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Acronyms and Abbreviations
Term

Definition

ICT

Information and communications technology

EU

European Union

SET-Plan

Strategic Energy Technology Plan

PPP

Public Private Partnership

PV

Photovoltaic

CHP

Combine Heat and Power

BESS

Battery Energy Storage Station

DH

District Heating

ERDF

French electric energy supplier

NCA

Nice Côte d'Azur

EDF

Électricité de France

CSTB

Centre Scientifique et Technique du Bâtiment

TV

Television

SNS

Social Networks

EXP

EXPERIENTIA SRL

VTT

TEKNOLOGIAN TUTKIMUSKESKUS

AIT

Austrian Institute of Technology

RTA

Rail Tec Arsenal GmbH

EPS

Expanded Polystyrene

XPS

Extruded Polystyrene

HVAC

Heating, Ventilation and Air Conditioning

EPBD

Energy Performance in Building Directive

DHW

Domestic hot water

TTES

Tank thermal energy storage
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PTES

Pit thermal energy storage

BTES

Borehole thermal energy storages

ATES

Aquifer thermal energy storages

C-PCS

Control and power conditioning system

DSM

Demand-side management

TABS

Thermally Activated Building System

PSP

Policy Support Program

WWFF

Vienna Business Agency

UI

User Interface

DB

Database
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Executive Summary
CITYOPT seeks to assist the challenges posed by ever increasing urbanization and the pressure
placed on grid infrastructure in cities. It looks at how grid optimization can help to improve the
utilization of renewable energy generation and the impact on local energy markets. In addition to
this considerable user analysis is performed in an attempt to shed further light on the reactions and
behaviour of people using the networks and the buildings involved and ensure solutions developed
will be well received.
The current trends in urban energy systems are for more decentralized production and improved
distribution systems. Consumers are being targeted to reduce energy demand through improved
building construction and improved understanding of user behaviour. The three demonstration
cases in Nice, Vienna, and Helsinki looking at electricity and heat grids, look to focus on some of
these aspects and provide demonstration cases.
The Nice study case focuses on electricity grids. The goal is to reduce the peaks which are difficult
and expensive for the provider EDF to cope with. By providing consumers with improved
information about their consumption and offering incentives to use electricity when the network
conditions are favourable it is hoped that peaks in demand can be reduced.
In the Vienna study case the possibility for connecting two existing and one planned office
buildings via a district heating network in order to utilise waste industrial heat from a nearby
climatic wind tunnel testing facility. In addition to this a large solar thermal array often sits in
stagnation. The three buildings will be simulated to determine their heat demands and potential
for alterations to supply temperatures along with the rejected heat from the facility. In addition to
this the ground in the area underneath the buildings will be studied to assess suitability for heat
storage.
Storage is used in two Helsinki study cases to balance the grid and maximise renewable energy
usage. One case study is focus on electricity and the other one on heat. The electricity network
concerns a new town called Kalasatama, with homes for 20,000 people that is being constructed.
This will consist of a smart grid which will balance the Photovoltaic, wind, nuclear, hydro and CHP
using electricity storage and energy efficient building automation. The storage system will be a 1.2
MW battery system.
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1. Introduction
68% of the European Union population lives in urban areas, this proportion is growing as the
urbanization trend continues, raising the energy demand for private and public consumers and for
economic activities with the subsequent increase in CO2 emissions. This energy demand currently
represents 70% of the total [1]. Furthermore, urban areas have high levels of air pollution,
primarily from the burning of fossil fuels in energy production and road transport, resulting in
enormous economic and social costs [2], [3]. Additionally, energy security is also becoming
increasingly important with declining European natural gas and oil reserves together with the
current geo-strategy situation [4], [5]. This highlights the importance of the development of more
sustainable urban areas which are more energy and resource efficient, the use renewable energy
sources, reduction of the carbon footprint, infrastructure development, engagement of the
stakeholders and users, removing administrative and regulatory barriers and new business models
[6].
In the CITYOPT project, a set of applications and related guidelines to support planning, design
and operation of energy systems in urban districts will be developed. These applications address
also the energy system optimisation in different life cycle phases [7].
In this deliverable the bases of the CITYOPT Project are presented, addressing the main issues in
the urban energy system together with best practice, innovative solutions and, the description of
the study cases located in Helsinki, Nice and Vienna, which represent the main drivers of the
development of the this project and the roots of future Virtual cities. This document is oriented to
urban planners, energy providers, public authorities, local industry and building users.
In Section 2 the main issues associated with urban energy issues are discussed, including
challenges, drivers, economic and regulatory barriers along with screening technologies and best
practice examples. Section 3 describes the study case which will be used to test Virtual city in terms
of technologies, energy networks, data availability, evaluation metrics, optimisation goals and
user/stakeholder behaviours and expectations including future work. Section 4 presents the bases
of Virtual city concerning interfaces, optimisation phases and the energy model concept. Finally,
section 5 summarizes the main conclusions of this report.

2. Main issues associated with urban energy
system development
Urban areas are characterized by high spatial densities of energy use due to the concentration of
the population together with low levels of energy production. Nevertheless, high levels of energy
demand maximise the benefits of the economy of scale in energy systems, together with the
development of synergies among different activities e.g. the use of energy rejected from hightemperature industrial processes in the residential home for heating and domestic hot water,
increasing the energy efficiency and reducing the associated carbon footprint [9], [10].
This is section presents and overview of the main issues concerning the urban energy system
related to urban energy planning, its design and use and future challenges including the
identification of non-technological drivers.
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Section 2.1 summarizes the non-technical aspect including political, regulatory and economic
barriers and solutions for urban energy systems. Section 2.2 the main aspects concerning to the
urban energy planning are presented. Section 2.3 the main issues shows the different issues related
to the urban Energy Systems design and use. Section 2.4 presents the urban energy challenges.
Finally, Section 2.5 presents the technologies and best practice in the market.

2.1. Drivers and Main Policy Leverage for Urban Energy
systems
The Building sector accounts for 40% of total energy consumption in the European Union. This
situation together with the rise on energy prices and higher social pressure concerning
environmental issues stimulate interest for the development of cities in a more sustainable way. In
this context, the European Commission endorse under the Energy Performance in Building
Directive (EPBD) the reduction of energy consumption and the use of energy from renewable
sources in this sector as a way to reduce greenhouse emissions, promoting security of energy
supply and, in parallel, creation of opportunities for employment and regional development [11].
The EU Strategic Energy Technology Plan (SET-Plan) and in particular the Smart Cities Initiative
plays a role in fostering the deployment of efficiency and low carbon technologies in the building
sector. Another initiative launched by the European Commission is the Concerto Initiative, which
supports local communities in developing and demonstrating concrete strategies and actions that
are both sustainable and highly energy efficient [6]. Recently, the European commission has
launched the Smart City and Communities initiative under the Horizon 2020 call to deploying
solutions related to the energy, transport and ICT sectors, including those which are at the
intersection of these three sectors in an urban environment [1].
Existing barriers dissuade consumers in urban areas from making investments to reduce their
energy consumption. These barriers are mainly economical and based on a lack of capital to invest
in equipment or make the required retrofitting for their installations. In addition there is a lack of
information about the current situation of energy technologies in the market and bureaucratic
barriers based on the current energy market regulations.
An extended solution to promote alternative technologies, which are not still competitive in the
market such as PV panels, is feed in tariffs. This policy mechanism offers long-term contracts to
renewable energy producers with profitable compensation, typically based on the cost of
generation of each technology where a higher price is offered, reflecting the current higher costs. A
Public private partnership (PPP) is another option to attract private capital to these types of
initiatives. In this case, the city governments initiate various forms of partnership with local
businesses and community organisations, setting the engagement framework and accepting
returns on investments for private actors for the development of the energy initiatives [12].
The current regulations create bureaucratic barriers which hamper the promotion of the energy
efficiency and the optimisation of the overall energy system. The existing market mechanisms, in
their majority, still reflect the logic of a centralized energy production system avoiding moving to a
decentralized system, based on the use mainly of renewable energies such as Photovoltaic (PV) and
solar thermal panels on the roofs of buildings. However, the fluctuation in the energy production of
these types of the renewable energy will produce a mismatch between energy demand and supply
in this new system, making it necessary to develop a market structure which regards the ancillary
services [13].
31 July 2014
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2.2. Overview of the energy urban planning
Cities can play an important role in the application of sustainable solutions, especially if city
planners learn to identify opportunities to reduce their energy consumption and to better exploit
their energy generation capacity. In the development of the urban energy system, a holistic
approach is necessary and the most important areas have to be addressed, including city planning,
energy efficiency in buildings, energy generation, distribution, delivery, capacity building,
transparency and stakeholder involvement [14].
City planning
City planning is one of the principal elements for the sustainable development of the city. It is
therefore essential that city planning accommodates energy aspect since it determines the urban
density and establishes residential, non-residential, and mixed zoning. These decisions have an
impact on building heating and cooling needs, the cost effectiveness of the energy networks, the
use local resources and infrastructures. Therefore, during this process an holistic approach during
the planning process is need to reduce the energy demand, to promote the local energy generation
and to create synergies between the infrastructure.
Energy efficiency in Buildings
Energy efficiency measures for buildings should be developed on the design of urban energy
systems as they are the primary energy consumers at the city level. The measures should include
building energy codes and energy labelling schemes that aim to increase the energy efficiency of the
new and existing buildings, without compromising comfort levels. The feasible reduction in energy
demand will also lower pollution levels by cutting unnecessary power generation and reduce urban
heat island effects.
Energy generation
Cities should aim to be centres for heat and power generation through local renewable energy
sources in a technically feasible and economically viable way. This issue has to be supported by city
planners making energy generation a part of an integrated approach that includes energy
distribution and delivery.
Energy distribution and delivery
Distribution management, and end-user energy delivery has to be taken into account during the
early stages of urban energy systems. The development of smart grids (electric and heat grids) can
improve demand response, delivery of energy efficiency and integrate fluctuating renewable
resources. Such grids can also smooth demand peaks and stabilise the energy system, e.g. by the
use of electric batteries.
Capacity building, transparency and stakeholder involvement
In order to achieve effective implementation, resources should be secured for local capacity
building and energy awareness programmes including suitable business models for the entire
stakeholder including citizens. Cities should also be mindful of transparency, and include all
stakeholders and interested parties from the early stages of energy urban system design.
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2.3. Urban Energy Systems design and use
A holistic view considers integrating the design of the urban areas, the built environment,
infrastructure and the energy system creating opportunities to explore the possibility to optimize
the use of resources and synergies is an efficient way. However, existing cities are captive to their
history which constrains the implementation of new measure without high economic investments.
Nevertheless, relatively short turnover times for many technologies provide opportunities to
improve the efficiency and develop integrated design [14]. The following aspect should be
considered during the design and use of the urban energy system.
Demand-side management and reduction
The primary focus of efficiency in most cities is on the built environment (i.e. dwellings and
commercial properties) which should be designed to optimize criteria of sustainability. In the built
environment, there is considerable inertia and unexplored opportunities for the relatively low or
even negative costs for the reduction of greenhouse gas reduction and the energy demand through
refurbishment. This situation implies a strong argument for definition and regulation of building
standards.
Supply side
The supply side is having an important progress in innovation to design efficient energy networks
which allows integration of the energy resource, such as PV panels or the use of batteries, allowing
sifting the production with the demand. This integrated thinking has been highlighted in the design
of the new Eco-cities, avoiding strong dependence to fix solution as big power plants and giving to
the city an integrated growth based on an higher flexibility from the energy supply side.
Holistic approach - Optimisation of the energy systems
The design of the networks has evolved over time, but rarely exploits the opportunities for broader
optimisations with other networks or energy systems. Systems and integration methods could have
a potential for reductions in direct primary-energy use by 30–50%, without other significant
physical impacts, and significant the advantages in terms of a reduction in externalities of energy
use such as air pollution.
Role of real-time systems
For new the new urban energy system design expertise should also focus on the operational phase.
There are opportunities in the field of Information Control Technologies (ICT) applied to the urban
energy sector which enables effective management of the real-time performances of the energy
systems, allowing the interaction between them and citizens, which could be increased through
real-time energy pricing, virtual energy markets, real-time displays for households, large building,
neighbourhood, city resource-use profiles, and personalised decision-support services.

2.4. Urban energy challenges
The major strategic task for the future is the local and regional implementation of the energy
transition. This transition can be a successful base ofor integrated urban development strategies
which requires extraordinary economic, social, ecological and cultural sensitivity. Renewal and
construction of buildings and neighbourhoods, urban utilities infrastructure systems, urban
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utilities infrastructure systems and Social integration are the major tasks but are usually discussed
independently from one another making a collaboration necessary [15].
Renewal and construction of buildings and neighbourhoods
Energy efficiency starts at the level of the single house. New buildings are gradually moving away
from being energy consumers with the rise of the zero energy and plus energy house Renovation of
buildings is however strategically more important than new low-energy buildings. Whilst Energetic
rehabilitation is one aspect, an increasingly significant component of extensive renovation also
includes good design and a socially fair distribution of costs.
Urban utilities infrastructure systems
Cities can remain fit for the future with a need-driven adaptation of existing, and new, urban
utilities infrastructure systems. This requires considerable investment, especially in developing
local renewable energy production systems. A considerable effort is needed to find suitable
locations as well as a good design for these renewable energy systems. Intelligent systems and
networks can improve urban life. This issue is fundamental in the design of the energy system
aimed at the system's optimisation.
Social integration
The promotion of crucial behavioural changes in all social groups to reduce energy consumption is
a crucial need. The energy transition costs will have to be economically distributed and socially fair.
With a particular focus on human development in deprived neighbourhoods, this objective
becomes even more relevant in the case of the necessary integrated approaches to energy efficient
neighbourhood development. This is linked directly to the usage of the energy systems after the
development phase, when the people can interact with the system.

2.5. Screening technologies and best practice
This section provides an overview of the best practice concerning energy generation systems and
their link in the study cases of the CITYOPT project. These technologies cover heat and electricity
generation and management. Table 1 list these technologies and the link with the study cases of
CITYOPT project. The description of these technologies is available in Annex 9.5
Table 1. Screening technologies and link with the study cases.
Technologies

Kalasatama Östersundom Nice

CHP for DH
X
Heat pumps for DH
Seasonal thermal energy storage
Mid-term thermal storage
Solar DH
Geothermal Systems for DH
Electric boilers for DH
Gas boilers for residential and service sector
Thermal solar panel for residential and service sector
Heat pumps for residential and service sector
Waste heat from facilities
Battery energy storage station (BESS) District level X
31 July 2014
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Vienna

X
X
X

X

X
X
X
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Smart grids - Electric
Smart meters for electricity
Demand side management - Electricity
Energy poles as thermal storage
PV panels
Micro-wind turbine

14

X
X

X
X
X
X

X

Micro - CHP

3. Description of the demonstrations cases
In the CITYOPT project four study cases will be tested: Nice, Kalatasama, Östersundom and
Vienna. In this section, they are described with a focus on technologies that will be employed,
energy networks to be developed, data availability, evaluation metrics comparing different
scenarios in each study case, optimisation goals and user/stakeholder behaviours and finally
expectations from future work.

3.1. Nice Study Case
3.1.1. Introduction
The Nice study case takes place amid restrictions of energy use at certain times of the day due to
dated electricity infrastructure. Indeed, Nice depends on a single high voltage transport line which
delivers the south east of France (5 Million inhabitants), in particular the urbanized coast from
Marseille to Menton.
Due to the tourism attractiveness of the region, the population can double in certain towns during
summer holidays.
As an answer to the recurrent problem of load demand, ERDF (the French electric energy supplier)
uses local electric power plants which have a high cost in terms of maintenance and CO2 emissions.
The Nice study case benefits from the Nice Grid project in terms of reserve of participants that can
be potentially equipped with smart electric meters (called LINKY). In addition, ERDF has planned
in 2014-2015 an intensive deployment of smart electric meters in Métropole Nice Côte d’Azur
(NCA).
The Nice study case will provide a system to encourage energy saving behaviour in a community of
citizens. One of the outcomes will be to assess how the population responds to load shedding
solicitation.

3.1.2. Description of the energy system
The energy system is the electricity produced by EDF centrals (thermal/nuclear/hydraulic),
transported by ERDF and distributed by EDF to final customer of NCA.
The strategy of EDF is to reduce the consumption peaks which can happen on average (depending
of the period) once a month by the demand-response policy.
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In order to encourage final customers to accept the demand-response policy, CITYOPT will develop
an energy social network. User research will identify the appropriate energy social network features
and the mechanism of rewarding.

3.1.3. Technologies and elements
3.1.3.1. Consumers
EDF consumers use electricity primarily for cooking, dish and clothes washing, consumables
operation and heating. Some of them already have smart meters and electric heating control,
others will be equipped with a box which will monitor and time log energy consumption. They will
have at their disposal a tablet pc for the demand-response solicitation and acknowledgment.

3.1.3.2. Community-based application
The use case runs a real time energy social network scenario based on a consciousness of energy in
the context of load shedding. Demand-response solicitations based on real needs/situations energy
peeks detected on the EDF electricity network will be sent to consumers.
Some of the consumers will have no automation and no actuators to control the energy equipment
in the dwellings of EDF volunteers. All actions in favour of energy consumption reduction after a
solicitation will rely on behavioural change of the customer and will be considered as a bonus in the
social energy network.
We envisage a deployment of 50 volunteers: 25 in the city of Carros and 25 others in NCA. In the
city of Carros, which hosts Nice Grid project, EDF will identify 10 dwellings equipped with
Photovoltaic and energy storage. Some dwellings will benefit from LINKY (Smart meters) the
others will be equipped with a smart metering energy box. Households participating in the energy
social network will be equipped with a tablet pc and will be required as a prerequisite to have
Internet access.
To follow the demand-response request by the solicited end-user, when possible, EDF will deploy a
temperature sensor to monitor the thermal comfort.
The tablet pc will be the platform for the demand-response interaction with the customer and to
display information about the energy social network.
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Figure 1. Concept of the Nice study case

3.1.4. Data availability
Data will be provided by ERDF thanks to customers who agreed to participate in CITYOPT
experiment. Those participants will be equipped with the LINKY electric smart meter and with
tablet computers.
During the experiment, CITYOPT will collect daily electric consumption of the dwellings. Also
responses from energy network requests will be collected.

3.1.5. Evaluation metrics
An important aspect of the evaluation will be the characterization of the electricity consumption, in
particular per dwelling, per person, per square meter and the primary energy consumption saving
thanks to the positive answer to the demand response requests. CO2 emissions will also be
evaluated.
In addition, evaluation metrics will assess the social context of the contribution to reduce the
consumption of the dwelling when requested.

3.1.6. Optimisation goals
The objective of the project is to optimize the additional electricity production requested in the
period of load shedding. Indeed, because of the limitation of the high voltage line and in order to
avoid a black out on the Provence-Alpes-Côte-d'Azur (PACA) East region, ERDF uses local
electricity production factories in period of load shedding.
The main lever of optimisation is based on the behaviour of end-users. Nice, will study a strategy to
encourage end-users to change their electricity consumption with the concept of the social
community network, which will be structured around a collective challenge.
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A better knowledge of end-user profile, will permit to optimize the strategy of load shedding in
particular for automatic remote electric appliance control, from the perspective of the smart
meter deployment and when the electric appliances can be automatically controlled.

3.1.7. User/stakeholder behaviours and expectations
Experientia, with the support of EDF in the definition of the study guide and execution of the
activities, and with the support of NCA, CSTB and EDF for the recruitment of the participants,
planned and executed a series of user research activities in NCA.
A detailed report of the methodologies, participants and findings elicited during the contextual and
telephone interviews and the workshop with end-users are available in Annex 9.1.

Image 1. A moment during contextual interviews
in NCA.

Image 2. The participants playing the CITYOPT
board game during the workshop in Carros, NCA.

The study has been based on the assumption that user behaviours play a crucial role in demandresponse scenarios. Past research elicited some common motivations and barriers for end-users to
optimise energy usage. However, these results should be contextualised, as cross-cultural analysis
of energy usage behaviours, confirmed that they vary significantly according to several parameters,
including: different climatic zones, local culture and habits, energy sources available, local
legislation, etc. Understanding people's behavioural patterns in energy usage is critical in a
demand response scenario, as it can elicit the conditions that will encourage people's willingness to
participate in the solicitations program. For this reason, CITYOPT's research focused on the local
dwellers, their current behaviours, drivers and expectations in a demand response scenario such as
the one proposed in CITYOPT's NCA case study.
Moreover, engaging individuals as members of a community, rather than only as consumers of
energy, is an important strategy for changing energy-related behaviours. CITYOPT's research
included social aspects in the study, to evaluate the role of the communities in the local context and
the weight that they could have in the NCA's case study.
The following paragraphs summarise the main insights and the results of the post-research
analysis.
Awareness and understanding
There is a general perception that energy is not a common topic of conversation and the people's
awareness is quite low. Even informed participants are not fully aware of the risks that the region is
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suffering. Even though some people noticed public announcements or news on TV or in the local
press, it did not seem to affect their behaviours.
Inaccurate mental models
People evaluate their consumption in economic terms, while the bill measures it in terms of energy
quantity. Several participants have a two-rate time-of-day tariff, but they are not always aware
about the fee differentiation between peak and off-peak hours. Even those who are, find it hard to
remember the exact range and make mistakes about it. People have a generic idea about their
consumption patterns, which is only based on their behaviours and bi-annual bills.
Familiar blackout experiences
All the participants had experienced a blackout. Most people accept these issues passively and
without complaints, except when micro-interruptions damage their appliances. However, they
complain about the lack of communication before, during or after these events.
Reducing vs. delaying
Except for washing machine usage, energy saving strategies focus more often on reducing general
consumption (e.g. limiting usage of heating, keeping temperature low) than on avoiding peak
hours. The most common practice however is to use heating when needed and try to limit
temperature, duration of usage and number of rooms heated.
The art of programming
A key differentiating element in people’s behaviour is the possibility/ability to program. As most
washing machines can be programmed without much effort, people are keener to delay their usage
to off-peak hours. Apparently the same does not apply to heating either because programming is
not available or because people find it difficult to use it and modify it when needed.
Simplified assessment of behaviours
Most people feel comfortable about their behaviours, either because they feel they are doing
enough to limit their consumption, or because their bills are not too high. Asking for advice or
comparing one’s performance with others (e.g. friends’ experiences, statistics, etc.) is not a
common practice. Even those people who are more committed to energy saving (e.g. participate in
experimental projects in the region), lack an accurate understanding of how different activities and
appliances’ usage impact their household consumption.
Need for stronger drivers
Current motivations to undertake energy efficient behaviours do not appear to be particularly
strong due to convenient energy pricing and limited cultural/social pressure. Currently, the
strongest drivers are: good self-perception (e.g. “feeling like a good citizen”), money saving,
professional interest and sensitivity to the subject. The most appealing incentives to change
behaviours, including in a demand response scenario, are financial rewards and visibility of good
practices. Some participants would also appreciate public recognition and visibility of people’s
effort, for example through the designation of smart neighbourhoods or communities. Reactions to
community-based benefits are mixed, and weaker for people with little involvement in the local
community.
Community involvement
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School emerged as the most promising type of community to focus on for several reasons: kids can
become strong and persistent advocates of a good cause; kids are competitive and can be effectively
involved in both household and school-based games and friendly competitions; schools and the
education system in general were indicated as the ideal target for initiatives aimed at rewarding
community-based efforts.
Participants also identified a great potential for improvement in the energy management of
common holds (“co-propriétés”), especially through the owners’ meetings (“syndic de
copropriété”). Small towns and villages appear to be more cohesive social clusters than city
neighbourhoods. Villagers are more open to possibilities and more interested in rewards at the
local community level.
Potential barriers to adoption
Except for time rich (e.g. retired) people, checking energy consumptions is not likely to rank high
in people’s top priorities. Moreover, people that are professionally and socially active are
overloaded by emails, especially those coming from commercial actors: emails risk being neglected
and treated as spam. At the same time there is no shared interest in using social networks for
energy-related content. While some people are open to it, others think that SNSs like Facebook are
tools for the young generation. Several people see their variable routines (e.g. being at work) as an
obstacle for responding to a request to lower their consumption at specific times. They would
appreciate the possibility to delegate to EDF when they are not at home.

3.1.8. Work plan
-

-

Selection and agreement to participate of 50 volunteers (EXP, NCA, EDF)
Development of the energy community app
o Conception designing
o Software development
o Tests
Trainings of the Volunteers
Periodic solicitations emissions

Definition of profiles and behaviour: each dwellings will be attentively described and analyse. Main
parameter of the social characteristics of the dwellers will be crossed with energy behaviour. One of
the main objectives of this work is to provide APROS with a new component to simulate the
behaviour of individuals in an energy network. In other words what could be the different
strategies and decision to take according to the knowledge of the social origin, wealth and age. At
the district level, what characteristic could have an influence on the energy network planning.

3.2. Helsinki Study Case
3.2.1. Introduction
The Helsinki case consists of two different areas: Kalasatama and Östersundom. A general
overview of the energy systems in Helsinki will be followed by an area specific case description for
each area. The interest in focus of the Kalasatama area is electricity storage solutions and their
optimisation, where as in Östersundom the focus is on heat storage solutions.
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3.2.2. Existing energy system
In Helsinki, there are three combined heat and power plants (CHP plants), producing both
electricity and heat. In addition, there are also stand by power plants that guarantee uninterrupted
supply of electricity.
The quality of electricity is measured by the reliability of distribution and the quality of voltage.
The high degree of cabling (98%) guarantees security of supply of the highest quality. Furthermore,
the loop structure of the electricity network ensures that electricity can be delivered to substations
and transformers along at least two routes.
Electricity network cables are being replaced each year, and earth construction works cannot be
avoided. Excavation schedules are co-ordinated with other construction work in the city to cause as
little disturbance as possible. Disturbance is minimised with information boards, traffic
arrangements and protection of excavations [17].
Helsingin Energia produces electricity mainly in power plants in Helsinki. The production is
supplemented from outside Helsinki through associated companies and by selling and buying
electricity from the market. Helen Sähköverkko Oy transmits electricity from other power
companies to their customers in Helsinki for a transmission fee.
Electricity and district heat are produced in Vuosaari, Hanasaari and Salmisaari by combined heat
and power (CHP) generation. When electricity is produced in a single process large amounts of
heat is generated which is often released into the surroundings, using CHP this waste heat is
collected meaning the overall fuel requirements are less compared to separate production. The
yearly efficiency of the CHP power plants in Finland is round 90%, which is very high compared to
a purely electricity production plant, with an efficiency of around 40%. The energy amount saved in
Helsinki by using CHP production instead of separate heat and electricity production, corresponds
to the yearly heat demand of 500 000 detached houses. A diverse production palette also includes
nuclear power, hydro power and wind power, which are procured from outside Helsinki through
associated companies.
Helsingin Energia is the only district heat supplier in Helsinki and it provides over 90% of the heat
demand in the city. In numbers, the heat amount produced by Helsingin Energia in 2013, was a
total of 7,000 GWh of which 87% was produced by cogeneration. The rest is heat produced
separately when cogenerated heat cannot cover the peak demand. The operating time of heating
plants are a few hundred hours per year.
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The efficiency of CHP production in Helsinki is about 90%. The amount of carbon dioxide emitted
by district heating systems amounted to just 108 g/kWh. This could be compared with the CO2
emissions from gas-fired boilers, which is 241 g/kWh or coal-fired boilers, which is 425 g/kWh.
The overall fuel mix in the network is presented in Figure 2. This calculation is based on the
primary energy method (SFS-EN 15316-4-5) [20].

Figure 2 - Sources of District heat in Helsinki in 2013 [20]

The production is distributed between dozens of sites in different districts, and production outages
are prepared for with reserves. This contributes to a reliable supply of district heat - the
interruption time in supply per costumer is, on average, 2-3 hours per year. Also, the network is
built so that it can reach customers along several routes if needed.

3.2.3. Kalasatama - general
Kalasatama, a district in eastern Helsinki, is a former harbour and industry area that is under
reconstructing phase into a residential and business area. The area is about 175 hectares and when
the completion of the conversion project is finished in the 2030’s, there will be approximately
20,000 inhabitants, 390,000 m2 of office premises and 45,000 m2 of service buildings [16].
In the case study, different electricity storage solutions and business models will be evaluated.
Electricity storage technologies and the sizing and placement of these will be analysed. Economic
and social aspects of implementing different storage solutions will be taken into account. The
CITYOPT applications in the district planning phase will be tested and used for examination of the
optimal storage solution. CITYOPT applications will also be used for evaluating different business
opportunities.
Large scale energy storages need rather high investments thus, it is important to use them as
efficiently as possible. In the Kalasatama case, different commercial purposes with different
priorities for the simultaneous usage of storage will be investigated. For example storage of
renewable energy sources, storage to regulate power in the transmission system and storage for use
as uninterruptible power supplies are examples of different commercial applications.

3.2.4. Kalasatama-Technologies and elements
In Kalasatama, homes for 20,000 people are going to be built and 8,000 jobs are expected to be
created before the beginning of the year 2030. The building work on the area is simplified by the
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fact that the area was earlier a harbour; the shore line has continuously been extended through
land reclamation and needs less preconstruction than in the usual case.
The building types planned for the Kalasatama area varies; the main building type will of course be
residential and business block houses, but there are also other alternatives like terrace houses with
balconies on the sea side, town houses, tower blocks and floating flats. At present, there are plans
for eight tower blocks; one for hotel services, one for business and six for housing. There are also
plans for 40 apartments in the shoreline-built on a concrete pontoon. The inhabitants in
Kalasatama are expected to have the same electricity consumption rate as the average Finn.
In Kalasatama, services like a social- and health center and lots of commercial halls are planned.
The companies that settle in Kalasatama are expected to be mostly service orientated e.g. like
Lindström Invest that provides office solutions for companies or Varma, an employee pension
service company. These types of companies don’t have a remarkably high demand for energy. In
the area, a pipeline system for the collection of garbage will be developed. Such a system could
require more energy [16].
Kalasatama is chosen as a testing area for smart grids [18]. The area will be equipped with a smart
energy system that utilizes local PV power. The infrastructure of the system will support the use of
electric vehicles and it will contain energy storage facilities. Simply put; with the smart grid
electricity will be produced, consumed, stored and sold more efficiently than before [17].
Smart meters installed at the customers’ places will measure their hourly electricity consumption.
With the aid of these, Helsingin Energia is developing demand management based on the market
price. With the system, it will be possible to automatically switch on electrical appliances when the
market price of electricity is at its lowest. For example, heating that currently operates on nighttime electricity can be upgraded to be switched on during the cheapest hours of the day, when solar
and wind energy production are at their highest [17].
Because the Kalasatama area was earlier a harbour, no infrastructure for electricity was needed.
The loss of an old electricity network in the area makes it possible to build new ones from scratch.
The planner of the electricity network is Helen Sähköverkko Oy. The network will be built in steps,
along with the building of other infrastructure like district heat and fresh water pipes as well as the
building projects themselves.
Kalasatama will get its own electrical substation and its construction may start in the year 2015.
The electricity flows in Kalasatama will be distributed from the power station. A 20 kV medium
voltage ring is planned for the area and electricity taken from outside of the Kalasatama electricity
system will be fed into the network. In connection to the substation, a battery energy storage
station (BESS), is going to be built.
A significant improvement in the Kalasatama electricity network compared with older networks is
the system for dealing with broken electricity cables. Usually when the cable is ruptured the nodes
surrounding the broken point must be detached manually. In the new system the nodes are
detached automatically in case of a broken cable, which reduces the length of power outages.
Energy storage is important in terms of the functioning of the smart electricity grid. Storage is
needed for balancing production and network loads and ancillary activities. A new substation is
going to be built in Kalasatama and in connection with this, an energy storage facility with a
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capacity of 1.2 MW is planned [19]. The capacity of the storage corresponds to a peak output from
approximately 40,000 300W PV modules [20].
The purchasing of an electricity storage to Kalasatama is done in cooperation between Helen
Sähköverkko Oy, the local electricity network operator and owner, and Fingrid Oyj, the national
grid owner. Subsidies for the purchasing of the storage have been applied from the Ministry of
employment and the economy in Finland. The provider of the storage is ABB and the storage is a
completely new model, which has not been used before. There are two options for the placement of
the storage; either in two six meter long containers or in one twelve meter long container.
The studied Battery Energy Storage System (BESS) is 1.2 MW in size and has a reserve capacity of
600 kWh. A cross section of the BESS is presented in Figure 3. The storage design was developed
based on requirements from the national grid owner and operator in Finland (Fingrid) into
account. According to Fingrid’s directives it must be possible to regulate the storage with 15
minutes in both directions; the stored energy must last 15 minutes and it must be possible to
charge an energy amount corresponding to 15 minutes. Thus, the storage goes from fully charged to
empty in 30 minutes. With storage of this size, it is possible to use it for electricity trading. The
energy storage will regulate the power frequency and the reactive power actively but its main task is
to provide reserve power when needed [19].
The purchase of electricity storage is a pilot project that gives an opportunity to test new sevices
and products. The various roles of several users (Helsingin Energia, Helen Sähköverkkot Oy and
Fingrid Oyj) can also be sorted out. The project aims also take advantage of the flexibility in
demand of electricity and by using electricity storages.

Figure 3 - A cut out picture of the BESS under consideration

3.2.5. Kalasatama - Data availability
The amount of electricity used by every consumer in the Kalasatama area is measured with smart
meters. The smart meters collect information about the energy consumption, e.g. how much
electricity a specific client has used on an hourly level. Smart meters have the potential for
bidirectional metering, the used amount of electricity is then measured but also the amount of
electricity sold to the network from the costumer’s own (small scale) production. The measurement
of the electricity consumption is performed in the regime of Helen Sähköverkko Oy and is in some
extent available for simulations of the energy system in Kalasatama [18].
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The technical specifications of the storage system will be defined in the design of the system, which
will only begin once the final investment decision is made. The system will be designed by ABB and
Siemens. Therefore the CITYOPT project will not have detailed specifications of the storage system
and thus the modelling have to rely on assumptions.

3.2.6. Kalasatama – Optimisation goals
In both study cases of Helsinki the optimisation task is divided into two connected parts:
Design optimisation
Operational optimisation
In part I, the optimisation will strive to choose the correct type and size of energy storage unit(s)
and its connections to energy producers and consumers. This being done the second part of the
optimisation (II) will find the operational optimum. Thus the problem is a bi-level optimisation.
The optimisation tasks are below described in terms of:
Process description
Performance metrics with constraints
Degrees of freedom
Scenarios
The bi-level optimisation means that the operational optimisation (II) runs inside the design
optimisation (I). In other words, for each design candidate from part I, a new solution of the
operational optimisation (II) will be solved. This will be computationally intensive. This enables a
more holistic analysis of the situation and can provide some new insights in what is the best
combination of solutions for both design and operation strategies.
Process description
The optimisation in the Kalasatama case is related to a BESS, the focus is on the operation of the
storage system. Analysis is made on different operation strategies and business model concepts for
operating the system. In terms of technical solutions, the storage will be a centralised solution, with
a big storage operating the whole area.
Performance metrics
The performance of the BESS is evaluated with
a.
b.
c.
d.
e.

Investment cost (€)
Operational cost (€ per year)
CO2 emissions (tons per year, life cycle emissions)
Annual operational hours?
Energy flows

Degrees of freedom
The degrees of freedom (or decision variables) in the Kalasatama case and their relevance to the bilevel formulation, are
1.
2.
3.
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The objective function will comprise of a weighted sum of a. and b. over the lifetime of the BESS.
The operational costs will include among other factors a price for CO2 emissions.
Number 1 (capacity) will be directly one decision variable of the optimisation whereas numbers 2
and 3 need more formalization.
To formalize 2 (location w.r.t. the energy producers and consumer) optimisation on a
superstructure will be investigated. This means that the optimizer will receive as its input a
configuration of all possible producers and consumers that could be connected to the BESS. During
the optimisation the selection which shall have access to the BESS is made. This is illustrated below
in Figure 4.

Figure 4. Superstructure around a BESS

The upper part of Figure 4 represents the situation prior to optimisation. In the lower part, the
optimizer has determined so that Producers 2 and 3 as well as Consumer 1 will not have access to
the BESS. Note that the same physical location (e.g. a house) can act both as a consumer and
producer which is allowed in the above concept. The optimizer’s decision variables are binary
{“YES“ /“NO“) describing whether there is or is not a connection from a producer/consumer to the
BESS.
Operation of the BESS is here defined to mean which connected producers/consumers can access
the BESS and who has priority. For example one consumer may have paid more of the costs of the
BESS which would give them higher priority of access to the storage. One way to approach this is to
divide the available charge of the BESS into slots which can be allocated for discharging by a
consumer or for charging by a producer at given time instants, see Figure 5.

Figure 5. Slot allocation of a BESS
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In the above Figure 5 at time 1 the BESS is full and no producers are allowed access. Two
consumers X and Y have requested access and it is granted, with X having higher priority than Y.
At time 2 the capacity has dropped and producer Z is allowed access where as consumer Y is not
allowed since the high priority consumer X need so much capacity that there is not enough for Y
left. At time 3 also consumer X is denied access due to low capacity but a new producer, W, gains
access. The optimizer makes these choices based on access requests from consumers and producers
as well as the available capacity.
Scenarios
To produce usable information the optimisations are performed in different scenarios which
comprise of different combinations of producer and consumers as well as their access requests
(derived from consumption and production profiles). A scenario will firstly define a time span over
which the analysis is conducted. In this case a tentative value for this is one year divided into for
example 8h time instants. External factors of the scenarios will include
1. weather (e.g. sunlight, ambient temperature)
2. daily consumption patterns
3. production schedules of different energy sources
The scenarios will be expanded and formalized as the work continues.

3.2.7. Kalasatama - User/stakeholder behaviours and expectations
The ultimate consumers of the stored electricity are households, businesses, industries and other
consumers that get their electricity from the grid. However, the main services offered by the
storage will benefit three corporate users: Helsingin Energia (the energy company of Helsinki City),
Helen Sähköverkko (the local electricity network owner and operator owned by Helsingin Energia)
and Fingrid (the national grid owner and operator). These three companies have the needs
presented in Table 2 for services that the BESS (Battery Energy Storage System) can offer.
ABB, a power and automation technologies concern, participate in the development and testing of
future smart energy solutions in Kalasatama in cooperation with Helsingin Energia and Nokia
Siemens Networks. ABB together with Siemens are the designers of the electricity storage planned
for Kalasatama.
The inhabitants in the area are not directly users of the BESS, only through their electricity
provider and transmission company.
Table 2. The needs of the stakeholdercompanies regarding the energy storage.

Helsingin Energia (the
energy company of Helsinki
City)
Demand response and
trading in the Nordic
electricity exchange
(selling when the price
is best)
Buffer for renewable

31 July 2014

Helen Sähköverkko Oy
(The local electricity network
owner and operator, owned by
Helsingin Energia)
Reactive ”wattless”
power compensation
Voltage and VAR
support

Fingrid Oyj (The national
grid owner and operator)
Frequency control
Super-fast failure
reserve
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electricity sources

Network load balancing

Reserve power / UPS

Network automation,
self-healing network
control etc.

Electric vehicle fast
charging

EXP with the support of VTT planned and executed a series of contextual interviews with different
stakeholders in Helsinki (including City planners, Energy providers, Energy network distributors,
and Product and automation technology suppliers). Figure 6 and Figure 7 shows two different
moments of the contextual interviews.
A detailed report of the methodologies, participants and findings elicited during the contextual
interviews is available in the Annex. The Contextual interviews study guide is also available in
Annex 9.2.

Figure 6 - One of the contextual interviews with
Kalasatama stakeholders.

Figure 7 - One of the participants writing the
required information on post-its, to complete the
information map.

The following paragraphs summarise the main insights and the results of the post-research
analysis related with stakeholder behaviours and expectations for the CITYOPT application, to the
Kalasatama and Östersundom districts planning phase.
Should simplify the process and manage complexity
City planners manage various kinds of information, collected from diverse stakeholders. They also
use several tools which are slightly different from each other, and which might serve differing
purposes.
Furthermore projects are structured in phases (e.g. Master plan or Detailed plan) which might
require different: information, level of stakeholder involvement and “bureaucratic” decision
processes.
The CITYOPT application should reduce the time-consuming process of managing this complexity
by providing a single solution that provides an easy interface to navigate the information, drill
down to details, and switch between phases.
Must be collaborative
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One of the most time-consuming processes is retrieving information from different sources located
in different offices. In addition, once the data is inserted in the system, there is currently no way to
annotate who provided that information, how reliable it is or how to retrieve it again.
The application should be collaborative, allowing all the stakeholders to access it. It should also be
profiled to guarantee more efficient data management: information has to be contextual so that
each stakeholder that accesses the application is able to see just the data and info that s/he has to
manage or input.
Given the profiled access, the application should be able to track down all the dependencies in
terms of information inserted (i.e. who gave that data), stakeholders (i.e. which actor is related to
which other), and tasks (i.e. which task cannot be completed because another person has not done
his/her task?).
Must provide easy to read results and allow comparison
City planners manage a number of projects in several district areas at the same time. Sometimes,
they need to compare them, or simply need to run two different energy efficiency solutions in the
same area and evaluate which one has more benefits. Currently, the results of a scenario evaluation
cannot be immediately digested by everyone. It is the city planner who has to interpret them and
“translate" them for the rest of the team. The application should provide an easy way to compare
different areas or scenarios avoiding manual comparison. It should also convey results in an
intuitive visualisation, describing and explaining the results, and showing dependencies between
values.
Should cover different aspects of planning
Currently not all the information that would be liked is included in the software analysis tools. Data
are only numeric, with graphic representation of the results. But city planners do not deal just with
values and numbers; they have to locate buildings and energy storage units on the district map
(with other software and then printed out).
Another parameter that is not included is the financial aspect. Costs over a given time period (e.g.
€/MWhe/20 years) are crucial for several stakeholders, who stated how a storage solution might
drastically change considering all the financial aspects. On the other hand, dealing with financial
information (e.g. construction/operational costs) requires huge effort, at least in the Master plan,
because that information needs to be updated on any project changes.
The application should include other features and visualisation elements that can help users to
perform their tasks. Maps can be included and used as a zoom in/zoom out navigation tool to
switch from one district area to another, or to display or exclude information layers. Cost or
financial information can have a drill down menu, from the most generic level, to really detailed
information. This information can be filtered and be visible only to the people who need to manage
it.
Should incorporate different detail levels of calculation
In the very early phases, rough models (e.g. spreadsheets) are typically found to be useful, due to
their relative simplicity. When projects proceed, more advanced calculations and simulations are
conducted/subcontracted. The application should have different ways of integrating such
calculations. For example, a simulation model could be run directly from the application. Or it
could be possible to import raw data (not a model) provided by external simulation software.
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3.2.8. Kalasatama - Work plan
For succeeding in planning an optimal solution for local electricity storage, there are a number of
parameters that must be taken into account. The focus mustn’t only be in possible electricity
storage technologies, but also in economic and social aspects of the system.
This report contains specific information over the Kalasatama area and about electricity storage
solutions. A survey of the energy networks of today in Helsinki is made. Possible technologies,
sizing and placement of a new storage system are analysed. It is investigated how a new system
could be attached to the network. A picture of the electricity market and the energy production
systems is given. The behaviour and expectations of users’ and stakeholders’ are also included in
this report. Business models will be evaluated.
The various electricity storage systems identified in D1.1 have to be analysed for finding an optimal
solution. The solutions will be studied from a multi-criteria analysis point of view that takes
performance assessment, economic assessment, and environmental assessment, impact on the
land use and effects on the city plan into account. Then, a tool for optimizing electricity storage
systems is developed in cooperation with research partners, city leaders, energy systems developers
and operators. These partners will later on be able to reuse the tool for expanding a smart use of
energy in the whole city. The tool simulates the electricity flows in the system and assesses the
solar electricity potential in the Kalasatama case.
Later, the electricity storage system solution of the Kalasatama area will be demonstrated. The
energy savings gained by the optimized electricity storage system are studied. Because the
Kalasatama area will not be finished during the CITYOPT project, it isn’t possible to compare the
optimised data with actual metered data. Instead, the model is validated by using data from
existing similar cases. The CITYOPT applications will also be used for evaluating business models.
An economic validation and user-acceptance validation will be carried through. In the social
validation, the target is the stakeholders involved in the design and planning phase, thus mainly
Helsingin Energia, Helen, Fingrid and ABB.
The developed tools for the creation of sustainable energy storage solutions are going to be
disseminated to other cities. In this way, other cities can take advantage of the results found about
electricity storage in the creation of a smart electricity network.

3.2.9. Östersundom - Introduction
Today, the Östersundom area is a rural sparsely built-up area. Over the next 30 years the area will
be transformed into a garden city with a large amount of renewable energy sources developed for
its energy needs. The area is still in the beginning phase and therefore it offers the possibility to
plan for distributed generation and new sustainable technical solutions from the beginning.
This case study will evaluate the optimal solution for local heat storage. The applications developed
in CITYOPT will be tested for analysing optimal solutions for local heat storage in the Östersundom
area.

3.2.10. Östersundom - Technologies and elements
The Östersundom area had 2,000 inhabitants in the year 2012. By 2040, the area is expected to
grow into a suburb of Helsinki with 35,000 inhabitants, and until the 2050’s perhaps even as
many as 70,000 inhabitants [23].
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In the development of the area, energy efficiency and the use of renewable energy sources will be
the key factor. According to the plan, Östersundom will be developed into a garden city divided into
five districts. New buildings in the area will be built to use less energy and possibly even achieve
zero energy standards. From the year 2015 and beyond, the houses built will follow the directives
for low energy houses and from 2040 the houses built will be following the directions for passive
houses [24]. Thus, the heat demand for the houses will be small and the main demand for heat will
be for domestic hot water [25].
The metro will form the basis for the transport network and close to the metro stations there will
be apartment buildings. The fringe areas are reserved for single-family houses but otherwise the
residential areas will mainly consist of townhouses, which are an unusual type of housing in
Finland but are common in Central Europe. Townhouses are attached to each other and in
Östersundom they will be built of wood or stone. The houses will have two or three floors and
everyone have their own front door and a small garden in the backyard [25].
It is estimated that there will be houseroom space of totally 2,800,000 m² and premises space of
totally 500,000 m² in the year 2055 in Östersundom. The share of apartment buildings is
estimated to 750,000 m², one-family houses and to 500 000 m² effective family houses to
1,500,000 m². Of the premises space, offices stands for 200,000 m², commercial buildings for
200,000 m² and others for 100 500 m² [24].
District heating is only profitable to use in areas where the energy density is high enough; in
Finland this boundary is set to 10 kWh/m2. In an investigation over the expected energy density in
Östersundom, it is found that a district heating system is only profitable in the downtown and
western parts of Östersundom and that it is on the break-even point in Salmenkallio. The energy
density in the downtown is considered as 12.6 kWh/m2 and for this, a base load of 12-15 MWth is
needed. In the western parts of Östersundom, the energy density is esteemed to 9.1 kWh/m2, which
requires a base load of 5-7 MWth. For the realising of a district heating system, a high entry rate to
the network is required. According to MRL 57a §, it could even become mandatory for houses to
connect to the district heating network [26].
In Karhusaari, Ultuna/Norrberget and Ultuna/Puroniitty, the energy density is expected to be
between 3.7 and 4.3 kWh/m2, which are too low to extend the district heating network to these
places. However, there is a possibility to create small district heating system with “lighter”
technology for these places. For these systems solar heat could be used as energy source, requiring
a low district heat temperature of 70 °C [30]. It is to be noted that the pipe systems used for low
temperature district heat are often made of a plastic that is not suitable for district heat with
normal temperatures of around 120 °C. In the remaining parts of Östersundom, the energy density
is low and the heat solutions for these areas have to be solved with specific solutions for the
properties [27].
District cooling is appreciated to be in common use in the future, also in the Östersundom area.
District cooling could be distributed to houses via pipe systems, separate to the one of the district
heating network or produced locally. The district cooling system of Helsingin Energia in the
downtown of Helsinki has not been expanded to Östersundom because the distances are too large.
Instead, cooling in Östersundom could be realised by producing it “in house” e.g. by absorption
pumps [27].
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Östersundom’s target is to create as much of its own energy as possible, but there must also be
solutions for how energy can be transported to the area from outside when needed. One option is
to build an energy tunnel containing district heat from Vuosaari. Preliminary planning for this has
already been completed [28].
Different possibilities for a heat storage system will be investigated in the CITYOPT project to
balance heat production and demand. It is possible to store heat for long times; even for several
months. For short times, heat can be stored in water containers and for longer times, heat can be
stored in the ground or in water. Heat gained by the use of solar heat collectors could be stored but
also excess electricity could be used when it is transformed into heat [29].
A storage system that balances the yearly variations in the supply and demand for heat is needed.
In Östersundom, the storage will be high-temperature storages with the temperature of 70°C from
the point of view of the residential sector. When the temperature in the storage is this high, there is
no need for heat pumps, the heat can be used directly for conventional heating systems (eg small
radiators) and domestic hot water [30].
The types of storages for solar heat can be divided into three groups; free heat storages, latent heat
storages and chemical heat storages. These will be analysed in the case study. Additional,
information for this type of energy storages is available in annex 9.5. In Östersundom, the ground
consists of a 20m thick argillaceous deposit. The earth has a suitable heat resistance for long term
heat storage and therefore heat storage in the ground would be a possible solution in the
Östersundom case. Usually when heat is stored in the ground, bore holes or pipes are used. Energy
poles are one option for ground storage in the Östersundom area. According to an investigation
done by the consultancy company Pöyry Oy, one hectare of energy poles with an interval of 2.5 m
needs 7.5 hectares of solar collectors to reach an appropriate temperature. Storage with these
properties could provide 2.4 GWh of heat. If the energy poles instead had an interval of 5 m, one
hectare would require 3.4 hectares of solar collectors and it could provide storage of 310 MWh
[30].
Examination of the Östersundom area shows that it is possible to make an almost self-sufficient
heat storage system for the area. The heat storage solutions could be regional or concentrated and
they could consist of one technical solution or a combination of several. However a backup system,
in form of a CHP-plant or possibilities to get district heat from the outside of the areaare required
[29].
The goal in Östersundom is to create an efficient energy system where renewable energy sources
are used and where the carbon footprint is small. This is going to be realised by the utilization of
waste, biomass, solar energy and geothermal energy. In the area there will be a district heating
network that provides heat for the area. The main focus considering heat produced in the area will
be in the utilization of solar heat and power [25].
Right now, there are measurements over the level of solar radiation in Östersundom, for
determining how large the potential for solar energy in the area is [25]. There are different
scenarios for how to realise the production of heat with the aid of solar collectors. The two main
ways of producing solar heat is by ground solar thermal panels and decentralized solar heat
production. The scenarios include these two alternatives and also a combination of them [24].
Solar heat generation in Östersundom could be realized by placing solar heat collectors along the
highway’s sound barrier. A six km long area along the Porvoonväylä is reserved for PV panels or
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solar collectors [31]. Totally there is an area of 36,000 m² that could produce 21 GWh/a [28].
Solar collectors could also be placed in other locations in Östersundom if there are any suitable east
facing hillsides or flat areas [24].
In Östersundom, the south side of house roofs can be used for solar heat production. The roof area
in Östersundom is estimated to 90,000 m² which corresponds to a heat production of 52 GWh/a
[24].
It would be profitable to extend the network gradually taking advantage of improved solar panels
and collectors. If the demand for hot water, which is almost the same all over the year, is used to
determine the amount of needed solar collectors, the area of the solar collectors based on the
summer load could be 60,000 m² in 2010, 150,000 m² in 2030 and 230,000 m² in 2040 [24].
There is also a reservation for a local CHP-plant to secure the supply of heat for the area. The
power plant could, in the beginning, be used as a local primary energy source and later on it could
be used as spare power when energy demand is at its highest. Another option for securing the heat
demand in Östersundom is to get heat from outside the area. This is close to the Vuosaari CHP
plant’s energy tunnels and it could be possible to use its heat. Also Vantaa Energia Oy’s waste
power plant in Långmåssen is a possible alternative [31].

3.2.11. Östersundom - Data availability
Sources of data will include the information in the following sources:
Östersundom’s master plan scheme [31]
Population projections in the Östersundom project [29]
VTT estimates of solar energy potential in the Östersundom area [24]
Pöyry study on heat storages for Östersundom [30]
Because the planning of Östersundom area is in its initial phase and the master plan for the area
isn’t finished yet, it isn’t possible to draw any major conclusions of the size of the heat consumption
in Östersundom in the future. The studies made in CITYOPT will have to largely rely on
assumptions and scenarios.

3.2.12. Östersundom - Optimisation goals
As was the case with the Kalasatama case, the optimisation task is divided into two connected
parts:
I.
II.

Design optimisation
Operational optimisation

The optimisation tasks are below described in terms of process description, performance metrics
with constraints, degrees of freedom and scenarios. More details are given in section 3.2.6.
Process description
The optimisation in the Östersundom case is related to a local heat storage and distributed energy
production at the district which is currently at an early planning phase.
Performance metrics
The performance metrics here are similar to the Kalasatama case i.e.:
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Investment cost (€)
Operational cost (€ p.a.)
CO2 emissions (tons p.a.)
Investment costs will include the value of the space reserved for the storage, construction,
materials, equipment, work etc. Similar variables will be used also for each energy production
system included in the analysis.
Degrees of freedom
The design optimisation will choose the type and location of the heat storage(s) and energy
producers. The type can for example be underground storage in clay and the location can be
expressed as coordinates of a map. These two (type and location) have a natural constraint between
them: for example, heat storage into clay can only be applicable at a location where clay exists.
Similar constraints arise also for other storages and production systems. The superstructure idea of
the Kalasatama case is applicable here with the addition of:
geographical locations of the producers, consumers and storage(s)
a cost (or loss) to the possible connections between them, akin to their physical separation
associated with them
multiple types of storages
The decision variables of the superstructure optimisation (“YES”/”NO”) remain the same.
Scenarios
The time span in the Östersundom case is decades rather than months or years. This results can be
presented in a time discretization (or granularity) of months or even years rather than hours. This
also adds an element of change to the optimisation: the scenarios must provide a way to account
for the gradual improvements/degradation of the buildings in the area. This is achieved by firstly
providing the initial set-up of the area, for example in defining how many square meters of
residential buildings there are, where they are located etc.. Secondly, the scenario will define how
this set-up will evolve in time e.g. with simple linear extrapolations (“residential building area will
continue by 5% p.a.”).
A scenario will define, in addition to the buildings, possible types of storages and energy producers
as well as their possible locations. These will form a possibly long, but finite, list.
In this study case also, the scenarios will be expanded and formalized as the work continues.

3.2.13. Östersundom - User/stakeholder behaviours and
expectations
The stakeholders of heat supply and heat storages in Östersundom are principally Helsingin
Eneriga, the energy company of Helsinki City, and the inhabitants and property owners in the area.
Helsingin Energia produces electricity and district heating and cooling and their business also
includes the distribution and sales of the energy [26]. In Östersundom, Helsingin Energia’s role
would be to plan and build the district heating system and to supply the needed amounts of district
heat.
The demand for district heat in Östersundom depends on expected weather conditions, the amount
of inhabitants in the area and the kind of buildings built there and their energy efficiency. If many
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passive houses with low heat demand are built in the area, this will decrece the competitiveness of
the area’s district heat and further also the size of the needed district heating network.
A large scale decentralized heat production in Östersundom gives a possibility to the inhabitants
and property owners in the area to produce heat for satisfying their own demand. If the district
heat system in Östersundom is planned in two directions; from the energy producer to the clients
and from the clients to the energy system, the inhabitants and property owners in the area would
also have the opportunity to sell surplus heat to the system. This would decrease the demand for
district heat from Helsingin Energia.

3.2.14. Östersundom - Work plan
For succeeding in planning an optimal solution for local heat storage, there are a number of
parameters that must be taken into account. The focus must not only be in possible heating storage
technologies but also in economic and social aspects of the system.
This report contains specific information over the Östersundom area and about local heat storage
solutions. The expected future amount of inhabitants and heat demand in the Östersundom area
are mapped. It is investigated what possible local heat production systems there are and energy
storage alternatives for the area are represented. A picture of the energy market and the costumes
of the trade of district heating are given. In the project, the involvement of stakeholders is
important and therefore an overview of their roles and expectations is included in the project.
The various local heat storage systems identified are to be analysed for finding an optimal solution.
The solutions will be studied through a multi-criteria analysis point of view which includes
performance, economic and environmental assessment and also impact on the land use and effects
on the city plan. Then, a tool for optimizing heat storage systems is developed in cooperation with
research partners, city leaders, energy systems developers and operators. These partners will later
on be able to reuse the tool for expanding a smart use of energy in the whole city. The tool
simulates the heat flows in the system and assesses the maximum solar heat potential in the
Östersundom case.
Some of the heat storage systems solutions made for the Östersundom area will be demonstrated.
The energy savings gained by the optimized heat storage system are inspected. Because the
Östersundom area won’t be finished during the CITYOPT project, it isn’t possible to compare the
optimized data with actual metered data. Instead, the model is validated by using data from
existing similar cases. An economic validation and user-acceptance validation will also be carried
through. In the social validation, the target is the stakeholders involved in the design and planning
phase, thus mainly Helsingin Energia, Helen, Fingrid and ABB.
The developed tools for the creation of sustainable local heat storage solutions are going to be
disseminated to other cities. In this way, other cities can take advantage of the results found about
local heat storage in the creation of a heat supply network.

3.3. Vienna Study Case
3.3.1. Introduction
The basic idea of district heating and cooling is to produce energy from a centralised source and to
distribute it to several customers via a transfer fluid circulating in a piping network. Since, it was
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first proposed in the 1610th in London, these systems have become increasingly common due to
their environmental, energy and economic benefits.
In terms of energy benefits, they allow the possibility to achieve higher thermal efficiency than
several individual units. It also allows centralised electricity generation systems, such as coal, gas,
biomass, geothermal to make use of what would otherwise be waste heat.
Economies of scale give an interesting advantage. Considerable savings can be made in terms of
operating personnel and maintenance costs by dividing them amongst a large number of
consumers. In addition to this is the possibility to connect the energy systems from the different
users potentially allowing the use of a wider range of type fuels from several providers, improving
flexibility and reducing exposure to price increases.
The goal of the Vienna study case is to check the development of the district heating network
recovering the waste heat generated by an industrial facility and its impact in the local level
focusing in the office build placed close to this facility.

3.3.2. Description of the energy system
The Vienna study case is based on three office buildings located on the 21st district of Vienna
named TECHbase, ENERGYbase and FUTUREbase. FUTUREbase is still under planning and
therefore is not already built. They lie in close proximity to the facilities of Rail Tec Arsenal GmbH
(RTA). This facility tests the operation of vehicles at low temperatures using for this purpose a
climatic wind tunnel of big dimensions. During these tests a huge amount of waste heat is rejected
from the chillers to the air employed to cold down the climatic wind tunnel. The layout of the area
of the buildings is showed in Figure 8.

Figure 8 – Aerial view of the demonstration site of the Vienna study case

The current thermal energy system of the office building consists on ground heat pumps, a solar
thermal system and a centralized gas boiler. The goal of the Vienna study case is to integrate the
existing thermal energy supply systems with the cooling system of RTA’s climatic tunnel in a
thermal network that will make use of the waste heat to cover the office buildings’ heating demand
and reduce RTA’s cost to cool down the climatic wind tunnel. The Vienna pilot will explore the
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design, possible implementation and business models of such a concept, including the
requirements on the thermal storage to match the time dependence of waste heat production with
the heat demand.

3.3.3. Technologies and elements
3.3.3.1. Consumers
TECHbase
TECHbase is a four storey building consisting of a lecture theatre, event area, office and seminar
rooms, power plant, laboratories and a canteen (Figure 9). Its gross floor area is 9,236m2 and was
built in 2005 and designed for around 310 occupants. The building also includes a basement which
partially comprises a parking garage [34].

Figure 9 - TECHbase

The building is constructed with concrete-steel reinforced walls and ceilings with external
Expanded Polystyrene (EPS) insulation and a light interior construction. Exterior sections that are
exposed to greater humidity and the flat roof are insulated with Extruded Polystyrene (XPS).
Double glazed windows, with a low emission coating, are used throughout and complied with the
regional building regulations of the time. All windows in the office area can be opened manually.
To assist with cooling flexible external blinds are mounted on the east, south and west facades and
the north with jalousies. The construction parameters used are broken down in Table 5.
It is located in a relatively new industrial and research area in the north east district of Vienna. It is
a free standing building without any significant shading by other buildings [34].
HVAC System
The entire building is heating using radiators, generally located under windows and a mechanical
ventilation system both of which are supplied by a central natural gas boiler. The office occupants
control the fresh air through manual operation of windows and the radiators are controlled with
thermostatic valves. Each office has fan coils which are cooled by a central compression chiller
system. The heat from this is rejected to a dry cooling tower [34].
A large proportion of the ground and first floor are laboratories as well as the lecture theatre, both
of which take up two floors. The usages of these vary widely thus the heat demand is difficult to
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estimate. Therefore these were excluded from the study previously mentioned and also for
CITYOPT.
ENERGYbase
ENERGYbase was constructed in 2008 as a demonstration building intended to provide stimuli for
cutting edge office and industrial building design. It is built following the passive house standards
with heating and cooling supplied by 285 m2 of solar thermal collectors, 400m2 of Photovoltaic
modules, ground water and internal gains from occupants and equipment. The building façade
(Figure 10) is designed to reduce solar heat gains in summer, maximise in winter, whilst still
allowing natural light all year round.

Figure 10 - ENERGYbase

Currently all four storeys are occupied with a total floor space of 9,200m2. The majority of the
second, third and fourth floors being offices and the Ground and first floor dedicated to University
lecture rooms and a PV laboratory on the east-side. The basement contains a car park.
HVAC System
Because the building is a passive house the majority of the required heat is supplied through
internal gains. However a small amount of additional heat is provided to the office units which are
controlled to the optimum temperature by means of a thermally activated building system (TABS).
This is also sometimes referred to as a “concrete core activation system”. Chilled or hot water is fed
through pipes embedded in the concrete to cool or heat the occupants. ENERGYbase’ location is
favourable in that it has plentiful groundwater below the building. A 16 metre deep borehole can
extract water, which is always between 16 and 20°C, at 20 litres per second providing a total
cooling capacity of 410 kW. In winter ground water is passed through a heat pump which supplies
the TABS with warm water. In summer the ground water is used directly to cool the TABS modules
and the offices. A heat recovery unit is used to transfer heat from extracted air to fresh, with an
efficiency of approximately 75%.
The aim of these analyses is to assess the potential for different supply temperatures in the
ENERGYbase heating system – by keeping the same indoor comfort – to use as much waste heat
from the RTA as possible. In a first step the actual supply and return temperatures for the
ENERGYbase heating system will be evaluated.
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FUTUREbase
Construction on FUTUREbase is anticipated to begin in 2015. Figure 11 shows a preliminary design
sketch. It will have a floor area of approximately 12,000m2 and is expected to take the
ENERGYbase design to the next level and function as a “plus energy” building, meaning it should
produce more energy than it consumes. It will be shaped in such a way that it has no impact on the
PV and solar modules on ENERGYbase.

Figure 11 - FUTUREbase concept

It is hoped that more details on its final design will be available in time for the next stage of the
CITYOPT project, however should this not happen it is anticipated that some estimations based on
the ENERGYbase building will be possible.

3.3.3.2. Energy networks
The relationship between the different components of the network for the Vienna study case is
illustrated in Figure 12. Two ground source heat pumps and solar thermal panels provide heat to
the ENERGYbase building. A gas boiler provides heat to the TECHbase building. The FUTUREbase
building is planned to be a “plus energy” building. Like ENERGYbase it is designed to maximise
the internal gains of occupants and equipment to almost eliminate heating demand. It will have a
Solar Thermal array and potentially an additional ground source heat pump. It is envisioned that
the whole system will be connected by a district heating network/grid. In addition to the current
system, two mid-term thermal storage tanks will allow storing excess energy from the solar thermal
panels and from the RTA waste heat, to respond to the heat demand when necessary.
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Figure 12 - Energy district network of the Vienna study case.

These parameters make the Vienna study case a typical example of networks which will be built in
the next few years as an answer to energy, environmental and economic goals, while accounting for
the occupants’ comfort and behaviour.

3.3.3.3. Thermal energy storage
Two possible storage solutions are envisaged for the Vienna pilot site, an over ground mid-term
storage tanks and/or an underground seasonal storage.
Mid-Term storage
Depending on the experiments performance in the RTA´s climatic tunnel the temperature levels
and total heat loads of the waste heat able to be supplied to thermal energy network will vary
significantly. In addition to this the close-down periods of the facility when no experiments are
taking place have to be considered. Therefore mid-term thermal storage is expected to be an
important feature of the balancing system, making it a key component of the thermal energy
network performance in the Vienna study case.
Using the mid-term storage, the surplus heat could be store for a few days to enable the network to
balance heat generation with demand.
As part of the FUTUREbase plans a provisional location for the mid term storage was specified
(Figure 13). For this reason, one of the main goals of the Vienna study case will be to simulate the
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operation of the system as a whole in order to define the optimal specification for this storage.

Figure 13. Possible location of mid-term storage next to FUTUREbase office building.

Underground for heating, cooling and storage
In addition to a mid-term storage, heat could be stored underneath the site of the soon to be
constructed FUTUREbase. An initial study was carried out analysing the geological and
hydrogeological conditions at the site of the Vienna study case.
Table 3 summarises the layering underneath the site.
Table 3- Structure of the underground surrounding the pilot sites
Name of layer

Metres below ground surface

Gravel Top

-3,4

Hydraulic head of aquifer (average)

-5,4

Pannonium (Miocene) Top

-13.4

Sarmatium (Miocene) Top

-561.4

Vienna Basin Top

-2061,4

The basis of the model was the drilling logs, with the average hydraulic head as model boundary of
all the layers, the material parameters thermal conductivity ( ), the volumetric heat storage
capacity (cv) and the conductivity (kf) was determined. In order to have a time-efficient and not
overly-complicated model, the model structure could be simplified: the thermal parameters of the
layers can keep homogeneous; the hydraulic parameters, however, vary between the upper layers
(Quaternary), the aquifer and the aquiclude, i.e. hydraulic dense layers (Pannonian). The monthly
average values of the soil temperature could be taken as the boundary conditions at the ground
surface and for lower boundary could be considered the terrestrial heat flux (60 mW/m²).
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The goal is to create a simplified three-layer model considering 120 m deep into the ground, which
allows performance scenarios for the use of the ground the store the thermal energy in the Vienna
study case. Figure 14 represents an example of a possible distribution of the layer of this model.

Figure 14 - Simplified three-layered model at the Vienna study case. The hydraulically conductive gravel
layer (red) with a conductivity of 10-3 m/s is located between two hydraulically dense layers of clay/marl
with a conductivity of 10-8 m/s (purple).

The next step is to simulate the long-term thermal behaviour of the underground for different
usage scenarios in connection with the building simulation. Three possible solutions are initially
thought possible:
1. To reject any waste heat not required in the buildings to the ground, heating it up. The storage
temperature would be low and it would only be useful to extract using a heat pump.
2. Drill boreholes and use these to store higher temperature heat that could be used directly.
3. Entirely reject any waste heat that is not needed for the grid to the ground water. This is the
least preferred option but would still allow RTA to reduce their cooling energy requirements
and costs.

3.3.3.4. Energy production systems
Heat pump system
The heating system of the ENERGYbase building consists of the TABS previously described. This is
supplied by water from two ground source heat pumps. As the system was designed for the worst
case scenario only one heat pump is currently in use. In winter groundwater is above the ambient
temperature. It is extracted using a water pump its temperature lifted by the heat pump up to
around 45 degree Celsius. The generated hot water is distributed on the one hand to the TABS and
to the ventilation system to supply warm air to the building.
Heat pump specifications
o
o
o
o

two heat pumps in parallel
heating capacity each PH = 160 kW
nominal supply and return temperature ; > 40/35°C
nominal mass flow; 27.4 m³/h
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o

working fluid R 407 C

Facts of wells water system
o
o
o
o

used wells water depth = 11 m
Maximum volume flow: 20 l/s; 700 m³/d; 140,000 m³/a
Well drain in 100m distance; diameter 2 m; depth 4 m
Temperature limits of drained wells water max. 18°C; min. 5°C

Solar heat system
Additionally solar heat is provided by 285 m² of flat-plate collectors (SONNENKRAFT SK500NECO). The collector system is integrated in the top segment of the south oriented façade at an angle
of 32° as is shown in Figure 15. Its working fluid is a water-glycol mix (70% water/propyleneglycol
30%). The solar heat system operates in ‘low flow mode’ which means the specific collector mass
flow is only around 20 kg/sec. The solar heat is stored in a 15 000 litre tank which enables vertical
temperature stratification and supports improved efficiency of the solar heat generation. Its
primary function is to supply the desiccant cooling system used to supply cool air to ENERGYbase
during the summer months. In addition to this it also supplements the heating demand of both the
air treatment system and the concrete core activation system during winter.

Figure 15. Solar heating system at the top of ENERGYbase

Analysis of the monitoring results from 2010, 2011 and 2012 it is noted that the solar fraction of the
overall heating demand of ENERGYbase building operation is around 30%. The values of
measured useful solar heat of those years are: 55.96 MWh in 2010, 61.02 MWh in 2011 and 54.25
MWh in 2012.
In comparison with the RTA´s waste heat the energy provided by the Solar Thermal system is
relatively small. However, the peak season for the Solar system is mid-summer, which fits in well
with potential RTA shutdown periods for the summer break.
Gas Boiler
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There are two similar gas boilers installed in parallel which have a total capacity of 1 MW. They are
connected via a hydraulic separator to the heating system which has a flow and a return
temperature of 80 and 50 °C. To meet the actual demand, the boiler output can be reduced down to
10 %.
RTA’s climatic wind tunnels
RTA is a testing facility for large vehicles such as trains, helicopters and buses, in order to assess
their ability to withstand extreme conditions. On a length of 100m a temperature range of -45 to
60°C with a maximum wind speed of 300km/h can be produced in the large climatic wind tunnel.
The air humidity can be regulated in a range of 10 to 98% at temperatures above 10°C. Sun can be
simulated by a 47.5m long lamp field with an intensity range of 250 to 1000W/m². A smaller lamp
field is available for the front of the test object. In addition, snow, rain, and ice can be added to
simulate specific weather conditions. The small climatic wind tunnel has similar functionality but
on a shorter length of 33.8m. The lamp field is 30m and the maximum wind speed is 120km/h.
Figure 16 shows a view of the RTA´s climatic wind tunnel [35].

Figure 16. Schematic of RTA´s climatic tunnel

The technical characteristics of the chiller system to cool down the temperature of the wind
climatic tunnel are shown in
Table 4. Technical characteristics of the chiller of the wind climatic tunnel

Number of screw compressor

3

Nominal power of the motor of each screw
compressor

1.3 MW

Power factor of the motor of each screw
compressor ( )

0.86

Efficiency of the motors

0.96

Cooling of the motors

Air-cooled

Capacity of the evaporative condensers

1.3 MW (at inlet temperature 52°C and
condensation temperature 36°C, wet-bulb

31 July 2014

CITYOPT D1.1 General and demo case description

44

temperature 22°C and a R507 mass flow of
307415kg/h)
Nominal power of the ventilators (at high
rotational speed) of the evaporative condensers

360 kW (8 ventilators each 45 kW)

A simplified piping diagram of the chiller is shown in Figure 17. The compression chiller works
with one-stage compression and two-stage expansion. The climatic wind tunnels are cooled by
cooling down brine to temperatures ranging from -54°C to around -5°C. The refrigerant in the
evaporator takes sensible heat of the brine. When the superheated vapour is compressed the hot
gas is produced (compressors V010, V020, V030). This hot gas is cooled down in the evaporative
condensers. From the connected collector tank the liquid refrigerant is led to the economisers
(ECO) and back to the evaporators. The first stage of expansion is done before the economisers
(from high to intermediate pressure), the second stage of expansion is done before the evaporators
(from intermediate to low pressure).

Figure 17 - Simplified piping diagram of the cooling cycle.

For the operation of the compressors, their oil must be kept within a certain temperature range.
The oil in the outlets of the compressors is mixed-up with the refrigerant and must be separated
before being transfer to the oil coolers and back to the compressors by gear pumps. The oil is
cooled by the refrigerant out of the collector tank. The mass flow of this refrigerant is a result of the
difference in density of the refrigerant, due to the temperature, before and after the oil cooler. The
produced vapour of the refrigerant is collected in the collector tank and led into the high pressure
pipe up-stream the evaporative condensers.
Three main possibilities could be applied to recover the waste heat:
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To recover the sensible heat from the compressors, currently rejected via the oil coolers, the
collector tank and finally by the evaporative condensers
To use directly the sensible heat from desuperheating of the hot gas (i.e. superheated vapour of
the refrigerant from the outlet of the compressors) recover via desuperheater instead of current
rejection via the evaporative condensers;
To use directly the latent heat from condensation via a condenser instead of the current
rejection via the evaporative condensers.
An increase of the condensation temperature in combination with the previous two mentioned
measures is a possible solution for the Vienna study case because this option implies a reduction in
efficiency of the operation of the chiller; the waste heat can better be used by the consumers.

3.3.4. Data availability
Technical and monitored information about the different components, e.g. the heat pumps, of the
Vienna study case is available. This information will be used to validate and to fine-tune the energy
model of the Vienna study case.
Particularly, for the ENERGYbase and TECHbase buildings information about the construction
parameters is available and it is shown in Annex 9.4. Furthermore, for ENERGYbase specific
information about thermal condition in the building such as temperature or humidity is monitored
and available from the JEVIs system. FUTUREbase is still under design, nevertheless it is expected
that the construction parameter will be similar to ENERGYbase allowing transposing the
information from this building to the other one.
RTA’s climatic wind tunnel has a dense net of sensor which monitors their component which
allows operating properly the facility. This information has been collected during several years and
range physical parameters such as pressure or temperature as electric energy consumption.
Technical information about the current technologies used in ENERGY base, thermal solar panels
and heat pumps, and TECHbase, gas boiler, was presented in section 3.3.3.4 Furthermore the
principle parameters of the thermal solar system and the heat pumps are monitored, e.g. Figure 18
shows the supply and return temperatures of the solar thermal panels.

Figure 18. Sorted monitoring values of heating system ENERGYbase, 2012

Finally, thermal energy storages are very important elements the design of the heating network in
the Vienna study. These elements have not already built leaving to the designer all the possibilities.
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Nevertheless, accurate technical information is needed. The geological and hydrogeological
conditions is available, part of this information is show in Table 3 which compiles structure of the
underground of this area. This information can be used to set a model which performance the work
conditions of the ground heat exchanger. The design of the mid-term thermal storage is totally
open; therefore, all the technical for the parameters such as construction material, insulation or
height could be set.

3.3.5. Evaluation metrics
The evaluation metrics for the Vienna study case were set in terms of energy, CO2 emissions and
cost and these are based on the ICT PSP Methodology [38]. In terms of energy the primary energy
consumption, the thermal energy demands including peaks and the energy provided for different
suppliers will be key indicators for the study case. Additional, indicators such the temperature
supply and return temperatures of each substation or waste energy recover should be also consider.
From the environmental aspect, the study case will focus in the reduction of CO2 emissions avoided
by the use of the district heating and the emissions by supplier. Finally, from the economic point of
view, investment and running cost should be considered. During the project, metrics could be
considered to evaluate specific aspect of this study case.

3.3.6. Optimisation goals
Process description
The optimization process in the Vienna study case is based on the integration under a thermal
energy network of the office buildings, current supply systems, energy storages together with the
use of the waste heat from the RTA´s climatic wind tunnel.
Performance metrics
The performance metrics which should take into account in the objective function are:
Energy consumption (kWh)
CO2 emissions (tons)
Investment cost (€)
Running cost (€)
Running cost makes reference to the operational and maintenance cost.
Degrees of freedom
The design optimisation should set the best opinion according to the objective function and
constrains defined by the user. The objective function also will be able to combine all the listed
metrics weighted properly by the user. There are two main goals; first, to optimize the design of
this thermal energy network by a suitable design of the water tank which is use as thermal energy
storage and the number of boreholes of the ground heat exchanger and second, the optimisation of
the operation of system taking into account the temperatures levels and the mass flows.
In this context, there are several type of constrains that should consider among other to
performance the optimization process: the maximum size of the water tank, the maximum area
were the boreholes of the heat exchanger can be allocate, the maximum temperature of the ground
which can be reach produce by the rejected heat, the minimum and maximum temperature levels
of the warm water needed to cover the heat demand of the office buildings, economical constrain
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base on the investment and operational cost of the system, oscillations on the production of the
waste heat from RTA´s climatic tunnel due to its use, influence of the weather conditions in the
heat production from the solar thermal panels.
Scenarios
To produce usable information the optimizations are performed in different scenarios which
comprise different options in terms of the design of the water tank, ground heat exchanger, the
district heating networks together with operation of the system according to the variation on the
defined constrains. These scenarios could include the best design of the district heating network: to
maximize the rejected heat to the ground to maximize the energy efficiency of the chillers of the
RTA´s climatic tunnel, to minimize the CO2 emissions of the overall system according with the
technical and economic constrains, to minimize the importation of the energy (gas and electricity)
to the system, to minimize the energy bill of the of the office buildings, etc.

3.3.7. User’s behaviours for thermal comfort
Experientia, with the support of AIT, planned and executed a series of user research activities in
the TECHbase and ENERGYbase buildings. The research is focused on understanding office
workers behaviours related with heating and thermal comfort in the TECHbase and ENERGYbase
buildings and also their expectations and ideas for solving some of the current issues.
This research included:
Participatory workshop with building workers;
Shadowing of a select number of workers in their working environment;
Expert interview with a sustainable building technologies engineer;
Online survey shared with all the occupants of TECHbase and ENERGYbase buildings
(60 participants).

Figure 19 - The moderator describes how to
execute an exercise during the participatory
workshop.

Figure 20 - Shadowing session in one of the
TECHbase offices.

A detailed report of the methodologies, participants and findings elicited during the contextual
interviews and the workshop and online survey study guides are available in Annex.
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This research is based on the assumption that Human Factors play an important role for thermal
indoor climate and thermal comfort. As the "adaptive principle" states: "If a change occurs such as
to produce discomfort, people react in ways which tend to restore their comfort" [36]. Occupants
interact with the building and with the heating and cooling systems in order to achieve the desired
environmental conditions. These actions lead to results unexpected in the design phase, which
could cause significant differences in the energy consumption estimates of a building [37].
Generally speaking, the respondents are satisfied by the buildings' thermal comfort. However,
three topics emerged as main issues affecting the indoor comfort: temperature, ventilation and
shading.
Temperature
The thermal comfort inside the two buildings seems to be good. In most situations people feel
comfortable with the temperature inside the building both in the warmest season (53% of
respondents to the online survey) and in the coldest one (83%). During the warmest season a high
percentage of respondents (45%) mentioned that they were not completely satisfied, but in most
situations this does not constitutes a big issue. The main issues affect mainly the participants
exposed to the south facades.

Figure 21. Comfort in warmest season.

Figure 22. Comfort in coldest season.

Respondents who do not feel fine with the current temperature complained about the total absence
of control on the room’s temperature (ENERGYbase only. Some participants mentioned afeeling of
being “in a cage” because of the lack of control.
When they feel too hot, ENERGYbase occupants have the following possibilities to control the
temperature:
open the windows (small-medium offices only, 35% on a daily basis, 53% occasionally)
change the level of the air flow system (conference rooms only)
turn down the shades if the sunlight is a cause of heat (27% on a daily basis, 43%
occasionally)
It is important to notice that both open-spaces and common areas facing the south side do not have
openable windows. Occupants of the TECHbase building also have the possibility of control the
heating (52% of them never use it, 39% occasionally, 8% daily) and air ventilation (53% never use
it, 44% occasionally, 3% daily) on a per room basis. No respondent mentioned using portable
heaters or fans (only one respondent), confirming that the comfort is generally good.
However, the most requested feature is a temperature control system (25% of the votes) for
ENERGYbase rooms.
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Ventilation
The absence of control over the ventilation system is another factor that contributes to the feeling
of being in a “cage” in ENERGYbase. Sometimes, because of the closed internal environment,
there’s a total absence of air flow feeling, and this increases the “lack of air” feeling. Some people
mentioned they feel the need to go to the terrace or outside the building from time to time, to have
a breath of fresh air. Only conference rooms are equipped with a ventilation control system. Other
rooms and open-spaces are equipped with air ventilation systems, but do not have a mechanism to
control the flow of air.
In TECHbase there’s no cooling system: the air ventilation system only provides air circulation.
This misleads some occupants, who try to use the ventilation controller to get fresh air in their
rooms.
Shading
Both TECHbase and ENERGYbase are equipped with internal venetian blinds on the windows. In
TECHbase the blinds are manual, while in ENERGYbase they can be controlled with a remote
control. Through the controllers it is possible to pull the blinds up/down and to control the angle of
the blinds’ bars. Some of the blinds located in common spaces (i.e. corridor) are completely
automated through sensors. It’s important to remember that, since the blinds are inside the
building, they can protect the occupants from direct sunrays, but the indoor temperature still
suffers from the sun radiation.
In rooms with two windows sometimes blinds cannot be controlled individually, causing
discomfort for the room's various occupants. This issue is particularly annoying when the two
windows are facing different sides of the building.
The ENERGYbase open-spaces face a huge window exposed to the south. In summer time the
“jagged” shape of ENERGYbase’s south facade prevents the sun rays from reaching the building’s
indoor space, reducing the heat inside. However, in mid-seasons, when the sun is lower on the
horizon, the sun rays reach the open-spaces and office workers have no other options than to use
the blinds. Blinds cannot be pulled down individually: one push-button panel controls the blinds
for the whole open-space, giving no possibility for the occupants to customize the blinds to their
needs. For this reason there’s currently some resistance and apprehension about using the blinds
in the open-spaces.
The usage of blinds is significantly higher in the rooms exposed to the south (38% use them on a
daily basis, while 93% use them at least sometimes). On the contrary, on the north side there's a
significantly high amount of people (37%) who never use them.

3.3.8. User/stakeholder expectations
Different actors of the Vienna's scenario shares different expectations on the system object of
investigation.
Office workers
The study about the user´s thermal comfort has proved that the in general term is good. In most
situations people feel comfortable with the temperature inside the buildings in both seasons. This
means that the current regulation is correct and covers the thermal comfort needs of the user.
Nevertheless, it was highlight the interest of the user to have more capacity to interact with the
building's features (e.g. thermostats, windows, blinds, etc.) in order to improve to adapt properly
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the indoor thermal comfort, in function of their particular requirements. This was especially
important in ENERGYbase where the regulation the heating and cooling systems is centralized.
Facility managers
Facilities managers are focused on using best business practices to improve the efficiency to deliver
the necessary services in the buildings. One of the most important aspects of this service is to
provide good thermal conditions in the office areas, which is also one of the most costly. The
possibility of using the waste heat from RTA´s climatic tunnel allows an opportunity to increase
the efficiency and reduce this running cost making more attractive and competitive the renting of
the offices to the companies. Additionally, there is currently an excess of installed capacity (i.e.
thermal solar panels, heat pumps and gas boilers) to supply heat locally in TECHbase and
ENERGYbase which is expected to be high enough to cover the heat needs to FUTUREbase in case
that the waste heat production from RTA´s climatic tunnel is shut down and there is not support
from the thermal storage to cover the energy demand. This opens the possibility to avoid additional
costs to install new equipment due to the connection of the building through an energy thermal
network.
Energy providers
In the Vienna study case, RTA's objective is to supply the rejected heat form the chiller from the
climatic tunnel to the energy thermal network connected the buildings. The possibility that the
buildings could absorb the waste heat from the chillers of this facility is very interesting because
implies a reduction in the electrical cost of the chillers and at the same time an increase of the
energy efficiency. Business models bounded for RTA should not only to emphasize this goal, also to
maximize it.
Thermal grid operator
The role of the energy providers is to manage the security in the thermal networks, in real time and
coordinate the supply of and demand, following standard about the quality and avoiding
interruptions of supply. The possibility to have, a thermal grid operator, independent of the main
actors in the Vienna study case, which allows optimise the grid coordinating the different supply
technologies, the thermal storages and the waste heat from the RTA´s climatic tunnel to cover
thermal demand of the building could be explored in the different business models.

3.3.9. Work plan
Several steps have to be followed to achieve the optimal solution in the design and operation
phases of a district heating grid making use the waste heat from the RTA´s climatic tunnel to cover
the heat demand of the ENERGYbase, FUTUREbase and TECHbase office buildings, as presented
in the Vienna study case.
The specific requirements to set the Vienna study will be identified from the technical point of
view. This includes: optimisation process, type of model for the component to performance the
study case (e.g. thermal energy storage, thermal solar panels, buildings, etc.), functionalities
provided by the user interfaces according to user´s needs, set of the metrics (including the
parameters which should be optimized to assess the goals in terms of energy efficiency, emissions
and costs) , also studying possible business models will also be addressed with the stakeholders
involved in the project (i.e. Vienna Business Agency (WWFF), RTA, office workers, etc.), to better
define the roles and the profitable conditions that will make the district heating network possible.
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Stakeholders will be involved in workshop activities and, if required, in further interviews, to better
detail the defined business models.
Then, the bases for the setting up the Vienna study case take place. In particular, the
characterization and definition of the models for the different components that will be integrated
in the thermal energy network (e.g. RTA´s climatic tunnel, the office buildings, geological
condition or solar panels, etc.) are addressed. Moreover, the methods which will allow getting the
optimal design and operation of the district heating network are developed.
The integration of the specific components models, visualization methods, optimisation methods,
metrics, etc. to cover to specific requirements will be integrated in a “Virtual city” simulation
template. This simulation environment will be used in the demonstration taking place in to explore
and evaluate the optimal design and operation strategies in terms energy performance, cost and
scalability of the solutions and extracting lessons for those planning to deploy and finance. The
knowledge generated during this project is going to disseminated, giving the possibility to other
actors in the energy sector to take advantage of the CITYOPT results.

4. Virtual City
4.1. Introduction
Virtual City will be operational environments to evaluate, design and optimize urban energy
system. It will be tested with the study cases proposed in the previous section. Requirements and
specifications about functionalities according with the user-needs, visualisation methods for the
decision support, the metrics to evaluate urban energy system, monitoring applications to be used
in the operational phase of a projects lifecycle to address professional decision makers and citizens,
and the components of the different elements of the energy system to model the study cases will be
compile in this operational system to achieve this goal (see Figure 23).

Figure 23: Virtual City.
In this section the main bases of this operational environment in terms of architecture, interface,
optimisation concept and how the energy model will performance.

4.2. Architecture
The Virtual City environment is realised in software (or set of) tool. A possible overall architecture
of the software is depicted in Figure 24 .
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Figure 24. Overall architecture

The tool is divided into the following main components:
1. Designer UI
This is the user interface that the user uses this to define the optimisation task (objective,
decision variables and constraints) and to look at the results.
2. Admin UI
A separate user interface is provided for the system administrator to do maintenance
operations to the system. Such operations include maintenance of user rights and database.
3. Optimizer
The optimizer component contains algorithm(s) which find the optimal solution using the data
available in DB1. This kind of optimisation is referred here to as scenario optimisation and can
include such algorithms as finite search and surrogate model identification based on the stored
data. Surrogate models can be thought of as inter- and extrapolations on the available data. In
addition to these the optimizer component will provide feed back to the user via optimisation
results and status messages (e.g. errors).
4. Numerical DB1
Database DB1 collectes numerical data from APROS and other sources (e.g. metering
equipment). This data is used by the Optimizer component to find the optimal solution for the
optimisation task at hand. DB1 will be updatable with more and more data, because while
conducting the optimisations a situation in which the data is not sufficient may arise.
5. Model DB2 (optional)
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The second database, DB2, contains APROS models configuration files. These are loaded into
APROS loads a model from here and new/modifed models can be added to DB2.
6. APROS
The APROS simulation engine is actually not part of the tool. Rather it is an external data
source whose simulation results (=numerical data) are uploaded to DB1. The simulation
models are built and configured in APROS and then exported as model configuration files to
DB2. The data is generated by performing a massive set of simulations with APROS.
7. Outside data source
In addition to APROS, the tool allows numerical data to be obtained from other sources as well.

4.3. Overview of the system
4.3.1. Interface
The tool will have two user interfaces. The first is for the “normal” user who uses the tool to
support his/her decision making. The second is for the administrator who uses the interface to
perform maintenance on the tool. The “normal” user’s interface is graphical whereas for the
administrator a command line console and set of configuration text files is more appropriate. This
kind of interface typically provides more extensive access for the administrator and does not
require the development work of graphical components which would be available for only a few
users (the administartors).
The user interface of the tool will follow the work flow of the tool: define, optimize, visualize.
The definition screen is used to define the structure of the system under consideration as well as
the optimisation problem. An example of how this screen might look like is shown in Figure 25.

Figure 25 Definition screen mock-up.
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The optimisation results can either be time series or some scalar number calculated from such, e.g.
cumulative consumption of energy. To visualise the results a time series trend can be used as is
done in Figure 26.

Figure 26 Mock-up of the visualization of optimisation results.

Finally the user interface allows the user to examine (and possibly edit) the data into tool’s
database (DB1). Also new data can be appended to the existing. See Figure 27.

Figure 27 Mock-up of the database view of the tool.

4.3.2. Optimizer Concept
The optimisation concept considers interaction with both, the system design on the one hand (e.g.
optimal size of the storage tank) and the system operation on the other hand (e.g. control
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strategies, optimal temperature levels, pressures, etc.) – see Figure 28 – considering costs, energy
flow, etc. (multi-objectivity).

Figure 28: System design considers system components (e.g. costs, optimal energy flows, etc.). System
operation tackles the control strategies which are defined to operate the system (e.g. optimal set-points,
schedules, etc.).

In case of scenario-based optimisation simulation runs are performed and the best solution is
found on the basis of goals that are defined as objective functions of the optimisation problem.
These objectives are scaled, i.e., combined into a single objective function by some appropriate
formula, in the simplest case a weighted sum. The weights express preferences, i.e., the relative
importance of the objectives to the decision maker.
We can easily find the best simulation run in terms of the scaled objective. However, if there are
many decision variables or nonlinearities, simulation of all possible decision combinations
becomes intractable, and the best decision may not have been simulated. There are two ways out of
this dilemma
We can simulate a selected set of decisions, fit some simple surrogate model on the results
and perform optimisation on the surrogate model.
We can try to simulate a set of decisions that contain near-optimal results for all possible
preferences.
The envisaged concept offers the possibility for the employment of scenario-based optimisation in
combination with the models developed in a suitable simulation engine (e.g.: APROS). Iteratively,
the optimisation tool (being the master) triggers the APROS simulation environment to gather
information about the real system behaviour. For a certain period of time (optimisation horizon)
the dynamic regimes for the selected optimisation variables are used to develop the simplified
dynamic behaviour formulation which is then used for optimisation purposes in the master
optimisation tool. The optimisation tool provides for the optimal solution with regards to the
defined optimisation goal where both the system design (i.e. dimensions of the system components
in the first place) as well as the system operation (i.e. control strategies – e.g. optimal set-points)
are subject to optimisation. In terms of the (scenario-based) optimisation set-up it is meant that a
master file contains all the relevant parameters of the system as well as of the optimisation
problem. This master file shall trigger the simulation engine in order to perform the evaluation of
the system at different configuration levels (operation and design) – only in case the data base does
not contain enough data. As the result we can expect to get outputs, for which the minimal value is
selected (e.g.: electric energy consumption for the specific system configuration).
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In general the complexity of the model can reach very high levels where finding the optimal
solution with regards to system design and operation can be very challenging. Therefore, scenariobased optimisation offers a straight-forward way of tackling this issue.

4.3.3. Components
The components are the building blocks of a district or site-specific simulation model of local
energy system. The components can be thought of as lumped models of main elements of the
system under study. In the Helsinki Kalasatama case study, the main elements are battery storage
and a solar photovoltaic plant. These main elements are connected to a site-specific model of local
electricity distribution network, which also defines aggregation of consumers and generators.
Similarly, in the Helsinki Östersundom case, the main elements are solar collectors, tank- and
ground heat storages, ground-source heat pumps, as well as buildings. These are interconnected in
a site-specific model of local district heat system. In the Vienna case, the main elements also
include a gas boiler and a chiller with its cooling system.
A component has configurable properties, which are fixed during simulation runs – these are, for
example, dimensions, properties of materials and substances, fixed set points, etc. A component
also has a number of inputs, outputs and connection points, which allow specifying component’s
position within a simulation model, define dependencies on external conditions, send or receive
automation signals. An example of components connected to a district heating network is shown
on the Figure 29. The components are buildings with inputs for outdoor temperature and solar
radiation and outputs for indoor temperature, a solar collector with input for outdoor temperature.
Such elements as a storage tank, a cross-flow heat exchanger, and district heating pipes are also
shown.

Figure 29 A view of an APROS diagram showing components connected to a district heating network.
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Following initial configuration, the individual components will be tested and validated using, in
order of preference, available measurements, simulation results obtained using other models that
had been validated earlier, or a literature review.

5. Conclusions
CITYOPT seeks to assist the challenges posed by ever increasing urbanization and the pressure
placed on grid infrastructure in cities. It looks at how grid optimisation can help to improve the
utilization of renewable energy generation and the impact on local energy markets. In addition to
this considerable user analysis is performed in an attempt to shed further light on the reactions and
behavior of people using the networks and the buildings involved and ensure solutions developed
will be well received.
In this deliverable the bases of the CITYOPT Project are presented addressing the main issues in
the urban energy system together with best practice and the innovative solutions and, the
description of the study cases located in Helsinki, Nice and Vienna, in terms of technologies,
energy networks, data availability, evaluation metrics to compare different scenarios in each study
case, optimisation goals and user/stakeholder behaviours and expectations including future work.
Furthermore, the main concept of operational template Virtual City to evaluate and optimize the
goals of the study case is presented.
The next step in the project will be implemented the concepts presented in this deliverable. This
means the development of the energy models, business models, optimisation methods and all the
technical issues to implement and demonstrate Virtual city in the study cases.
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9. Annex
9.1. Nice study case - User research report
9.1.1. Introduction and objectives
Experientia, with the support of EDF in the definition of the study guide, and with the support of
NCA, CSTB and EDF for the recruitment of the participants, planned and executed a series of user
research activities in NCA.
The research took place between the 10th and 12th June 2014. It was aimed at understanding endusers’ behaviours, mental models and main drivers for behavioural change, and user needs in
terms of information, services and features, including the social dimension.
The following sections will detail the different methodologies used, the participants involved, and
the insights and main ideas gathered through the user research activities.

9.1.2. Methodology
The qualitative research consisted of:
1 participatory workshop with potential end-users;
4 contextual interviews in end-users’ households;
2 further telephone interviews with end-users to consolidate the elicited insights.
The results of the study have been analysed and are included in the following pages.

9.1.3. Participatory workshop
Participatory workshops are used to capture people’s experiences, attitudes and innovative ideas
about a given topic. Through reflection and idea generation exercises, participants provide input on
both problems and solutions. Workshops invite participants to actively express themselves through
words and artefacts, which broaden their creative approach towards the given topic.
A participatory workshop in the French language took place on 10th June 2014 in the Nice Grid
showroom, Carros municipality, NCA. Five potential end-users of the CITYOPT community-based
application took part in the workshop, for the duration of about 3-4 hours.
The following participants were involved in the workshop:
4 residents of Carros municipality;
1 resident in NCA;
All potential users of the CITYOPT application for end-users;
All living in households with electrical heating.
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Image 1. The participants get to know each other
during the warm-up.
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Image 2. The CITYOPT board game used to involve
participants in the discussion on energy topics.

The workshop included different group exercises (see Image 1) and a board game (see Image 2) to
facilitate discussion and idea generation on topics related with energy behaviours and the concept
of a community-based application.
The specific goals were to:
Investigate the potential drivers and triggers that lead to moral and emotional acceptance of
the proposed solution, including benefits or incentives.
Explore how the social dimension could influence people's behaviours and acceptance of
the proposed activities.

9.1.3.1. Workshop Agenda
The workshop agenda was structured as follows:
1.
2.
3.
4.
5.
6.
7.

Workshop introduction - 10 min
Warm-up - 5 min
Problem definition - 15 min
Motivation vs. barriers - 50 min
Break - 10 min
Game - 60 min
Conclusions - 10 min

9.1.3.2. Warm-up
The workshop started with a playful exercise to warm up the atmosphere and get to know
participants’ basic information such as names; years living in NCA; self-assessment on pro-activity,
etc.

9.1.3.3. Problem definition
The context of this group activity was a past energy blackout experience. The facilitator moderated
a discussion on events that could happen before/during/after a blackout and on information that
they received through different channels.
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During the discussion the facilitator filled in a table defining different parameters (e.g. activities,
information, channels, people, impact, etc.), based on the participant's discussion.

9.1.3.4. Motivations vs. barriers
The objective of this exercise was to elicit the driving factors (motivation) that could incentivise
people to respond to the energy provider’s solicitations (i.e. reduce the flat's temperature for a
defined amount of time) and factors (barriers) that could prevent people from taking part in the
proposed activities.
Participants were asked to split into two groups and to write the motivating factors and barriers for
the proposed scenario on post-its. Participants then were asked to share their motivations and
barriers with the other group.
Based on the participants’ answers, the facilitator asked follow-up questions to suggest more ideas,
addressed to both groups merged together.
Finally, once all the motivations/drivers had been elicited, each participant was asked to add a dot
sticker on the motivations that they consider more important/relevant.

9.1.3.5. Game

Image 3. A moment of the CITYOPT board game.

Image 4. Participant's answers collected on a
paper sheet, with votes (green dot-stickers) from
the other participants.

A simple board game inspired by the classic Trivial Pursuit was created specifically for the
workshop in order to investigate participants’ behaviours and ideas on possible future scenarios
concerning 4 main topics: energy, benefits, community and information, and to stimulate the
discussion amongst them and raise possible limitations or problems (see Image 3).
Participants were asked to answer questions on different energy and community-related topics (i.e.
benefits and information) according to the colour of the block their token landed on.
Participants' answers and ideas were evaluated and voted on by the other participants (see Image
4), and the one who collected more points was the winner of that round.

9.1.4. Contextual and telephone interviews
Contextual interviews are structured social interactions between a researcher and a subject who is
identified as a potential source of information. One part of the interview was dedicated to
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Customer journey mapping, a tool showing interactions and emotions related to specific user
experiences. It is often used to understand how people behave in a typical day and how they
interact with people and services.
4 contextual interviews were conducted in residents' households to better understand people’s
behaviours and drivers, and to elicit potential information and services of interest for the endusers.
The main objectives of the interviews were to:
understand local people's behaviours and mental models with reference to energy usage
(especially heating) in domestic environments;
explore people's needs, priorities and expectations, both in terms of features and
information provided by the software solution, including the social dimension;
investigate if collective benefits are potential drivers to behavioural change;
understand the potential behavioural drivers and acceptance conditions of the proposed
scenario;
foresee potential issues and problems that could prevent end-users from efficiently using
the CITYOPT application.
The contextual interviews sessions involved 4 Nice and Carros residents, sometimes including their
partners/families, while the telephone interviews involved 2 end-users to consolidate the
elicited insights.
Each session lasted about 2 hours and involved one household/participant at a time. Participants
were observed in their domestic environment and were asked to show researchers their main
electrical appliances and to describe their daily activities, tools/equipment they interact with, and
the specific issues that they experienced during black-outs that had occurred in the past.
Participants were also involved in some simple exercises (e.g. placing cards on a map, sorting them
according to their relevance, etc.)
Image 5 and Image 6 show two different moments of the contextual interview sessions.

Image 5. A moment during contextual interviews
in NCA.
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9.1.5. Main insights
The results of all the above activities are analysed in the following subchapters and are structured
by category:
Awareness and understanding
Inaccurate mental models
Behaviours
Evaluation
Motivation and barriers
User needs and opportunities are highlighted at the end of each category.

9.1.6. Awareness and understanding
Energy is not a topic of conversation
The energy supply issues of the region are known by various participants due either to
professional reasons or their specific interest in the topic, but there is a shared perception
that the general public lacks awareness: energy is not a topic of conversation and people are
generally not informed about it.
Even informed participants are not fully aware of the risks that the region is suffering,
specifically for peaks issues, and are not particularly alarmed about them.
“Even though people know that there are issues with the energy consumption, they don’t
feel concerned” - Participant #1
Some people have heard about the issue in the news on TV or local press. Others remember
seeing public announcements and invitations to limit energy consumption at specific times
of the day on public displays along the highways. Although they noticed the information it
did not seem to affect their behaviours.
Inaccurate mental models
Euros vs. kWh. People evaluate their consumption in economic terms, while the bill
measures it in terms of energy quantity (see Image 7).
Approximate idea about peak and off-peak hours. Several participants have
inherited previous owners’ contracts, with 2 periods of off-peak hours (1am-7am and 1pm2.30pm). Not everyone is aware about the fee differentiation between peak and off-peak
hours. Even those who are informed find it hard to remember the exact range (one family
placed a reminder next to the washing machine, see Image 8) and make mistakes about it.
Forecasts vs. real consumption. People have a generic idea about their consumption
patterns, which is only based on their behaviours and bi-annual bills. They would like more
frequent real tracking of their consumption.
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Image 7. Printed bills focus on reporting
consumption in KWh.
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Image 8. DIY off-peak hours reminder hung next
to the washing machine.

Familiar blackout experiences
All participants had experienced a blackout or some kind of energy interruption. Typically,
the reasons are ignored or misunderstood, with some participants assuming they depend
on their own electrical system.
Most people accept these issues passively and without complaints, except when microinterruptions damage their appliances.
“The blackouts are manageable; they’re not dramatic.” - Participant #3
No information is provided by EDF or authorities before, during or after these events.
Participants would very much appreciate receiving warnings and information about reasons
and duration of the problem. Some participants try to make up for this lack of information
by contacting their neighbours.
Needs & opportunities
Create more awareness and transparency about the situation of the region through public
dissemination.
Stress the link between peak hours and load issues, e.g. by using visual representations that
emphasize this connection.
Better communicate peak and off-peak hours and provide supports (e.g. stickers to place
next to the energy-consuming appliances) both to remember and to use this information
appropriately.
A more sophisticated tariff system, if well communicated, might be a powerful way to
generate more awareness and commitment.
Speak the language of the user: emphasize money spent vs. amount of energy consumed.
Provide information about energy cuts, e.g. through alerts from a trusted and identifiable
source via SMS indicating cause and duration of the energy cut, before, during and after the
extraordinary situation.

9.1.7. Behaviours
Reducing vs. delaying
31 July 2014
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Except for washing machine usage (which is sometimes programmed at night), energy saving
strategies focus more often on reducing general consumption (e.g. limiting usage of heating,
keeping temperature low) than on avoiding peak hours. The spectrum of behaviours goes from one
participant who keeps heating high all the time and uses appliances intensively, without any
concern about price and efficiency, to a family that fully optimizes energy usage by programming
heating and appliances only during off-peak hours. The most common practice however is to use
heating when needed (morning and evening) and try to limit temperature, duration of usage and
number of rooms heated.
“I would be open to reducing heating if it was done automatically and I didn’t have to do
anything.” - Participant #5
The art of programming
A key differentiating element in people’s behaviour is the possibility/ability to program. As most
washing machines can be programmed without much effort, people are keener to delay their usage
to off-peak hours. Apparently the same does not apply to heating either because programming is
not available or because people find it difficult to use and modify it when needed.
Participant #2 first tried a DIY solution to program heating but it didn’t work with his
appliances, so he bought a system to do it.
Needs & opportunities
Enable multiple and alternative choices for different types of people to contribute.
Consider easy to use automatized or semi-automatized solutions for people who are less
proactive or to facilitate those who rely very much on automation.
Provide suggestions and guidance on programming options and benefits.

9.1.8. Evaluation
Simplified assessment of behaviours.
Most people feel comfortable about their behaviours, either because they feel they are doing
enough to limit their consumption, or because their bills are not too high.
“After installing a ‘fil pilote’ we also had a decrease in consumption on the bill.” Participant #2
“This is a warm region, we use heating only a few weeks per year.” Participant #1
Asking for advice or comparing one’s performances with others (e.g. friends’ experiences,
statistics, etc.) is not a common practice.
Even those people who are more committed to energy saving (e.g. participate in
experimental projects in the region) lack an accurate understanding of how different
activities and appliance usage impact their household consumption.
"They ask me to reduce consumption, but I don’t know for example how much the iron
consumes." Workshop participant.
Desire for feedback and positive reinforcement
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Those people who are already participating in projects about energy reduction during peak hours
feel they do not receive enough feedback on the results achieved, both on the individual and
collective level.
Needs & opportunities
Set targets to make information measurable and actionable
Facilitate people to build more accurate evaluations, by enabling them to:
o

Check and compare their consumption over time;

o

Assess them in relation to meaningful parameters (e.g. in comparison with
average/virtuous behaviours or behaviours of peers). In order to be effective,
comparisons must be meaningful and accurate, based on specific and explicit
parameters;
“I don’t see how my household can compare with another one. It depends on how
many people you are, what your lifestyle is, etc.” Participant #1

o

Understand the impact and the effects of their behaviours;

o

Track/measure consumption of different appliances.

Support monitoring of the results achieved for both sponsored initiatives (e.g. EDF
experimental projects) and self-implemented changes (e.g. start a new behaviour like
programming heating at night).
Provide reinforcement and positive feedback to users that successfully committed to
behavioural change.

9.1.9. Motivation and barriers
Need for stronger drivers
Current motivations to undertake energy efficient behaviours do not appear to be
particularly strong due to convenient energy pricing and limited cultural/social pressure.
Furthermore NCA residents feel that, living in a temperate region, they do not consume
much energy for heating and cooling compared to other areas. Currently, the strongest
drivers are:
o

good self-perception, such as, for the workshop participants, “feeling like a good
citizen”;

o

money saving;

o

Professional interest and sensitivity to the subject, for those people who work in the
energy domain/public administration or have relatives involved.

The most appealing incentives to change behaviours, including in a demand response
scenario, are financial rewards and visibility of good practices. In particular:
o
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“I would keep asking myself: what does a point stand for?” Workshop
participants

o

Workshop participants would also appreciate public recognition and visibility of
people’s effort, for example through the designation of smart neighbourhoods or
communities.

o

Reactions to community-based benefits are mixed, and weaker for people with little
involvement in the local community.

Community involvement
School first. School emerged as the most promising type of community to focus on for
several reasons:
o

Children can be strong and persistent advocates of a good cause, pushing the rest of
the family to adopt virtuous behaviours. Participants reported that the mechanism
is already working for waste sorting.

o

Children are competitive and can be effectively involved in both household and
school-based games and friendly competitions.

o

Schools and the education system in general were indicated as the ideal target for
initiatives aimed at rewarding community-based efforts.

Commonholds. Participants identified a great potential of improvement in the energy
management of common holds (“co-propriétés”), especially through the owners’ meetings
(“syndic de copropriété”). Although common holds are not always perceived as strong social
communities, they can highly benefit from tools, incentives, expert advice, etc. and promote
awareness and good practice among the flat owners.
Local communities. Small towns and villages appear as more cohesive social clusters
than city neighbourhoods. People living in larger urban contexts do not feel as strongly
connected with their neighbours and are sceptical about collaborating with them on games
or good practices. Villagers instead are more open to this possibility and more interested in
rewards at the local community level.
Potential barriers to adoption
People’s perception and usage of communication channels varies greatly across different age
segments and personalities. The design of the touch points should take into account several
potential barriers and challenges.
Effort. People’s desire for learning and analysing conflicts with their limited time and
resources. Except for time rich (e.g. retired) people, checking energy consumption is not
likely to rank high in their top priorities.
Information overload. People that are professionally and socially active are overloaded
by emails, especially those coming from commercial actors. Although email was mentioned
by some participants as the right channel to convey energy-related information, updates
and communications, emails risk being neglected and treated as spam.
"We are so overwhelmed by emails, that I wouldn’t even open it." Participant #3
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Social networking habits. There is no shared interest in using social networks for
energy-related content. While some people are open to it, others think that SNS like
Facebook are tools for the young generation. Older people tend to prefer face to face
gatherings.
“I don’t see what a social network can do. I’d rather meet people in front of a glass of
wine.” Workshop participant
Management of responses. Several people see their variable routines (e.g. being at
work) as an obstacle for responding to a request to lower their consumption at specific
times. They would appreciate the possibility of delegating EDF when they are not at home
(e.g. by using automated solutions).
Needs & opportunities
In order to fit different styles, preferences and contexts of use, the solution could offer
multiple but fluidly integrated touchpoints, designed for various contexts of fruition. For
example:
o

a digital application for learning, analysis and simulations;

o

social networking features targeting specifically younger users;

o

immediate communications and alerts such as SMSs and emails;

o

simple and immediate visualizations integrated in the energy bill pointing to the
digital application;

o

ambient and playful devices displaying network loads in a soft and engaging way;
“I would like a device that displays information so that you can see peak periods.
Maybe something like the Nabaztag rabbit (see Image 9), that also works with
children.” - Participant #2

o

pedagogical tools specifically designed to support school activities.

Image 9. The Nabaztag rabbit. Photo by Lorna Mitchell (CC BY-ND 2.0).

Increase or emphasize savings that can be obtained by limiting peak hour consumption.
Offer personalized and contextualized recommendations and suggestions that take into
account the behaviour and usage patterns of individual users.
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Engage children and time-rich people like retired people as advocates for involving a larger
audience.
Leverage existing aggregation points such as schools, villages and common holds.
Create two-directional links between the virtual and the physical community.
Collect and show real stories of real people as good examples.
Implement and communicate public recognition and visibility mechanisms.
If possible offer economic incentives (e.g. advantageous tariff system) that are easy to
understand and to track.

9.1.10. Personas
Personas identify the user motivations, expectations and goals responsible for driving behaviour,
and bring users to life by giving those names, personalities and often a photo. Although personas
are fictitious, they are based on knowledge of real users.
By generating insights and better expectations on how these profiles will likely behave in a given
context of use and scenario of use, these profiles and personas allow us to increase our
understanding of user requirements.

9.1.10.1. Claude - The committed retiree
Quote
"I admit that I don't know a lot about energy and technology, but I do my best to have a
sustainable lifestyle."
Profile
Retired, lives with his wife in a small town of the NCA region.
Has been living in the same place for years and knows many people there.
Is actively engaged in the local community.
Has a lot of free time.
Wants to be and feel like a good citizen.
Doesn’t know much about energy, but is ready to follow suggestions and adopt good
practices.
Limited digital expertise.
Behaviours
Agreed to participate in demand response projects and follows instructions, except when he
forgets (“We receive the alert a day before; it would be nice to get one just 15 minutes
before”).
Tries to optimize energy usage, but is not sure about the effects he achieves.
Uses the computer but not social networks.
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Needs & opportunities
THEME
Awareness &
understanding

NEEDS
Clearer understanding
of the bill.

RELATED OPPORTUNITIES
Speak the language of the user: emphasize
money spent vs. amount of energy
consumed.
Provide information about energy cuts,
e.g. through alerts from a trusted and
identifiable source via SMS indicating
cause and duration of the energy cut.

Behaviours

Automatic features to
use when he’s not at
home.

Provide suggestions and guidance on
programming options and benefits.

Evaluation

More accurate
understanding of how
energy consumption
works and how much
appliances consume in
order to be motivated
to further optimise
behaviours.

Facilitate people to build more accurate
evaluations, by enabling them to:

Channels to spread his
engagement within the
local community.

Provide reinforcement and positive
feedback to users that successfully
committed to behavioural change.

More visibility of his
achievements at the
local level.

Engage children and time-rich people like
retired people as advocates for involving a
larger audience.

Motivations
and barriers

o

Understand the impact and the
effects of their behaviours;

o

Track/measure consumption of
different appliances.

Support monitoring of the results
achieved for both sponsored initiatives
(e.g. EDF experimental projects) and selfimplemented changes (e.g. start a new
behaviour like programming heating at
night).

Leverage existing aggregation points such
as schools, villages and common holds.
Create two-directional links between the
virtual and the physical community.
Collect and show real stories of real
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people as good examples.
Implement and communicate public
recognition and visibility mechanisms.
If possible offer economic incentives (e.g.
advantageous tariff system) that are easy
to understand and to track.
Relevant touch points:
immediate communications and alerts
such as SMSs and emails;
Simple and immediate visualizations
integrated in the energy bill pointing to
the digital application.

9.1.10.2. Cristophe - The energy-pro father
Quote
"Energy is a limited resource that needs to be managed. Energy efficiency implies having a
maximum result with a minimum consumption."
Profile
Lives with wife and 2 children in a mountain village.
Understands how energy works and has good technical skills.
The whole family is committed to energy efficiency, even to the price of limiting their
thermal comfort.
Doesn’t have much free time due to work schedules.
Very good digital expertise.
Behaviours
The home is well insulated, and all consumption is reduced to the minimum. Through a
combination of good practices, the family managed to decrease their bills over time.
Programs heating and appliance usage only in off-peak hours.
As off-peak hours are difficult to remember, they have noted them down on a piece of paper
next to the washing machine.
Needs & opportunities
THEME
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Awareness &
understanding

Support to
remember offpeak hours.
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Better communicate peak and off-peak
hours and provide supports (e.g. stickers to
place next to the energy-consuming
appliances) both to remember and to use
this information appropriately.
Stress the link between peak hours and
load issues, e.g. by using visual
representations that emphasize this
connection.

Behaviours

Less effort to
implement a
programming
system.

Consider easy to use automated or semiautomated solutions for people who are
less proactive or to facilitate those who rely
very much on automation.

More user
friendly
programming
console.
Evaluation

Digital tools for
experimenting
with solutions
and monitoring
progress.

Facilitate people to build more accurate
evaluations, by enabling them to:
o

check and compare their
consumptions over time;

o

understand the impact and the effects
of their behaviours.

Support monitoring of the results achieved
for both sponsored initiatives (e.g. EDF
experimental projects) and selfimplemented changes (e.g. start a new
behaviour like programming heating at
night).

Motivations and
barriers

Solutions to
engage children
and share tasks
with them.

Offer personalized and contextualised
recommendations and suggestions that
take into account the behaviour and usage
patterns of individual users.
Engage children and time-rich people like
retired people as advocates for involving a
larger audience.
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Leverage existing aggregation points such
as schools, villages and commonholds.
If possible offer economic incentives (e.g.
advantageous tariff system) that are easy to
understand and to track.
Relevant touch-points:
a digital application for learning, analysis
and simulations;
social networking features targeting
specifically younger users;
ambient and playful devices displaying
network loads in a soft and engaging way;
pedagogical tools specifically designed to
support school activities.

9.1.10.3. Karine - The reluctant single
Quote
"Energy is essential, necessary, useful. Energy efficiency is about lowering energy use while
keeping the same comfort level."
Profile
Lives alone in a flat in the city.
Irregular routines, due to social life engagements.
Very little awareness about the load issues of the region.
Limited interest in reducing consumption. Values comfort more than energy efficiency.
Intense usage of the Internet.
Behaviours
Energy consumption is context-driven, not very much planned in advance.
Uses the heating in the evening, when she is at home. Chooses the temperature depending
on how cold it is outside.
Tries to use washing machine in off-peak hours, but she often forgets or ignores them.
Uses the dishwasher when needed, because it is too noisy during the night, and cannot be
programmed anyway.
More sensitive to wastes in commonhold spaces than in private home.
Needs & opportunities
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THEME
Awareness &
understanding

NEEDS
Higher
awareness about
the risks related
to network
overloads.
Stronger
motivators to
learn about
them.

Behaviours

Effortless ways
to reduce
consumption
without losing
comfort.
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OPPORTUNITIES
Create more awareness and transparency
about the situation of the region through
public dissemination.
A more sophisticated tariff system, if well
communicated, might be a powerful way to
generate more awareness and commitment.
Better communicate peak and off-peak
hours and provide supports (e.g. stickers to
place next to the energy-consuming
appliances) both to remember and to use
this information appropriately.
Enable multiple and alternative choices for
different types of people.
Consider easy to use automated or semiautomated solutions for people who are less
proactive or to facilitate those who rely very
much on automation.
Provide suggestions and guidance on
programming options and benefits.

Evaluation

Strong evidence
of behavioural
impact on
consumption.
Tangible and
evident ways to
measure
benefits.

Motivations
and barriers
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Stronger social
and economic
motivators to

Set targets to make information measurable
and actionable.
Facilitate people to build more accurate
evaluations, by enabling them to:
o

assess consumption in relation to
meaningful parameters (e.g. in
comparison with average/virtuous
behaviours). In order to be effective,
comparisons must be meaningful and
accurate, based on specific and explicit
parameters;

o

understand the impact and the effects
of their behaviours.

Increase or emphasize savings that can be
obtained by limiting peak hour
consumption.

CITYOPT D1.1 General and demo case description

change
behaviour.
Enablers such as
clear targets and
personalised
suggestions and
advices.
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Offer personalised and contextualised
recommendations and suggestions that take
into account the behaviour and usage
patterns of individual users.
Leverage existing aggregation points such as
schools, villages and common holds.
If possible offer economic incentives (e.g.
advantageous tariff system) that are easy to
understand and to track.
Relevant touch-points:
a digital application for learning, analysis
and simulations;
social networking features targeting
specifically younger users;
immediate communications and alerts such
as SMSs and emails;
simple and immediate visualisations
integrated in the energy bill pointing to the
digital application.
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9.2. Helsinki study case – User research report
9.2.1. Introduction
Experientia, with the support of VTT, planned and executed a series of contextual interviews with
stakeholders in Helsinki.
This report summarises the main insights and the results of the post-research analysis.

9.2.2. Objectives
The research took place on 20th-21st May 2014, and the main goals were:
1.

Collect information about the two demonstration sites of Kalasatama and Östersundom,
and the current state of the works;

2. Understand behaviours and mental models of the stakeholders involved in the districts’

planning;
3. Elicit and profile the main target users of the CITYOPT application in the Helsinki

demonstration sites;
4. Collect expectations and requirements on the information needed by the potential users of

the CITYOPT application;
5. Actively involve the stakeholders in the CITYOPT project by informing them of the project

objectives and engaging them with collaborative activities.
The following sections will detail the different methodologies used, the participants involved, and
the insights and ideas gathered through the contextual interviews.

9.2.3. Methodology
A series of contextual interviews formed the basis of the user research with stakeholders.
Contextual interviews are observational practices informed by ethnography or anthropology. It
involves understanding human activity through participatory observation in a setting where the
activity takes place. The aim is to gather as much data as possible from the interviews for later
analysis.
Participants were interviewed in their offices, and the interviews were focused on high-level
information about their activities and software requirements, related with energy planning in a city
district.

9.2.4. Participants
The following table summarises the profiles of the 6 participants who took part in the contextual
interviews.
participant

role

company

district

Participant #1

City Planner

KSV, City Planning
Department

Östersundom
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Participant #2

Technology and Development Manager

Fingrid

Kalasatama

Participant #3

Business Development Manager

ABB

Kalasatama

Participant #4

Development Manager

Helsingin Energia

Östersundom

Participant #5

Unit Manager, Network Development

Helsingin Energia
Sähköverkot

Kalasatama

Participant #6

City Account Manager

Siemens

Östersundom

9.2.5. High level insights - requirements
The following is the list of the main general insights elicited during the contextual interviews with
stakeholders and potential users of the CITYOPT application.
Multipurpose solution analysis
The energy storage unit in both districts should serve various scenarios and usages (e.g. demandresponse, frequency control and reserve, vehicle charging, peak load shaving, stakeholder requests,
balancing seasonal variations, etc.).
Time variable: parallel or independent usage
The various requests on the storage power usage, might occur simultaneously, and in parallel or
independently. The overlapping requests needs to be analysed and evaluated in different scenario
simulations.
Visual and topographic representation
Maps can be included in the application since people, especially city planners, are already using
them as a supporting printed element. Maps can be used as a zoom in, zoom out navigation tool to
switch from one district area to another, or to display or exclude information layers.
Organization by phases
The application solution should include all the different project phases as a parameter to navigate
it. This is one of the most important drivers because, depending on the phase (e.g. Master plan or
Detailed plan) the information, the stakeholders and the “bureaucratic” decisions involved are
different, and have a different weight on decision making process.
High-level vs. detailed information
There are two scenarios for the information input in terms of process phase. The Master plan
provides high-level information, while the detailed plan provides more specific information. The
application should provide a smooth way to show which data are required in each phase and which
might be desirable (now not present but could be integrated for a clearer overview of what’s next).
Financial aspects and cost
Costs are crucial for several stakeholders, who stated how a storage solution might drastically
change once all the financial aspects were considered. On the other hand, having to also deal with
financial information (e.g. construction/operational costs) would require too much effort, at least
in the Master plan, because that information then needs to be updated on any project changes.
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Comparing and repeating
The application should provide an easy way to compare different areas or scenarios.
Profiled accesses for different stakeholders
In order to simplify the process of requests and inputs of data and information, the application
should consider having multiple profiles to guarantee more efficient data management. Moreover,
information must be contextual, so that each stakeholder that accesses the application is able to see
just the data and info that s/he has to manage or input.
Show relationships between stakeholders, data and tasks
If profiled access is provided, the application should be able to track down all the relationships of
the information inserted (i.e. who gave that data and how reliable it is considered to be),
stakeholders (i.e. which actor is related to which other), and tasks (i.e. which task cannot be
completed because another person has not done his/her task?).

9.2.6. Personas
Based on the interview insights, we have created the following 4 Personas.
Personas identify the user motivations, expectations and goals responsible for driving behaviour,
and bring users to life by giving them names, personalities and often a photo. Although personas
are fictitious, they are based on knowledge of real users.
By generating insights and better expectations on how these profiles will likely behave in a given
context of use and scenario of use, these profiles and personas allow us to increase our
understanding of user requirements.

9.2.6.1. Hellä - City Planner
Role
Hellä works for a city-owned organisation (City Planning Department) and is the person at the
municipality who is responsible for planning a new city district. She coordinates her team (mainly
composed of architects) and the project partners to develop the Master plan.
Relationships map

Figure 30. Hellä's relationships diagram.
31 July 2014
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She is in touch with the architects’ team and she frequently asks them for specific data related to
the district (e.g. number of potential inhabitants, types of terrain, detailed information on
buildings, etc.).
Application information
She currently uses a spreadsheet, because an ad-hoc application is still under development. The
spreadsheet covers all her current needs and provides numerical data summarising the ecoefficiency of the district (which includes: energy use, GHG and other emissions, state and diversity
of nature).
Filling out all the data in the spreadsheet in order to produce an updated Master plan could require
about 2 days (for the first time she uses the tool) for a relatively small area (e.g, a subset of the
district she works on).
Other SW applications could be used as well but do not provide a report as complete as the
spreadsheet/ad-hoc solution. However, reading the detailed results is not easy and requires deep
specific competencies.
Activity map
ACTIVITY

DESCRIPTION

PAIN POINTS

NEEDS

Collecting
data

Hellä, in addition to
her information, needs
to collect data from
different stakeholders
in order to start the
district Master plan.
This information is:

- 50% of the info
needs to be requested
from the architects’
team, which is
provided in real-time
or after a few days.

- A communication/channel
between the different
teams.

- High level overview of
the district: geographic
information, e.g. area
(ha) of forests, built,
location (urban, rural,
etc.), service
connections,
dimensions of the
district,
traffic/transport.
- Buildings info (e.g.
floor area, type,
destination, materials,
etc.).
- Natural resources.
- People (nr. of
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- Communication is
not so efficient (e.g.
calls, mails, face-toface requests).
- No tracking in the
software for the data’
source or its
reliability.

- Allow architects to input
data.
- A reference (i.e. contact
information) of who is
responsible/where the data
comes from.
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residents, nr. of jobs)
- Energy types:
percentages of
renewables (e.g. solar,
ground heat, wind),
district heat etc.
Inserting
data and
planning

This data is inputted to
the software that
evaluates the district’s
eco-efficiency. The
computational speed is
fast. The results are
charts and diagrams
that need to be
interpreted. Every new
project requires her to
change multiple
parameters. It is rarely
just redefining a
percentage of a value
previously inserted.
Effect of different input
values is analysed by
trial-and-error in a
more or less ad-hoc
manner.

Interpreting
and
reporting
results

Architects do not have
access to the tool yet,
therefore she has to
report the results of the
analysis to them in a
language that is
familiar to them.

- Manual insertion
which (together with
the recruitment) takes
more days.
- No feedback on the
data relationship. No
indication of which
parameters affect
which results.
- The eco-efficiency
number is aggregated
from three, often
conflicting, parts.
Clear understanding
of such conflicting
effects is missing.

- Diagrams need to be
interpreted and are
not self-explanatory.
- There is no
automatic comparison
between different
solutions or districts.
- She needs to mix up
different diagrams to
communicate the
summary of the
results.

Negotiating
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Requires her to interact

Communication is

- A map of the district, as
much of the information is
related with placement of
buildings/infrastructures/s
ervices and could be scaled
up or down to a singular
area within
Östersundom/Kalasatama.
- Information correlation.
UI solution to visualize
what needs to be changed in
order to modify one value.
- A range of values, or a
metric describing the
accuracy level of the results
(for the Master plan level of
detail this is not a critical
need).

- A unique
parameter/visualisation
that summarises the result
and shows
interdependencies with
other values ("If you want
to change this you need to
change these 3 values").

A quick way to make
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with teams

again with the software,
to change values and
repeat the whole
process.

inefficient.
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changes on the “basic”
model or to replicate some
settings and data from one
area to another.

Business model findings
The Helsinki city’s main interest is to create an appealing residential area that could attract
people/families and promote the city’s dedication to environmental issues. By promoting energy
efficient buildings and innovative environmentally-friendly solutions the Östersundom district
could become a pilot site and therefore attract private capital and research investments.

9.2.6.2. Rekko - Utility company
Role
Rekko is working for a big utility company and he is responsible for managing new solutions for
products or services dealing with energy production, distribution of district heating/cooling as well
as long-term forecasting. He leads the research activities of his team and of the other organisations
that make up the consortium working on the new district planning.
Relationship map
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Figure 31. Rekko's relationships diagram.

He collaborates with the Helsinki’s city planning department as an energy consultant (e.g. energy
efficiency, GHG emissions). He has a big network of collaborators/contacts also outside the
company (e.g. KSV, energy producers, trade associations/lobbyists, city politicians, etc.) and, at the
same time he subcontracts consultancy from other organisations (e.g. VTT, University of Oulu,
Pöyry, etc.) which provide detailed reports or data/complex simulation on specific topics (e.g.
research on efficiency in storing the heat in clay). Then his team, together with the city planning
department, evaluates the results.
In the next phases of the planning more actors will come into play and will need to be consulted:
building constructors (e.g. to define the materials needed, where to move materials, etc.), building
producers (e.g. to define which products/technological solutions are needed, etc.), environmental
department (e.g. what will happen to the biotypes if we warm the rocks above a certain level?).
Application information
He does not use any specific software as the calculations are done by external consultants.
However, he could benefit from a platform giving him the possibility to read the data collected by
other team members/organisations/consultants, to obtain a screener of the possible solution to
apply, or to have a realistic simulation of the benefits and critiques of the proposed solutions.
Of big importance is the effect of proposed solutions on the big picture (i.e. he needs to take a
system level view). This also includes a long time horizon (>20 years) as well as the possibility to
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re-evaluate situations at a later date (e.g. something cannot be done now but in 10 years new
technology can enable it).
Activity map
ACTIVITY

DESCRIPTION

PAIN POINTS

Leading
research
activities

Rekko leads the research
activities of his team and of
the other organisations in
the consortium working on
new district planning.

Complex relationship
with consultants and
other stakeholders
without a predefined
schedule (“whenever is
needed”).

Analysing
results

Subcontractors present him - No clear indication or
comparison between
with the results of the
different solutions to
research.
adopt.
- Most of the new
solutions (e.g. storing
heat in clay) are tested
in a real pilot case (not
simulated). Tried and
tested solutions (e.g.
storing cooling water in
a cave) do not need a
pilot phase.

Providing
energy
requirements
and
consultancy

- Economic parameters:
the cost represents the
most important influencing
factor for a long term
investment (€/MWh over
next 20 years).
- % of Emission saved (e.g.
to build it, etc.)
- Simplicity of the solution
A sensible CO2 emission
reduction, plus low costs
and simplicity of
construction, contributes to
create a higher added
value.
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The economic
parameters are not
always taken into
account from the earlier
phases of the process.

NEEDS

An application that
can automatically
screen solutions
which are not relevant
(physically impossible
or economically not
feasible) for the case
and suggest only the
best one.
In the future this
session might include
suggestions for new
product development
for companies.
A cost “session” to be
included in the
application (high
level).
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Business model findings
All the efforts for preparing the infrastructure before the development starts (e.g. pre-construction
activities such as pile-driving, soil improvement, etc.) should be shared, but it’s not clear yet how
these efforts will be distributed. Who should make the investment? Who should take decisions?
Who will earn the money? It’s an open question.

9.2.6.3. Jari - Energy distributor
Role
Jari works in the R&D department of an Energy distributor company, responsible for electricity
transmission and distribution. He coordinates long-term research activities related with the
electrical network development and environment. He frequently looks for new technologies or
strategies to prepare his company for the future in a proactive way.
Relationships

Figure 32. Jari's relationships diagram.

Because of his participation in research projects, he is constantly in touch with universities,
research entities and other energy companies. All the energy storage planning analyses are
conducted by the Energy provider company or by some specific technological partners or
consultants (e.g. Siemens, ABB).
Application information
Currently only spreadsheets are used.
Activity map
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ACTIVITY

DESCRIPTION

PAIN POINTS

Collects
functional
requirement
s to be sent
to the
technical
consultant product
supplier

- Speed, reliability and
continuity, frequency and
regulation functions are key
parameters that ensure the
service supply.
- Data: volume, storage
speed reaction, etc.

- Time consuming
process, inefficient
organization.

NEEDS

- Usage: List of the different
services the storage provides
after the consultant report he
has to produce .
- Cost-benefit analysis of the
proposed solution based on
the storage services.

Negotiating
with
suppliers/co
nsultants

The consultancy replies with
a technical report detailing a
possible solution. After that
an iterative process begins in
order to understand which
parameters could be altered
to reduce the costs.

- The information
provided within the
report is very
technical and
constant support is
needed to correctly
interpret the data.
- No indication on
which parameter is
effecting the overall
cost.

- Smoother process to
exchange information
and visualise data.
- Information
correlation. UI
solution to visualise
what needs to be
changed in order to
modify one value.

- Evaluation of new
ideas is time
consuming (especially
for multifunctional
equipment).
Understandi
ng the
business
model
behind it
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The implementation of a
storage solution and its
future development implies a
change in the business model
as it is so far.

- Complex energy
business
management: right
now final consumers
have two contracts,
one with the retailer,
one with the network.

- Find out who invests
and owns the
solution, and who
optimises it in term of
usage.
- Get as much out of
the storage as they
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- No entity/party is
looking at the whole
system.

can in terms of usage
(multi-purpose), to
get more finances.

- No clear and defined
business model and
benefits for who will
manage the solution.

- Explore the pilot
solution in
Kalasatama to extend
it to the Nordic area.

Examples of decisions to be made:
Invest (big investment cost, low maintenance cost) in a new equipment or rent it (low
investment, high maintenance)?
2. How big a capacity should a battery have regarding its capacity degradation and need of
maintenance (i.e. big capacity leads to bigger investments and less maintenance costs;
smaller capacity leads to smaller investments and more maintenance costs).
1.

Business model
The energy distributor wants to change the rules of the electricity market, by testing a solution in
which the final user has only one contract with the retailer, instead of two contracts (i.e. retailer +
network) as currently happens. Kalasatama could be a pilot for testing this new business model.
The energy distributor could simulate flexible loads thanks to the energy storage, to simulate
different/extreme situations on the energy networks. However, the energy storage is more
important for other stakeholders involved in the process (frequency control).
One crucial aspect understands which entity/party will be in charge of the storage solution and its
optimisation.

9.2.6.4. Seppo - Product and automation technology supplier
Role
Seppo is employed in an international company providing product and automation technology for
the Smart-Grid and environmental fields. He coordinates activities in the planning and building of
new city districts, and promotes the company offers for these sites.
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Relationships

Figure 33. Seppo's relationships diagram.

He is in touch with all the actors active in the district’s planning (e.g. energy provider, local and
national energy network, city planner, technical consultancies, etc.), providing them with
consultancy and solutions for energy optimisation and united power system network management.
Examples of provided solutions include: energy storage, home automation, distribution hardware,
energy efficiency, etc.
Application information
His company conducts several simulation and product optimisation processes throughout the
design of a specific solution. All these evaluations are run internally across divisions through a
range of complex software tools to understand the better solution for the client.
Activity map
ACTIVITY

DESCRIPTION

PAIN POINTS

Collecting
requirements
from
stakeholders

Getting construction (from the
City Planner), technical and
functional specifications from the
energy provider, and energy
distributor.

- This is typically
iterative since the
customer does
not always
possess sufficient
technical
knowledge.

Providing

- Business offer: service (e.g.
troubleshooting, replacing
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batteries, set-up, maintenance,
etc.)
- Technical design: dimensions,
capacity size, temperature, speed
of reaction, space availability, etc.
- Services: software and solutions
for the whole energy chain
management, optimisation and
forecasting software.

Understanding
the business
opportunities

As a stakeholder which provides a
product, but also a solution and
future trend analysis, Seppo is
interested in understanding who
might be the main owner and
manager of the solution and
which benefit his company could
expect.

Sometimes these
stakeholders are
not involved in
the Master plan
definition where
some decisions
are
bureaucratically
complex to
change.

- Might apply for
investment
support from the
Government.
- Open to any
business model
solution that can
produce benefit
for them.

Business model
In each new district there are many interests and subprojects (e.g. 8-9 in Kalasatama). Technology
providers are interested in being part of the district consortium, in order to be get orders from
different fronts and stakeholders (e.g. construction company, DSO, etc.):
Traffic hub which require energy solutions (e.g. metro, railway, harbour, etc.).
Distributed energy production area
New technology application and demonstration
A consortium or the constructor builder can get more benefits in managing the storage unit, it
would lower the cost and produce values for his consumers and for the people who live there.
The business model is the biggest problem for their clients: where do they get money back from the
investment?
They’re very open on the business model (e.g. selling, renting, leasing, other innovative solutions,
etc.). Any solution could be evaluated and taken into account.
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9.3. Vienna study case – User research report
9.3.1. Objectives
Experientia, with the support of AIT, planned and executed a series of user research activities in
the TECHbase (see Figure 34) and ENERGYbase (see Figure 35) buildings, cornerstones of the
CITYOPT demonstration scenarios in Vienna.
The research took place on 19th March 2014, and the main goals were:
Collect information about the buildings’ environment and settings (e.g. rooms,
heating/cooling system, equipment available, occupants per room, etc.);
Understand user behaviours and mental models;
Understand the perceived heating-cooling related level of comfort of office workers, and
elicit the factors that influence it;
Support participatory idea generation to define possible solutions to the elicited issues.
The following sections will detail the different methodologies used, the participants involved, and
the insights and ideas gathered through the user research activities.

Figure 34. The TECHbase south facade.

Figure 35. ENERGYbase south side.

9.3.2. Methodology
To understand users’ behaviors, experience gaps and latent needs we used both qualitative and
quantitative research. Qualitative research aimed at identifying common usage patterns, behaviour
themes and paths. Quantitative data collection was used for getting numerical inputs of buildings'
occupants and their behaviours.
The qualitative methods used for the Vienna AIT case studies were:
participatory workshop with building workers;
contextual observations of a select number of workers in their working environment;
expert interview with a sustainable building technologies engineer.
The quantitative research consisted of an online survey shared with all the occupants of
TECHbase and ENERGYbase buildings. The results have been analysed and are included in the
following pages.
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9.3.2.1. Participatory workshop
Participatory workshops are used to capture people’s experiences, attitudes and innovative ideas
about a given topic. Through reflection and idea generation exercises, participants provide input on
both problems and solutions. Workshops invite participants to actively express themselves through
words and artifacts, which broaden their creative approach towards the given topic.
The CITYOPT participatory workshop took place on 19th March 2014 in Vienna’s AIT offices, in the
ENERGYbase building. Six office workers from both TECHbase and ENERGYbase buildings took
part in the workshop, for a total duration of about 3 hours.
The following criteria were used for the recruitment of the participants:
1-2 experts on energy optimisation, on the specific buildings characteristics and on the
current buildings set-up;
a good mix of employees from TECHbase and ENERGYbase buildings;
a good mix of employees working in small/medium/big/open-space offices (at least one
participant per office typology);
all fluent in English.
Based on the above criteria the following participants were recruited:
1 expert in sustainable building technologies, energy performance for heating, cooling,
ventilation and with a deep knowledge of the TECHbase and ENERGYbase buildings,
occupant of one of the north-façade 2-people rooms;
2 occupants of the ENERGYbase south-façade open-space;
1 occupant of one of the ENERGYbase north/west-façade 4-people rooms;
1 occupant of one of theENERGYbase north-façade 8-people rooms;
1 occupant of one of the TECHbase north-façade 2-people rooms;
1 occupant of one of the TECHbase south-façade 2-people rooms.
During the workshop several group exercises were performed. Their general aim was to enable and
facilitate sharing of information and behaviours among participants, related to heating and cooling
systems. Figure 37 shows a moment of the workshop.
The specific goals were to:
understand the perceived heating/cooling related level of comfort of office workers, and
what factors influence it;
get to know office workers’ behaviours related to the heating/cooling system and how
these behaviours influence the heating/cooling system in TECHbase and ENERGYbase;
identify requirements for optimal cooling/heating inside the buildings and collect initial
ideas on how to achieve it;
identify other issues influencing occupants’ indoor comfort, and suggest ideas for
possible solutions.
The workshop agenda was structured as follows:
1. Welcome (10 mins)
2. Warm-up (15 mins)
3. Problem orientation (20 mins)
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4.
5.
6.
7.
8.
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Daily routine (20 mins)
Factors & behaviours influencing thermal comfort (30 mins)
Coffee break (15 min)
Idea generation (1 hour)
Wrap-up (15 min) - optional

The following paragraphs describe the activities performed during the workshop and their specific
objectives in more detail.
Warm-up
The workshop started with a playful exercise to warm up the atmosphere and get to know
paritipants’ basic information such as: names; countries of origin/birth; number of years working
in the TECHbase/ENERGYbase buildings; attitudes and behaviours related to temperature and
physical activities.
Daily routine
The objective of this exercise was to learn about the typical activities during a working day in the
office, and identify heating/cooling related behaviours.
Participants were asked to work in pairs and to describe a typical day to their partner. Cards with
questions were distributed to each pair of participants, as shown in Figure 36. They were asked to
answer the questions in pairs and add responses to the timelines.
Participants were then asked to stick their partner’s timeline on the wall and present the partner’s
day in the office to the rest of the group.

Figure 36. Inspirational cards in the 'daily routine'
exercise.

Figure 37. The moderator describes how to
execute an exercise.

My thermal comfort
The objective of this simple exercise was to evaluate how participants feel in their offices in terms
of thermal comfort and if there are seasonal differences.
Participants were first asked to stick post-its with their names on three thermal comfort continuum
papers related to three different periods of the year: coldest month (e.g. January), warmest month
(e.g. August) and the previous day (i.e. 18 March 2014).
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Define influencing factors
In order to investigate the solutions people adopt, participants were divided into two groups and
each group was asked to come up with at least 10 factors that can influence thermal comfort at
work, as shown in Figure 38. They were also asked to classify them between external factors (e.g.
indoor and outdoor temperature, etc.), internal factors (e.g. activity level, food, etc.) or behaviours
they undertake.
Participants were provided with inspiration cards about mitigating behaviours to facilitate the
brainstorming process.
Finally, they were asked to mark the factors which influence their thermal comfort the most.

Figure 38. Definition of the influencing factors.

Figure 39. The participants working on the "6-5-3"
idea generation exercise.

Idea generation
The objective of this exercise was to collect people’s expectations towards the heating/cooling
system and generate future ideas for system improvement.
Participants were asked to elaborate on the previous exercises and identify 3 to 5 conditions they
would like to be different in relation to their thermal comfort.
Participants were then given a 6-5-31 template sheet with one of the challenges that emerged from
the previous exercise. Each participant wrote the selected challenge on the 6-5-3 template, then
wrote 3 ideas for solutions in 5 minutes. Afterwards the idea sheet was moved forward to another
participant in the group who must build upon the generated ideas (see Figure 39).
The result is the draft description of different ideas to solve the selected issues, with contributions
from every participants.

In the 6-3-5 exercise, six people are given a form and asked to provide three ideas for solving a problem in
five minutes. Participants are invited to consider out-of-the-box ideas and to combine ideas with others. The
ideas are written in silence to prevent participants from influencing each other. After the first five minutes,
each participant passes a form to the adjacent participant, who then reviews the ideas and adds new ones.
The process is repeated six times, with a potential for 6 × 3 × 6 (or 104) ideas.
1
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9.3.2.2. Contextual observations
“Contextual observation” is an ethnographic technique used to understand people’s real-time
behaviours, including interactions with products, services, environments or processes, and their
shifting needs over the course of a day. The researcher observes the user, taking notes of the user’s
activities making questions and intervening when needed. “Talk aloud” and closure interviews are
used to clarify questions.
After the workshop, 3 contextual observations were conducted to better understand people’s issues
and needs, and to get a clearer idea of the buildings’ structure and equipment.
The observation sessions involved 3 of the participants who took part in the workshop:
1 occupant of the ENERGYbase south-façade open-space;
1 occupant of one of the ENERGYbase north/west-façade2-people rooms;
1 occupant of one of the TECHbase north-façade 2-people rooms.
Each session lasted about 30 minutes and involved one participant at a time. Participants were
observed in their working environment and asked to show researchers their offices and to describe
their daily activities, tools/equipment they interact with, and the specific issues that they
experienced in relation to the indoor comfort.
Figure 40 and Figure 41 show two different moments of the contextual observation and interview
sessions.
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Figure 41. Contextual obervation in one of the
TECHbase offices.

Figure 40. Air pipes in the ENERGYbase building.

9.3.2.3. Expert interview
One expert in sustainable building technologies, energy performance for heating, cooling,
ventilation and with a deep knowledge of the TECHbase and ENERGYbase buildings was
interviewed.
The interview focused on high-level technical information and lasted about 45 minutes. It covered
the following topics:
differences between TECHbase and ENERGYbase buildings in terms of energy
efficiency, heating/cooling systems, building materials, heating/cooling controllers and
other user equipment;
potential issues and possible problems or ones that have occurred in the past;
knowledge on the occupants’ indoor thermal comfort across the different seasons (e.g.
common complaints from the office workers);
occupants’ awareness of the buildings’ particularities and heating/cooling policies.

9.3.2.4. Questionnaire
Questionnaires are research instruments consisting of a series of questions and other prompts for
the purpose of gathering information from respondents. They enable statistical analysis of
responses.
In May 2014 we carried out quantitative user research consisting of an online survey addressed to
office workers of TECHbase and ENERGYbase buildings in Vienna. The questions were related to
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their thermal comfort and heating/cooling behaviours in the office, and were intended as a support
tool to the qualitative research conducted during the previous weeks.
The questionnaire was filled out by 60 office workers - occupants of the TECHbase and
ENERGYbase buildings. It consisted of an online survey accessible via browser and built with the
Google Forms platform. The survey was submitted for the first time on the 5 May 2014 and was
closed on the 13 May 2014.
The goals of questionnaire were:
understand people's thermal comfort and related behaviours on a large scale;
support the results of the qualitative research with quantitative data;
elicit new insights, that did not emerge during the qualitative research.

The questionnaire consisted of 36 questions and was structured in 6 sections:
1. Introduction. General introduction and description of the CITYOPT project, the Vienna
pilot and privacy statement.
2. Background information. Profiling questions (e.g. gender, age, etc.).
3. Workspace. Questions related with the workspace (e.g. building, office type, etc.).
4. Comfort and general behaviour. Questions related with the respondents’ general
thermal comfort and daily behaviours (e.g. opening windows, using thermostats, etc.).
5. Possible solutions. Presentation of the possible solutions to thermal comfort issues
generated during the participative workshop. Participants were asked to select the most
interesting ones.
6. Thanks.

9.3.3. Learnings
The results of all the above activities are analysed in this chapter and are structured by category.

9.3.3.1. Occupants’ awareness
Office workers’ knowledge of the ENERGYbase high-efficiency standards seems to be high. Many
of the current AIT employees contributed in the preparation of the new offices. School students
come to visit the ENERGYbase building on a regular basis, and this contributes to focusing
attention on the building’s innovative low impact solutions. Also the municipality makes a lot of
promotion about the building. Only the new staff members (e.g. interns, new employees) are likely
to have a lower level of awareness.
Being aware of the innovative building they’re working in, workers are generally more inclined to
accept the small issues that they encounter in their daily routine: “We’re so proud of the building
that we are more likely to accept the problems!”

9.3.3.2. Main issues
However, five topics emerged as main issues affecting the indoor comfort:
Temperature
Ventilation
Shading
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Not all of the above topics are directly related with thermal comfort, however, they influence the
general indoor comfort of the occupants, and were considered important by the participants.
The following paragraphs will describe the issues raised by the participants and analyse the ideas
for possible solutions that were proposed during the workshop.
Temperature
Generally speaking, the thermal comfort inside the two buildings seems to be good. In most
situations people feel comfortable with the temperature inside the building both in the warmest
season (53% of respondents to the online survey) and in the coldest one (83%). However, during
the warmest season a high percentage of respondents (45%) mentioned that they were not
completely satisfied, although in most of the situations this was not a big issue. Only in some
specific situations did participants (8%) mention that the workspace in summer time is definitely
too warm.
This problem mainly affects the participants exposed to the south facade of the two buildings. For
the same reason, people working in the open-spaces (which in ENERGYbase are facing the south)
complain the most about the too warm temperature in the office (73% of these feel warm or too
warm, while in private and shared offices the percentage stays under 50%, as shown in Figure 42).

Figure 42. Comfort level during the warmest season per office type.

Some issues were mentioned, especially in relation with the summertime comfort level: open-space
areas and rooms with 4 occupants are sometimes considered too warm. The same problem applies
to mid-seasons, when in ENERGYbase the sunrays easily reach the building’s windows on the
south facade, raising the interior temperature.
Very few participants mentioned ever feeling cold inside the TECHbase and ENERGYbase
buildings. Only in the coldest months 11% of the occupants of offices exposed to the north side of
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the buildings mentioned feeling quite cold (especially during the morning hours when the heating
system still hasn't completely warmed the building).
These issues are generally considered minor problems, and people usually tend to accept them.
However, the total absence of control over the room temperatures tends to put ENERGYbase
occupants in a state of light discomfort. Some participants mentioned feeling “in a cage” because of
the lack of control.
When they feel too hot, ENERGYbase occupants have the following possibilities to control the
temperature:
Open the windows (small-medium offices only);
Change the level of the air flow system (conference rooms only);
Turn down the shades if the sunlight is a cause of heat (see the controller in Figure 43).
It is important to note that both open-spaces and common areas facing the south side do not have
the possibility to open the windows.
Another factor to take into account is the different thermal perception of the occupants, also due to
different cultural backgrounds. Employees of the companies hosted in the TECHbase and
ENERGYbase buildings have different nationalities and therefore have different habits, also in
relation with indoor thermal comfort. For instance, people coming from southern European
countries generally consider the indoor temperatures in the Austrian buildings AS too high: they
would prefer a lower temperature and would be more likely to wear heavy clothes in the winter
time, even indoors.

Figure 43. Controller for lights and shades
avilable in some of the ENERGYbase rooms.

Figure 44. Air vent in the ENERGYbase meeting
rooms.

Ideas for solving these issues include:
Temperature control system. A temperature control system for ENERGYbase to
regulate the indoor temperature. However, this opens several potential technical issues: the
heating system is currently not conceived for changing the temperature on a room-by-room
basis. Moreover, some of the rooms are divided by short walls that do not close the room
space, making it difficult to maintain different temperatures in each room. Participants also
suggested providing a limit, so that occupants could only slightly decrease or increase the
room temperatures. (25% of votes)
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Mobile app/voting system. Provide a mobile app or a different kind of voting system to
vote the indoor thermal conditions, so that building administrators could adjust the
heating/cooling system parameters based on people’s feedback. Office workers could
receive a daily email with statistical results, general office mood and weather forecasts.
(16% of votes)
Minimum temperature. Keep the winter temperature generally low (e.g. 20°C) and
provide rooms with individual heating devices for people who feel cold at the minimum
temperature. (13% of votes)
The temperature in the buildings is generally considered good. As a matter of fact most of the
respondents to the online survey didn't choose any of the ideas proposed. However, in the
ENERGYbase building the need for manual control of the temperature is more popular (because as
a passive building, it currently lacks any manual controls).
Ventilation
The absence of control over the ventilation system is another factor that contributes to the feeling
of being in a “cage” in ENERGYbase. Sometimes, because of the closed internal environment,
there’s a total absence of air flow feeling, and this increases the “lack of air” feeling. Some people
mentioned they feel the need to go to the terrace or outside the building from time to time, to have
a breath of fresh air.
Only conference rooms are equipped with a ventilation control system. Other rooms and openspaces are equipped with an air ventilation system but without a mechanism to control the flow of
air (see the air vents in Figure 44).
In TECHbase there’s no cooling system: the air ventilation system only provides air circulation.
This misleads some occupants, who try to use the ventilation controller to get fresh air in their
rooms (see Figure 45).

Figure 45. Ventilation controller in the TECHbase
offices.

Ideas for solving these issues includes:
Air quality sensors. Sensors to detect the presence of smells in the air (e.g. by analyzing
the amount of CO2) and to regulate the quality of the air. (25% of votes)
Human presence sensors. Sensors would detect the presence of people in the room and
activate the air flow accordingly. (16% of votes)

31 July 2014

103

CITYOPT D1.1 General and demo case description

104

Fresh air ventilation. Add a fresh air ventilation system in TECHbase, in order to cool
down the room temperatures during the hot season. (12% of votes)
Automated windows. Windows open automatically based on the internal and external
temperature. (11% of votes)
Ventilation control. Possibility to control the ventilation system air flow in
ENERGYbase, possibly installing sensors and decoupling systems if the current structure
does not permit regulation of air flow at the individual level. (10% of votes)
Fans. Traditional fans could be distributed to offices that make requests. (7% of votes)
Plug-in ventilation. Provide plug-in ventilation systems on the windows. This would be
particularly appreciated in the ENERGYbase open-spaces, where there are no openable
windows. (5% of votes)
Custom perfumes. Change the artificial smell with the season (e.g. Christmas smell). (1%
of votes)
The most common problem related with the lack of ventilation is the presence of foul air, especially
in the morning hours, according to some respondents. For this reason one fourth (25%) of the
respondents would like to have air quality sensors in the ENERGYbase building.
Two of the people who chose "Other" suggested stronger ventilation in the meeting room, as the
amount of air flow does not seem enough when a lot of people are present in the room.
Shading
Both TECHbase and ENERGYbase are equipped with internal venetian blinds on the windows. In
TECHbase the blinds are manual, while in ENERGYbase they can be controlled with a remote
control. Through the controllers, it is possible to pull the blinds up/down and to control the angle
of the blinds’ bars. Some of the blinds located in common spaces (e.g. corridor) are completely
automated through sensors. An example of office blinds is provided in Figure 47.
It’s important to remember that, since the blinds are inside the building, they can protect the
occupants from direct sunrays, but the indoor temperature still suffers from the sun radiation.

Figure 46. South "jagged" facade of ENERGYbase,
covered with PV panels.

Figure 47. Venetian blinds and curtains in a northfaçadeENERGYbase office.

The issues with blinds differ for the various office environments. In particular:
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In rooms facing north the current blinds solution works better, because of the very limited
amount of direct sun, although some drawbacks are still present in rooms with two
windows.
In rooms with two windows the occupants lament the impossibility of controlling the two
window blinds separately. This issue is particularly annoying when the two windows are
facing two different sides of the building, as it would often be useful to pull down one of the
two blinds only.
In open-spaces the issues are more evident. The open-spaces are facing a huge window
exposed to the south. In summer time the “jagged” shape of ENERGYbase’s south facade
prevents the sun’s rays from reaching the building’s indoor space, significantly reducing the
heat inside (see the ENERGYbase south facade in Figure 46). However, in mid-seasons,
when the sun is lower on the horizon, the sun’s rays reach the open-spaces and office
workers have no other options than to use the blinds.
Blinds cannot be pulled down individually: similarly to the way the lighting works, one
push-button panel controls the blinds for the whole open-space, giving no possibility for the
occupants to customize the blinds to their needs. For this reason there’s currently some
resistance and apprehension regarding blind use in the open-spaces.
Employees who are annoyed by the direct sunlight on their desk/monitor are worried that
closing the blinds will remove the sun from the entire office environment, regardless of
others’ feelings on the subject. In fact, when the blinds are pulled down, their shade covers
not only the open-space area but also the common-space, reception and the conference
room.

Figure 48. Blinds use on north and south sides of the buildings.

As shown in Figure 48, the use of blinds is significantly higher in the rooms exposed to the south
(38% use them on a daily basis, while 93% use them at least sometimes). On the contrary, on the
north side there's a significantly high amount of people (37%) who never use them.
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Ideas for solving these issues include:
Control over individual blinds. Possibility to control single (or groups of two) blinds
individually in ENERGYbase, instead of one control for the whole open-space or for the
whole room. One controller should be used by no more than 3-4 workers, to avoid
“conflicts”. (21% of votes)
Reduce warming, not light. A common problem with the current blinds is that they
reduce the quantity of light too drastically. A solution capable of removing the direct
sunlight and the warming, preserving the light at a certain level (e.g. preventing the need
for using electrical lights) would be desirable. (15% of votes)
Photovoltaic shadowing devices. South-oriented TECHbase offices suffer a lot from
the direct sun radiation, especially in summer. External shadowing devices would
significantly improve the indoor thermal comfort. PV panels installed on the shadowing
devices would guarantee additional benefits, and the energy production could be optimised
if the shadowing devices follow the sun’s orientation. (14% of votes)
Trees and plants. Seasonal trees outside of the building could provide a natural
protection against the direct sunrays: they would protect from the sun in summer, while in
winter the absence of leaves would guarantee more light inside. (12% of votes)
Adapt shadowing with temperature. An automated system to adapt the blinds to the
temperature of the room and to the sunlight incidence. (6% of votes)
Change colours. Use specific blinds making it possible to change the colours of the office
windows during the day and according to the sun orientation. (9% of votes)
The majority of the participants (21%) expressed a preference for the possibility to individually
control the windows blinds in open spaces.
One respondent mentioned that some of the meeting rooms are equipped with automatic blinds,
and this could be annoying as it requires regulating the room's artificial lights accordingly each
time the blinds are automatically activated.

9.3.3.3. Quantitative research results
The main results of the quantitative research have been included in the report. However, the full
results are reported in the following table.

Background info

Gender
Male

43

72%

Female

17

28%

Prefer not to answer

0

0%
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Age group
18-29 y.o.

17

28%

30-39 y.o.

30

50%

40-49 y.o.

10

17%

50-59 y.o.

3

5%

60+ y.o.

0

0%

Prefer not to answer

0

0%

Job position
Administrative

4

7%

Office worker (i.e. working
in an office with a computer)

45

75%

Experimental (e.g. labs...)

5

8%

Managerial/supervisory

2

3%

Prefer not to answer

1

2%

Other

3

5%

Years working in
ENERGYbase/TECHbase
18-29 y.o.

16

28%

30-39 y.o.

28

49%

40-49 y.o.

10

18%

50-59 y.o.

3

5%

60+ y.o.

0

0%

Prefer not to answer

0

0%

Enclosed office, private

8

13%

Enclosed office, shared with
other people

39

65%

Workplace in open-space
office

11

18%

Lab

2

3%

Prefer not to answer

0

0%

Other

0

0%

Workspace

Personal workspace

31 July 2014

107

CITYOPT D1.1 General and demo case description

People sharing the office with
I don't share my office with
other people

3

5%

1 person

27

45%

2 people

4

7%

3 people

7

12%

4 people

3

5%

5-7 people or more

6

10%

8 people or more

10

17%

Prefer not to answer

0

0%

North

30

50%

South

29

48%

Prefer not to answer

1

2%

North vs. South side

Time working in present workspace
3 months or less

3

5%

4-11 months

19

32%

1 year or more

38

63%

Prefer not to answer

0

0

Comfort and general behaviour

Comfort in warmest season
Too cold

0

0%

Cold

1

2%

Right temperature

32

53%

Warm

22

37%

Too warm

5

8%
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Comfort in coldest season
Too cold

2

3%

Cold

5

8%

Right temperature

50

83%

Warm

3

5%

Too warm

0

0%

Window blinds/shades usage
On a daily basis

16

27%

Occasionally

26

43%

Never

12

20%

I do not have the possibility
to adjust or control it

6

10%

On a daily basis

21

35%

Occasionally

32

53%

Never

5

8%

I do not have the possibility
to adjust or control it

2

3%

On a daily basis

3

5%

Occasionally

14

23%

Never

19

32%

I do not have the possibility
to adjust or control it

24

40%

On a daily basis

1

2%

Occasionally

15

25%

Never

18

30%

I do not have the possibility
to adjust or control it

26

43%

Openable windows usage

Heating thermostat usage

A/C usage
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Portable heater usage
On a daily basis

0

0%

Occasionally

0

0%

Never

38

63%

I do not have the possibility
to adjust or control it

22

37%

On a daily basis

1

2%

Occasionally

0

0%

Never

39

65%

I do not have the possibility
to adjust or control it

20

33%

Portable fan usage

Window blinds/shades satisfaction
Very satisfied

14

23%

Satisfied

26

43%

Dissatisfied

4

7%

Very Dissatisfied

3

5%

Not applicable

13

22%

Openable windows satisfaction
Very satisfied

22

37%

Satisfied

30

50%

Dissatisfied

4

7%

Very Dissatisfied

0

0%

Not applicable

4

7%

Heating thermostat satisfaction
Very satisfied

11

18%

Satisfied

15

25%

Dissatisfied

2

3%

Very Dissatisfied

0

0%

Not applicable

32

53%
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A/C satisfaction
Very satisfied

6

10%

Satisfied

11

18%

Dissatisfied

8

13%

Very Dissatisfied

0

0%

Not applicable

35

58%

Very satisfied

3

5%

Satisfied

1

2%

Dissatisfied

0

0%

Very Dissatisfied

0

0%

Not applicable

56

93%

Very satisfied

3

5%

Satisfied

2

3%

Dissatisfied

0

0%

Very Dissatisfied

0

0%

Not applicable

55

92%

Portable heater satisfaction

Portable fan satisfaction

Main reason for dissatisfaction
Two different window blinds cannot be operated separately.
Sometimes the air is bad and stinky in the morning, ventilation is not enough.
The blinds are internal and do not provide adequate shading when the sun is
strong.
Blinds’ control is shared with other workspaces.
Air conditioning is not easy to control and generates a slight wind flow.
Using the shades makes the office too dark.
Some roof-top windows reflect the sunlight and cause glare through the shades.
Blinds do not completely block the sun for those sitting close to the window.
Impossibility to control the heating/AC temperature on a per room basis.
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More control on
Window blinds/shades

11

15%

Openable windows

6

8%

Heating thermostat

8

11%

Air-conditioning

13

18%

Portable heater

2

3%

Portable fan

2

3%

I have enough control on the
above building features

30

41%

Other

2

3%

Are often broken

3

4%

Cannot be controlled
individually

10

13%

Do not protect from direct
sunlight

10

13%

Do not protect from
excessive office heating

8

11%

Too many people in my
room to use the blinds
without conflicts

8

11%

I have not encountered any
problems

33

43%

Other

4

5%

Ventilation cannot be
controlled on a room-byroom basis

8

10%

There is a lack of fresh air

20

25%

Smells (e.g. outdoor
pollution, gasoline, etc.)

3

4%

Humidity (e.g. too humid/too
dry environment)

3

4%

Office is too hot because of
ineffective ventilation

10

13%

Air flow is not strong enough

4

5%

I have not encountered any
problems

27

34%

Blinds/shades problems

Ventilation problems
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5

Other

6%

Other issues affecting thermal comfort
Ventilation in the bathroom is too low. This causes people to open the window, therefore in winter
the bathroom is freezing cold.
Ventilation in the meeting room is not designed for a full meeting room. Sometimes the air gets so
bad you have to keep the door open.
Shades on west side cannot be operated manually which prevents darkening the meeting room for
presentations. This is a huge problem when the sun is shining directly onto the presentation wall.
The communication rooms have very weak ventilation.
A window oriented to the east which warms in excess the relevant office during some moments in
the day due to the excess of radiation.
On the south side when the sun is lower than the stepped facade the temperature can rise
significantly. It would be good to be able to increase cooling in this situation.
On hot days or when it is sunny in transition periods it would be good to have more cooling on the
south side, however respondant would not advocate control by occupants too much as people’s
preferences vary widely.

Possible solutions

Issues related with temperature
Temperature control
system

17

25%

Minimum temperature

9

13%

Mobile app/voting system

11

16%

None of them

27

40%

Other

4

6%

Issues related with ventilation
Ventilation control

12

10%

Air conditioning

14

12%

Human presence sensors

19

16%

Air quality sensors

30

25%

Automated windows

13

11%

Plug-in ventilation

6

5%

Fans

9

7%

Custom perfumes

1

1%

None of them

14

12%

Other

3

2%
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Issues related with blinds/shades
Photovoltaic shadowing
devices

14

14%

Control on individual
blinds

21

21%

Reduce warming, not
light

15

15%

Adapt shadowing with
temperature

6

6%

Change colours

9

9%

Trees and plants

12

12%

None of them.

20

20%

Other

3

3%
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9.4. Construction parameters of the office buildings –
Vienna study case
Table 5 - TECHbase construction parameters

Surface

Adjacent Ceiling

Adjacent Wall

External Wall

External Floor

Ground Floor

External Roof

Thickness

Total
thickness

Conductivity

SHC

Density

RValue

Total RValue

Total
UValue

Layer

m

m

W/mK

kJ/kgK

kg/m3

m2K/W

m2K/W

W/m2K

Concrete

0.1

1.2

1

1400

0.08

Expanded Polystyrene

0.144

0.035

1.47

23

4.11

4.28

0.23

Concrete

0.1

1.2

1

1400

0.08

Concrete

0.02

1.2

1

950

0.02

Expanded Polystyrene

0.05

0.035

1.47

12

1.43

1.46

0.68

Concrete

0.02

1.2

1

950

0.02

Concrete

0.1

1.2

1

1400

0.08

Expanded Polystyrene

0.073

0.035

1.47

1600

2.09

2.25

0.44

Concrete

0.1

1.2

1

950

0.08

Concrete

0.1

1.2

1

1400

0.08

Expanded Polystyrene

0.144

0.035

1.47

1600

4.11

4.28

0.23

Concrete

0.1

1.2

1

950

0.08

Concrete

0.08

1.2

1

950

0.07

-

-

25.64

0.04

Concrete

0.1

1.2

1

2300

0.08

Extruded Polystyrene

0.144

0.035

1.47

2000

4.11

4.28

0.23

Concrete

0.1

1.2

1

1100

0.08

0.344

0.09

0.273

0.344

-

0.344

Table 6- Construction parameters of ENERGYbase

Surface

SHC

Density

RValue

Total RValue

Total
UValue

W/mK

kJ/kgK

kg/m3

m2K/W

m2K/W

W/m2K

0.60

0.70

1

1400

0.02

1.46

1.70

0.84

2200

0.06

0.00

0.00

6.12

1.46

1.70

0.84

2200

0.10

0.17

0.31

0.29

0.12

Thickness

Total
thickness

Conductivity

Layer

M

m

kJ/hmK

kcal/hmK

Plaster

0.015

2.52

Heavy Concrete

0.11

6.12

Active Layer
Adjacent ceilings
with TABS layer

Adjacent Ceiling
without TABS
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0.45

Heavy Concrete

0.17

Expanded Polystyrene

0.1

0.14

0.03

0.04

1.47

25

2.50

Light Concrete

0.05

0.43

0.10

0.12

0.84

350

0.42

Carpet

0.005

0.22

0.05

0.06

1.3

200

0.08

Plaster

0.015

2.52

0.60

0.70

1

1400

0.02

Heavy Concrete

0.32

6.12

1.46

1.70

0.84

2200

0.19

0.7
Expanded Polystyrene

0.3

0.14

0.03

0.04

1.47

25

7.49

Light Concrete

0.06

0.43

0.10

0.12

0.84

350

0.50
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Adjacent Wall

External Wall
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Carpet

0.005

0.22

0.05

0.06

1.3

200

0.08

Carpet

0.013

0.22

0.05

0.06

1.3

200

0.21

Mineral Wool

0.1

0.14

0.03

0.04

0.9

80

2.50

Gipsum

0.013

0.76

0.18

0.21

1

900

0.06

Outer Wall

0.2

7.92

1.89

2.20

0.84

2400

0.09

Mineral Wool

0.04

0.14

0.03

0.04

0.9

80

1.00

Plasterboard

0.013

1.29

0.31

0.36

0.84

1000

0.04

Mineral Wool

0.15

0.14

0.03

0.04

0.9

80

3.75

Plasterboard

0.02

1.29

0.31

0.36

0.84

1000

0.06

0.005

0.29

0.07

0.08

1.3

700

0.06

5.04

1.20

1.40

1

2000

0.04

0.14

0.03

0.04

1

60

3.02

0.05

Ground Floor

0.121

0.126

0.423

-

-

0.02

7.56

1.81

2.10

1

2200

0.01

Concrete

0.015

2.52

0.60

0.70

1

1400

0.02

Heavy Concrete

0.14

6.12

1.46

1.70

0.84

2200

0.08

6.12

1.46

1.70

0.84

2200

0.08

0.14

0.03

0.04

1.47

25

0.00

2.77

0.36

4.93

0.20

25.64

0.04

4.52

0.22

Active Layer
External Roof
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Heavy Concrete

0.14

Expanded Polystyrene

0.457

0.015

0.50

0.12

0.14

0.9

530

0.11

Extruded Polystyrene

0.142

0.12

0.03

0.03

1.47

35

4.19

Concrete

0.005

0.50

0.12

0.14

0.9

530

0.04
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9.5. Description of the best available technologies
Combined Heat and Power (CHP)
These energy systems have the advantage of providing heat and electricity simultaneously thus
increasing their overall energy efficiency up to 85%. The disadvantage is the high investment costs
and possibility of energy balance between heat and electric demand.
Currently, the main types of systems used CHP are reciprocating engines in the form of spark,
compression-ignited or internal combustion engines. This technology is mature and available in a
wide range of sizes, with electrical efficiencies of 25-48 % (typically rising according to size) and
with total efficiency of 75-85%. Gas turbines use high temperature and the hight pressure hot
gasses to produce electricity and heat (and/or steam). This option has an electrical efficiency of 2045 %, with oan verall efficiency of 75-85 % and usually the capacity ranges in the order of the
megawatts. Micro turbines are smaller versions of gas turbines with a installed capacity of 25-250
kW. Usually, they are more oriented to provide energy in the building level. Finally, fuel cells use
an electrochemical process that releases the energy stored in natural gas or hydrogen fuel to create
electricity and heat. This technology offers the advantage of nearly one-to one electricity-to-heat
ratios, making them well suited for modern low-energy buildings [42].
Solar district heating
In this technology the solar energy is used to produce heat for district heating. These systems
usually cover 10-25% of the annual heat demand because the impact on the cost effectiveness of the
climatic variations during the year. The advantages of this system are the use of CO2 free energy
source and possibility to increase the efficiency of the system if the temperature level of the district
heating network is relatively low. The main disadvantage is its high investment cost and the need of
seasonal storage or a backup such as a boiler, CHP plant or a heat pump [43].
Heat pumps for district heating
Heat pumps usually move heat from the ambient (input heat) and convert the heat to a higher
temperature (output heat) through a closed process; either compressor heat pumps (consuming
electricity) or absorption heat pumps (using heat). The drive energy for the absorption heat pumps
can come from diverse sources such as solid fuels, solar energy, waste or natural gas. For the lowtemperature heat source, one of the possibilities could be the use of waste heat from other
processes. Some options for this type of installation are the followings [44].
Large heat pumps with ambient temperature as heat source: This technology achieves the
up to 80 °C and with an installed capacity of 1-10 MW of heat generation. For a mechanical
compression with a CO2 refrigerant the COP is estimated on 2.8- 3.5.
Large heat pumps drive by industrial waste heat ( heat source 35°C): The supply
temperature of this technology could reach up to 80 °C with an installed capacity of 1-10
MW of heat generations. For mechanical compression which use ammonia as refrigerant
the COP is estimated on 3.6-4.5.
Large absorption heat pumps – flue gas condensation in connection with Municipality Solid
Waste and biomass plants: This option are used to raise the district heating temperature
from 40-60 °C up to about 80 °C with a standard capacity of 2-15 MW of heat generation.
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For the absorption heat pump drive by BrLi-H2O as refrigerant the COP is estimated
around 1.7.
Large absorption heat pumps – geothermal heat source (steam driven): In this
configuration geothermal water is use in the absorption heat pump to rise the district
heating temperature from 40-60 °C up to about 80 °C. The technical performance is similar
to the previous type.
Seasonal thermal energy storages
This term is a common umbrella term for several technologies for storing heat or cold for periods
of up to several months. The thermal energy can be collected whenever it is available and be used
whenever needed, such as in the opposing season. There are several possibilities for the
construction this kind of energy systems [45], [43].
Tank thermal energy storage (TTES): The volume capacity of these tanks is normally up to
12.000 m3 and constructed with concrete or steel. This technology is relatively expensive
compared to constructions in which the ground is used as a structural or thermal
component but have the advantage that their properties are easier to control and the
tightness is better because they are not influenced by the local soil conditions.
Pit thermal energy storage (PTES): This technology is essentially an opening in the ground
lined by a waterproof membrane, filled with water and covered by a floating and insulating
lid. The excavated earth that surrounds the opening can be used as a dam, thus increasing
the water depth. The storage capacity is 60 – 80 kWh/(m3 a). One of the main problems
of this type of storage is maintaining the membrane 100 % watertight over many years of
thermal cycling.
Borehole thermal energy storages (BTES): This option is usually used with heat pumps at
low temperatures (up to 30 °C). The storage can reach efficiencies in the range of 90 - 100%
when the storage operates close to the annual average ground temperature ground and the
impact of possible ground water flows is low. Additionally, this type of thermal storage is
sometimes also used as a heat sink in cooling systems.
Aquifer thermal energy storages (ATES): These thermal systems are constructed by using
direct heat exchange in vertical wells. Typically, there is one central well which is
surrounded by a number of peripheral wells. The aquifers are typically used for lowtemperature applications in combination with heat pumps. A potential problem is that the
energy performance of the system might be affected by chemical composition of the water
of the aquifer.
Geothermal Systems for district heating
Heat from underground water reservoirs can be utilized directly through a heat exchanger and
used in a district heating system. However, it is also possible and more economically feasible to use
heat pumps. The standard configuration contain a production well, heat exchangers and/or heat
pumps, transferring the heat to the district heating network and a reinjection well transferring the
cooled water to the reservoir. The advantage of the system is its high good performance, the use of
“free” energy with reduced CO2 emissions. The main disadvantage is the investment costs together
with possible problems due to pollutants in the geothermal water and the availability of local
geothermal energy. Some locations have available geothermal points with high temperatures while
it is possible to employ heat pumps in combinations with lower ground temperatures at other
locations [45].
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Geothermal pile
Geothermal piles are long, slender, columnar elements in a foundation that are installed into the
ground. They are typically made from steel or reinforced concrete and possibly timber. A
foundation is described as piled when its depth is more than three times its breadth. They are
principally used to transfer the loads from a superstructure, through weak, compressible strata or
water onto stronger, more compact, less compressible and stiffer soil or rock at depth, increasing
the effective size of a foundation and resisting horizontal loads They are used in very large
buildings and in situations when the soil under a building is not suitable to prevent excessive
settlement [50].
Electric boilers for district heating
An electric boiler produces hot water directly from electricity in a district heating. Currently, two
options are available an electric system which employs a resistance, suitable for small installations
with low voltages and power capacities, and an electrode boiler system for large installations with
higher voltages and power capacities. These systems are able to store over electricity production
from wind turbines as heat with a simple design and regulations. The main disadvantage is that
this solution has a limited use because usually the electricity production is oriented to cover other
needs [46].
Gas boilers for residential and service sector
A general European tendency is that natural gas boilers replace other individual technologies in the
cities. Natural gas boilers are cheap, clean and with a CO2 emissions lower than for oil-fired or
fossil solid fuel boilers. In gas boilers, the gas is combusted and the generated flue gas passes
through a heat exchanger where heat to another media usually water. The water is circulated to
heat emitters in the space heating system and/or to the domestic hot water [47]. Gas boilers are
used with many different capacities from 10 kW for small applications to 750 kW for a large sized
building. The gas distribution system is quite flexible and has relatively low installation for this
reason; these systems can be combined with less flexible systems such as solar heating systems
[44].
Thermal solar panel for residential and service sector
Solar heating systems can be applied to cover the heat demand for domestic hot water (DHW) and
space heating. Their main components are the collector, which captures the solar energy, a thermal
storage unit, which store the collected heat for a later use, and a backup system, which heats the
water to the set temperature if it is necessary because the solar fraction usually is less than 50 % of
the DHW and space heating demand. A large number of design options are feasible, on one hand
the least expensive is thermo-siphon systems only for DHW, on other hand the most expensive
combined DHW and space heating systems found which use solar collectors with evacuated tube
because which offers a high performance even at low ambient temperatures [48]. The advantage of
these systems is that it uses a CO2 free energy source but with high investment cost together, the
need to have a backup source and the availability of solar irradiation at the specific geographic
location.
Heat pumps for residential and service sector
The principle of heat pumps for residential and service sector is the same that was describe for heat
pumps for district heating. These systems provide supply and return temperatures of 55/45 °C for
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the existing building with radiators. Nevertheless, for new buildings lower temperature levels are
common due to e.g. the better insulations and use of the underfloor heating. Additionally, ground
source closed loop in general has a better energy performance than the ambient air based heat
pumps due to the cold ambient air during mid-winter (and therefore low efficiency) and due to
periodically defrosting of the evaporator. Nevertheless, this system has higher investment costs
than the ambient air based heat pump. The main four configurations are describe in the following
points [44], [49].
Ground source closed loop/water heat pump: The most common type of ground source heat
pump boiler is the vapour compression heat pumps with horizontal or vertical collector.
The horizontal collector is normally placed at a depth of 0.6-1.5 m. Vertical collectors can
have a length of 100-250 m. These systems need a backup system; however, a typical
system can cover 80-95 % of the annual energy demand with a COP of 2.8-5.
Ambient air/water heat pump: The exhaust air/water heat pump uses a vapour
compression heat pump where the heat source is the ventilation exhaust air. This system
needs to be combined with a mechanical ventilation extraction system. The efficiency is
comparable to other heat pump systems due to the relative high temperature of the exhaust
air with a COP around 3.1.
Ambient air/water heat pump: The heat pump uses external air as a heat source which
implies lower efficiency during the heating season because of the lower outdoor
temperatures. Furthermore, if the outdoor temperature drops enough the moisture of the
air can condensate and freeze on the outdoor heat exchanger decreasing the efficiency. This
makes necessary a defrost cycle to avoid this problem. The standard COP of this system is
2.5-4.4.
Ambient air/air heat pump: This is the most common system due is easy installation and the
lowest price. In the regions predominantly with cooling demand and moderated heat demand a
reversible air to air heat pump can be adopted. As a in the previous case, this system have
defrosting cycle to avoid the freeze of the moisture on the outdoor heat exchanger. The standard
COP for these system is typical efficiency of this system is 2.5-3.5.
Micro CHP systems:
A micro-CHP system is an energy system that provides both heat and power on a building scale. A
micro CHP system can be operated to follow the heat demand and deliver electricity as a byproduct or the other way around following the electricity demand. It is more common to operate
the system to follow the heat demand. An interesting Micro CHP system is the fuel cell system. A
fuel cell system can run on different fuels, biogas, natural gas or hydrogen. It has no moving parts
which is advantageous. However the technology is still in its developing phase and is quite
expensive.
Micro wind turbines:
Wind turbines that operate in an urban environment are usually within a power range of 0,1-50
kW. There are two main types, the type with the vertical axis rotor blades and the horizontal axes
type. The vertical axes turbines are less efficient but they fit better into the urban environment and
create less noise pollution than the horizontal axis type. The vertical axis types also require a lower
wind speed to start producing electricity.
Battery energy storage station (BESS) - Batteries - District level
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The battery energy storage system (BESS) comprises mainly of batteries, control and power
conditioning system (C-PCS) and rest of plant. The rest of the plant is designed to provide good
protection for batteries and C-PCS. The battery and C-PCS technologies are the major BESS
components and each of these technologies is rapidly developing
The batteries are made of stacked cells where-in chemical energy is converted to electrical energy
and vice versa. The desired battery voltage as well as current levels are obtained by electrically
connecting the cells in series and parallel. The batteries are rated in terms of their energy and
power capacities. For most of the battery types, the power and energy capacities are not
independent and are fixed during the battery design. Some of the other important features of a
battery are efficiency, life span (stated in terms of number of cycles), operating temperature, depth
of discharge (batteries are generally not discharged completely and depth of discharge refers to the
extent to which they are discharged), self-discharge (some batteries cannot retain their electrical
capacity when stored in a shelf and self-discharge represents the rate of discharge) and energy
density.
The C-PCS form a vital part of the BESS. It interfaces the batteries to the loads (utility/end user)
and regulates the battery charge/discharge, charging rate, etc. The C-PCS cost is significant and it
can be greater than 25% of the overall energy storage system. However, this technology is maturing
rapidly due to the recent developments in the power conditioning systems of the renewable and
distributed energy sources. At present research is being carried out to reduce the overall cost,
improve reliability, and develop more efficient and better packaging of power conditioning system
[51].
Smart meters for electricity
A smart meter is a digital device that records the amount of electricity or gas you use and transmits
this information to your utility provider. Smart meters allow flexible rates to be applied depending
on time of use and ensure your utility bills are always based on actual readings rather than
estimates.
Demand side management
Demand-side management (DSM) is the planning and implementation of those electric utility
activities designed to influence customer uses of electricity in ways that will produce desired
changes in the utility's load shape. While the objective of any DSM activity is to produce a loadshape change, the art of successful implementation and the ultimate success of the program rests
within the balancing of utility and customer needs.
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