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Pre-Face

The Prestudy Stockholm Royal SeapecftUrban Smart Gridis a joint initiative by Fortum, ABB and
KTH. Thereparatory work for thepre-study with elevenpartners was kickedff 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 Seapbhe result of the work was av pgtudy, financed

by the eleven partners together with the Swedish Energy Agency and Vinnova. Téieigyavas
initiated in October 2010 and finished by Aprif"3011.

The uniqueness of the pigtudy is that it describes an implementation of a smart grid fikged on

a holistic approach where the system solutionbisiit on not only technology but also business
models, market concept and consumer patrticipation. The solution is designedheigpurpose to
enable the inhabitants in Stockholm Royal Seaport and the City of Stockholm to reach thelassld
sustainability targets that has been set for the sty while providing highest level of comfort and
security of supply for the endsers of @ergy.

The unique holistic approach has been possible to achiemeksto the interaction with not only a
wide range of industrial stakeholders, but also with authorities and academy.

The work in the prestudy has been focused on six different work pagea (WPSs) 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 StockRarts of
Stockholm, Ericsson, Electrolux, Interactive Institute, NCC, HSB, JM, ByggVesta, the Swedish Energy
Agency and Vinnova .

In the reference team for the prstudy, the Energy Markets Inspectorate and Elforskdalso
participated and the project has beeble 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 wiithply growth in exort 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. Wwill demonstrate how an urban area can contribute to reach these objectives.

The Smart Grid concept will also support Stockholm City in obtaitsingrgets for the new urban
area Stockholm Royal Seaport, including reduction of CO2 emissions, higher efiigigncy 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, innoiat, 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 whereitaldolutions

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 {stedy the potential positive impact on the targets of
the future society and$ 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

Partners for the implementation phase

4  How to engge academy and small and medium sized companies in the full scale test

IS
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1.3 Scope of the Smart Grid R&D arena

1.3.1 Work Packages

The complete scope of the pgudy is broken down inteixdifferent work packages (WP) as follows
WP 1: Active House

Reduced peak oad and increased energy efficiency by
Demand Response application including PHEV's inf

The most important components in theActive
house/terminal are:

- . // o
4 Photovoltaic Generatin — @
4 Local energy storage ;
4 Control system for Demand and response 1“_ ~ - gﬂ»/!‘
4 Customer display (visualization) > ,D,\Q\\ ar [ 1 [\J
4 Connections for charging of electrical cars "= ,: g ‘[ﬁ l/ A
4 Home automation il 3 7
4 Smart appliances T
4

Individual metering of usage for control, follamp and settlement

WP 2: Smart Grid Lab

A complete ruaime 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: Gridlevelopment

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 gridea

MV/LV Substations

Distribution cabinets

Smart meters for extended functions
Centralized energy storage

o S S SN
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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 anchittten of local power,
heat and cooling production to reduce capacity need at
TSO level and reduce local losses

R

VARTAN

oS, LIDINGO

The most important components in theort are:

Lilla Virtan

AN

Connection for vessels to electrical grid

4

4 Frequency converter GARDET

4 Energy storage R

4 Smart meters | PR

4 Harbor, industrial grid operator (IGO) G m— -

ote:
Not drawn to scale. Stockholm Royal Seaport
Berth locations preliminary. uigaaias amsngeinest
e s o
Do o, WANGOATI0.58 ABB

PSSX/SSIKS L H. Rev2 20110323

WP 5: SRS Information Management System

Madell for konti Blining av Norra Djurgs

Definition of an information system for follow up of the
operational goals of the sustainable city project and data as
basis for future research.

Overgripande program = o

Utvardering/uppfolining | | Redowisning ph
av mal & krav wabbsida

4 Define relevant indicatorto monitor climate
impact
4 Establish followup model for SRS

WP 6: Market Concept
Business Model and Regulatory framework for actor

4 ldentification of test scenarios and hypothesis to be tested
4 Market Statement for increase consumer participation in gyyemarket
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 acadeamyl 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 pstudy for the creation of an Urban Smart Grid pilot in
SRS focused on the proposed businessraadket models, technical solutions with the
ambition to create a general solution that shall be easily adaptable in other areas with
similar ambitions.

The Stockholm Royal Seaport is a strong enabler of, and catalyst for;clastdresearch

in Smart Eleticity grids and Sustainable Cities. The SRS pilot enables research by
providing a forum for industracademiapublic sector collaboration in which research
ideas are born and developed into scientifically viable, yet industrially relevant R&D
projects.

Asuccessful pilot with long lasting sustainable solutions will require a broad participation
of major stakeholders representing different parts of the value chain. Thetpy and

it's working format have generated a good basis for this with a fruithd &ving
collaborative network around smart grid development between the industrial partners,
the academy, the authorities and external reference bodies connected to the project.
New research topics preferable done by academy have been identified wihlitiks 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 rekesas under a
common theme.

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 establ@innoon understanding and
suggest improvement and find best practice of implementation.

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.

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.
The pilot will be an instrumenfor the Swedish Government, universities and private
companies to retain a leading position as forerunners in the development of the
concepts for urban smart grids.

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

Solutions for communication of data within smart grids need to challenge traditional
solutions to meet new requirement such as performance, quality of sers@myrity and
privacy etc.
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1.4.2 Complementary projects

In addition tothe 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
energysystem 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 SmariGrid R&D project including system studies and tests of technical solutions as well as business
model s with interaction of consumers are cruci a
energy system into a more sustainable one. A Smart Grid cosogporting a sustainable city is an

enabler to reach these objectives.

As an additional important result, th&tockholm Royal Seaport offers a unique opportunity to
establish R&Dtest and demonstration programincluding an innovation process to streimgm
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 Seaplnnovation 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 sime partners are proposed as in the gidy 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 evall goals for the Urban Smart Grid projece. Power
Balancing capacity in the test grid, Peak Capacity reductionFete. major test scenarios are
proposed.

Customers wi |l Il ingness to reduce and move consur
Implementationof environmental follow up system

Robust and reliable operation of the Smart Grid

Loss minimization

Local power balancing capacity and dynamics

N S S N
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Associate each scenario are variations of the test setup and a hypothesis to be proven. All scenarios
require paticipation of all sites: residential and commercial argas} 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 topire 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 internationaisibility by partnering with the Clinton Climate Initiative
and others global climate initiative. The project started in 2010 and will be completed3ih Z@e

area includes approximately @0 apartments and 3000 workplaces and required infrastruceur

In addition, he area includea largeport that during this time period will be transfored from an
industrialport to a entry point for ferries and cruisers visiting Stockholm.

The implementation of the urban smart grid in Stockholm Royal Seapdffolialw 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 building (apartments) will be ready for move ihe first quarter of 2013. Integrated
functional tests of smart grid solutions are foreseen to stathimsecond 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 céunding 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 prestudy can be maintained
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2 CONCEPTS ANBOLUTIONS

2.1 Introduction

In the prestudy a limited number dflain Actorswith Value Propositioneavebeen identified within

each WP and consolidated to a common understanding of rahekresponsibilities of eacimain

actor. From this specific smart gritlse Cases were developed. \{se 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 mainactorsidentified are:

Households, endustomer consuming energy at home/apartment/office level
Building Manager, the landlord with responsibility for the building

Local retailer, local electricity sales

Local DSO, local distribution system operator

Harbor, industrial grid operator (IGO)

Information Management System (IMS)

A DD S~ DMDd

To formulate rules and prerequiiss for a future energy markea Market Concept Statements has
been formulated as a common platforfor all WPs.

Research

Value proposition Challenges

Main Actors

Requirement

Specification

Information
Model

Functional Test Test
Scenarios

Solution Solution
Overview incl
System

Architecture
Market Concept Physical construction

Statement

Specification

Figure: Use€Case methodology used in Stockholm Royal Seapost gy

Starting from Value Propositions, Main Actotdse Caseand Market Concept Statements the
information flow between the different actors was identified and described as a base for more
detailedFunctional Requirements Specifications, Solution Overviews and Solution Specifications.
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Figure Solution overview

The next stepwasto identify the test opportunities and scope farfull scale development test site.
The Physical Construction of the Stockholm Royal Seaport whtietake placeover aprolonged
period of time, making it important to identify when and tashat extent test scenarios can be
implemented. For the different Scenariests Goals and Hypothesigse establishedto be validated
or challenged ithe next phase.

Connected to Scenass@and Functios, Research Challenges has been formulated thatoeapart of
identified scenario/functioal tests or driven as separate research ideas in parallel \ligh 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 adaptisupfmort 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 antiarging 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 plsiR8 ofcludes

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 tbugh an hourly price signal accompanied by a -€ig2al. As
flexibility - both in supply and in demandoften necessitates costly investments, the tariff system
has to provide longerm price relations to legitimate the financial expectations of the itwes

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 importaaims 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 negessary.

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 saifftures. 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 Flexibid Gariffs are one of the main objectives in
Stockholm Royal Seapo8everal solutions relate to this:

Grid Tariff Structure with Time of Use elements, dynamic pricing

Retailer acting as the sole interface towards the consumer

Flexible demand througbBay Ahead prices and Demand response by intraday incentives
Data privacy and integrity

N A S

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 whkadsaontributor 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. Theasson 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 energynarket is expected to have m® 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 thegtoely report (Market Concept Statements)

The main solution elveloped 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 Concepat 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 fulfilment of the overall all goals
of the City of Stockholm reled 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 involveaofettieir
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 regatory 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 hypothasdthat the result then can

be a base for a codtenefit analysis, both as seen from an individual market player and on a national
level including the longerm perspective. The result from the project is foreseen to be valuable for
market participant irdevelopment 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 thelegal 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 consuniarices 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

All grid tariffs will be of dynamic tariff types, with costs elements based baurly
metering values for both capacity and energy usage

N
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4  Demand response in form of dahead price signals and control signals for hutagy
for peak shaving and load imig

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 Edharging and Isare 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 €G2gnal s wi | | have i mpact
behaviour. Byintroducing demand response contracts will both financial and emergency incentives
appear and add to the environmental effects of peak shaving artisaidt. New dynamic grid tariffs

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

Elspot L )
Day-ahead |}t roue s

%

Local Retailer
withina Supplier Centric
Concept

Stockholm Royal Seaport Area

*Transparent Electrict:
products (hourly prices)

+ Dynamic tariffs

« Demand response
product for DSO

} Virtual Delivery Point

Sum of
several meters

4

Netbilling {of PV)

Taxes and VAT are considered fixed as of today. From a consumer perspective it is of course
important to take into accounthe 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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100%

Retail costs
Green Certificate

90%

80%

T0%

60%

50% -

40% -

0%

10%

The Statements also introduce new options to increase the DSO participatichensmart

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

4

A DA AMD

Virtual Ddivering Points, VDP

Retailer with single point of contact and hourly based tariffs below 63A
Net billing at VDP

Demand response contracts

Tariffs only available for the SRS project participants during phase 322042

It is likelythat some of thesdeatures 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 peod. The following list of information need to be further demgéd and
analysed in order to assess the possibility to perform the Scemasbwithin 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.

Customer patrticipating 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 treatncemipared to other
customers in the Stockholm area.

N

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 FortunstBoution 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 datadata 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 conceptdupport an open market environment

The use cases, solutions and information models developed during thetymtg should be validated
and/or refined to be compliant with the use cases developed within standardization work as well as
the informationmodels. 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 outsilesdbpe 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
Houseis a concept that utilizes energy efficiency functions and angl post shift of electric loads to
reduce CQemissions while preserving the comfort level of the households. Active House shifts loads
from times when the electricity production causes hig2 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 10years, most demand response might be prareCO2 driven, enabled by automated
onsite energy controls fed by neagal time pricing and/or CO2 emission information without
significant customer effort or intervention. Demand response entails customers itarigeir
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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 tovig® 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 Housesprdy. The technical platform was
chosen to be the home automation system which is extended wimahd 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 chargingontrol. The new functionsare: 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 systemthat nobody is at home and the system can use this information to-sffut
standby 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 statted mobody is at
home.

IPS
Local DSO SRSHUMS:  presssassaacy Net
AMI System  feeeemesseensesnneand s
SCADA Energy DB DR System
M2M Service
Enablement
i
DSO
DSO- Net
Building Iding ESI H hold ESI Smart Appliances
EVChargiog Ut B pRcommunication B0 BBl OR communication  JIL..............} Home Automation
Solar PVinverter ~ r----ee-eeeees
Local Energy Storage |
Batts
oo N s BEEN0909Z2~ HEEER Meter Gateway
Meter Gateway =~ s---e-eeeeeed H
H ' geaneed Electricity Billing Meter
p$o pso {
e -DSO,
Electricity Billing Meters
Building IP Central Household IP Central p$o Household Energy Display
Building Energy Display d f
| ONU/ | ONU/  feerfeerlPSeanche-. | I H .
Routes fouter -
: : : : Household IP outlet
DSO 1PS P IPS. ! sl |
| DSO- :
oLt |
: pSO
P

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 furtion 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 oniglitsl to reduce electricity
consumption.

Pagel?



Final Report Summary
Stockholm Royal Seaport, Urban Smart GridSugly

The buildings Solar PV electricity production reduces the buildingO2 emission as it replaces the
need of electricity produced from nerenewable resources. The home automation system gets
production data from he 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 afebging
environmentally friendly and can help change energy consumption patterns.

=i

f ‘\j/mmia.*"ﬁ%
- |ap *’[Im e

e ﬂ
S dontrollabletoadt: lntorfaec(esn)L )
— EVChfglng Energy Efficienc L - e
= ing, Ventilation ——Controllableloads:
; Ei SmartAppliances
- \ .
/ | =
{- , Source: ABB Busch Jaeger

Figure: Active House Demand Response and Energy Efficiency Components

A visualization concept to motivate and simplify a sustaina'sv:

Causes electricity consumption
living has been developed in th@oject, a few features are .\ @
visualize of consumption/production of: A "
4 Washing, Cooking, Individual outlets, EV chargin R
4 Local electricity storage, Solar PV

2.3.1 Expected result phase 3 z High light

The split between fixed and controllable household loads are shoviAigurel. 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 i§igurel split per household. The controllable load
can be timeshifted or reduced if the consumers agrees.
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208:3%_ Household electric loads b

T (kWh/year/household) 633Kg

= Fixed household load

760; 8%
H Fixed buildingload

M Controllable EV charging
load

m Controllable smart
appliance load

m Controllable Home
Automation Load Cocal Smart B ——

m Visualization impacted Ez:rgy A::?Iiances chargingwsuahza"on :&n:):lalion
load Storage

Figurel: Houselbld electric loads Figure2: 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 inFigure 2and the national potential of these savings are showrfFigure3. The latter
assumes 4,;illion households in Sweden and 4y8llion private EVs.

National GHG emission reduction

(10/\3 ton/year) Figure 3: National GHG emission

saving potential by shifting and

79; 6% reducing household loads

m Local Energy storage pre-
shift

m Smart Appliances post-
shift

VR ™ EV charging post-shift
897;67%

M Reduced electricity
consumption

The expected qualitative results are:

4 Competence building by spreading approach and results
E Understanding of how predicted shiéind/or reduction of load affects the electrical
grid
4 Contribution to research base to be used for further research improvements
E Record shift of load patterns and performance which can contribute to the demand
response research
E Contribution to newinnovations by proven technical and market concepts
4 Behavioral changes
E Customer response
A Customer reaction to contract signals (Day ahead and intraday signals, price
signals, CO2 signal§)nderstanding shift of load patterns may lead to new
business models
E Comfort and personal safety impact
A Household response to the comfort and AAL impact of the demand response
and energy efficiency technical systems
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2.4 Summary WP 2 Smart Grid Lab

The SmariGrid 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 collectsimeainformation 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 suel 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. Ths 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 fanptex 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 differerictors 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:

Urban Smart Grid Interchange control

Centralized/ Decentralized demand response management
Load and generation forecast

Energy storage management

Advanced distribution management application

Advanced metering infrastructure

Situational awareness

A DDA MDD

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 deplogmt 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 Techrmyy (ICT) functions. A clear trend in the future is that power system
operation will change from an explicit hierarchical #dpwn approach supported by SCADA
(Supervisory, Control, And Data Acquisition) and Substation Automation Systems to a more
distributed control with an increased level tfansparencyand 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 toaind 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 lI€& 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 sert@es
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 appropiatiens

for reducing these risks.

2.4.3 Expected result phase 3 z 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 (conceasan48). WP2 has concluded
that the Hammarby Sjdstad area is suitable as reference area for the similar type network.

Area Measurements
o =20 percentimprovement compared to the
Availability P P P .
reference area, on an annual basis.
=10 percentimprovement compared to the
Losses

reference area, on an annual basis.

Deviation from load forecast

Not using Energy Storage <5 percentdeviation over a 24 hour time span
Using Energy Storage <2 percentdeviation over a 24 hour time span
OutageDuration
CAIDI =10 percentimprovement compared to the
reference area, on an annual basis.
SAIDI =20 percentimprovement compared to the

reference area, on an annual base

Accuracy of estimated available DR compa

. . <10 percentdeviation from estimated available D
to achieved load reduction

Decrease load by Emergency Demand

<10 percentof normal load
Response (StyrEl) perc

Expected Qualitative results

4 Competence building by spreading approach and results
E Understanding of how Energy Storagan be used to improve predictability of the
grid.
E Understanding of how Demand Response can help to increase network availability.
E Understanding of how extended SCADA coverage and self healing components can
help to improve reliability and availability.
4 Catribution to research base to be used for further research improvements
E Recording DR patternihat can contribute to the understanding of how DR can be
used.
E Understanding of how Smart Grid Applications could be used and how they may lead
to new approactwhen dimensioning future power grids.
4 Behavioral changes
E Energy consumption patterns that contribute to reduced CO2 emissions
E Increasing household members' awareness of energy and emefaied behaviors
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Expected Technical accomplishments

4 NetworkManagement
E Integration of static VAR compensation, energy storage, feeder and substation
automation enabling micro grid operation
4 Outage Management
E Optimal usage of new grid components and extended availability of metering data for
secure and stable suppbf power
E Usage of advanced distribution applications to give more efficient restoration plans
and increased network availability
4 Demand response
E 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 electrifiport into the grid and dsign 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 (hardwareopftware 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 nevds\&®at 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 suctsaheport, 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 H\atsomswill
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 shéweship electrified cruise liners, pldig

hybrid and electric vehicles will potentially lead to a stressed and less secure power system
operation. These factors may create a demand from the poweetos for battery energy storage
systems.
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|220 kv Vartan

220 kV | Gardet

Vartan 110 kv

10kv VY Géardet 1

New Alt 1:
Substations

S24MwW 33 kV Vartan

Vid Alt 2, = Alt 2: Alt 3:
och Alt 3 >24MW >24MW

Battery Storage Vastra

Gasverket Harbor

The SRS substation solution 1@/V 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. le 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 SubstatiortkV system will have the majority of N )
the outgoing feeders above 63 A equipped wéthart LV Traditional Secondary Substation

Incoming feeders with Incoming feeders with

circuit breakers with protection functionality. The present e nemge ot measiing

protection protection

system is using fuses for ovenrrent protection. The new H} o

feeders will have the facility to send power data thru the ] ]

adjacent Remote Terminal Unit (RTU) to the SGL. They will é é —
also havehe facility to send ovecurrent trip information W W

to the SGL, thus enabling to accurately pinpoint a faulty T R

Low Voltage (LV) cable. 7 7 ? 7 W W

Outgoing feeders with Outgoing feeders with
fuses fuses
Reliability Centered Maintenance (RCM): ImplementatiorgRg Secondary Substation
of sensors and measurement distributed to SGL will be a_ ... i i
base for esablishing RCM. This will minimize customer ~ s " iy
interruptions, increase reliability (self restoration) and in - |

the long term have a lower operating cost.

.
y é é L
Description of subjects addressed in the Royal Seaport:
Automated Substation for MV/LV Networks R [ T ] [ 1 [
4 Feeder Autmation in collaboration fault - jgm Wan

LV CB measuring and LV CB measuring and
protection protection

localization, isolation and restoration
4 Centralized Energy Storage and its influence on the Feeder Automation system
4 Network Planning and Design
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Proactive and reliability centered maintenance
Power Quality

Communication fronsensors and indicators to SGL
EV power charging station and neart

A DDA

2.5.1 Expected result phase 3 z 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 Bble 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
technobgies 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

A monitored and self healingV network and partly LV

A network enabling Demand response

A Reliability Centered Maintenance process in operation

Network to connect an EV power charging station

Battery energy storage system to perform island operation, to level residential loads and
to mitigate the stress imposed on the grid

N S SN

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 Netwgslanning 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 buildingybspreading approach and results
E Understanding of functionality of those new equipment
4 Contribution to research base to be used for further research improvements
E How an Energy storage cooperate with the network to balance loads
E Contrbution to newinnovations by proven technical concepts
E RCM experience to implement in to daily business
Increased power quality due to Energy storage and demand response
Less unplanned outages due to use of sensors
Less planned outages due to Live Work
Improved safetyworking safety

N
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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 respongewards 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 @ @2emissions in the area.

Not only emissions o€02but also emissions like sulphur oxide, nitrogexides as well as small
particles that affect the local environment. As new residential areas will be built in very close
proximity to the port its of high importance to minimize the emissions affecting air quality and the
health of the local populationrReducing 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 lrequency 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 corrfeztmodification othe
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
about2 to 3 MW while cruise ships are larger and require between 8 to 12 MW. The total estimated
reduction in C@®emissions that can be achieved if all these vessels are connected is ah008 17
tons per year. This correspondsth® average CQemissions o¥,555 cars per year

While most ferriesusethe European standarftequency 50 Hmost cruise ships use 60 .HEo be

able to connect these cruise ships a frequency converter is required to be installed. Only a handful of
ports providing onshore power spjies (OPS) exist today and very few allow both vessels using 50
and60 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 capacityyifv40

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.

! The calculation is based on the assumption that @@ emissions from the cars is in Sweden is in average
180gram/km and that the yearly driving distance per car is 12500 km.
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)
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The large power demand required by the vessels will increase the grid capacity needed.tBriring
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 shiftoaglé 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 su#ble solution as is able to store enough energy to cover the need.

Another alternative was studied together with Fortum Varme where the possibility to use a heat
accumulator for storing energy was discussed. There are also possible solutions whene VFaimtoe
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 Varme
requires further studies.

As a new terminal building is beibgilt 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 itsététmlg be very
energy efficient and not having any large controllable loads, focus has been on other solutions
reducing C@emissions.

The recommended solution for the Active Terminal is divided into three parts. Solar cells will be
installed on the termial building on a total area of 00 nf. These will provide 157 MWh per year
which is estimated to 1ercentof the total heating, cooling & building electricity need for the
terminal.

A battery in the building can be used to reduce the necessary pramucturing peak hours by
charging during night and discharging when production igi@@nse. The last component in the
terminal is a visualization solution which will show the positive environmental impact of the solar
cells, batteryand shoreto-ship canection on LED screens in the terminal area. This is meant to raise
public awareness of the port solutions and promote the Ports of Stocke@nvironmental profile.
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2.6.1 Expected result phase 3 z Highlights

4

The installation of feeding grid, port distributigrid including shor¢o-ship connection

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

Installation of solar cellandbattery in the terminal building to reduce @@missions.
Development andimplementation of the visualization solution in the terminal
integrating all port solutions in one total overview of all environmental benefits.

Finding a solution on how to cooperate with Fortum Varme and use their facilities to
optimize the heat, cold ahelectricity 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 Cg&emissions by connecting ferries 8300 tons/year
Reduced Sgemissions by connecting ferries 270 tons/year
Reduced Ngemissions by connecting ferries 170 tons/year

Reduced Cg&emissions by connecting cruise ships | 8900 tons/year

Reduced Sgemissions by connecting cruise ships | 210 tons/year

Reduced N@emissions by connecting cruise ships | 140 tons/year

CQreduction due to battery solution 2.34 tons/year

CQreduction due to solar cells 15.7 tonslyear

CQreduction if solution is found to load balance 1{ 675 tons/year
MWh from ferries during winter

Expected Qualitative results

4

Better knowledge of the challenges of installing a large scale gsbeship connection
with a frequency converter.

Better understanding of how a battery may be used to reduc® €@issions by charging
and discharging during optimal periods.

Better understanding on how the visualization solution in the terminal promotes the port
environmental profile and raises public awareses

Expected Technical accomplishments

4

A DDA

Integrating solar cells, energy storage, metering of vessels and the ESI solution and
visualize it in the terminal building.

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

Installaion of solar cells with a total effect of 163 kW.

Installation of a 100kWh battery in the terminal building.

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

Page28



Final Report Summary

Stockholm Royal Seaport, Urban Smart GridSugly

2.7 Summary WP 5 SRS Information Management System

To followup and evaluate the sustainability program of the SRS, a conceptual following up model
(SR9V) 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 incindeators, 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 sustainableban development in Stockholm and Sweden.

Results from WP5 (2,1) shows thatp2rcentSRSM indicators will be fully functionally enabled and

13 percentof the indicators will be partially functionally enabled if the Urban Smart Grid net is
developed a proposed in this prstudy and integrated within the SRSV 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 eectrical indicators.

In terms of planning, it is a goablution to develop the pilot project Urban Smart Grid for the 400
apartments, as a start of delivering rdahe data for electricity as it is shown in the psaudy result.

The SR# - IMS will not be ready by mid012 when people move into pilgtrojed, however since

it is a project primarily concerned with electricity, it might be a good solution to develop the
electricity components of the SREIMS by then.

Results from WP5 (2.1) shows that the rest of the-BRidicators (waste, warm water, heat,
transports etc) will not be enable by the Urban Smart Grid proposed in thistpdsy.

The gap analysis done in WP5 in this pilot study shows that the different parts of a conceptual model
of SRM-IMS (excluding electricity) could be solve by technolaggdwr under development today.

The gap analysis shows from a systegyasspective that a SR8 IMS is needed, and based on
sectoral subsystems (traffic, waste, water etc), connected by a core systefiv]-BRS

Building Management Systems
e

e —— o ey
IR

Intelligent Waste Systems
(Envac)

Intelligent
Transportation
Systems

Electricity and District Heating
Utility (Fortum)

N
. S—

S—

The City of Stockholm, SL, 8CB,
8SvK
1 S

The IM&M — IMS should try to be seen amall 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 PROPOAL

3.1 Introduction

The conclusion from the prstudy is to take the concepts and solutions inthe 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 activigs in the implementation project needs to be divided and can be described as:

Research and Developmenncludes detailed specification for prototyping and developm&dtup
of development and test scenario. Prototypes anéhouse testing Academic reearch projects by
PhD students

Functional tests: aim to prove that the function/technical solution works within the framewagrk
defined and to document operational boundaries for the solution

Scenario testprimary objective is to validate overall @s for the Urban Smart Grid Project ile.
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 (apartmis) will be ready for move ithe first quarter of 2013.
Integrated functional tests of smart grid solutions are foreseen to statiénsecond quarter 2013.

Full scenario testwill be started in 2013 and continue through 2014.

Research Functionality Extended

and Development & Scenario test
Scenario as part of
Testing SRS

Smart Grid Arena

2013-2014

Potentially extended scope to reach R&D targets

The starting point fothe 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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Fivemajor Scenario where created to support these cornerstones.
The Scenarios awes follows:

Customerswillingness to reduce and move consumption due to price an2l CO
Implementation of Environmental followp System

Robust and reliable operation of the Smart Grid

Loss minimization

Local Power balancing capacity and dynamics

g b~ W DN P

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 autegiuse 42,3 TWh electricity
2009. A load shift of percentmeans that 2,1 TWh will be effected and withfdé&rcent6,3 TWh.

The purpose of the test is to verify customeansllingness to reduce their consumption during peak
load hours and move part dheir 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
di fferences.”
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Scenario 1, Test 4 Response to price signals

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

Hypothesis Move 5 and15percentof daily energy consumption from peak to-piéak
Solutions 4 Active House

4 Smart Grid Lab
4 Market Concept

1) European price variation
Scenario 1, Test 2 Response to CO2 signals

The purpose of the test is to verify customeansllingness 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-f@edlcondensing power

plants

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

Hypothesis Move 5 and15percentof daily energy consumption from peak to-pi€ak
Solutions 4 Active House

4 Smart Grid Lab
4 Information Management System

1) Coalfired condensing power plant
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3.2.2 Implementation of Environmental follow Mip System (Information Management
System)

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

Scenario 2, Test 4 Implementation of Environmetal followbup System KTH

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

Reduce emissions caused by transportation

Hypothesis The visualization system effects the behavior and attitude on daily level
Solutions 4 Active house

4 Smart Grid Lab
4 Information Management System

Scenario 2, Test 2¢ Implementation of Environmental follosup System (Information
Management System)

Business model ~ Reduce CO2 with help of peak shaving and peak shiftirgedficity and heating

Reduce emissions caused by transportation

Hypothesis General publicity influences the consumers attitude and behavior
Solutions 4 Active house

4 Smart Grid Lab
4 Information Management System
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Scenario 2, Test 3¢ Implementation of Environmental follobup System (Information
Management System)

Scenario 2 : 3 Enabling and verification of key performance indexes for SREIMS

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 ingmart 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 InformationManagement System

Variations 4 Not applicable

3.2.3 Robust and reliable operation of the Smart Grid

The effect orthe national level of cut in maintenance costs with@&centand increased availability
with 25 percentis 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 pefr@ant will

result in 21 minutes less outages per consumer with a regulatory value BKinh. Preventive
maintenance and operation on local network on national level amounts&808MSEK, 2009 figures,
and a reduction of 2percentwill result in 702 MSEK lower costs or 133 SEK/consumer and year.

Scenario 3, Test¢Event driven ReliabilityCentered 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 testd 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

Method

Hypothesis Maintenance costs cut with 2Bercentand availability increased with 3fercentcompare to Fortum present
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, Test¢Self restoration network

The goal is to reduce the outage time with automatic fault isolation esxdoration of the low
voltage network from toda typical hours to minutes.

Business model 4 Increase availability and lower operational costs

4 Lessconsequences and costs for consumers due to long outages

Hypothesis Shorten outage time from hours to minutes

Solutions 4 Substation automation
4 Smart Grid Lab

Scenario 3, Test 8Use live work at new extensions and temporary extensions

Test how well network and tools support live work and to what extent planned outagesbe
minimized.

Business model 4  Increase availability and lower operational costs

4 Lower investment costs due to simplified design

Hypothesis Find live work to be the most relevant method for future extensions and maintenance
Solutions 4 Live work tools

4 Live work designed network

Page35



Final Report Summary
Stockholm Royal Seaport, Urban Smart GridSugly

Scenario 3, Test ¢ 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.

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

Hypothesis Reducing load to 1percent from normal load instead of disconnecting all load
Solutions 4 Active house
4 Port

4 Smart Grid lab

Scenario 3, Test § 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.

Business model Power quality control

Loss minimization

Hypothesis Keep voltage level in the Active house within2tpercentrelative to station level

Solutions 4 Active house
4 Battery/SVC
4 Smart Grid lab
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Scenario 3, Test 6 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.

Business model 4  Increase availability and lower operational costs
4 Longer intervals between maintenance

Hypothesis Reducing load to 1percentand to keep the systeranlinefor 12 hours. 1)

Solutions 4 Activehouse
4 Smart Grid lab
4 Energy storage Battery

1) An example of advanced Styrel functionality

3.2.4 Loss minimization

Scenario 4, Test ¢ Reduce transformer no load loss

The goal is to reduce losses by optimizing use of patedie$formers.

Business model 4  Minimize losses

4 Reduced CO2

Hypothesis Reduce transformer no load loss with dércentwithout risking life expectancy and power quality

Solutions 4 Smart Grid lab
4 Substation automation system
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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 ¢ 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.

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

Hypothesis Load shifting will reduce PV in feed

Solutions 4 Active house
4 Smart Grid lab

Variations 4 Not applicable

Scenario 5, Test @ 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.

Business model Reduce power balance costs

Hypothesis 90 percentof forecasts are within +b percentlevel

Solutions 4 Activehouse with EV and PV
4 Energy storage
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 belefmlica
the Balance Provider
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Scenario 5, Test 8Monitoring of load profile against forecagbort and heat pump

Test what different industry types can be coordinated to balance and forecast loads to facilitate large
scale renewable production.

Scenario 53
Test

Business model

Method

Hypothesis

TestCase

Solutions

Variations

Monitoring of load proile against forecasport and heat pump
Minimization of influence from intermittent vessel loads

4 Reduce grid investments
4 Reduce power balance costs
Monitoring of load profile against forecast (real time load monitoring)

Research of load Coordination of Vessels loads with heat pumps

90 percentof forecasts are within +5 percentlevel

Reduce current vessel peaks withircent

Simulation of load coordination with heat pumps and energy storage

Forecastingort energy consumption

4 Port
4 Smart Grid lab

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 belepmlica
the Balance Provider

3.3 Recommended Pilot Scope

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

platform.

Active House:

4 Implementation of the active house technical solutiorfiire sub-groups each consisting
of 40 apartments with two ways communication to the utility operatedniffastructure
as described in Smart Grid Lab WP2. Expose eaclgreup with different incentive
models and follow changes to load profiles and monitor noyement from a CO2 and
cost perspective. Incentive models include:

E Flexible demand response based on price and CO2
E Intraday demand response based economic dispatch or emergency dispatch
E Establish a reference group with approx. 40 number of apartments avitmilar mix

of tenants and apartments size and standard
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Smart Grid Lab:

4

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

Development and implementation of a Demand Response Management System
supporting flexible demand response and intraday dadhaesponse incl. StyrEl as
defined in Market Concepts W&?

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 operationbdecisions using dashboards to present information.

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.

Cyber Security has twimportant 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 procedwss. It is vital that both these aspects are considered already from
start in the implementation project.

Integration of Smart Grid functionality in existing utilityRTatform including but not
limited to virtual metering, net billing, demand response got.

Introduce proactive and reliability centered maintenance

Grid Development

4 Development of next generation secondary substation for first 2 LV substations in SRS
(Norra 1, Vastra):prepared for smart grid operation including
E Condition monitoring foreliability centered maintenance
E Instrumentation for load and power quality moaiing
E Remote control of incoming and outgoing feeders
E 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 standdudgpersonal security incl. Live Work

4 Development of next generation primaigubstation (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 Vartan in a first phase of building new Smart Harbor
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4 Integration ofport of Vartan loads into load coordination schema with CHP Power plant
in Vartan.

4 Development and integration of a centralized shore to ship power supply solution for
flexible frequency 50/60Hz @ 10kV port of Frihamnen in a second phase afilding
new Smart Harbor

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

4 I mpl ementation of an “active house” concep
installation of PMWeneration, local energy storage solution and visualization solution for
terminal visitors.

Stockholm Royal Seaport Information Management System (8RSIMS)

4 Research and development of a SREMS prototype. (Percentof SRM (sustainable)
indicators will be fully enabled and 1@ercent of the indicators will be partially
functionally enal#d if the Phase 3 will developed as proposed)

4 Development of the first reagime data part of the IMS through the Active House
concept (covering electricity)

Other findings:

4 The Gap analysis shows that from a system perspective thd/9RS is neededshould
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 SR#-IMS should be designed and developed to be as small andbpeeable as
possible, since there are many benefits to decentralize functionalday fulfill all
sustainable indicators of SIR&

Market Concept

4 Development of new models for increased consumer participation in the energy market
by introducing VirtualDelivery Points covering consumer consumption;gekeration
and EVcharging.

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 test®f demand response models, contracts, which supports both
financial and emergency demand response.

4 Proposals for improved regulation of DSO in line withréddmmendations on key
performance indicators.
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3.4

Implementation proposal overview

A consolidated iew of the implementation proposal is presented below:

Area

Benefits
(Evaluation of Goals/KPI)

Business Models

Market concept (Roles)

DSO, Building Manager, Consumer,
Commercial User, Retailer, Industrial Grid
Operator, IMS Operator

Regulatory Framework Challenge
{Pre-Conditions)

Technical solution

2011Q4-2012

Information and
communication activities

Demonstration site, innovation
centre

Commercial agreement, and
end user contracts

Exemptions /work around from
existing regulatory framework
in dialog with authorities.

Consideration to privacy
aspects

Research and Development
including installation and in
house testing

2013

Power Balancing capacity in the Urban Smart
Grid

End Customer supportin load balancing
C02 Reduction from Active House

Increase environmental awareness by
follow-up system

Flexible pricing (spot price driven)
Virtual delivery point (PV/EV/etc.)
NetBilling concept (PV)

CO2 driven energy consumption
Reliability Centred Maintenance

Single point supplier
Hourly based metering
Capacity based Grid Tariff
Virtual delivery point
PV/EV/etc.)

NetBilling concept (PV)

Active House

Visualization CO2/Price

Pre/Post load shifting

Smart Grid appliance

Enhance Metering infrastructure

Electrical vehicle

Photovoltaic generation

Smart Grid Lab

Centralized DR

Remote monitoring and control

Grid Development

Reliability Centred Maintenance
Automated grid for monitoring and control
SRS IMS

IMS and Integration with Smart Grid Lab /ESI
visualization of data

2014

Peak Capacity Reduction

Robust energy system based on
large penetration of EV/DER

Improved utilization of assets

Input to for changes to regulator
framework

Economical Demand Response

Automatic Fault Localization,
Isolation and Restoration

Micro Grid (Predictability and
reduction of Peak load)

Emergency Demand Response
# StyrEl

#lIsland Mode

Smart Grid Lab
Virtual Power Plant
FLISR

Forecast Gen/Load

Grid Development

Self Healing by line fault detection
and isolation

Loss minimization by load balancing
Loss minimization by local Volt /Var
Optimization

Improved fault detection on LV
Energy Storage

Harbor
50 Hz Shore connection

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

4 Grid Development
E HV/MV Increased capacity

4 Harbour

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

Depending on the resulfrom ongoing discussions with El regarding proposed solutions
regulatory changes, adjustments in the Work Packages final solutions might be needed.
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4 AN OPEN INNOVATION RENA

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 oppaitufor the academy and for smalnd
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 functiowithin 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 t&edtalders 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 towith common objectives in their processes

to develop and test new solutions to the SRS pr
help to gather stakehol ders and their di fferenti
innovation proess, 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
researchconcerningsmart grid topicgor whichSRS and the pilot projewill provide crucial data and

test bed.

For a futurelnnovationArena different funding institutions and actors can be involved, as showed in
the Figure.
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Funding
Institutions "

Royal Seaport 2010-2030
VINNOVA Sustainable New Part of Stockholm City
) =mall and medium companies
Er.lse‘:;ﬁigemy All other parts of a sustainable city: Urban Smart Grid Arena Research Institutes
[¢FHg Waste, transport, infrastructure, etc | |™jn 15 vation Arena
o (z New Project - - -
e : Part of Innoenergy Initative Third parties with
o Partners: KTH, ABB, Fortum, coordination role
Ericsson, ICT, etc.
EUROPEAN Lead: Stockhelm City
COMMISSION Royal Seaport Urban Smart
Grid
ert E:edo':r'lgoing Ig:m:ject
ad Partner. Fortumn
Key Partners: KTH, ABB Q Fortum
Other partrers: Ericsson,
Electrolux, Construction Co., etc. Au‘

Actors

Figure : Actors and project funding for Smart Grid project

A general model for funding an InnovatidArena 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 emaining part could be covered by the companies that will be involvegah innovative
project and therefore, benefit from partn& contacts and management methods to foster their
innovation activities.

Figure 2 shows a model that explains the Innovation Arena Project.
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Thexlnnovation Arena Projiect

Smart Grid
Biogas

Smart Transport

Waste Management
=

Smart Thermo Heating

w20-<CrQw

Future Projects

weadzZ2mEmay-CcpOpmMpx

MODEL COORDINATION AND COACHING

’ l Search }-——){ Qualify }__>[ Develop }—){ Coach |‘/
I |
” T

i/ N\ Vv New

N\ \

/ \ i

- N Y markets/

External Industry N Startups hl| e Supplier/ it
ideas New l I Commercialization s

research
areas

Projects
developed
together

Academia Innovation Supplier/

Commercialization ‘

Figure 2: The Innovation Arena Project

Innovative pojects taking place in the Arena should be developed basedeeds/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 sizegharties 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 STIN@®@d&olm 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
“TeSstt e Sweden”) can also provide new ideas star
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 @sd 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 Arethavark 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 fosteSwedish innovations and promote Swedish business growth
and creation in a global environment.

4.3 SRSSmart Grid pilot in relation with other Smart Grid projects

Globalresearch is helping to transform the energy system into a more suitable ecosystem. Smart
Grid is a important enabler for this transformation. Stockholm R8yaport is one of many projects
in the close geographyf which some projects are described below

Elforsk SG Other project SRS Smart CLEEN
Communication

Figure: Smart Grid projects related to SRS Smart Grid project

In autumn 2010Elforskstarted up a newsmart Grid Programwith a firstthree year period. TheSRS
pre-study is already included in that program for 20The rext phase of SRS should relate to this
program by offeing specific project results/reports to Elforsk. It should also be possible to invite
Elforsk SG program members to participate in ddfé SRS suprojects. The SRS project nesdo

make proposals to Elforsk for each part/sub project that shall be included in the prodgHionsk SG
Steering Group will accept or decline such proposals. Also other related programs can be handled in
a simlar 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 Seapet€T for Sstainability/ Smart Communication (SFS€)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 syport eHealth,transport, building automation and supply, ant
promote a responsible use of energy.

In Finlandthe CLEEN Ltdgperation as the energy and environment strategic cerfte 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 Mak&GEM). 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 reseah environment will accumulate the knekow of the worldleading

ICT and Smart Grid providers. Fortum and ABB are both partners in the SGEM program, together with
17 other industrial partners andight academic research partners. Fortum and ABB will doatd

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

EIF KIC Innoenergy has a strong coupling to Innovation Projectskifdiaot Royal Seaport is seen as

a future sustainable smart urban grid with contralla 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 ddnd contribution for partners to
InnoEnergy to th annual membefee.

Stokholm Royal Seaport has been identified as a possible large demonstration project, adimg as
arena for innovative products, systems, serviaad business concepts with an open interaction with
universities in cooperation witlproject partners and small enterprises. It will enable a European
wide dimension into SRS.

Integration of ongoing and new demonstration projects with KIC Innoenepgys for opportunity
to cooperation and sources of other funding from EU framework and European bodies.

The celocation 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 clas¥dresearch in Smart
Electricity grids and Sustainable Cities.

The SRS project enables research by providing a forum for ineacdemiapublic sector
collabomtion 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, sys&msa 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 5s8ich a process butlined and relevant national research topics
are described imlepth.

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

The initiative to suggest new research projects\igth the universities. Since only remeh 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 coulddmelucted 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 intén provide improved solutions that can be
incorporated in later siges 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 45 years and conducted as part of a larger research group including ssiperiom senior
researchers.
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ACTIVITY STAKEHOLDER STAKEHOLDER VALUE SUPPORTING
ACTIVITY SCENARIO TESTS

1 Network regulation Society Enabling the smart grid  Customerswillingness to reduce and
functionality move consumption due to price and CC

LocalPower balancing capacity and

dynamics
2 Demand Response Household and Peak shaving and load  Customerswillingness to reduce and
commercial shift for higher load move consumption due to price and CC

factor, less costs and les
environmental impact. LocalPower balancing capacity and

dynamics
3 Multi-agent systems for Actors in the To reduce the Customerswillingness to reduce and
control smart grid transaction cost or move consumption due to price and CC

overhead, the
interactions need to be  Local Power balancing capacity and

automated dynamics
4 Optimal maintenance Household and Reliable, predictable, anc Robust and reliable operation of the
commercial grid  cost efficient network Smart Grid
customers
5 Dynamic Load Ports of Cost efficiency and CO2 Customerswillingness to reduce and
Stockholm, emissions move consumption due to price and CC

producers e.tc.
Local Power balancing capacity and

dynamics
6 IMS Residents in What's measured gets  Implementation of Environmental
Stockholm done.Duplication to follow-up System
coming city
transformation projects.
7 Flexible CHP Fortum Heat Cost efficiency, higher  Local Power balancing capacity and

load factor, less CO2 dynamics

8 ICT security and privacy | Grid owner, Only planned and agreec Customerswillingness to reduce and
Demand Response customers actions are done. Both  move consumption due to price and CC
emergency and financial
demand response Local Power balancing capacity and
dynamics
9 Decentralized load anc Grid owner, Cost efficiency Customers willingness to reduce anc
production forecasting balancing move consumption due to price and CC
responsible,
customers Local Power balancing capacity a
dynamics
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5 BACKGROUND AND REFEHRCE NFORMATION

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 ovetime. Products developed in the Royal Seaport will bring international attention
and create opportunities for Swedish industry and position Swedish universities as leading research
institutesin the Smart Grid domain. The cost of living and working irdikeict 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 cafbes 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, Swden 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 investent in smart energy management or-salled 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 exdmople

fast willthe 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 lowgarbon future different goals at various levels, regionally, nationally and locally,
and even at district levehave been set uprhe targets set are:

EU 20/20/20 goal by 20200verall, the EU has set targets on reducing greenhouse gas emissions by
20 or possibly 30 percent by 2020 compared with 1990. In addition, thevitUncreasethe
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 tlraléed Business as usual,
BAU.At this point, nonitoring and various activitieson how these goals should be measurade
carried outand practical implementation in large scale.

Sweden's goal in 202 ccording to the Swedish GovernmeS8tyedenis to be a leading country in
environmental and sustainable development, both nationally artdrivationally. The objective of
the climate and energy policy for 202@as decided in the Swedish Parliament in June 2009 and
involves several elements:
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4 Climate effectisto be reduced by 40 percent by 2020 compared with 1990 for the non
trading sector. fie case is the most ambitiours 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 fleas to be indepadent of fossil fuels. To achieve thi super
ecopremium has,among other things Been introduced,which can stimulate the
introduction of electric cars.

4 The target for renewablenergyis 50 percent of total energy supply by 2020. The so
called third leg will be developed in the electricity sector asdocused on other
renewable power generation than large hydro, and this is supported by the certificate
system. Incentives for smaltale 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,
socialand economical sustainability. The city area shall be fossil free in 2030. In the long term this
shall be developed into a climateogitive city
area. Sustainable energy usage, a recycl
society, environmental efficient transports an@es
buildings and sustainable generation arj8
consumption patterns shall be in focus. Whse
constructing the new area, the Life Cycle Cd
(LCC) principle sl be used.

Stockholm Royal Seaport is a city developmd
project with the ambition to be a world clas ; -
sustainable city project with international visibility by partnering W|th the Cllnton Cllmate Initiative
and others global climate initiative. The pegot 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 largert that during this time period will be transforad from an
industrial port to a entry point for ferries and cruisers visiting Stockholm.

SRS consisbf four different geographically areas inside Stockholm Royal Seaport.
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4 Hjorthagen is the first new area where apartments will dmnstructed The area has
been divided into smaller areas/phases (Norra 1, Vastra, Norra 2 and Gasklocka 3 and 4).
Norra 1 is the first area to beonstructedand the first attendants will move in early
2013. Next area is Vastra in the middle of 2013 followed by Norra 2 and Gasklocka later
(2014-2016).

4 Vartahamnen is theort where the ferries are anchoring all around the year. Phase 1 in
the electrification ofthe 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 areawill also include Valparaiso, an area for commercial buildings.

4 Frihamnen is theoort for cruisers. The number of ships visiting thert 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 Swedeithis 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 buildcxopately 5,000
apartments and commercial buildings. The timeframe astiday 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 [olttydeveloping climate
changes. To mitigate and counter these uncertainties have thesiudy, based on current
knowledge, available research and predicated/ desired policy chanigegloped a scenario as
foundation for market models, regulatory suggieass and technical solution proposed for the
project as per below.

AVision

Timescope for
phase3SRS ' AStrategic targets

and requirements

2010 2012 2013 2014/15 2016 2020 2030
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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" 20207 20502
BJ 7,9 6,4 0
National 51 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 20207 20507

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 percenB) n.a

2) Nordic Energy Perspectives 2010, increased use of renewable electricity compared to 2007
3) Percenof the property's electricity (about 4.5 GWh for the total area or 450 kyéarf and apartment)

9ft SOGNAROAGeE OB NI | 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

/ hut SYA&aaArzya e |Today 2020 2050
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 owesnalionmental goals will be
followed up.

Key performance indicators SRS Plan Actual Comment

EV share of households 4 percent 0 percent 5 EV per 12(
apartments

Electricity consumption EV MW}l 3,7 0 Daily use

year

Electricity consumption excl g 5,4 3,5< X <79 Where of fixed

MWh/apartment, year use 2,2
MWh/apartment

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

GHG emission saving in Active Hol 16,8 n.a. Building 120

ton/building, year apartments
including PV, E
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and energy|
storage
Shore to ship connection, reduction { 8 900 0
CO2, tonlyear
Shore to ship connection 50/60 H 8 300 0 Cruise ships
reduction of CO2, ton/year
Active terminal due to battery 2,34 Install a battery
solution, reduction of CQon/year with a capacity of

100 kWh. Thig
allows 56 kWh of
energy to be

stored.

Active Terminal Solar cells, reducti( 15,7 0

of CO2 ton/year

Transformer no load losses Reducing losse| n.a.
with 15 percent

WP 2 tbd

IMS tbd

Enhanced consumewareness Measured n.a. New market
modifications  of models and
electricity dynamic tariffs
consumption

patterns with
lower costs for
the consumer

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 wéke placeduring this time span. The research project
Urban Smart Grid target is to establish a conceptual solutioime 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 builditite Stockholm Royal Seaport.

Theresearch project is divided into thrg@ases:
I. Formulate project and project description => Complete by 2010

ii. Prestudy => Complete by 204Q1
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iii. Full scale test in Stockholm Royal Seaport => Start by 2911
v

Phase 2 Phase 3

Pre-study Implementation and follow-up

ADefine R&D agendaand ADefining use cases ASolution development
objectivesin each area
ADetailed specification for Almplementing solutionsin a
ADefine scope and overarching functions and requirements real urban environment,
requirements Stockholm Royal Seaport
AExpected benefits and goals for
ASeta budgetandtimeline phase 3 AExecution of tests and
validation scenario’s
ADevelop afinancial plan ARecommended test scenario
and scope phase 3 ATuning and adjustments
APrepare applications for
R&D grants AEstimate of resource and cost AEvaluation and final report
phase 3

APreparation of funding
application phase 3

5.4.2 Governance structure

Governance structure has been established for the project.

Joint steering group
Fortum & ABB
A
v
Partner External
Reference <> Project Organization «—> Reference
group Groups and seminars

Joint steering groupA joint steering group has the overall responsibility for the project. All partners
have agreed on that theteering 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 th@roject organization, take decisions, transact reviews and follow up
on objectives and buadg

4 approve all formal documents and external communication
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Project organizationTheproject organization has been set up according to the following model:

SRS Urban Smart Grid

Pre-Study
Catarina Naucler, Fortum
Assistant
Project Manager
Tommy Carlsson, ABB

Work Package 1 Work Package 3 Work Package 5

Active House Grid Development SRS IMS

Pia Stoll, ABB Robert Kack, Fortum Nils Brandt, KTH
Work Package 2 Work Package 4 Work Package 6
Smart Grid Lab Shore to Ship Market Concept
Samir Lodhi, ABB Anders Welander, Fortum Olle Hansson, Fortum

One overall project management function has been established with the responsibility to caterdin
and report on the project status and results, verbally and in wrjtiaghe steering group.

The project has been divided into 6 Work Packed (WP), each with one sub project manager with the
responsibilityto lead the daily work. Each WP has definedeotives, 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 througbject management to get an
approval from thesteering group.

The total budget for the project is 33, 8 MSEK and was divided between the different WP as follows:

Budget, total 33,8 MSEK

= WPO, 4,3%
= WP1,40,0%
= WP2,22,3%
® WP3,13,4%
= WP4,9,3%
WP5, 5,5%

WP6,5,2%

Partner reference groupA partner reference group has been established as a part of the project.
This group consists of represents from eéven 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. Té partner reference group meet monthly to be informed of the project status and
results and have an advisory roll towaeject management and thgteering group.
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External partner reference groups and seminarfo ensure the success of the project several
seminars andwork shops with different external reference groups have been carried out. The
objective herehasbeen to spread the official results and to discuss issw#h representatives from

end users, autbrities, industry associations and Swedish small and medium enterprises inside the
industry. The project has hadveork shop the 25 March with the Market Concept Statements on
the agenda and a seminar around IT security th8 Agril. The different WorlPackages have had
several differentvork shops andeminars that are presented in their final reports.

Project evaluationThe collaboration and organization form of the project is unique and there for the
project will make a separate evaluation of thelaboration. An external consalbt will duringMay
2011carry outthe 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 interfeespsire 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 developnté research steps have been addressed in workshops
involving the different actors. Since the project members have a diverse background some work
package havedecided to have separate working streams within the group one focusing more on
R&D activities ashthe other stream on feasibility and deployment strategies.

Scenario descriptions

‘ ' - Use Case
\ q Acceptance user interaction - Market Concept
~ / - Information model

Technical Solutions & Business ModeP

Figure: process to establish a common vision

i

In addition, a concept demonstrator for the urban smart grid is developed as a part of the Stockholm
Royal Seaport urbasmart grid prestudy. 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 proceskiree 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 theorld 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 stakeholdersumd 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 enviranental benefits.

5.4.4 Dissemination and Peer engagement panel

The Smart Grid concept is a challenging and rdigtiplinary 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 indusind 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 demedstrat

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 estergyhag for an

open communication platform in the future. Possible commoroperation 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 eatier and to find areas of corporations in the future R&D

arena. TSS has found aaueration with WP (IMS) and coperation will be further developed

5.4.5 Publishing and Communication

In order to ensure a transformation towards a more sustainable society we nemedte a dialogue
that includes all levels of society. The dialogue needs to put focus on increasing knowledge and on
creating acceptance for the demands theure society will make of the citizen.

During the prestudy, the project has taken some stepswards 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 oubeliefs with members of all levels of society.

During the prestudy 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 mamethod 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 sameirhe 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 bedome wel
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 wieb si
www.stockholmroyalseaport.com

Together with the building companies involved in the projepriated 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 @veloping similar demonstration platforms of varying scale and scope. Under
these circumstances industgcademia collaboration should be sought within the scope of these
demonstration platforms, such as the Royal Seaport project.

A significant amount ofeasearch 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 approximatediye years. In some cases, these projeats grouped

into programs, with a group of PhD students wiagkjointly together with a supervisor (e.g. EKC2).
This latter type of program offers many benefits by also providing financing for senior researchers
(PostDoc and Asst Professors) as well astriomting 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 industryand second, the formation of larger groups of PhD students and
researchers under a common theme. Going forward these two aspectgw@i@lcomponents

5.5.2 Suggested arena structure

With the above background, the role of the SRS project as a Natiesabrch 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 -
Smart Grids Demo 2
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Figure: National program for funding of Smart grids research and theioelatith 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 groureifor
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 repegsthis type of availability of the demo sites tioe research projects.
I n 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 gréaugsovide 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 aompany 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 ofn 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 linkvith 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-paropeantest bed for new standards,
regulations and solutions in the smart grid space. Participating partners can also apply for EU level
funding for relevant research project€rossindustry 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 relatioship between different industry sectors and academia processes needs to be put in
place.

Knowledge transfer between regionand institutions will increase with experiences from different
demonstration and pilot projects in different countries. This israportant 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 EUCommission has launched a Communication Paper in April 208tart Grids: from
innovation to deploymen{fSEC(2011) 463 finaDne of the messages in the paper states:

Actions to support innovation and rapid application

4 During 2011, the Commission willgmose additional new largecale 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 thi 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 comijpimavith 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 th8RS 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 45 years and conducted as part of a larger research group including supervisiondnion s
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 roleeofafulation 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 flext@mpared 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 andopbiveas
scheduling of household appliances, heating and veititawhile using the energy storage as much

as possibleThe 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 sftipower 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 sywtems 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 aggregatots addition, the consumer can be assumed to berenactive—
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 automatedg. 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 methoddready developed within the RCA@loup 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 andeneration 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 thedgibatteries 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 Rvelopment of an information managemenystem (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 proposedin 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 coordinatlmetween 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 inystem 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. SecurindCT infrastructures for Demand Side Participation
In this project the idea is to develop design rules for ICT systems for Demand Side Participation

focused on cybesecurity and integrity. In Demand Participation schemes, the ICT infrastructure will
contan data and functionality that if compromised in a cybettack —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 syséend its data can also pose treats to privacy of
participating individuals.

9. Decentralized load and production forecasting for 24 hour egyead
This project idea is to investigaand test new methods of local forecasting of consumption and local

production for 24 hours daghead. Load forecasting has to take into account the opportunities and
dynamics of demand patrticipation. Local production forecasting shall, in this case pfotusal PV
forecast for 24 hours daghead. 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 interchangsgro) 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 &rid 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

Tablel Definitions

Abbreviations Definition Description
CO2 Carbon Dioxide
DR Demand Response
SGL Smart Grid Lab
GHG Green House Gases
RMU Ring Main Unit
RCM Reliability Centereq
Maintenance
DER Distributed EnergfResources | Can be all types of sources li
batteries , PV
SR&M-IMS SRS Model — Information
Management System
El Energimarknadslinspektionen
ESI Energy Service Interface
PV Photo Voltaic
EV Electrical Vehicle
VDP Virtual Delivery Point
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