase availability and lower operational costs  

4 Longer intervals between maintenance  

4 Less environmental impact 

 

Method  

Hypothesis Maintenance costs cut with 25 percent and availability increased with 25 percent compare to  Fortum present 

situation  
Test Case Low voltage and medium voltage grid for 8 substations  

Solutions 4 Substation automation 
4 Smart Grid Lab 
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Scenario 3 : 1 Event driven Reliability Centered Maintenance 

Variations 4 Not applicable 

 

Scenario 3, Test 2ςSelf restoration network 

The goal is to reduce the outage time with automatic fault isolation and restoration of the low 

voltage network from today’s typical hours to minutes. 

Scenario 3 : 2 Self restoration network 

Test  Increased availability with shortened outage time 

Business model 4 Increase availability and lower operational costs  

4 Less consequences and costs for consumers due to long outages 

 Method Automatically find and use alternative distribution routs during faults 

Hypothesis Shorten outage time from hours to minutes 

Test Case Low voltage and medium voltage grid for eight substations  

Solutions 4 Substation automation 
4 Smart Grid Lab 

 

Variations 4 Not applicable 

 

Scenario 3, Test 3 ς Use live work at new extensions and temporary extensions 

Test how well network and tools support live work and to what extent planned outages can be 

minimized. 

Scenario 3  : 3 Use live work at new extensions and temporary extensions 

Test  To what extent live work is valuable 

Business model 4 Increase availability and lower operational costs  

4 Lower investment costs due to simplified design 

Method Live work friendly design and use of relevant AMS tools 

Hypothesis Find live work to be the most relevant method for future extensions and maintenance  

Test Case eight substations 

Solutions 4 Live work tools 
4 Live work designed network  

Variations 4 Not applicable 
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Scenario 3, Test 4 ς Emergency dispatch of demand response (StyrEl) 

With use of smart meters a selective disconnection of individual consumers can be done. This gives 

the option of keeping sick, handicap people and other important functions in a living area with power 

during Styrel conditions.  

Scenario 3 : 4  Emergency dispatch of demand response (StyrEl) 

Test  Most important/critical consumption is secured during fault and emergency situations 

Business model 4 Improved security for society critical services during an emergency situation  

Method Disconnect not prioritized consumption on individual and/or device level 

Hypothesis Reducing load to 10 percent  from  normal load instead of disconnecting all load  

Test Case  

Solutions 4 Active house 
4 Port 
4 Smart Grid lab 

 

Variations 4 Not applicable 

 

Scenario 3, Test 5 ς Test Energy Storage/SVC for power quality 

Energy storage is part of the smart grid to shift loads in time and take care of peak shaving if possible 

as well as supporting the voltage level in areas with renewable in feed.  

Scenario 3 : 5 Energy Storage/SVC for power quality 

Test  Level PV output and compensate voltage level at surplus situation.  

Losses in energy storage/svc system 

Business model Power quality control  

Loss minimization 

Method Use of energy storage and reactive power compensation 

Hypothesis Keep voltage level  in the Active house within +/- 2 percent relative to station level  

Test Case 4 Test on one single house   

4 Test on micro grid level 

Solutions 4 Active house 
4 Battery/SVC 
4 Smart Grid lab 

Variations 4 Test on one single house   

4 Test on micro grid level 
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Scenario 3, Test 6 ς Micro Grid on station level (island operation) by reducing load  

Verify that a micro grid can be kept powered for up to 12 hours, with the most vital consumption, 

during a network outage situation. 

Scenario 3 :  6 Micro Grid on station level (island operation) by reducing load  

Test  Island operation 

Business model 4 Increase availability and lower operational costs  

4 Longer intervals between maintenance  

 
Method Disconnect not prioritized consumption on individual and/or device level and use PV and battery to keep 

system up and running 

Hypothesis Reducing load to 10 percent and to keep the system online for 12 hours. 1) 

Test Case Verified with contracted customers for test group 1 to 5 

Solutions 4 Active house 
4 Smart Grid lab 
4 Energy storage Battery 

Variations 4 Not applicable 

1) An example of advanced Styrel functionality 

3.2.4 Loss minimization  

Scenario 4, Test 1 ς Reduce transformer no load loss  

The goal is to reduce losses by optimizing use of parallel transformers. 

Scenario 4 : 1 Reduce transformer no load loss 

Test  Disconnection of redundant transformer during intraday low load periods  

Business model 4 Minimize losses 

4 Reduced CO2 

4  Method Reduce number of active transformers based on load forecast 

Note: This will be possible through de-coupling of transformers according to load.   

Hypothesis Reduce transformer  no load loss with 15 percent without risking life expectancy and power quality  

Test Case eight substations 

Solutions 4 Smart Grid lab 
4 Substation automation system 

Variations 4 Not applicable 

 



Final Report Summary 

Stockholm Royal Seaport, Urban Smart Grid Pre-Study 

 

 Page 38 

 

3.2.5 Local Power balancing capacity and dynamics.  

Expected increase in volatility in the electricity market demands local forecasting and balancing. 

Scenario 5, Test 1 ς Active House to balance own production 

The goal is to see how well an active house can balance its consumption and production to reduce 

the grid tariffs and minimize the network in feed.  

Scenario 5 : 1 Active House to balance own production 

Test  Load shift on active house level with EV, battery and demand response to compensate PV 

Business model 4 Optimize use of PV in active house 
4 Decrease power capacity costs  

Method Use extreme price variation (75 percent difference between highest and lowest hour) Local balance 

response against price curve using solar panel, movable loads and local energy storage (battery) Power 

Quality of RES battery  

Note: The energy consumption will be measured on incoming connection to a building, not on each 

apartment. 
Hypothesis Load shifting will reduce PV in feed  

Test Case Verify contracted landlord in the test group 5 

Solutions 4 Active house 
4 Smart Grid lab 

Variations 4 Not applicable 

 

Scenario 5, Test 2 ς Monitoring of load profile against forecast in micro grid living area 

Test how well a Smartgrid urban network can forecast and balance its own production/consumption. 

Good forecast will facilitate large scale integration of RES on national level.   

Scenario 5 : 2 Monitoring of load profile against forecast living area 

Test  Reliability of forecast 

Business model 4 Reduce power balance costs 1) 

Method 4 Local forecasting based on history and weather information 
4 To balance intraday deviations from forecast.  
4 By use of Intraday Demand Response signal 
4 Grid connected Energy Storage (battery) for local use 
4 Load coordination, large industry loads 

Hypothesis 90 percent of forecasts are within +/-5 percent level   

Test Case Micro grid solution 

Solutions 4 Active house with EV and PV 
4 Energy storage 
4 Smart Grid lab 
4  

Variations 4 Not applicable 

1) The solution has been simplified in the perspective that this test will be executed by the DSO but the result will be applicable for 

the Balance Provider   
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Scenario 5, Test 3 ς Monitoring of load profile against forecast port and heat pump  

Test what different industry types can be coordinated to balance and forecast loads to facilitate large 

scale renewable production.  

Scenario 5 : 3 Monitoring of load profile against forecast port and heat pump 

Test  Minimization of influence from intermittent vessel loads 

Business model 4 Reduce grid investments 

4 Reduce power balance costs  1) 

4 Reduce CO2 Method Monitoring of load profile against forecast (real time load monitoring)  

Research of load Coordination of Vessels loads with heat pumps 

 

Hypothesis 90 percent of forecasts are within +/-5 percent level   

Reduce current vessel peaks with 50 percent 

Test Case Simulation of load coordination with heat pumps and energy storage  

Forecasting port energy consumption 

Solutions 4 Port 
4 Smart Grid lab 

Variations 4 Not Applicable 

1) The solution has been simplified in the perspective that this test will be executed by the DSO but the result will be applicable for 

the Balance Provider   

3.3 Recommended Pilot Scope 

To validate the significance of the above scenarios test the following pilot scope is proposed as 

platform.  

Active House: 

4 Implementation of the active house technical solution in five sub-groups each consisting 

of 40 apartments with two ways communication to the utility operated IT-infrastructure 

as described in Smart Grid Lab WP2. Expose each sub-group with different incentive 

models and follow changes to load profiles and monitor improvement from a CO2 and 

cost perspective. Incentive models include: 

Ê Flexible demand response based on price and CO2 

Ê Intraday demand response based economic dispatch or emergency dispatch 

Ê Establish a reference group with approx. 40 number of apartments with a similar mix 

of tenants and apartments size and standard 
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Smart Grid Lab: 

4 Development and implementation of a Network Management system architecture with 

suggested distribution management application to support for increased availability and 

loss minimization, typical functions are energy storage management, Volt/Var 

optimization, Fault Localization, Isolation and Restoration. 

4 Development and implementation of a Demand Response Management System 

supporting flexible demand response and intraday demand response incl. StyrEl as 

defined in Market Concepts WP 6. 

4 Development and implementation of a Advanced Business Intelligence system, providing 

a suite of products that extracts data from disparate systems and external data sources, 

supporting operational decisions using dashboards to present information. 

4 Establish redundant communication infrastructure on diverse media i.e. fiber optic 

solution and wireless solution to benchmark monitor quality of service, security and cost 

aspects. 

4 Cyber Security has two important aspects, the protection of user data (privacy) and the 

protection of the network (security). Protection of user data is more of an operational 

issue while network protection is an issue of both technical countermeasures and 

operational procedures. It is vital that both these aspects are considered already from 

start in the implementation project. 

4 Integration of Smart Grid functionality in existing utility IT-Platform including but not 

limited to virtual metering, net billing, demand response product.  

4 Introduce proactive and reliability centered maintenance.  

Grid Development: 

4 Development of next generation secondary substation for first 2 LV substations in SRS 

(Norra 1, Västra):prepared for smart grid operation including  

Ê Condition monitoring for reliability centered maintenance 

Ê Instrumentation for load and power quality monitoring 

Ê Remote control of incoming and outgoing feeders 

Ê Fault detection 

4 Implementation of separate power feeding infrastructure for future Electrical Vehicle 

fast charging 

4 Incorporate Electrical Energy storage in neighborhood for local micro grid operation and 

power quality improvements  

4 HV/MV Substation 

4 Design the Smart Grid according to standards for personal security incl. Live Work 

4 Development of next generation primary substation (110/10 kV): prepared for Smart 

Grid operation given the new port in Frihamnen 

Shore to Ship: 

4 Development and integration of a shore to ship power supply solution for 50Hz 10kV in 

port of Värtan in a first phase of building new Smart Harbor 
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4 Integration of port of Värtan loads into load coordination schema with CHP Power plant 

in Värtan. 

4 Development and integration of a centralized shore to ship power supply solution for 

flexible frequency 50/60Hz @ 10kV in port of Frihamnen in a second phase of building 

new Smart Harbor 

4 HV/MV distribution substation to increase capacity to feed the new smart harbor 

extensive new loads. 

4 Implementation of an “active house” concept for the terminal building including large 

installation of PV-generation, local energy storage solution and visualization solution for 

terminal visitors.  

Stockholm Royal Seaport Information Management System (SRS ςM- IMS): 

4 Research and development of a SRS-M-IMS prototype. (2 percent of SRS-M (sustainable) 

indicators will be fully enabled and 13 percent of the indicators will be partially 

functionally enabled if the Phase 3 will developed as proposed) 

4 Development of the first real-time data part of the IMS through the Active House 

concept (covering electricity) 

 

Other findings:  

4 The Gap analysis shows that from a system perspective the SRS-M-IMS  is needed, should 

be based and developed on sectoral subsystems,( (traffic, waste, water etc)  that are 

running or under development today, but have to be processed by a core system of SRS-

M-IMS. 

4 The SRS-M-IMS should be designed and developed to be as small and interoperable as 

possible, since there are many benefits to decentralize functionality, to fulfill all 

sustainable indicators of SRS-M. 

Market Concept: 

4 Development of new models for increased consumer participation in the energy market 

by introducing Virtual Delivery Points covering consumer consumption, PV-generation 

and EV-charging. 

4 Tests of new dynamic tariffs and pricing for grid and electricity to incentivizing consumer 

interaction with environmental goals as well as cost efficiency. 

4 Development and tests of demand response models, contracts, which supports both 

financial and emergency demand response. 

4 Proposals for improved regulation of DSO in line with EU-recommendations on key 

performance indicators. 
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3.4 Implementation proposal overview  

A consolidated view of the implementation proposal is presented below: 

 

After 2015 we have further technical solutions in the following areas:  

4 Grid Development 

Ê HV/MV Increased capacity 

4 Harbour 

Ê 50/60  Hz Shore connection, and the Active Terminal  

Depending on the result from ongoing discussions with EI regarding proposed solutions for 

regulatory changes, adjustments in the Work Packages final solutions might be needed. 
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4 AN OPEN INNOVATION ARENA 

4.1 Involvement of external parties in the innovation and research process  

This section proposes a model for an open Innovation Arena for complementary research and 

innovations. Stockholm Royal Seaport, as a development site for sustainable city concepts, with all its 

projects and the Smart Grid pilot provide a excellent opportunity for the academy and for small- and 

medium sized companies to contribute with complementary research and new innovative solutions 

inside and around the pilot implementations. A concept of an open Innovation Arena is proposed to 

be developed as a function within the SRS Innovation Center that is located inside the Stockholm 

Royal Seaport area.  

The main objective of the proposed Innovation Arena is to create a virtual and physical meeting point 

where an innovative environment can be developed, open to stakeholders from both industry and 

the academic world. The Arena will be both a test area and a showplace for new innovative solutions 

where companies, research institutes and public sector can develop, test and display ideas in a real 

world application. 

New innovative ideas and commercial projects for smart grids can be developed in the smart grid 

pilot and, in a wider perspective, be brought to a global market. 

4.2 Innovation process  

The Stockholm Royal Seaport project involves many stakeholders representing all parts of the chain 

in the process of creating solutions for sustainable cities. Stockholm Royal Seaport with its clear 

sustainability targets enable external stakeholders to act with common objectives in their processes 

to develop and test new solutions to the SRS projects. The “Innovation Arena” is a project that can 

help to gather stakeholders and their different skills under an “umbrella” that can foster their 

innovation process, their economical growth and strengthen the common vision for the SRS. In 

addition to the proposed smart grid pilot project there are in certain cases needs for more general 

research concerning smart grid topics for which SRS and the pilot project will provide crucial data and 

test bed. 

For a future Innovation Arena different funding institutions and actors can be involved, as showed in 

the Figure. 
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Figure : Actors and project funding for Smart Grid project 

A general model for funding an Innovation Arena could be that the main share of needed funds 

comes from funding institutions. These could be Vinnova, Swedish Energy Agency, Stockholm City 

and the European Commission.  

The remaining part could be covered by the companies that will be involved in each innovative 

project and therefore, benefit from partner’s contacts and management methods to foster their 

innovation activities.  

Figure 2 shows a model that explains the Innovation Arena Project.  
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Figure 2: The Innovation Arena Project 

Innovative projects taking place in the Arena should be developed based on needs/demands, goals 

and requirements from each individual area within the SRS project such as Smart Grid, Biogas etc. A 

third part can act as coordinator and coach for small and medium sized companies involved in the 

Arena. This third part will assure transparency and openness to the process of selecting and 

qualifying small and medium sized companies and entrepreneurs interested in participating in the 

Arena. For the Smart Grid project STING (Stockholm Innovation and Growth) and InnoEnergy are 

examples of actors that could cover that role. SRS is a strong enabler for the creation of national 

research arena explained in detail in section 5.5. Ongoing projects (for example “Swedish ICT” and 

“Test Site Sweden”) can also provide new ideas starting from outside the main project. These can be 

brought into the Arena through the same process.  

The innovative output can then provide solutions for the SRS project but it can also be spread to new 

external markets or to new research areas outside the Arena.  

All actors involved will have the benefits of exposure as participants in a world class development of 

sustainable city solutions and also access to knowledge and sharing of ideas in an open environment. 

The open innovation process will help big companies to obtain creative input from external partners 

who have competences that complement their core business. Small and medium sized companies 

can benefit from the strength and resources of big companies and also from coordination and 

coaching from third parties. This can help them in order to spread and commercialize their products 

and ideas both in the Arena and to external markets.  

The academic actors will be able to have their own projects in the Arena and work alongside industry 

participants to create profitable collaborations and to increase PhD projects and research areas. In 
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the long run the Arena is expected to become a global reference point for sustainable city 

development. In addition it will foster Swedish innovations and promote Swedish business growth 

and creation in a global environment.  

4.3 SRS-Smart Grid pilot in relation with other Smart Grid projects  

Global research is helping to transform the energy system into a more suitable ecosystem. Smart 

Grid is a important enabler for this transformation. Stockholm Royal Seaport is one of many projects 

in the close geography, of which some projects are described below 

 

 

 

 

Figure: Smart Grid projects related to SRS Smart Grid project 

In autumn 2010, Elforsk started up a new Smart Grid Program with a first three year period. The SRS 

pre-study is already included in that program for 2011. The next phase of SRS should relate to this 

program by offering specific project results/reports to Elforsk. It should also be possible to invite 

Elforsk SG program members to participate in different SRS sub-projects. The SRS project needs to 

make proposals to Elforsk for each part/sub project that shall be included in the program.  Elforsk SG 

Steering Group will accept or decline such proposals. Also other related programs can be handled in 

a similar way.to increase the cooperation. Acceptance from different programs to SRS proposals will 

stimulate create of a common strategy with the utility domain and bring extra financing to the SRS 

project. 

The objective of Stockholm Royal Seaport – ICT for Sustainability/ Smart Communication (SRS-SC) is 

to provide a generic communication solution that supports the goal of Stockholm Royal Seaport to 

become an international model for sustainable city development; by development of a 

communication platform to support eHealth, transport, building automation and supply, and to 

promote a responsible use of energy. 

In Finland, the CLEEN Ltd's operation as the energy and environment strategic centre for science, 

technology and innovation is based on the common vision and strategic research agenda defined by 

the centre's owners, i.e. companies and research institutes. Within in CLEEN, there is a special 

program concerning Smart Grids and Energy Markets (SGEM). The aim of the SGEM research 

consortium is to develop international Smart Grid solutions that can be demonstrated in a real 

environment utilizing Finnish R&D&I infrastructure. At the same time, the benefits from an 

interactive international research environment will accumulate the know-how of the world-leading 

ICT and Smart Grid providers. Fortum and ABB are both partners in the SGEM program, together with 

17 other industrial partners and eight academic research partners. Fortum and ABB will coordinate 

and bring in knowledge and experiences between the CLEEN program and SRS project. 

    

SRS Smart 

Communication 

CLEEN Other project Elforsk SG 
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4.4 KIC Innoenergy  

EIT- KIC Innoenergy has a strong coupling to Innovation Projects. Stockholm Royal Seaport is seen as 

a future sustainable smart urban grid with controllable loads, creating an innovation platform. ABB is 

a full member of KIC Innoenergy. Fortum and Ericsson have ongoing discussions of associate 

membership. Ongoing projects, if relevant, can be treated as in-kind contribution for partners to 

InnoEnergy to the annual member-fee.  

Stockholm Royal Seaport has been identified as a possible large demonstration project, acting as an 

arena for innovative products, systems, services and business concepts with an open interaction with 

universities in cooperation with project partners and small enterprises. It will enable a European 

wide dimension into SRS. 

Integration of ongoing and new demonstration projects with KIC Innoenergy opens for opportunity 

to cooperation and sources of other funding from EU framework and European bodies.  

The co-location will act proactively for SRS project to be a driver of future EU demonstration plans as 

an Innodriver Lighthouse project. 

4.5 A national research arena  

The Stockholm Royal Seaport is a strong enabler of, and catalyst for, world-class research in Smart 

Electricity grids and Sustainable Cities.  

The SRS project enables research by providing a forum for industry-academia-public sector 

collaboration in which research ideas are born and developed into scientifically viable, yet industrially 

relevant R&D projects. Once operational, the R&D projects can benefit greatly from the SRS project 

acting as a catalyst by providing access to people, systems and a technical environment to gather 

data from, and perform experiments in under realistic conditions.  

To foster this symbiotic relationship between industry, academia and the public sector a process 

must be put in place. In section 5.5 such a process is outlined and relevant national research topics 

are described in depth.  

4.6 Proposal of industry relevant research projects in relation to the Smart 

Grid Pilot in SRS 

The initiative to suggest new research projects lies with the universities. Since only research that can 

show a clear link with one or more demonstration projects will be eligible for funding from the 

industrial sponsors, this ensures the industrial relevance of the project.  

In the table below example of relevant research projects that could be conducted in conjunction with 

the pilot project in the Royal Seaport are listed. The research will facilitate the defined scenarios with 

a broader and deeper perspective. The result intend to provide improved solutions that can be 

incorporated in later stages of the SRS area or in other Smart Grid pilots.  The projects have been 

specified with the assumption that they can be performed as PhD student projects, i.e. with duration 

of 4-5 years and conducted as part of a larger research group including supervision from senior 

researchers. 
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ACTIVITY STAKEHOLDER STAKEHOLDER VALUE OF 

ACTIVITY 

SUPPORTING 

SCENARIO TESTS 

1 Network regulation Society Enabling the smart grid 

functionality 

Customers’ willingness to reduce and 

move consumption due to price and CO2 

Local Power balancing capacity and 

dynamics 

2 Demand Response Household and 

commercial 

Peak shaving and load 

shift for higher load 

factor, less costs and less 

environmental impact. 

Customers’ willingness to reduce and 

move consumption due to price and CO2 

Local Power balancing capacity and 

dynamics 

3 Multi-agent systems for 

control 

Actors in the 

smart grid 

To reduce the 

transaction cost or 

overhead, the 

interactions need to be 

automated 

Customers’ willingness to reduce and 

move consumption due to price and CO2 

Local Power balancing capacity and 

dynamics 

4 Optimal maintenance Household and 

commercial grid 

customers 

Reliable, predictable, and 

cost efficient network 

Robust and reliable operation of the 

Smart Grid 

5 Dynamic Load   Ports of 

Stockholm, 

producers e.tc.   

Cost efficiency and CO2 

emissions 

Customers’ willingness to reduce and 

move consumption due to price and CO2 

Local Power balancing capacity and 

dynamics 

6 IMS Residents in 

Stockholm 

What’s measured gets 

done. Duplication to 

coming city 

transformation projects. 

Implementation of Environmental 

follow-up System 

 

7 Flexible CHP Fortum Heat Cost efficiency, higher 

load factor, less CO2 

Local Power balancing capacity and 

dynamics 

8 ICT security and privacy in 

Demand Response 

Grid owner, 

customers 

Only planned and agreed 

actions are done. Both 

emergency and financial 

demand response 

Customers’ willingness to reduce and 

move consumption due to price and CO2 

Local Power balancing capacity and 

dynamics 

9 Decentralized load and 

production forecasting 

Grid owner, 

balancing 

responsible, 

customers 

Cost efficiency Customers’ willingness to reduce and 

move consumption due to price and CO2 

Local Power balancing capacity and 

dynamics 
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5 BACKGROUND AND REFERENCE INFORMATION 

5.1 National climate target  

Significant efforts will be made worldwide to achieve the goal of a low carbon future. For Royal 

Seaport in Stockholm, this means that we can expect that the value of a positive climate city district 

will increase over time. Products developed in the Royal Seaport will bring international attention 

and create opportunities for Swedish industry and position Swedish universities as leading research 

institutes in the Smart Grid domain. The cost of living and working in the district will be lower in the 

future, while the urban environment will gain from the development.  

Global climate negotiations are ongoing. The European Commission has outlined its strategy to meet 

the energy challenges to 2020 and a roadmap to a carbon-free Europe in 2050 has been published. 

IEA has once again held its annual energy outlook, World Energy Outlook, with scenarios up to 2035. 

And a number of studies have been published relating to the smart grid in Sweden and at the EU 

level.  

In addition, Sweden has a number of inquiries made by the outlook for 2030 and 2050 by various 

stakeholders in recent years.  

All of these reports and studies are looking into the future. What conclusions can we draw and how 

will these affect the overall trends of investment in smart energy management or so-called smart 

grids?  

It is noted that many of the Swedish investigations more or less draw the same conclusions. The big 

dividing line is rather how and how quickly the transport sector will be transformed, for example how 

fast will the electric cars penetrate the market. Depending on this assumption, the time to reach the 

target with a low carbon future will vary.  

To achieve this low-carbon future, different goals at various levels, regionally, nationally and locally, 

and even at district level, have been set up. The targets set are:  

EU 20/20/20 goal by 2020:  Overall, the EU has set targets on reducing greenhouse gas emissions by 

20 or possibly 30 percent by 2020 compared with 1990. In addition, the EU will increase the 

renewable energy share to 20 percent from about 8.5 percent in 2005. There is also a goal of 

increasing energy efficiency by 20 percent more than compared with the so-called Business as usual, 

BAU. At this point, monitoring and various activities on how these goals should be measured are 

carried out and practical implementation in large scale. 

Sweden's goal in 2020: According to the Swedish Government, Sweden is to be a leading country in 

environmental and sustainable development, both nationally and internationally. The objective of 

the climate and energy policy for 2020 was decided in the Swedish Parliament in June 2009 and 

involves several elements:  
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4 Climate effect is to be reduced by 40 percent by 2020 compared with 1990 for the non-

trading sector. The case is the most ambitious in the EU. In the trading sector, it is rather 

the common requirement for reduction of 21 percent by 2020 compared with 2005 set 

for all participants in the trading system in Europe.  

4 By 2030, the vehicle fleet is to be independent of fossil fuels. To achieve this, a super 

eco-premium has, among other things, Been introduced, which can stimulate the 

introduction of electric cars.  

4 The target for renewable energy is 50 percent of total energy supply by 2020. The so-

called third leg will be developed in the electricity sector and is focused on other 

renewable power generation than large hydro, and this is supported by the certificate 

system. Incentives for small-scale electricity generation, including solar cells, have 

previously been supported by targeted investment contributions. This form of support 

seems to not be renewed after 2011.  

4 Energy efficiency also has its own target of 20 percent more efficient energy supply per 

GDP dollar, i.e. energy intensity is reduced. How efficiency is measured is still under 

discussion and the EU's future energy plan may change the Swedish case.  

5.2 Stockholm Royal Seaport  

Stockholm Royal Seaport is a new urban city area with targets concerning climate and ecological, 

social and economical sustainability. The city area shall be fossil free in 2030. In the long term this 

shall be developed into a climate positive city 

area. Sustainable energy usage, a recycling 

society, environmental efficient transports and 

buildings and sustainable generation and 

consumption patterns shall be in focus. When 

constructing the new area, the Life Cycle Cost 

(LCC) principle shall be used.  

Stockholm Royal Seaport is a city development 

project with the ambition to be a world class 

sustainable city project with international visibility by partnering with the Clinton Climate Initiative 

and others global climate initiative. The project started in 2010 and will be completed in 2025. The 

area includes approximately 10 000 apartments and 30 000 workplaces and required infrastructure. 

The area in addition include a large port that during this time period will be transformed from an 

industrial port to a entry point for ferries and cruisers visiting Stockholm.  

SRS consists of four different geographically areas inside Stockholm Royal Seaport.   
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4 Hjorthagen is the first new area where apartments will be constructed. The area has 

been divided into smaller areas/phases (Norra 1, Västra, Norra 2 and Gasklocka 3 and 4). 

Norra 1 is the first area to be constructed and the first attendants will move in early 

2013. Next area is Västra in the middle of 2013 followed by Norra 2 and Gasklocka later 

(2014 – 2016).  

4 Värtahamnen is the port where the ferries are anchoring all around the year. Phase 1 in 

the electrification of the port will take place in 2013 and is planned to be finished in 

2015. A new terminal building is planned in the area and will be ready 2015. Later in 

2017 the area will also include Valparaiso, an area for commercial buildings. 

4 Frihamnen is the port for cruisers. The number of ships visiting the port is expected to 

increase during the coming years. These vessels are also planned to be connected to 

electrical grid but normally most international cruisers are using 60Hz instead of the 

normal 50Hz in Sweden. This means that a frequency converter is required in Frihamnen. 

The first 60Hz vessels are planned for 2015. 

4 Loudden is the latest area to be exploited. The plan is to build approximately 5,000 

apartments and commercial buildings. The timeframe as it is today is between 2017 and 

2025. 

5.3 Visionary Basic Conditions and Key Performance Indicators  

A smart grid challenge is the uncertainty of the path that its development will take overtime with 

changing technology, changing energy mixes, changing energy policy and developing climate 

changes. To mitigate and counter these uncertainties have the pre-study, based on current 

knowledge, available research and predicated/ desired policy changes, developed a scenario as a 

foundation for market models, regulatory suggestions and technical solution proposed for the 

project as per below. 

            

ÁVision

ÁStrategic targets 
and requirements 

2010   2012  2013 2014/15  2016 2020     2030

Time scope for 

phase 3 SRS

 

Hjorthagen 

Värtahamnen 

Frihamnen 

Loudden 
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Basic conditions and KPIs that we anticipate will drive the conversion to a more positive climate city 

area are: 

CO2 consumption tones per capita: Today 1) 2020 2) 2050 2) 

EU 7,9 6,4 0 

National 5,1 4,1 0 

Stockholm  4.0 3.6 0 

Royal Seaport n.a. 1,5 0 
1) Energimyndigheten 2010  
2) Nordic Energy Perspectives 2010 

Renewable electricity Today 2020 2) 2050 2) 

EU 4 percent 20 percent 70 percent 

National 13 percent 20 percent 22 percent 

Stockholm  n.a. n.a n.a. 

Royal Seaport n.a. 30 percent3) n.a 
2) Nordic Energy Perspectives 2010, increased use of renewable electricity compared to 2007 

3)  Percent of the property's electricity (about 4.5 GWh for the total area or 450 kWh / year and apartment) 

9ƭŜŎǘǊƛŎƛǘȅ ŎŜǊǘƛŦƛŎŀǘŜ ϵ κ a²Ƙ 4) Today 2020 2050 

EU n.a. n.a n.a. 

National 25 50 n.a 

Stockholm 25 50 n.a 

Royal Seaport 25 50 n.a. 
4) Expires after 15 years 

/hн ŜƳƛǎǎƛƻƴǎ ϵ κ ǘƻƴŜ Today 2020 5) 2050 5) 

EU 15 30 50 

National 15 30 50 

Stockholm 15 30 50 

Royal Seaport 15 30 50 
5) World Energy Outlook 2010 

Scenario tests covering all work package, chapter 5, specifies hypothesis that will be evaluated during 

phase 3. Key Performance Indicators with direct relevance to the overall environmental goals will be 

followed up. 

Key performance indicators SRS Plan Actual Comment 

EV share of households 4 percent 0 percent 5 EV per 120 
apartments 

Electricity consumption EV MWh/ 
year 

3,7 0 Daily use  

Electricity consumption excl EV 
MWh/apartment, year 

5,4 3,5< X <7,5 1) Where of fixed 
use 2,2 
MWh/apartment 

PV production MWh/apartment 0,8 0 34 percent of 
fixed use of 
electricity 

GHG emission saving in Active House 
ton/building, year 

16,8 n.a. Building 120 
apartments 
including PV, EV 
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and energy 
storage 

Shore to ship connection, reduction of 

CO2, ton/year 

8 900 0  

Shore to ship connection 50/60 Hz, 

reduction of CO2, ton/year 

8 300 0 Cruise ships 

Active terminal due to battery 

solution, reduction of CO2 ton/year 

2,34   Install a battery 
with a capacity of 
100 kWh. This 
allows 56 kWh of 
energy to be 
stored. 

Active Terminal Solar cells, reduction 

of CO2 ton/year 

15,7 0  

Transformer no load losses Reducing losses 

with 15 percent 

n.a.  

WP 2 tbd   

IMS tbd   

Enhanced consumer awareness Measured 

modifications of 

electricity 

consumption 

patterns with 

lower costs for 

the consumer 

n.a. New market 
models and 
dynamic tariffs 

1) SCB 2009 and includes flats with gas stoves 

5.4 Methodology  

5.4.1 Organization and Project Model  

Development of the new urban district Stockholm Royal Seaport spans over more than 15 years and 

significant technological advancements will take place during this time span. The research project 

Urban Smart Grid target is to establish a conceptual solution in the first phase of building the new 

urban district with anticipation to adopt positive results from the research project as standard 

commercial solutions to later parts of building the Stockholm Royal Seaport. 

The research project is divided into three phases: 

i. Formulate project and project description => Complete by 2010-Q1 

ii. Pre-study => Complete by 2011-Q1 
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iii. Full scale test in Stockholm Royal Seaport => Start by 2011- Q4 

Phase 1

Formulate project plan

Phase 2

Pre-study

Phase 3

Implementation and follow-up

ÁDefine R&D agenda and 

objectives in each area

ÁDefine scope and overarching 

requirements

ÁSet a budget and timeline

ÁDevelop a financial plan

ÁPrepare applications for 

R&D grants

ÁDefining use cases

ÁDetailed specification for 

functions and requirements

ÁExpected benefits and goals for 

phase 3

ÁRecommended test scenario 

and scope phase 3

ÁEstimate of resource and cost 

phase 3

ÁPreparation of funding 

application phase 3

ÁSolution development 

ÁImplementing solutions in a 

real urban environment, 

Stockholm Royal Seaport

ÁExecution of tests and 

validation scenario’s 

ÁTuning and adjustments

ÁEvaluation and final report

 

5.4.2 Governance structure  

Governance structure has been established for the project.  

 

Joint steering group: A joint steering group has the overall responsibility for the project. All partners 

have agreed on that the steering group consists of members from Fortum and ABB. The main 

responsibilities for the group are summarized as follows:  

4 take decision on a strategic level for the development inside the project aligned with 

overall objectives and criteria from Energimyndigheten 

4 give directives to the project organization, take decisions, transact reviews and follow up 

on objectives and budget 

4 approve all formal documents and external communication  
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Project organization: The project organization has been set up according to the following model: 

Work Package 1

Active House

Pia Stoll, ABB

SRS Urban Smart Grid 

Pre-Study

Catarina Naucler, Fortum

Work Package 2

Smart Grid Lab

Samir Lodhi, ABB

Work Package 3

Grid Development

Robert Käck, Fortum

Assistant

Project Manager

Tommy Carlsson, ABB

Work Package 4

Shore to Ship

Anders Welander, Fortum

Work Package 5

SRS IMS

Nils Brandt, KTH

Work Package 6

Market Concept

Olle Hansson, Fortum  

One overall project management function has been established with the responsibility to coordinate 

and report on the project status and results, verbally and in writing, to the steering group. 

The project has been divided into 6 Work Packed (WP), each with one sub project manager with the 

responsibility to lead the daily work. Each WP has defined objectives, area of responsibility and 

deliverables which has been clarified through the application to Energimyndigheten and the approval 

from the steering group. Any deviation from this has to go through project management to get an 

approval from the steering group. 

The total budget for the project is 33, 8 MSEK and was divided between the different WP as follows: 

 

Partner reference group: A partner reference group has been established as a part of the project. 

This group consists of represents from all eleven partners (Stockholm Hamn, ByggVesta, JM, HSB, 

NCC, Interactive Institute, Electrolux, Ericsson, KTH, ABB and Fortum) in the project plus 

representatives from Energimyndigheten, Energimarknadsinspektionen, Elforsk, Vinnova and the City 

of Stockholm. The partner reference group meet monthly to be informed of the project status and 

results and have an advisory roll towards project management and the steering group.  
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External partner reference groups and seminars: To ensure the success of the project several 

seminars and work shops with different external reference groups have been carried out. The 

objective here has been to spread the official results and to discuss issues  with representatives from 

end users, authorities, industry associations and Swedish small and medium enterprises inside the 

industry. The project has had a work shop the 25th March with the Market Concept Statements on 

the agenda and a seminar around IT security the 14th April. The different Work Packages have had 

several different work shops and seminars that are presented in their final reports.  

Project evaluation The collaboration and organization form of the project is unique and there for the 

project will make a separate evaluation of the collaboration. An external consultant will during May 

2011 carry out the investigation and the conclusions will be a base for the setup for the next phase  

5.4.3 Establishing a common vision  

The broad scope and complexity with cross organizational interfaces require that significant effort 

goes into establish a common vision and understanding of the smart grid objectives and dynamics. 

Seminars and workshops had an important function in this regard. Dependencies between the 

different work packages and development/ research steps have been addressed in workshops 

involving the different actors. Since the project members have a diverse background some work 

packages have decided to have separate working streams within the group one focusing more on 

R&D activities and the other stream on feasibility and deployment strategies. 

              

Scenario descriptions

Acceptance user interaction

Technical Solutions & Business Model

• Use Case

• Market Concept

• Information model

 

              Figure: process to establish a common vision 

In addition, a concept demonstrator for the urban smart grid is developed as a part of the Stockholm 

Royal Seaport urban smart grid pre-study. The concept demonstrator is an instrument in process for 

establishing a common vision. 

It is important to create a common vision also among different stakeholders involved in the SRS 

project in order to drive the innovation process. Three important components need to be considered 

when it is up to the degree of commitment: 

4 The trust 

4 The collective risk taking 

4 Individual/stakeholders benefits 

Commitment has been created through the world class agreement and needs to be followed up 

throughout phase 3 in the project. Trust needs to be created in order to succeed in develop an open 
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innovation arena where knowledge and ideas are shared in a fair and open environment. Collective 

risk taking is important for gathering different stakeholders around the SRS project which is the 

Research Arena. Additionally, conscious that risks linked to each innovative project will be shared 

among partners. Long term involvement of the stakeholders and customers will be assured due to 

the economical and environmental benefits.      

5.4.4 Dissemination and Peer engagement panel  

The Smart Grid concept is a challenging and multi-disciplinary topic/area where different scientific 

competences and disciplines are merged. Due to the complexity of the project research and 

development activities are expected to be triggered in the industry and academia boosting 

innovations and creation of new business areas.  

Knowledge will be shared between the industrial partners and academia and the Smart Grid SRS pilot 

will serve as a research arena in where new and innovative ideas will be demonstrated.  

Novel results and observations will be available in the public domain.  

Contacts have been made with both Swedish ICT and Test Site Sweden (TSS). Both organizations have 

shown a big interest in SRS. We have discussed with ICT the needs a new energy system has for an 

open communication platform in the future. Possible common co-operation for the next step has 

been identified and further work will be done for the next implementation phase. The contact with 

TSS has been to learn more about each other and to find areas of corporations in the future R&D 

arena.  TSS has found a co-operation with WP 5 (IMS) and co-operation will be further developed. 

5.4.5 Publishing and Communication  

In order to ensure a transformation towards a more sustainable society we need to create a dialogue 

that includes all levels of society. The dialogue needs to put focus on increasing knowledge and on 

creating acceptance for the demands the future society will make of the citizen.  

During the pre-study, the project has taken some steps towards creating, and sustaining this 

dialogue. These steps involve taking an active part in the global discussions on smart grid and 

sustainable societies, showing our project as a forerunner in sustainable urban development, sharing 

our knowledge and our beliefs with members of all levels of society.  

During the pre-study phase communication has mainly been focused on three major target groups; 

decision makers, other businesses, and the general public.  

When it comes to the first two target groups the main method of communication has been through 

national and international high level conferences and seminars. The aim of the communication 

through these channels have been to increase knowledge and interest of the project and its 

structure, while at the same time creating an increased interest in the companies involved and our 

competence within the field of smart grids and sustainable urban development. This communication 

work has been successful and the Stockholm Royal Seaport Smart Grid project has become well 

known nationally as well as internationally. 
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In addition, work press communication has been sent out in connection to important steps in the 

process.  

With regards to the general public a few steps have been taken towards increasing knowledge and 

support of the project. One of the most important steps has been taken through Fortum's 

collaboration with the city of Stockholm within the Stockholm Royal Seaport Innovation Center. 

Through this collaboration the Smart Grid project has been exposed on the web site 

www.stockholmroyalseaport.com. 

Together with the building companies involved in the project a printed material has been developed 

to inform residents of the active houses of what it means to live in one of the houses. 

Internally every company has communicated the project to its employees. 

5.5 A National research arena and research project formulation  

5.5.1 Characteristics of a National Research Arena  

It is reasonable to assume that the majority of Smart grids R&D resources and efforts among the 

industrial actors in Sweden will be focused on the demonstration projects being developed. 

Different utilities are developing similar demonstration platforms of varying scale and scope. Under 

these circumstances industry-academia collaboration should be sought within the scope of these 

demonstration platforms, such as the Royal Seaport project. 

A significant amount of research projects within power systems (smart or not) in Sweden are 

performed as Ph.D. student projects in which an individual PhD student is employed by a university 

to conduct a project lasting for approximately five years. In some cases, these projects are grouped 

into programs, with a group of PhD students working jointly together with a supervisor (e.g. EKC2). 

This latter type of program offers many benefits by also providing financing for senior researchers 

(Post-Doc and Asst Professors) as well as contributing to creation of a critical mass of researchers, 

and reducing the amount of administrative overhead per project.  

Overall, two critical success factors have been identified for this type of research projects, first close 

collaboration with industry and second, the formation of larger groups of PhD students and 

researchers under a common theme. Going forward these two aspects are crucial components. 

5.5.2 Suggested arena structure  

With the above background, the role of the SRS project as a National research Arena can be 

visualized as in below. In short the SRS project will partly overlap the activities within a future 

National research program on Smart Grids. 

                

National
research program in

Smart Grids

SRS

Demo 2

Demo N

 

file:///C:/Documents%20and%20Settings/seknfab/Application%20Data/eRoom/eRoom%20Client/V7/EditingFiles/www.stockholmroyalseaport.com
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Figure: National program for funding of Smart grids research and the relation with demonstration platforms 

such as the SRS. 

The main role of the National research program on Smart grids is funding of research projects at 

universities.  

The main role of the SRS, and other demonstration projects is to provide a testing ground for new 

technologies and market concepts.  

These technologies may be those that are close to the market and almost available as products from 

vendors, or such technologies which are in a more conceptual stage closer to research. 

The overlapping circles  represents this type of availability of the demo sites to the research projects. 

In concrete terms, the “overlap” consists of: 

4 Access to data from the test platforms to develop research projects. 

4 Joint access to industry and academic experts for the two groups to provide reviewing, 

second opinions and quality assurance. 

4 Joint steering groups of industry people from the SRS project for the R&D projects. 

4 Mobility of people between industry and academia, e.g. a PhD Student can do shorter 2-

3 month internships at a company active in the SRS project. 

4 Master Thesis collaboration, ideas from industry and academia can be developed in 

terms of master level projects in the demo platforms. 

4 To form a basis for national funding, this type of collaboration can and should be 

specified in terms of in kind deliverables from industry to the involved research projects 

and vice versa. 

5.5.3 Research project formulation  

The initiative to suggest new research projects lie with the universities. Since only research that can 

show a clear link with one or more demonstration projects will be eligible for funding from the 

industrial sponsors, this ensures the industrial relevance of the project.  

In concrete terms this means that a university that proposes a research project to the national 

program, needs to ensure that it is linked to a demonstration project (in accordance with the bullets 

above) in order to qualify for the industrial portion of the funding needed for the project. 

The Royal Seaport project offers possibilities to be a pan-European test bed for new standards, 

regulations and solutions in the smart grid space. Participating partners can also apply for EU level 

funding for relevant research projects. Cross industry and academia collaboration in which research 

ideas are born and developed into scientifically viable, yet industrially relevant R&D projects will be a 

success factor for the development and implementation of Urban Smart Grids. To foster this 

symbiotic relationship between different industry sectors and academia processes needs to be put in 

place.  

Knowledge transfer between regions- and institutions will increase with experiences from different 

demonstration and pilot projects in different countries. This is an important part of the development 

process. To learn from others success and failures need to be prioritized and stimulated. 
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Overall, two critical success factors have been identified for this type of research projects, first close 

collaboration with several industry sectors and second, the formation of larger groups of PhD 

students and researchers under a common theme.  

The EU Commission has launched a Communication Paper in April 2011 - Smart Grids: from 

innovation to deployment {SEC(2011) 463 final}. One of the messages in the paper states: 

Actions to support innovation and rapid application 

4 During 2011, the Commission will propose additional new large-scale demonstration 

initiatives for rapid Smart Grids deployment, taking into account the needs identified in 

the EEGI (European Electricity Grid Initiative). They will include new ways and means to 

leverage financing, in line with the Energy Infrastructure Package and as requested by 

the European Council of 4 February 2011. 

The Commission will also launch the initiative Smart Cities and Communities in 2011. 

Exampels of relevant research projects that could be conducted in conjunction with the pilot project 

in the Royal Seaport are described below. The research will facilitate the defined scenarios  with a 

broader and deeper perspective. The result intent to provide improved solutions that can be 

incorporated in later stages of the SRS area or in other Smart Grid pilots.  The projects have been 

specified with the assumption that they can be performed as PhD student projects, i.e. with duration 

of 4-5 years and conducted as part of a larger research group including supervision from senior 

researchers. 

The examples  are: 

1. Network regulation for the future smart grid. 
A smart grid is a grid where one considers the increased possibilities to use IT technology in order to 

operate and design the grid as efficient as possible. The role of the regulation is to make the grid 

owners to act in such a way that the outcome of their actions result in an efficient grid and that it is 

economically possible for an investor to own the grid.  

With an efficient regulation the consumers can be more flexible compared to today. This means that 

integration of variable power sources such as wind power or solar power can be performed more 

efficiently. 

2. Optimal demand response and pricing in Smart Grids 
The goal of the proposed project is to develop an optimization framework (technical and regulatory) 

for demand response and electricity pricing in Smart Grids. The scope is national and covers optimal 

scheduling of household appliances, heating and ventilation, while using the energy storage as much 

as possible. The Stockholm Royal Seaport project can participate with flats combined with district 

heating in a city area and testing parts of the demand response functions. The role of demand 

response is to shift power loads to decrease greenhouse gas emissions in society, minimize electricity 

costs for the customers, and lower the peak demand from the power utility company. The result can 

be further input to changes in the  regulatory framework. 
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3. Multi -agent systems for control in distribution grids based on Service level agreements 
In the future intelligent grid, new actors will be part of the energy value chain including energy 

service providers and aggregators. In addition, the consumer can be assumed to be more active – 

empowered – making more choices with regards to different energy services. This would imply more 

interactions between the involved parties in the energy market. To reduce the transaction cost or 

overhead these interactions need to be automated, e.g. the decision to use electricity at a certain 

lower price should not be a manual decision taken by an individual but instead be built into 

appliances. 

4. Optimal maintenance for long term smart grid reliability 
The maintenance optimization methods already developed within the RCAM-group needs to be 

complemented with the following topics: 

4 Many maintenance parameters/measures are potentially enabled with the 

implementation of smart grid solutions. Which of these should be selected and 

introduced in the power system to support an optimal maintenance? 

4 The maintenance optimization routine needs to take all actors into account, most 

importantly customers and the system operator. However, new operation modes require 

development/modification of methods. 

4 Comparison between investments in smart devices and traditional primary equipment 

including differences in vulnerability. 

5. Dynamic Load  
The concept would integrate the output from hydro power plants as well as remote wind power 

plants with the demand and generation could consist of the following components: 

a) Local biomass power plant 
b) Smart homes/buildings and demand response 
c) Distributed energy systems (micro PV, wind, CHP etc) 
d) Integration and use of electric vehicles 
e) Energy storage for customers and the grid (batteries and dedicated storage mediums) 
f) Heat pumps for district heating and district cooling 
g) Hydro power plants  
h) Wind power plants 
i) Ferries and cruise liners plugged in the port 

 

6. Information Management System 
The Development of an information management system (IMS) that reflects the knowledge gained 

by the actors in Stockholm Royal Seaport during phase 3. The project will take into account 

implementation experiences and follow up functions concerning all of the environmental indicators 

that are proposed in WP 5. Special attention will be given to information security and privacy 

aspects. 

7. Flexible Combined Heat and Power in a Price Volatile Electricity Market 
It might be profitable for CHP owners to invest in increased flexibility, as for example encouraging 

heat customers to transfer part of their demand to other time periods or by installing heat 
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accumulators. Develop methods for a more efficient coordination between existing heat and 

electricity generation resources. Other important issues to be considered include: 

a) Possibility to use electric heating in the district heating, which is profitable at low electricity 
prices, which may occur more frequently in a system with large amounts of wind power 

b) Heat pumps in the district heating 
c) Possibility to use heat storage 
d) The value of a more flexible construction of the CHP plants including high efficiency on 

different production levels and faster ramp rates. 
 

8. Securing ICT infrastructures for Demand Side Participation 
In this project the idea is to develop design rules for ICT systems for Demand Side Participation 

focused on cyber security and integrity. In Demand Participation schemes, the ICT infrastructure will 

contain data and functionality that – if compromised in a cyber attack  – can potentially threaten the 

technical stability of the system or the business continuity in terms of compromising the flow of data 

for billing. Disregarding hostile actions, the ICT system and its data can also pose treats to privacy of 

participating individuals. 

9. Decentralized load and production forecasting for 24 hour day-ahead  
This project idea is to investigate and test new methods of local forecasting of consumption and local 

production for 24 hours day-ahead. Load forecasting has to take into account the opportunities and 

dynamics of demand participation. Local production forecasting shall, in this case, focus on local PV 

forecast for 24 hours day-ahead. How to make and develop local weather forecasts are crucial 

components in this project. The forecasts are key elements for several existing and new actors. The 

local DSO can use this in the daily interchange control, a retailer can reduce his unbalancing costs, an 

aggregator can utilize and optimize the dynamics within the local area. 
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6 APPENDIX  

[1] Work Package 1: Active House Final Report 

[2]  Work Package 2: Smart Grid Lab Final Report 

[3] Work Package 3: Grid Development Final Report 

[4]  Work Package 4: Shore to Ship Final Report 

[5] Work Package 5: Information Management System (IMS) Final Report 

[6]  Work Package 6: Market Concept  Final Report 
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7 DEFINITIONS  

Table of the acronyms and definitions used  

Table 1 Definitions 

Abbreviations Definition Description 

CO2 Carbon Dioxide  

DR Demand Response  

SGL Smart Grid Lab  

GHG Green House Gases  

RMU Ring Main Unit  

RCM Reliability Centered 

Maintenance 

 

DER Distributed Energy Resources Can be all types of sources like 

batteries , PV  

SRS-M-IMS SRS Model – Information 

Management System 

 

EI EnergimarknadsInspektionen  

ESI  Energy Service Interface  

PV Photo Voltaic  

EV Electrical Vehicle  

VDP Virtual Delivery Point   
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