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Executive Summary

The document presents the results of the 4 pilot evaluations of the CITYOPT project. CITYOPT
project has developed two applications for planning and operation of smart cities. The CITYOPT
Planning Tool is an optimization tool which can used to design of energy system at the district or the
urban scale. The CITYOPT Operational Tool is a mobile or tablet application which can be used for
informing about needs of load shifting in electricity network and for motivating a community of end
users to co-operate with electricity company by shifting the use of electrical appliances when a peak
load is planned.

The evaluation has been implemented on four different pilots: two pilots in Finland and one pilot in
Austria for the assessment of the CITYOPT Planning Tool and one pilot in France for the assessment
of the CITYOPT Operational Tool.

Each pilot has developed a study case related to Planning or Operational Tool in a location where
partners are located i.e.:

1. VIENNA study case (AUSTRIA, AIT & VTT, CITYOPT Planning tool)
2. KALASATAMA study case (FINLAND, VTT & HEL, CITYOPT Planning tool)
3. ÖSTERSUNDOM study case (FINLAND, VTT & HEL, CITYOPT Planning tool)
4. NICE study case (FRANCE, CSTB, NCA & EDF, CITYOPT Operational tool)

EXPERIENTIA (ITALY) partner was in charge of the social acceptance evaluation.

The evaluations rely on the consolidation and the calculation of metrics that have been defined in
WP1 Specifications (Task 1.5 Definition of evaluation metrics based upon common EU methodology,
deliverable report D1.5 List of key evaluation metrics).

Summary of results Vienna

The Vienna pilot aims 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. In this study case, CITYOPT Planning tool is used as
“laboratory testing”: the design of this district heating network has been set including the
requirements on thermal storage to match the time dependence of waste heat production with the
heat demand in terms of primary energy savings, CO2 emissions and costs. In REF1 and REF2, the
costs are composed of the costs of the heat pumps and the costs of the gas boilers, with a similar
share 80% - 20%. For the Configurations A and B, the main part of the costs is due to the gas boiler,
the LTS contribute with a 7% and the heat pump around 1%. For the configurations C and D, the
District heating of Vienna is responsible for most of the costs, between 67% to 75% and the gas boilers
for 23% to 28% of the total costs. When the LTS is part of the network, its operation especially the
operation of its coupled heat pump booster costs from 6%  to 9% of the total costs.

Summary of results Kalasatama

The evaluation of Kalasatama have been realized from simulations focusing on the increase of
renewable energy sources and system efficiency. Based on the simulations the maximum number of
photovoltaic panels resulted in approximately 3 to 6 % share of consumed energy being produced
locally and environmentally friendly.

Summary of results Östersundom

The evaluation of Östersundom have been realized from simulations aiming to have a sustainable
district. The optimal configurations of solar thermal collectors coupled with thermal storages to
cover heat demand and PV panels to cover some of the electricity demand were searched.
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The results from the best optimization scenarios show that renewables would be profitable in terms
of both costs and CO2 emission. Costs would be reduced by 14 - 17 % while the CO2 emissions would
be reduced by 29 - 32 %.

Summary of results Nice

The evaluation of Nice has been realized with the objective to involve dwellers of a community to
reduce the use of electricity during peak and save kwh and CO2 emissions.
The  reduction  of  CO2  emission  per  dwelling  during  the  six  months  of  the  study  is  164  g,  which
corresponds to 4.1 kWh.
Thanks to Operational Tool, the potential reduction of Combustion Turbine Generator (CTG)
investment represents at maximum 6.45 € per year per dwellings involved in the community.
In terms of business model, 15% of the potential customers of EDF on the NCA territory should be
involved to sustain the crowd funding projects which can be implemented with the savings realized
in the reduction of the use and the investment in Combustion Turbine Generator (CTG).
Finally, regarding the user acceptance, the CITYOPT operational tool allows people to reflect on
energy consumption practices in people’s households and, in some households, it stimulates family
debate and virtuous behaviours.

Conclusion

The demonstration cases have been successfully implemented and the results provided by the four
study cases confirm the need to develop efficient tools to better optimize the design of energy systems
at district and urban scale and also the use.

The CITYOPT Planning tool, allowed simulating various scenarios, calculating specific KPIs (energy,
environmental and economic) and finding the best scenario among the scenarios simulated, through
a Database Search Algorithm. The results can help decision makers to get a better understanding.
From the user acceptance, several interviews with energy engineers and workshops with the
stakeholders were performed. The participants were overall satisfied by the tool, especially for the
energy engineers, who see a large and handle application of it in their daily work tasks. Also from the
point of view of the stakeholders the tool was useful by making explicit the economic and technical
viabilities of each potential scenario that their decisions may lead to, the tool can support them in
managing better and more efficiently innovative projects were the level of uncertainty is high and
the broadness of their choices in quite influential on a large scale.

The CITYOPT Operational tool offers a potential to reduce the cost of use of Combustion Turbine
Generator (CTG). The experiment shows that the community could be considered as a potential
capacity of electricity reduction for the management of a peak and could replace the investment in
CTG.
At a larger scale (than 137 dwellings) the use of the tool would have an impact to limit the electric
consumption and the emission of CO2.
In terms of business model, the CITYOPT operational tool represents a possibility to create a starter
or an incubator for new project or initiatives.
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1. PLANNING TOOL EVALUATION
The CITYOPT Planning Tool is flexible tool to be used in analyses of different type of systems, which
can be modelled with system simulation tools. This gives freedom to use optimisation tool in many
areas of interests. The CITYOPT planning tool supports simulating, optimizing and analysing various
city planning alternatives and their impact.
Study cases in Vienna, Östersundom and Kalatasama have permitted the evaluation of different
combination of integrated energy sources (conventional, renewables, district heating…), energy
storages storage (thermal and electric), energy efficient buildings assets, etc. in order to find the
strategy which gives the best compromise in term of sustainability and economic benefits for the
stakeholders in charge of city planning

1.1. Economic and environmental evaluations
These evaluations concentrate on the environmental and on the economic impacts. Technical
recommendations about the implementation of the tool and the improvement of functionalities and
specifications for a commercial distribution are provided in the replication guidelines (d4.2).

1.1.1. Vienna Pilot
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).
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. In this study case the design of this district heating
network will be set including the requirements on thermal storage to match the time dependence of
waste heat production with the heat demand in terms of primary energy savings, CO2 emissions and
costs.

1.1.1.1. Aim of the use of the planning tool

The goal of the Vienna study case is to integrate the existing thermal energy supply systems with the
cooling system of Rail Tech Arsenal’s (RTA) climatic tunnel in a thermal network that will make use
of the waste heat to cover the office buildings’ heating demand. CITYOPT Planning tool will be used
as “laboratory testing” to set the design of this district heating network including the requirements
on thermal storage to match the time dependence of waste heat production with the heat demand to
identify the best scenarios in terms of energy, CO2 emissions and costs.
Considering the computing time required to complete a single simulation of one year (7 hours), the
Vienna case study is analysed based on 12 simulation runs of variant scenarios from 2 different
reference scenarios, resulting to a total of 26 scenarios, using the Optimization Database
functionality to identify the best ones.
These scenarios are chosen, taking into account the fixed components of the case study, which cannot
be changed (all the energy systems related to the buildings and the industrial waste heat) and the
components which are not existing yet and can be sized to be optimized the network performances
(high-temperature and low-temperature storages). The different configurations represent the
different connections that can be set between all the components. These configurations are:

Configuration A which study the connection of the building, energy system, RTA and a water
tank as thermal storage,



CITYOPT D4.1  9

18 May 2015

Configuration B which is as Configuration A but extended to include a ground heat exchanger
as thermal storage.
Configuration C, which is as Configuration A but connected to the district heating network
with an additional office building
Configuration D which is as configuration C but extended to include a ground heat exchanger
as thermal storage.

Configurations C and D are developed to generalize the study case to increase its replicability and
scalability.

Figure 1: overall Vienna case study modelled in APROS

1.1.1.2. Scenarios
For each configuration (A, B, C and D), the size of the storages (when included in the configuration)
takes three different values.  This allows simulating and evaluating the behaviour and performances
of the network and then being able to find the best sizing of the storages for the Vienna case study.
By simulating these different sizes, the aim is to determine the most optimal size of the storage,
which is a compromise between maximum recovery of waste heat, minimum thermal losses in
storage tanks and maximal use of that heat to satisfy the energy demand of the buildings. This gives
in total 24 configurations which are simulated in CITYOPT Planning Tool and compared to 2
different reference scenarios, REF1, which has three buildings as customers, and REF2 which has
the same 3 buildings plus and additional low-energy building. The three different sizes for the high-
temperature storage to be considered were 50 m3, 100 m3, 150 m3 and three different sizes for the
low-temperature storage to be considered were 1960 m3, 2352 m3, 2744 m3. All the configurations
and scenarios simulated are presented in following Figure 1.
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Figure 2: Configurations and scenarios with the corresponding storages sizes

1.1.1.3. Considerations about the calculation of KPI
The following key performance indicators (KPIs) are used to assess the micro-network
performances: CO2 emissions (tons/a), Primary Energy consumption (MWh) and operational costs
(k€).  The storage sizes are related to these metrics, in the sense that a good sizing allows to use a
maximum waste heat and so reduces the CO2 emissions, primary energy consumption and costs
(associated to gas and electricity use). The KPI’s are calculated from the optimization results of the
Planning Tool and an explanation of each studied KPI’s is provided in Table 2.

KPI for energy Information and explanation for the
calculation

Energy supplied by source (MWh) Energy supplied by source is the integral of
the  power  over  the  time  by  each  source
along  the  year  (HTS,  LTS,  Solar  panels,
Heat pumps, Gas boiler, District heating).

Total primary energy consumption (MWh) Total  primary  energy  consumption  of  the
energy demand by each building together
with the heat losses in the district heating
system along the year.

KPI for CO2 emission
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KPI for energy Information and explanation for the
calculation

Energy supplied by source (MWh) Energy supplied by source is the integral of
the  power  over  the  time  by  each  source
along  the  year  (HTS,  LTS,  Solar  panels,
Heat pumps, Gas boiler, District heating).

Total primary energy consumption (MWh) Total  primary  energy  consumption  of  the
energy demand by each building together
with the heat losses in the district heating
system along the year.

CO2 emissions by source (CO2 Tons/a) The CO2 emissions by sources are
calculated multiplying the energy
consumption  by  source  by  their  emission
factor. The CO2 emissions are only
calculated  for  three  components,  the  gas
boilers of TB, the heat pump of EB and the
LTS  (which  actually  represents  the  CO2
emissions due to the electric heat pump
associated to the LTS to boost the
temperatures to the required level of the
buildings).  The  other  components  are
assumed to be CO2 neutral

total CO2 emissions per energy demand
(CO2tons/MWh demand)

Total CO2 emissions per energy demand is
calculated  summing  CO2  emissions  by
source and divided by the total energy
demand.

Economic metrics
Operational costs by source (€) Operational costs by sources are calculated

multiplying the energy consumption by
source by their cost factor. The operational
costs  are  only  calculated  for  four
components, the DH of Vienna (actually the
price of the heat sold by the DH of Vienna
operators),  the  gas  boilers  of  TB,  the  heat
pump  of  EB  and  the  LTS  (which  actually
represents the operational costs due to the
electric heat pump associated to the LTS to
boost the temperatures to the required level
of the buildings). The other components are
assumed to have no operational costs.

Total operational costs per energy demand
(€/MWh Demand)

Total operational costs per energy demand
is  calculated  summing  operational  cost  by
source and divided by the total energy
demand.

Table 2. Key performance indicators for the Vienna study case.
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1.1.1.4. Expected results
The expected results are that the recover the waste heat from RTA will allow to reduce the primary
energy consumption, reduce the CO2 emissions and reduce the operational cost to cover the heat
demand of the office buildings (EB, TB, FB and AB).
The inclusion of thermal storages into the district heating network will avoid the mismatch between
waste heat production and energy demand from the buildings increasing the amount of heat which
can be recovered from RTA. The waste heat recovered from RTA has a wide range of temperatures.
Therefore, it will be necessary to have to HTS (water tank) and LTS (ground heat exchanger) being
necessary for the last type of thermal storage the use of a heat to boost temperature to achieve the
temperature level to heat office buildings.
In the Vienna study case as one of the main restriction was that two of the building (ENERGYbase
and FUTUREbase) are passive building with low heat demand. An additional building will increase
the heat demand and increase the performance of all the system.

1.1.1.5. Results
Table 2 show the energy supplied (MWh) by each source for the scenarios. Some assumptions were
made for these calculations. In the high temperature storage column, only the energy that comes
from RTA is considered. In the low temperature storage column, the heat supplied by the LTS to
the HTS are considered. The network column considers the contribution from HTS, LTS, EB, TB,
DH of Vienna. The two storages are considered to have no primary energy use, no CO2 emissions
and no operational costs. The column Solar Panels represents the heat consumed by EB coming
from the solar panels not the total heat produced by the solar panels.

Table 3 Energy supplied (MWh) by each source for the scenarios.
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When comparing the scenarios 1 to 12 with the REF 1, some general tendencies can be noticed. In all
the scenarios, except the three last ones (SC10, SC 11, SC 12), the boiler production is more important
than in the scenario REF1, due to the fact that in these scenarios, the boilers supply heat to TB and
to the network, whereas in the scenario REF1 as no network exists, the boilers just produce heat for
TB. For all the scenarios, the heat pump production as well as the solar production is quite stable,
because they are used in priority to satisfy EB needs. When involved in the network, the LTS
contribution is steady (SC 3 to SC12), except in the sc10 where it has a higher contribution and all
the other sources have a smaller contribution.
Similarly, when comparing the scenarios 13 to 24 with the REF 2, general conclusions can be
underlined. The heat pump production in all the scenarios is reduced to almost nothing compared
to the scenario REF2. The boilers and solar production is quite stable among all the scenarios. The
contribution from the main DH of Vienna is slightly varying around 743MWh for the sc16 to sc24,
however in the first three scenarios it is more used because of the increased heat demand (4
buildings)  and  due  to  the  fact  that  there  is  no  LTS.  The  HTS  is  contributing  for  approximately
185MWh in the sc13, 14 and 15, when the LTS is added, the HTS is almost not used anymore. The
LTS is supplying the most the network in the sc16, 17 and 18, when the HTS is at its minimum size
and there is no connection to the main DH of Vienna.
Table 3 present the annual CO2 emission of each source for the scenarios. The CO2 emissions are
only calculated for three components, the gas boilers of TB, the heat pump of EB and the LTS (which
actually represents the CO2 emissions due to the electric heat pump associated to the LTS to boost
the temperatures to the required level of the buildings). The other components are assumed to be
CO2 neutral.

Table 4: CO2 emissions (tons) of each source for the scenarios
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The two set of scenarios present here results quite different. Indeed, for the first set of scenarios (SC1
to SC12) most of the CO2 emissions are due to the gas boilers production and approximately 30% of
the CO2 emissions are due to the operation of the LTS (actually because of the heat pump booster
coupled  to  the  LTS).  The  CO2  emissions  due  to  the  heat  pump  in  the  scenario  REF1,  67t  are
drastically cut down to around 12t in the other scenarios, but replaced by the CO2 emissions from
the operation of the LTS.
In the second set of scenarios, in the REF2, 62% of the CO2 emissions are due to the boilers of TB
and 38% due to the heat pump of the EB, FB and Additional building. In the SC13, SC 14 and SC 15,
where no LTS is involved, only the boilers cause the CO2 emissions. In the following scenarios, the
CO2 emissions are  essentially  due to  the operation of  the  LTS (in  reality,  the  heat  pump booster
coupled to it) up to 64% and the gas boilers up to 36%.
Operational costs (€) of each source for the scenarios is presented in Table 4. The operational costs
are only calculated for four components, the DH of Vienna (actually the price of the heat sold by the
DH of Vienna operators), the gas boilers of TB, the heat pump of EB and the LTS (which actually
represents the operational costs due to the electric heat pump associated to the LTS to boost the
temperatures to the required level of the buildings). The other components are assumed to have no
operational costs.

Table 5: Operational costs (€) of each source for all the scenarios.

In REF1 and REF2, the costs are composed of the costs of the heat pumps and the costs of the gas
boilers, with a similar share 80% - 20%. As expected for the first set of scenarios, the main part of
the costs is due to the gas boilers of TB, the LTS contribute to the costs only for a very minor part of
7%. The costs of the heat pump are negligible (1% of the total costs for each scenario). In the second



CITYOPT D4.1  15

18 May 2015

set of scenarios, the DH of Vienna is responsible for most of the costs, between 67% - 75%. The gas
boilers are then costing 23% to 28% of the total costs. When the LTS is part of the network, its
operation especially the operation of its coupled heat pump booster costs between 6% - 9% of the
total costs.
In REF1 and REF2, the costs are composed of the costs of the heat pumps and the costs of the gas
boilers, with a similar share 80% - 20%. As expected for the first set of scenarios, the main part of
the costs is due to the gas boilers of TB, the LTS contribute to the costs only for a very minor part of
7%. The costs of the heat pump are negligible (1% of the total costs for each scenario). In the second
set of scenarios, the DH of Vienna is responsible for most of the costs, between 67% to 75%. The gas
boilers are then costing 23% to 28% of the total costs. When the LTS is part of the network, its
operation especially the operation of its coupled heat pump booster costs between 6% to 9% of the
total costs.
Table 5 and Table 6 present the total Primary Energy consumed (MWh), the total CO2 emissions
(tons/MWh of demand) and the total operational costs (€/MWh demand). In each table, the best
values (respectively worst) are highlighted in green (respectively red).
Considering only the first block of scenarios, SC2 with a 100 m3 HTS and no LTS is the less primary
energy demanding scenario, but also the scenario responsible for the least CO2 emissions. Although
it is cheaper than the scenario REF1 (55€/MWh), the SC1 is the most expensive scenario with
53€/MWh. The SC10 has this particularity to use the most primary energy and so to emit the most
CO2, but it is at the same time the cheapest one, with 46€/MWh.
Regarding now the second block of scenarios, the SC15, with HTS of 100 m3 and no LTS is the least
demanding in terms of primary energy and CO2 emissions. The SC13 is the most expensive scenario,
with 54€/MWh, which is even more expensive than the scenario REF2 (49€/MWh). The SC19 with
HTS  of  100  m3 and  a  LTS  of  1960  m3 needs  the  most  primary  energy  and  emits  the  most  CO2
emissions, but is the cheapest one, with 45€/MWh.

Table 6: Energy, environmental and economic metrics for the variants of the reference scenario 2.
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Table 7: Energy, environmental and economic metrics for the variants of the reference scenario 1.

1.1.1.6. Results analysis – Synthesis and conclusions
The CITYOPT Planning tool allowed simulating various scenarios, calculating specific KPI (energy,
environmental and economic KPI) and finding the best scenario among the scenarios simulated,
through a Database Search Algorithm. The Vienna study case was evaluated through the CITYOPT
Planning tool. The results can help decision makers to get a better understanding of the situation
and some key metrics together with the optimization results can be useful to make a decision
according to specific criteria.
As the overall model of the Vienna study case was quite detailed and runs on heavy simulations, a
limited number of simulations were run in CITYOPT, resulting to a limited amount of results. The
optimization carried out, a database search, gave back some best scenarios according to either
Primary energy consumed or CO2 emissions or operational costs. The results are consistent;
however, the best scenarios are actually the best scenarios among all the scenarios simulated and
maybe not the optimal scenarios.
The analysis of the results from the simulations of the Vienna study case in CITYOPT, indicate that
the best scenario, no matter the reference case chosen, is never the same if only the costs are
considered or if only the Primary energy and CO2 emissions are considered. In case that only the
metrics Primary energy and CO2 emissions are taken into account, then the best scenario, for each
reference REF1 and REF2, is a scenario that does not imply the LTS, but only the HTS: 100m3 when
3 buildings are considered and 150 m3 when 4 buildings are considered. For the point of view of the
cost, this means considering only the metric Costs, then the best scenario involves a 1960 m3 LTS
and  a  150  m3 or  100  m3 HTS.  For  both  cases  (only  3  buildings  involved  or  4  buildings  and  a
connection to the main DH of Vienna), the best scenario in terms of operational costs is also the
worst scenario in terms of Primary energy used and CO2 emissions.
The use of high temperature storage alone, for industrial waste heat, is not economically feasible, if
its capacity is limited, because this leads to high operational costs due to the gas boilers use, making
the all investment non-profitable. A low temperature storage allows using a high share of waste heat,
has low operational costs but generates non-negligible CO2 due to the need of a heat pump booster
to raise up the temperatures to the level required by the customers. A simple economic analysis
shows that cases with a LTS and a HTS can pay off, but only on a long-term period.
At first glance, the replicability of the Vienna study case can seem limited, because of the limited
number of customers and all its specificities, but considering all the different combinations possible
in this case, the flexibility of the APROS models and all the challenges it addresses, such as
fluctuating energy supply, low-temperatures, integration of new buildings, this Vienna study case
can be scaled up and suitable for many other cases.

1.1.2. Helsinki Östersundom Pilot
few words about Östersundom case here; general description + schematic figure; copy paste from
D3.5?
The Östersundom pilot focused on energy solutions mainly in heating for the district of
Östersundom. The district is in planning phase and with CITYOPT Planning Tool several scenarios
and different solutions were tested. The main goal with Östersundom district is to have a sustainable
district and this was simulated by applying solar thermal collectors coupled with thermal storages to
cover  heat  demand  and  PV  panels  to  cover  some  of  the  electricity  demand.  With  the  CITYOPT
Planning Tool the optimal configurations of these components were searched. The geographical
layout of the district is shown in Figure 3.
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Figure 3. Layout of the Östersundom model and its components.

1.1.2.1. Aim of the use of the planning tool

The CITYOPT Planning Tool in Östersundom district, which is currently at a planning phase, is used
to help estimate potential savings in terms of costs and emissions. The Planning Tool is used to model
efficient energy systems currently planned to be built in Östersundom. The usage of the Planning
Tool tests the tool’s usability and applicability in city planning.

The Planning Tool is used to show which are the optimal heat storage sizes and solar collector setups
for the district depending on the priority preferences of the user. The resulted metrics are selected
to support the city planners and architects and hence the solar collector and photovoltaic panels are
given in effective areas of square meters and storage capacities in volumes of cubic meters.

The Östersundom district is simulated with scenarios where the setups are determined by both
experts and genetic algorithm. A reference scenario in Östersundom case is a scenario with only CHP
plant producing heat and electricity for the district. Other scenarios generated by experts and GA are
compared to the reference scenario to conclude the potential savings in energy use, emissions and
costs that alternative ways of energy production can offer. The alternative ways of covering the
energy demand in the district are solar energy production for electricity and heat as well as thermal
storages to support solar thermal production.  The results from using planning tool in these different
scenarios enable the determination of the KPI’s in Östersundom Pilot and support decision makers
and planners in selecting the form of energy production and optimizing the energy system in terms
of costs and emissions. The two different methods in selecting the simulated scenarios are also giving
valuable information of the tool’s capability and powerfulness in finding efficient energy systems.

1.1.2.2. Scenarios
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The Östersundom district is simulated with basic scenario, six user-determined scenarios and
scenarios by genetic algorithm. Genetic algorithm creates generations from which it optimizes based
on energy costs and CO2 emissions and continues to generate new generations improving the results
along  the  simulation.  The  optimization  algorithm  was  left  to  run  for  four  hours  during  which  it
completed 1840 different scenarios from where twelve most optimal scenarios were selected. The
selected scenarios from genetic optimization are configured with varying sizes of distributed
photovoltaic panels, solar heat collectors and heat storages.

User-determined scenarios
The user-determined scenarios are:

A centralized 27 MW photovoltaic plant with total panel area of 146 000 m2 and no storage.
A centralized solar heat plant with total panel area of 146 000 m2 and storage capacity of
volume 3 000 m3.
A centralized solar heat plant with total panel area of 146 000 m2 and storage capacity of
volume 10 000 m3.
A centralized solar heat plant with total panel area of 146 000 m2 and storage capacity of
volume 75 000 m3.
Distributed solar heat production with panel area of 5 %/2.5 % of available floor area in the
district’s different urban areas and no storage.
Distributed solar heat production with panel area and storage capacity of 5 %/2.5 % of
available floor area in the district’s different urban areas.

Genetic optimization
The scenarios resulted from genetic optimization are:

Distributed electricity and heat production with total panel area of 215 369 m2 and
distributed energy storage 219 990 m3.
Distributed electricity and heat production with total panel area of 224 122 m2 and
distributed energy storage 215 761 m3.
Distributed electricity and heat production with total panel area of 237 758 m2 and
distributed energy storage 204 704 m3.
Distributed electricity and heat production with total panel area of 215 328 m2 and
distributed energy storage 213 164 m3.
Distributed electricity and heat production with total panel area of 204 784 m2 and
distributed energy storage 218 632 m3.
Distributed electricity and heat production with total panel area of 205 308 m2 and
distributed energy storage 205 448 m3.
Distributed electricity and heat production with total panel area of 202 390 m2 and
distributed energy storage 198 512 m3.
Distributed electricity and heat production with total panel area of 185 501 m2 and distributed
energy storage 210 563 m3.
Distributed electricity and heat production with total panel area of 232 129 m2 and
distributed energy storage 182 564 m3.
Distributed electricity and heat production with total panel area of 219 715 m2 and distributed
energy storage 203 023 m3.
Distributed electricity and heat production with total panel area of 246 388 m2 and
distributed energy storage 201 999 m3.
Distributed electricity and heat production with total panel area of 169 835 m2 and
distributed energy storage 191 768 m3.

1.1.2.3. Considerations about the calculation of KPI

The key performance indicators are used for comparing simulated scenario result and eventually to
grade the optimal heat storages’ sizes and their placements. The energy system’s performance is
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analysed based on monetary compensation and energy savings. In addition, the CO2 reduction is
important key performance indicator and it is included in the analysis. The KPI’s are calculated from
the optimization results of the Planning Tool and an explanation of each studied KPI is provided in
Table 7 below.

KPI for energy Information and explanation for the
calculation

Optimal capacity thermal storage (m3) Optimal capacity of thermal storage is
related to the solar thermal production and
it is an output parameter from the CITYOPT
Planning Tool. The optimal storage capacity
is  given as a total  capacity combined from
all  of  the  14  urban  areas  in  Östersundom
district.

Location of optimal thermal storage
(coordinates on the case area)

The  district  is  divided  into  14  urban  areas
each of which have different amounts of
floor area and hence different energy
demand.  The  optimal  location  of  the
thermal storage is determined from the
thermal energy production capacity of the
area and the consumption demand.

Savings in primary energy from thermal
storage capacity compared to case where no
capacity is being applied (%)

The  thermal  storage  capacity  adds  the
usability of the thermal energy source. The
savings in conventional power generation
due to added solar thermal production and
storage are calculated by comparing
optimized scenarios to basic scenario.

KPI for CO2 emission Information and explanation for the
calculation

CO2 reduction (kilotons/a) The impact of solar thermal production and
storage possibility to CO2 emissions is
calculated by comparing simulated
scenarios to basic scenario with only
conventional power generation in CHP
power plant.

Economic metrics Information and explanation for the
calculation

Monetary compensation (€) The effect on yearly energy costs is
calculated  by  comparing  energy  costs  of
conventional power generation to energy
costs of power generation by renewable
energy sources.

Table 8. Key performance indicators of Östersundom pilot.

1.1.2.4. Expected results
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It is expected that renewable energy production is in general more expensive but on the other hand
less polluting compared to energy production in CHP power plant. It is also foreseen that storage
capacity adds the usability of the renewable energy since solar energy production is weather
dependent and usually unpredictable. The added storage capacity is also expected to decrease the
CO2 emissions to a certain level since it will enable further utilization of renewable energy (solar
thermal). The user-determined scenarios are selected by experts and hence they are expected to
result in energy efficient systems.
With the use of the CITYOPT Planning Tool it is expected to achieve guidelines and several energy
efficient scenarios for the future Östersundom district. Since the district is complex in terms of
several different building types and varying energy demands it is not expected to be able to plan the
district based on current available information but to be able to improve simulation results when
more details are known.

1.1.2.5. Results

The results from the simulated scenarios described in Chapter 1.1.2.2 are listed in tables Table 9 and
Table  10.  The yearly  energy costs  (€)  and CO2 emissions (kilotons/a)  are  compared in  the tables
where scenarios with varying solar collector and photovoltaic panel areas as well as storage
capacities. The panel capacities are reported in areas of square meters to be better suited for
architects and city planners who are the potential users of the tool in the future. The panel areas can
be  converted  to  nominal  production  powers  by  multiplying  the  area  by  0,14  kW/m2. The basic
scenario is the reference scenario where no renewable energy production has been added.
The KPI’s of the Östersundom case are calculated from the CITYOPT Planning Tool results. Results
are based on the external parameters (prices and CO2 emission factors), energy system parameter
setting in the simulation model, optimization boundaries and calculation order described in
Deliverable 3.1 Helsinki Demonstration. The KPI’s are represented in Table 11.

Scenario
Energy
costs
 (€/a)

CO2
emissions
(kilotons/a)

PV area
total
(m2)

Solar
collector
area
total
(m2)

Storage
volume
total
(m3)

CHP
capacity
heat
(kW)

CHP
capacity
electricity
(kW)

Basic
scenario
(only CHP) 27 241 166 91,1 0 0 0 100 000 30 000

Centralized
PV Park 25 048 265 80,1 146 000 0 0 100 000 30 000
Centralized
Solar Heating
with Storage 29 281 042 89,5 0 146 000 3 000 100 000 30 000

Centralized
Solar Heating
with Big
Storage

29 263 341 88,8 0 146 000 10 000 100 000 30 000

Centralized
Solar Heating
with Huge
Storage

29 570 845 85,1 0 146 000 75 000 100 000 30 000

Decentralized
Solar Heating 27 848 250 90,1 0 54 275 0 100 000 30 000
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Decentralized
Solar Heating
and Storage 27 695 080 88,7 0 54 275 7 948 100 000 30 000

Table 9. Results from user-determined scenarios

Genetic
optimization

Energy
Costs
(€/a)

CO2
emissions
(kilotons/a)

PV area
total
(m2)

Solar
collector
area
total
(m2)

Storage
volume
total
(m3)

CHP
capacity
heat
(kW)

CHP
capacity
electricity
(kW)

1 22 592
647 61,7 188 659 26 710 219 990 18 274 6 091

2 23 283
392 62,0 164 085 60 037 215 761 19 885 6 628

3 23 172 237 62,2 173 301 64 457 204 704 17 815 5 938

4 22 814
496 62,7 187 287 28 041 213 164 19 766 6 589

5 22 971 166 62,9 166 132 38 652 218 632 19 718 6 573

6 22 601 141 63,2 162 528 42 780 205 448 11 625 3 875

7 22 620
660 63,7 158 597 43 793 198 512 11 669 3 890

8 22 684
947 63,7 142 379 43 122 210 563 11 346 3 782

9 22 736
977 63,6 164 736 67 393 182 564 11 672 3 891

10 23 075
850 63,4 162 133 57 582 203 023 19 748 6 583

11 23 568
659 63,1 168 725 77 663 201 999 19 858 6 619

12 22 622 811 64,5 142 412 27 423 191 768 18 764 6 255

Table 10. Results from genetic optimization
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KPI for energy Calculation result of the KPI
Optimal capacity thermal storage (m3) The  storage  volume  ranged  from  180 000

m3 to 220 000 m3 for  the  best  scenarios.
This implicates that thermal storage would
be  potential  in  the  area.  Furthermore,  the
results suggest that thermal storage
capacity  as  well  as  solar  heat  is  to  be
decentralized. There was no specific ratio
for these since the energy profile of every
district was different.

Location of optimal thermal storage
(coordinates on the case area)

Since  the  whole  Östersundom  area  is
divided into smaller districts, each district
contains different energy solar thermal
capacity and thermal storage capacity. The
results showed that thermal heating and
storage resulted more optimal systems
when distributing the capacity across the
district in sub-areas (14 smaller areas)
instead of centralizing it.

Savings in primary energy from thermal
storage capacity compared to case where no
capacity is being applied (%)

The  effect  of  thermal  storage  and  solar
collectors can be seen from the reduction of
CHP  capacity.  In  the  best  scenarios  (in
terms  of  economy  and  emissions)  the
reduction  of  CHP  capacity  would  be
reduced to a 10 - 20 % compared to the basic
scenario (in basic scenario no renewable
energy  and  thermal  storage,  CHP  100  kW
thermal power). The same ratio applies also
for the primary energy reduction.

KPI for CO2 emission Calculation result of the KPI
CO2 reduction (kilotons/a) The  CO2  emissions  of  the  basic  scenario

were 91 kilotons/a while the corresponding
amount  was  61,7  -  64,5  kilotons/a  in  the
best GA-optimized scenarios.

Economic metrics Calculation result of the KPI
Monetary compensation (€) The total energy costs of the Östersundom

district  were  reduced  to  22,6  -  23,6  M€/a
(14 -17 %) compared to reference scenario
where  the  energy  was  produced  in  CHP
plant instead of renewable energy sources.

Table 11. KPI’s calculated from Östersundom simulation results

1.1.2.6. Results analysis

Based on GA-optimization results the lowest environmental impact is achieved with high share of
renewables. A high share of solar thermal production capacity combined with thermal storage could
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replace  the  CHP  heating  power  demand  and  is  suggestable  by  the  results.  However,  all  the  best
scenarios contained also a large number of photovoltaic panels ranging from 20 MW to 27 MW of
production capacity (panel area 140 000 - 190 000 m2) which shows that also solar PV production
would affect the CHP capacity reduction.

Furthermore, it can be calculated from the results presented in Table 9 that the ratio of storage
capacity to PV panels is around 1,16 to 1,48 in the genetic algorithm’s best scenarios. This might be
related to the fact that the CHP plant produces both heat and electricity. This means that the
electricity production capacity needs to be compensated in case heating capacity is being replaced
by solar thermal production. One alternative would be to compensate needed electricity from the
grid, but in this case, it seemed to be more expensive option than adding solar photovoltaic panels.
This could be a critical number but has to be verified through other similar projects in order to find
a proper correlation in Finland.

The scenarios defined by experts were found to be more expensive and results in higher CO2
emission compared to the scenarios found by genetic optimization. This is one indicator of the
powerfulness of the genetic optimization. The main difference between GA-scenarios and user-
determined scenarios is that genetic optimization generates widely distributed production and
storage scenarios whereas the experts using the Planning Tool created scenarios mainly with
centralized production and storage.

The user-determined scenario of decentralized solar heat production compared to the same setting
with added decentralized storage proves the value of the storage. The integrated distributed storage
capacity results to CO2 emissions decrease by 1,6 %. In addition, a decrease in yearly energy costs
can be seen. A common conclusion based on the two approaches, genetic and user-determined, is
that distributed solar energy production combined with storage capacity is more environmentally
friendly and when optimized wisely also costs can be reduced.

Results from the best GA-optimization scenarios shows that renewables would be profitable in terms
of both costs and CO2 emission. Costs would be reduced by 14 - 17 % while the CO2 emissions would
be reduced by 29 - 32 %. Half the user-determined scenarios generated during the workshop resulted
in higher costs than the reference basic scenario even though renewables were added. This suggest
that renewable energy production and thermal storage capacity can become beneficial once the
capacity is properly dimensioned and distributed within the area. This in turn demonstrates the
advantage of the CITYOPT Planning Tool: computerized assistance is a quick way to find good
options when the combinations are many. See Figure 4 for more details.
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However, there are also disadvantages since the simulation results are highly dependent on the
accuracy of the input data. In Östersundom case the input data such as prices and emissions factors
could vary with time or technology which could affect the outcomes radically. Sensitivity analyses
could be made, however, with the risk that the outcomes could be contradictive and no conclusions
could be made. Furthermore, the Östersundom area will be developed over tens of years which
means that factors such as urban plans, prices, technology and KPI’s are likely to change over that
time. Such dynamics might not be possible to integrate into simulation models with high accuracy
which in turn would make results from optimisations questionable.

As a conclusion, system optimisation in urban planning would not be beneficial. Instead,
optimisation would be more effective for finding solutions for existing urban areas or existing energy
systems such as expansion, control strategy, finding business opportunities etc., where more
parameters are known.

Figure 4. Results from scenarios generated by the genetic algorithm, user-determined scenarios are
within the encircled area.
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1.1.3. Helsinki Kalasatama Pilot
Kalasatama pilot focuses on finding feasible and profitable energy solutions in urban district where
the main focus was in electricity solutions. The urban areas have potential to increase renewable
energy share and considering Kalasatama the photovoltaic electricity production was modelled and
simulated. With Kalasatama Pilot the aim was to find the optimal setup of PV panels and electrical
energy storage capacity when minimizing costs and emissions of the energy system.

1.1.3.1. Aim of the use of the planning tool

In the Kalasatama Pilot the CITYOPT Planning Tool is used to evaluate two different electricity
storage solutions coupled with solar electricity production of PV panels. The particular attention was
in the sizing of the storage capacity and the PV panel production capacity as well as in the feasible
placement of the solution, whether to have it inside the building behind the meter or grid connected.
The district is simulated with centralized and decentralized electrical energy storage options with
integrated production from photovoltaic. The simulations aim to find the optimal configuration
considering costs and CO2 emissions. Different consumption profiles are used to point out where
the electrical energy storages are best suited. Consumption profiles of office building, residential and
commercial buildings are used in simulations of distributed energy system whereas a consumption
profile of combined office, residential and commercial building is used in simulations of centralized
energy system.

1.1.3.2. Scenarios

The Kalasatama district is modelled in two scenarios with centralized and decentralized
consumption, production and storage. The energy costs and profitability, CO2 emissions and solar
fractions are simulated for systems with varying production and storage capacity. The simulation
model calculates the charge-discharge cycles of the battery to give information also on the usability
and degradation (based on load/discharge cycles) of the battery capacity. In the Kalasatama
simulation model it is possible to determine the consumption profile to be either housing, office,
shop or a combination of these. The storage placement is also optional and can be selected
independently to each building type or centralize it to one combined living and shopping centre.

The building offering private homes, office premises and shops is modelled to have own photovoltaic
production paired with electrical energy storage. The battery energy storage is modelled to do local
optimization to smoothen the production and allow flexible use of electricity with different
consumption needs.

Another point of view in the model is to distribute the production and storage into different building
types separately built. Simulation model models the differences between the buildings in their need
of storage capacity when coupled with production.

The simulation model describes the utilization rate of the battery in each scenario and allows to study
the feasibility and business potential of centralized and decentralized energy systems. The energy
systems are integrated into the consumption within the building to avoid the non-profitable markets
in electrical energy storage. The simulation model takes into account the current electricity market
position where the purchaser pays taxes and transfer among the electricity when energy is
transferred in the electricity grid.

The uncertain policies of electrical energy storages and the immaterial nature of electricity are the
reason why grid-scale energy storages are used to support and stabilize the grid instead of offering
value to individual customers in the grid’s customer end. The situation is also taken into account in
Kalasatama model where the potential of renewable energy production and energy storage is only
simulated from the dweller’s perspective with building integrated storage. The review of grid-scale
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battery energy storage is studied in literature review and the studied cases in grid support are
frequency and voltage regulation.

1.1.3.3. Considerations about the calculation of KPI

The key performance indicators are related to the usability of the Battery Energy Storage System,
BESS, and its capacity degradation from which the lifetime of the energy system can be concluded.
The energy system performance is also analysed based on energy savings and monetary
compensation. In addition, the CO2 reduction is important key performance indicator and it is
included in the analysis. An explanation of studied KPI’s is provided in Table 11.

KPI for energy Information and explanation for the
calculation

Usability of the BESS The usability of the BESS is calculated as an
activation time in each simulated scenario.
The usability gives information about other
possible functionalities that could be added
to give more value to the purchase.

Conventional reserve power reduction (%) This is a measure describing how much self-
produced energy can be consumed instead
of  purchasing  energy  that  is  produced  in
conventional power plant.

Degradation of capacity (%/a) The battery’s available capacity decreases
with  increasing  number  of  charge-
discharge cycles. The degradation of
capacity describes how fast and how much
the capacity degrades.

KPI for CO2 emission Information and explanation for the
calculation

CO2 reduction (tonne/a) By increasing the share of solar energy, this
CO2 emission number decreases. This KPI
describes the amount of  CO2 emissions to
be  decreased  by  photovoltaic  panels  and
battery energy storage.

Economic metrics Information and explanation for the
calculation

Monetary compensation (€/a) Monetary compensation is achieved by
avoiding the tax treatment of electricity
transferred in the grid. Additional
monetary compensation can be achieved by
participating to different ancillary markets
provided by TSO as well  as  by selling self-
produced solar energy from PV panels and
battery. The compensation depends on the
available capacity and time to offer services
with the battery.

Cost structure Based on the cost structure it is possible to
determine pay-back time and overall
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viability of energy system with battery
energy  storage.   The  cost  structure  of  the
energy system consists of energy costs,
panel purchase costs and battery purchase
costs.

Table 12. Key performance indicators of Kalasatama pilot.

1.1.3.4. Expected results

It is expected that centralized large-scale battery is more cost effective and environmentally friendly
since it can increase its viability by sharing costs among several investors and store larger amounts
of energy. The solar fraction is expected to increase when the energy storage capacity is increased.
This is also expected to result in lower CO2 emissions due to the higher share of renewable usage. It
has been realized that battery energy storage systems are not yet cost effective since the value of
current functionalities makes the investment cost high and furthermore results to long payback
times. To result in profitable business, multiple functionalities need to be combined in an operation
of single battery: transition towards this has started and the specific markets to realize the potential
of batteries are being created. To best respond to the sudden peaks of power with battery energy
storages instead of generators the system capacity and location has to be selected considering the
needs. These ancillary services will be included in the simulation model in the future release of the
Planning Tool. With the current control logic of photovoltaic optimization only results considering
PV optimization can be achieved. This in mind the optimal placing and sizing are expected as a result
with respect to costs and emissions.

There might also be a chance that if the battery is used only for storing excess solar electricity
production, the battery would be unnecessary in terms of economical profit. Since the investment
cost of installed system per kWh of storage capacity would be around 350 €/a and the electricity
price is roughly 0,10 €/kWh the battery would need to store at least 3500 kWh/a in order to match
its costs. This in turn would mean that the battery would be active roughly 7000 hours (charge +
discharge) of 8760 hours in a year which is most unlikely. Such a high rate of charge and discharge
cycles also degrades the battery capacity and shortens its expected lifetime. Other means to use the
battery would be necessary to make it profitable with sustainable operation. Creating profitable
business would also be supported by decreasing the investment cost in the future.

1.1.3.5. Results

The results from building integrated PV and battery energy storage systems in photovoltaic
optimization are provided from the calculations of the CITYOPT Planning Tool results. The GA-
optimization results are presented in Table 12. The KPI’s are calculated for the simulated scenarios
when compared to basic scenario with no renewable production or storage opportunity. The KPI
results are reported in Table 13.

Kalasatama GA-optimization results
Basic scenario

OFFICE COMMERCIAL RESIDENTIAL DECENTRALIZED
(Sum) CENTRALIZED

Energy demand
(kWh)

620
544 1 605 738 1 153 501 3 379 783 3 379 739

CO2 (tons/a) 137 353 254 744 744
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Costs (€) 65 157 160 684 112 137 337 978 337 978
Pareto (Cost & CO2) Best Costs

OFFICE COMMERCIAL RESIDENTIAL DECENTRALIZED
(Sum) CENTRALIZED

PV East (kW) 9 11 5 25 17
PV South (kW) 51 92 32 175 159
PV West (kW) 7 8 1 16 40
PV Tilt (deg) 50 40 40 - 42
Battery
Capacity (kWh) 0 0 0 0 0

Net Demand
(kWh)

583
320 1 555 956 1 130 223 3 269 499 3 249 906

CO2 (tons/a) 128 342 249 719 715
Energy cost
balance (€) 63 963 159 161 111 268 334 392 330 256

Cost of bought
electricity (€) 61 385 155 462 109 748 326 595 321 616

Gain from sold
electricity (€) 102 741 0 843 0

Solar fraction
(%) 6,0 3,1 2,0 3,3 3,8

Pareto cases with all PV capacity South

OFFICE COMMERCIAL RESIDENTIAL DECENTRALIZED
(Sum) CENTRALIZED

PV East (kW) 0 0 0 0 0
PV South (kW) 67 111 38 216 216
PV West (kW) 0 0 0 0 0
PV Tilt (deg) 50 40 40 130 0
Battery
Capacity (kWh) 0 0 0 0 0

Net Demand
(kWh) 579 250 1 551 622 1 128 296 3 259 168 3 235 041

CO2 (tons/a) 127 341 248 717 712
Energy cost
balance (€) 63 372 158 740 111 065 333 177 328 685

Cost of bought
electricity (€) 60 821 155 098 109 545 325 465 320 045

Gain from sold
electricity (€) 129 799 0 928 0

Solar fraction
(%) 6,7 3,4 2,2 3,6 4,3

Table 13. Kalasatama simulation results from genetic algorithm optimization

KPI for energy Calculation result of the KPI
Usability of the BESS The solar production locally produced was

totally consumed which resulted the battery
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remaining un-used in photovoltaic
optimization.

Conventional reserve power reduction (%) The  conventional  power  reduction  due  to
self-produced solar energy ranged from 2 %
in  residential  to  6  %  in  office.  Further
improvements of <1 % in power reduction
were  achieved  when  all  of  the  solar  PV
panels were facing south.

Degradation of capacity (%/a) Since  the  battery  was  rarely  utilized  the
capacity did not degrade based on the
simulations. If other functionalities to offer
ancillary services were to be introduced the
degradation would need to be calculated
accordingly.

KPI for CO2 emission Calculation result of the KPI
CO2 reduction (tonne/a) With conventional electricity production,

the CO2 emissions were 744 tons/a whilst
in decentralized energy system the
emissions  were  719  tons/a  and  in
centralized energy system 715 tons/a.

Economic metrics Calculation result of the KPI
Monetary compensation (€/a) The monetary compensation of sold excess

solar electricity was few hundreds of euros
a year. For residential the savings were 0 €,
for office 129 € and for commercial 799 €.

Cost structure As an investment, the battery energy
storage  is  expensive  and  if  purchased  it
comprises major share in cost structure.
Due to low utilization rate and high
investment cost of the battery it was not
viable  to  add  storage  capacity.  In  the
simulated cases the cost structure of the
energy system consisted only of sold energy,
purchased  energy  and  investment  cost  of
photovoltaic plant.

Table 14. KPI’s calculated from Kalasatama simulation results

On the other hand, the grid scale battery energy storage at Fingrid’s markets was evaluated in Janne
Huvilinna’s Master’s thesis. In Finland, there are three different reserve markets: frequency
containment reserve (FCR), frequency restoration reserve (FRR) and replacement reserve (RR). The
thesis revealed that in the Finnish electricity markets the FCR market offers highest profits and
hourly markets even higher than yearly contracts (Huvilinna, 2015). Furthermore, the FCR-N,
normal market has higher value compared to FCR-D, disturbance market. The reserve market value
depends on the traded capacity and hence greater the available storage capacity the greater the
monetary compensation.

From Huvilinna’s calculations with an investment cost of 1.5 M€ of grid-scale battery (1,2 MW/600
kWh) participating only to FCR-N market, the calculated pay-back time based on the realised data
from 2014 is 15 years. A BESS operating in the FCR-N market is not directly related to the increased
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use of renewables but when used to support the grid’s frequency fluctuations for example due to
increased production capacity of renewables the BESS is indirectly affecting to total CO2 emissions.

Helen’s Suvilahti BESS at Kalasatama has strengthen the understanding of BESS value in fast reserve
markets. The battery is capable to respond to frequency fluctuations and to help to obtain the grid
stability. The usability of the BESS has however been altered by the occurred interruptions from
software’s control logic and during the test period the usability was 95 %.

The results from Kristiina Siilin’s thesis of feasibility study of utilizing distributed flow battery to
energy system with distributed photovoltaic production lead to a conclusion that if the energy
production exceeds the current consumption demand then the energy storage is valuable component
in increasing carbon neutral energy sources (Siilin, 2016). Hence the results indicate the same as
reported above: if there is use for the energy storage in the priority function, such as storing excess
photovoltaic production then the purchase can be justified but to increase its profitability other
functionalities has to be also introduced to the battery energy storage.

1.1.3.6. Results analysis

When thinking about complete Kalasatama district and its energy system the results from all of the
different studies carried out in the area need to be considered. To combine results from CITYOPT
Planning Tool simulations and Huvilinna’s thesis it can be concluded that with grid-scale battery
energy storage, for the best monetary compensation the FCR-N market is the most profitable market.
Although the payback time is relatively long, 15 years as calculated by Huvilinna. From the Planning
Tool simulations of photovoltaic optimization, it can be concluded that the single functionality does
not utilize the battery enough and hence lowers the profitability of the investment. Similar results
were achieved also in Siilin’s thesis. An obvious conclusion is hence that with current investment
costs of electrical energy storages compared to its different market values the investment cannot be
justified by its viability only from single functionality’s point of view.

To achieve even higher profits the battery is recommended to be used with complementary
functionalities such as frequency regulation, PV optimization, demand response or reactive power
compensation depending on the priority function. This principle is recommended both with grid-
scale and building-integrated batteries to benefit monetarily from the investment. The FCR-N
market displays a market risk due to the limited size of the reserve which makes it more beneficiary
to use the battery energy storage for multiple purposes. The multi-purpose use is supported also by
photovoltaic optimization point of view since the production concentrates only to sunny months of
the year.

If  the  photovoltaic  production is  very  limited and will  be  completely  consumed by the building’s
demand, as was the case with CITYOPT Planning Tool simulations, there is no need for additional
high cost energy storage. The energy system’s efficiency can be increased also with local photovoltaic
production without storage. This is an important result from the CITYOPT Planning Tool
optimization.

In city living as in Kalasatama the buildings are built upwards to increase the population density.
This means that the consumption of such buildings is increased but the utilizable roof-top area for
photovoltaic panels is decreased. In such cases as the Planning Tool simulations indicate the
available roof-top or wall area is recommended to be utilized by photovoltaic panels. This can lower
the CO2 emissions but also save money in electricity purchases. Based on the GA-optimization
results the emissions are decreased most when all of the panels are facing south.

In Kalasatama simulations the focus was to increase renewable energy sources and system efficiency.
Based on the simulations the maximum number of photovoltaic panels resulted in approximately 3
to 6 % share of consumed energy being produced locally and environmentally friendly. The Planning
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Tool simulation model needs to be detailed to cover more possible scenarios of future district’s
energy system. In future releases of the CITYOPT Planning Tool the energy storage’s added value
will be simulated to better understand other needs for storage (black outs, reactive power
compensation etc.) and the possibilities for profitable energy system scenarios.

At the moment, the Planning Tool was capable of presenting the obvious result which shows that the
simulation model is valid and functions correctly. A drawback is that more complex energy systems
and district structures cannot yet be simulated but when the model has been developed further it
will offer a useful tool in studying various possible scenarios for Kalasatama.

1.2. Social acceptance KPIs
Due to the limited number of potential users (the tool is supposed to be used by a limited number of
professionals) it was not possible to collect statistically relevant data on tool’s usage and user
satisfaction. Therefore, user’s acceptance of the CITYOPT Planning tool has been based on
qualitative research and focused on the assessment of the following usability measures.

KPI Information and explanation for the calculation
Learnability Learnability is defined as the capability of a software

product  to  enable  the  user  to  learn  how  to  use  it
(ISO/IEC 9126). It considers how easy it is for users to
perform relevant tasks at the first usage of the software.

Efficiency The efficiency measures the efforts required to perform a
specific task. Efficiency does not take into account the
first usage of the software, but refers instead to the
situation where users have learned the design.

Errors The number and gravity of errors performed during the
task  and  the  ease  to  recover  from  these  errors  gives  a
measure of the difficulty in using the application.

Satisfaction The  comfort  and  acceptability  of  use  as  reported  by
users.
This measure has been evaluated for the different kinds
of potential stakeholders.

Table 15. User acceptance KPI’s explanation from Kalasatama

The evaluation of these metrics has been conducted by user researchers and has been based on direct
observation of user’s interaction with the tool, as well as on direct users’ feedback and assessment.
The final evaluation on social acceptance of the Planning tool has been based on information
gathered from the whole demonstration period and from several final workshops with potential end-
users and stakeholders both in Vienna and Helsinki.
In particular, the main events that contribute to the user acceptance assessment has been:

Workshop with potential end-users in Helsinki (see Annex A section 5.1).
Testing sessions with potential end-users in Vienna (see Annex A section 5.4.1)
Workshop with stakeholders in Vienna (see Annex A section 5.4.2)

1.2.1. User acceptance evaluation in Helsinki

The user acceptance testing with potential end-users has been conducted in Helsinki by Experientia
and VTT on 18th May 2016 on a close-to-final version of the CITYOPT Planning tool.
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The workshop involved three participants, representative of three different user groups:
Energy providers (a representative of Helen)
External consultants (an external freelance consultant)
City planners (a representative of the City of Helsinki Planning Department)

Participants planned three different scenarios and simulated them using the CITYOPT tool.

KPI Information and explanation for the calculation
Learnability Due to the technical nature of the Planning tool, its learnability level

seems to be quite high. The first usage of the tool is not straightforward
and requires preliminary preparation (i.e. read instructions and follow
example tutorials). The learning curve seems to be also affected by the
high amount of information displayed at the same time, and filtering
the amount of information to show could improve it. In particular,
creating an optimisation set seems to be one of the most complex tasks.
However, the low learnability of the tool seems to be compensated by
its efficiency.

Efficiency Participants who had used the tool already in the past, didn’t encounter
major  problems  in  the  usage  of  the  tool.  Moreover,  participants
reported  that  after  having  used  the  tool  for  some times,  it  is  easy  to
perform the tasks and get the required results. Graphs made it easy to
interpret the results.

Errors No major errors have been observed during the usage of the tool. Minor
ones  were  due  to  repetitiveness  of  the  tasks  (e.g.  edit  long  lists  of
parameters), while others can be easily solved (e.g. not understanding
if data has been saved) by providing clearer UI elements. Participants
also reported that filling long lists of data makes it potentially easy to
make errors (e.g. filling the wrong row/column).

Satisfaction Different stakeholders reported different levels of satisfaction towards
the tool:
For city planners, the tool might be useful because it highlights the
required  number  of  solar  panels,  the  costs  and  the  CO2  emissions,
which  are  all  the  aspects  needed  by  the  city  planning  department  to
make decisions.
For the energy company, the tool might be useful to get an overview,
but  for  more  detailed  analysis  they  should  still  rely  on  different
software, likely a combination of several simulation tools.
External  consultants  might  be  interested  in  using  a  tool  like  the
CITYOPT Planning tool, especially because being released with an open
source license would make it  convenient.  However,  the possibility  to
use input data from other simulation tools would make the difference,
as consultants often rely on simpler (and cheaper) software solutions.
In general, participants agreed on the usefulness of the results provided
by the CITYOPT app, however, the efforts required for the initial setup
(creating  the  model)  might  be  too  much  for  small  projects.  For  this
reason, the CITYOPT tool seems to be more appropriate for large scale
scenarios, such as the Östersundom one under testing.

Table 16: Results about user acceptance, with reference to the reference KPIs.
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Some of the pain points elicited during the workshop have been fixed in a final release of the Planning
tool, while other points will be addressed in the exploitation plan. A description of the methodology
and the full workshop report is available in Annex 12.1 in deliverable report D 3.1 Helsinki
Demonstration.

Figure 5. The participants planning the
Östersundom scenarios.

Figure 6. One of the participants using the
CITYOPT planning tool to simulate a

scenario.

1.2.2. User acceptance evaluation in Vienna

In the Vienna study case, from the user acceptance, several interviews with energy engineers and
workshops with the stakeholders were performed. The participants were overall satisfied by the tool,
especially for the energy engineers, who see a large and handle application of it in their daily work
tasks. In particular, the tool is seen as a ready-to-use visual support for the first steps in decision
making process in energy modelling, given its features of envisioning and changing variables,
comparing different scenarios, and speeding up the initial evaluation process. Also from the point of
view of the stakeholders the tool was useful: by making explicit the economic and technical viabilities
of each potential scenario that their decisions may lead to, the tool can support them in managing
better and more efficiently innovative projects were the level of uncertainty is high and the broadness
of their choices in quite influential on a large scale.

Interviews with potential stakeholders took place in October 2016 and involved different typologies
of potential users or stakeholders:

AIT engineers, not involved in the previous CITYOPT research phases, but they represent
the perfect potential users of the CITYOPT Planning Tool.
Vienna’s pilot stakeholders, as the results provided by the CITYOPT Planning Tool could
influence their decision process.

For each of the above user segment, tailored research activities have been conducted.
Goals differ according to the different participants’ role:

For AIT engineers (individual interviews): evaluate tool’s ease of use, understand if the tasks
are conducted seamlessly or if usability issues or other barriers are detected, understand if the
tool provide the required information or which data is missing.
For Vienna’s pilot stakeholders (workshop): understand if tool’s results are meeting their
expectations, which improvements could make the results more interesting for their objectives,
and evaluate their interest in the tool.

In general, understand participants’ satisfaction level, doubts, concerns and expectations for future
releases of the tool and exploitation.
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KPI Explanation for the calculation
Learnability The  first  usage  of  the  tool  is  not  straightforward  and  requires

preliminary preparation (i.e. read instructions and follow example
tutorials),  mainly  because  the  navigation  is  still  fragmented  and
labels  do  not  provide  a  unique  interpretation  so  the  users  are  not
sure whether to go for implementing their commands. In particular,
it  seems  to  be  a  matter  of  visual  layout  (for  engineers,  already
experienced with modelling software usage).

Efficiency Participants reported that after having used the tool for some times,
it is easy to perform the tasks and get the required results. Graphs
and charts made it easy to interpret the results.

Errors No major  errors  have  been  observed  during  the  usage  of  the  tool.
Minor ones were due to repetitiveness of the tasks (e.g. edit long lists
of  parameters),  while  others  can  be  easily  solved  (e.g.  not
understanding  if  data  has  been  saved)  by  providing  clearer  UI
elements. Participants also reported that having not clear what was
the source model of data made it hard to know exactly which type of
expression/function was required.

Satisfaction Different stakeholders reported different levels of satisfaction
towards the tool:

- Potential users (AIT engineers)
- Vienna’s pilot stakeholders

The participants were overall satisfied by the tool, thanks to the high
potentiality  of  its  application  in  their  daily  work  tasks  (AIT
engineers).  In  particular,  the  tool  is  seen  as  a  ready-to-use  visual
support  for  the  first  steps  in  decision  making  process  in  energy
modelling, given its features of envisioning and changing variables,
comparing different scenarios, and speeding up the initial evaluation
process.

Table 17: Explanation of User Acceptance KPI in Helsinki

A description of the methodology and a full report and analysis of interviews and workshops with
potential users and stakeholders will be available in Annex 4.1 in this document, and in Annex 9.2
in deliverable report D3.3 Vienna Demonstration.
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2. OPERATIONAL TOOL EVALUATION
This chapter presents the results of the evaluation of the CITYOPT Operational Tool. CITYOPT
Operational Tool is an online application (Internet based) aiming to encourage energy savings
behaviour in a community of citizens. The application involves the community by load shedding's
solicitations. Savings realized by conscientious end users solicited are reallocated for the funding of
energy efficiency projects.
The evaluation is based on the calculation of the metrics that have been defined in WP1 Specification
(Deliverable report D1.5 List of key evaluation metrics). The evaluation of CITYOPT Operational tool
has been realized by a pilot implemented in Nice (France).

2.1. Economic and environmental evaluations
These evaluations concentrate on the environmental and on the economic impacts. Technical
recommendations about the implementation of the application and the improvement of
functionalities and specifications for a potential commercial deployment are provided in the
replication guidelines (d4.2).

2.1.1. Aim of the use of the operational tool
The Nice pilot case aims to encourage consumers to modify their electrical consumption habits by
differing (postponing or triggering) consumption for certain uses. This activation of flexibilities took
place during periods that were supposed to be critical for the power grid (national high power
demand or anticipation of flux reversals / voltage constraints), at time between 6PM-8PM.

Figure 7: Electricity grid schema

The objective of the operational tool is to reduce power demand on a local area at a certain time of
the day in a specific period.
In France, the main actors involved in the cycle of management of electricity are:

1. the electricity producer in charge of the generation of the electricity like EDF.
2. the transmission system operator (TSO) which is RTE.
3. the electricity distributor (DSO), ENEDIS (past name: ERDF).
4. the electricity supplier, which provides the electricity to the customers (ex. EDF, Direct

énergie).

This requirement is in the hands of RTE to reduce the costs of certifying the overall supply/demand
balance, the costs of managing the transmission network and possibly the risk of power outage.
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Reductions in power demand are therefore required upon the initiative of RTE the day before or with
notice of several hours in the case of unexpected events on the grid.

The operational tool experiments the flexibility of residential customers with a voluntary savings
offer. Indeed, the tool provides guidance for the community about electric appliances and a
solicitation to reduce their consumption for each peak alert by SMS and emails.

Participating customers agree to be involved to curtail between 6 and 8pm over a period of 6 months
during from November 2015 until December 2016, to generate a shift of the consumption.

These flexibilities are activated on day-ahead (D-1) by EDF using the alert administration tool.

In the context of the experimentations carried out in Nice, the calls for this flexibility have only been
done by EDF, which has used the Operational Tool to evaluate the acceptance of a community of
electric users involved in a challenge to support supply-demand balance requirements.

An objective of 25 days of load shedding was planned at the beginning of the project and accepted
(signature of an agreement) by the customers recruited in the project.

2.1.2. Scenario

The CITYOPT Operational Tool, supports a scenario of management of demand response with a
flexible solution to reduce the demand.
Aiming to reduce the demand of electricity at certain time because of the cost of production and
transport and also the limitation, the CITYOPT Operational tool offers an opportunity to reduce the
use of Combustion Turbine Generator (CTG) and by consequence to low the CO2 emissions.
For the scenario, EDF has assume that the hours of high use of the power generation capacity where
a marginal combustion turbine power plant would have been demanded is specified the previous day
for the following day by the dispatching center.

Electricity production must always be equal to the demand of the customers. To balance demand
Electric Power System uses extra generators also called CTG (combustion turbine generator).
The contribution of Operational Tool can become valuable for DSO/TSO only if the savings by the
community are guaranteed. In our experiment, we have evaluated the potential level of contribution
of the Operational Tool to the capacity market. It is important to mention that the reduction of the
investment in CTG will be possible only if there is a guarantee that energy is not used when the peak
happen  and  the  reduction  of  energy  used  by  the  CTG  (fuel)  can  be  taken  in  account  only  if  the
consumption is erased (no postponing of the consumption by the dweller after the peak).
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Figure 8: Simplified schema of the energy production

2.1.3. Considerations about the calculation of KPI

2.1.3.1. Environmental KPI
KPI Energy and CO2 are computed from real electric consumptions provided by LINKY smart
meters.
The result of the load shedding, have been calculated for each alert and for each household.
Sometimes the calculation could not be done due to an incomplete collect of data during alerts 1-4
and 18-25.
The statistic program of EDF has estimated the value of erasing (in Watts between 6 pm and 8 pm)
taking in account the baseline consumption of the customer usually monitored between 6pm and
8pm.

(a) Key value of the environmental evaluation
The value of CO2 emission avoided is based on an overall equivalence provided by RTE in 2014 which
is 40 gCO2 per KWH.

2.1.3.2. Economic KPI
In  order  to  provide  the  economic  evaluation,  the  results  provided  by  Nice  Grid  have  been  used,
making the assumption that the end users involved in the study case is significantly in the same
production consumption scenario than CITYOPT.

Electricity production must always be equal to the demand of the customers. To balance demand
Electric Power System uses extra generators also called CTG.

Besides, the value that can be obtained with the capacity value represents an energy reduction. Its
level depends on the guarantee of the possibility to reduce at any time (i.e. of the presence for every
hour  of  the  year  and  the  fact  that  the  customer  agrees  to  be  activated  at  any  time).  If  an  energy
reduction is possible and accepted throughout the year, the potential saving power will be eligible to
the capacity market and will reduce the investment costs in CTG, otherwise a share only will be
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eligible according to the guarantee it offers. This share will  be eligible to the reduction of the use
costs of CTG.
Economic KPI will concentrate on the evaluation on the costs of investment (KPI1) and use of CTG
(KPI2).

Regarding the energy capacity, we envision two possible use cases:

Use case 1) Control on the Demand by Operational Tool: The level of energy capacity is based on the
maximum level of consumption possible along the winter period thanks to the contribution of the
community of users involved with the CITYOPT operational tool.

With the assumption that CITYOPT Operational Tool is widely used by Electric Power System
customer, the CTG use can be reduced.

Use case 2) Control on the Demand by agreement: The level of energy capacity from the consumption
of the devices will be controlled remotely by the wired pilot (“fil pilote”). Mainly electric heating can
be controlled by such technology/service
If energy is moved (“rebound effect” scenario: the day after the peak), the postpone of the use of CTG
can happen. However, the study considers that the energy is totally saved thanks to the reliability of
the involvement of the community.

(a) Key values of the economic evaluation
From different studies and specifically GRID4EU project, in a future energy context (at 2030), in
line with the vision of European energy evolution1, the reduction in the means of production thanks
to the reduction of investment in CTG, is possible when the capacity of the energy is guaranteed.
Indeed, when the consumption is erased (electricity is not used at all at the moment of the peak and
after  the  peak)  we  can  assume  a  reduction  on  the  investment  of 40  €2 per  KW3 effectively
controllable4.

When the electric consumption benefits from a less expensive rate of production, we assume a
maximum benefit of 9 € per MWh shifted.

2.1.4. Expected results

Through the demand-response/load shedding mechanisms & associated user engagement
interfaces, it was estimated that CITYOPT could achieved a 10 to 15% energy consumption reduction
on the Nice pilot site location. This expected impact had to be entirely correlated to user behaviour
which had to be carefully monitored and assessed to ensure that CITYOPT provides meaningful
conclusions.

1 The vision of this energy context, declined at the France perimeter, corresponds to the scenario “New Mix” of
the Forecast Balance carried out by the French transmission system operator (RTE), http://www.rte-
france.com/sites/default/files/bilan_complet_2014.pdf
2 Based  on  a  maximum  gain  of  40€/kW,  assuming  that  the  format  tested  (taking  account  of  the  power
guarantee it obtains) in City Opt makes it possible to replace at most a marginal TAC 2/3 of time. Evaluation
in coherence with public studies (Report on the "Socio-Economic Valuation of Intelligent Electrical Networks",
RTE, July 2015, http://www.rte-france.com/fr/actualite/rte-et-ses-partenaires-publient-une-premiere-
evaluation -socio-economics-of-smart-grids)
3 This  value  amounts  to  linearizing  a  discrete  step  of  CTG  production.  In  order  to  simplify  the  evaluation
approach and calculate it per client, this seems acceptable. However, in reality, a substantial customer number
must be enrolled to ensure that this gain is effectively accessible (around 2.5 million of household with the
current specification of City OPT demonstrator).
4 By this term, we mean that the kW controlled is either permanently saved (the customer agrees to not use in
consumption at peak) or it is perfectly movable (consumption is deferred from a peak period to a period when
the system works without stress)
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On the economic side, in the D1.2 document (Business Model), it was planned to get 27 750
subscribers joining the CITYOPT community in the commercial version: which represents 10 % of
the potential customers of EDF on the NCA territory. The total savings (rewards) available represents
277 500 €, on which we need to subtract fix cost of personal and web hosting.

2.1.5. Results

2.1.5.1. Economic results

(a) KPI1: Reduce costs of investment in CTG
We assume that the capacity market is guaranteed by the control on the demand using experience of
savings with the Operational Tool (OT).
In this case, we consider a limited impact of the rebound effect after the peak.

Case 1: reduction of investment costs with Operational Tool
The next table displays the demand of 15 alerts using CITYOPT Operational Tool compared to the
planned demand which is calculated by EDF in advance for each days of the year.

Alerts CTG costs with CITYOPT
Operational Tool

CTG costs without CITYOPT
Operational Tool

5 53,7 72,0
6 68,1 99,1
7 58,9 71,2
8 56,0 71,5
9 31,0 47,1
10 35,5 43,7
11 69,4 91,5
12 58,2 79,5
13 53,8 60,5
14 64,1 85,0
15 48,1 65,9
16 57,3 71,8
17 44,2 55,1
18 21,6 26,7

Total 721,9 942,9

Table 18: difference of investment costs with CITYOPT Operational Tool (€).

The next figure shows the level of investment in CTG usually requested and what is potentially the
investment in CTG requested thanks to the use of the Operational Tool.
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Figure 9: Use of the CTG with/without CITYOPT Operational Tool (in Kw)

The following table estimates the potential reduction of CTG investment:

Gain by kw €40
Max power using CityOpt Operational
Tool

69.4 KW

Max power in current case 91.5 KW
Number of dwellings involved 137
Potential reduction of CTG
Investment

22.1 * 40 = 884 €
6.45 € per year per dwelling

(b) KPI 2: Reduce the costs of use of CTG
We consider a benefit from the electric consumption thanks to a less expensive rate of production.
This rate of

Case 2: Reduction of use costs of CTG thanks to Operational Tool

This calculation is based on the estimation of the reduction costs of the combustion of fuel for a
community of 137 dwellers during 15 peak alerts (30 hours).

Gain by kWh shifted in € 0,009
Total of kWh shifted by the community 563
Total of CTG consumption costs 5,06 €

0.3 € per year per dwelling

2.1.5.2. Environmental results

The calculation has been realized with 70 dwelling (instead of 137) where we had the surfaces, the
real electric consumptions and the number of persons belonging to the housing.

The CO2 emissions are avoided thanks to the reduction of use of CTG.

The following table estimates the CO2 avoided emissions thanks to the CITYOPT operational tools.
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Number of dwellings used in the sample (with
consolidated data)

70

Total of persons involved in the sample 169
Total kWh saved by the community sample 287,7
Equivalence CO2 per kWh 40 g CO2
Total square meters of the community 4964 sq. m
Total square meters heated of the community sample 4500 sq. m

The following table gives the detailed gain of kWh and CO2 erased thanks to CITYOPT operational
tool.

KPI KW saved CO2 avoided emissions
saved per person 1,7 kWh/person 68 g of CO2/person
saved per square meter 0,05 kWh/sq. m 2,3 g of CO2/sq. m
saved per heated square
meter (kWh/m2)

0,06 kWh/heated sq. m 2,5 g of CO2/heated sq. m

saved per dwelling 4,11 kWh/dwelling 164,4 g of CO2/dwelling

2.1.6. Results analysis

Reduction of cost of investment in CTG can be effective if there is a guarantee to reduce the use of
electricity.
The  reduction  of  CO2  emission  per  dwelling  during  the  six  months  of  the  study  is  11  g,  which
corresponds to 0,287 kWh.
Thanks to Operational Tool, which relies on the involvement of the dwellers all along the period of
peaks, the potential reduction of CTG investment represents at maximum 6.59 € per year per
dwellings involved in the community.
In terms of business model, in order to sustain the crowd funding projects with the application
CityOpt, more than 40 000 dwellings need to be involved instead of the 27 750 initially planned in
the document D1.2 (Business model). It represents more than 15% of the potential customers of EDF
on the NCA territory.

The impact of load shedding of electric heating appliances was low in the strategy (see table and
figure below) as most of the dwellers were heated by central gas heating systems.

Appliances Watts
Vacuum 12837

Phone charger 9789
Electric heater 5572
Game console 7062

Lighting 5002
Ironing 12497

Microwave 9509
Oven 11943

Washing machine 13293
Dishing machine 11018

Desktop pc 6282
Laptop 8540
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Cook top 8370
Hair dryer 11813

Dryer 6524
TV 4670

TV and computer 6294
Total (KW) 151

Table 19: Total of Watts saved, by appliances, according to the strategy of the dweller.

The next figure shows the percentage of appliances usually selected by dweller in the strategy of load
shedding.

Figure 10: Percentage of appliances selected by dwellers.

In addition, the weather data collected during the day of peak alerts shows that the average of the
temperature fluctuates between 8° à 12°, which is not very cold compared to middle North of Europe.
Indeed, the temperature registered was relatively mild during the period of recording.

In any case, the impact of the recorded outside temperature is very limited for the study since most
of the dwellings were heated by a central heating system and didn’t use electric heating appliances.

The following table shows the minimum and maximum temperature in Nice during alert days.

Alerts date Nice
temperature

min

Nice temperature
max

4 18/12/15 11 14
5 8/1/16 8.1 15.1
6 15/1/16 3.5 13.2
7 20/1/16 4.0 9.2
8 27/1/16 7.6 15.4
9 5/2/16 6.6 14.5
10 10/2/16 7.5 12.9
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11 16/2/16 8.2 14.4
12 23/2/16 8.6 14.7
13 28/2/16 5.8 13.2
14 2/3/16 8.7 15.5
15 4/3/16 6.0 15.1
16 8/3/16 4.7 12.9
17 11/3/16 7.8 15.6
18 18/3/16 7.5 15.3

Table 20: Temperatures recorded in Nice region during the experiment.

Figure 11: Level of temperature recorded in Nice region during the experiment.

2.2. Social acceptance KPIs
The following table presents the explanation of the KPI for the study case in Nice.
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KPI Information and explanation for the calculation

Average participation rate The average number of households that accepted
to participate to the peak alerts missions during
the pilot.

Average successful participation rate The average number of households that accepted
to participate to the peak alerts missions during
the pilot and successfully reduced their
consumption compared to their estimated
business-as-usual  average  in  the  same  time
interval.

Average unsuccessful participation
rate

The average number of households that accepted
to participate to the peak alerts missions during
the  pilot  but  didn’t  reduce  their  consumption
compared to their estimated business-as-usual
average in the same time interval.

Long-term participation rate Difference of average participation rate between
the begging of the pilot to the end of it.

Quit rate before 30% of pilot progress The percentage of households that quit the project
before 30% of the alerts has been issued.

Quit rate before 50% of pilot progress The percentage of households that quit the project
before 50% of the alerts has been issued.

Quit rate before 70% of pilot progress The percentage of households that quit the project
before 70% of the alerts has been issued.

Households with high commitment The percentage of households with a participation
rate higher than 50%.

Households with very high
commitment

The percentage of households with a participation
rate higher than 70%.

High perceived discomfort The  percentage  of  participants  who  reported  a
high level of discomfort by participating to the
peak alert missions.

Table 21: User acceptance KPI’s explanation from Nice
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2.3. Expected and measured results
In the following table, expected values has been defined based on evidences from previous research
found in literature or, when such data was not available, based on the project partners past
experiences. The Nice Grid project5 has been often used for comparison because it included demand
response scenarios similar to the ones applied in CITYOPT and took place in the same area: Carros,
Provence, France.
Please note that, in order to guarantee unbiased figures, peak alerts no. 18 and 20 have been excluded
by the calculation. During such peak events, in fact, not all of the participants have been able to
receive the peak alert notification due to technical issues.

KPI Expected result Measured result
Average participation rate >70% 76.41%

(approx. 19 peak alerts
out  of  25  per
participant)

Average successful participation rate >70% 75.53%
Average unsuccessful participation rate <20% 12.25%
Reduced average participation rate <10% 5.5%

Drop-off rate  before  30%  of  pilot
progress

<2% 0.71%
(1 household out of 141)

Drop-off rate before 50% of pilot
progress

<4% 2.13%
(3 households of the
141)

Drop-off rate  before  70%  of  pilot
progress

<8% 4.26%
(6  households  out  of
141)

Households with high commitment >80% 90.58%
Households with very high
commitment

>60% 70.29%

High perceived discomfort <20% 7.14%

Table 22: KPI results for user acceptance in Nice

Average participation rate

The Nice Grid project registered an average participation of 77% between residential customers
during the peak alerts in the winter of 2013-2014 (Beillan, 2016). However, Nice Grid participants
received economic incentives at the end of the demonstration period, in case of a successful reduction
of their domestic consumption. Since CITYOPT lacks of any participation-based economic incentive,
which is largely considered the main motivational factor (Mengolini & Vasiljevska, 2013) (Verbong,
Beemsterboer, & Sengers, 2013), we considered that 70% of participation rate would have been a
successful achievement for the CITYOPT project.
However, the participation rate registered in the CITYOPT Nice pilot fluctuated between 73% and
83%, with an average of 76.41%, very close to the result obtained in Nice Grid. A graph representing
the participation rate is available in Figure 12.
This very positive result suggests that the alternative incentives provided by CITYOPT (i.e. altruistic
rewards, community involvement, social proof) can be a significant driver, capable of substituting
economic and individual rewards.

5 Nice Grid – Un quartier solaire intelligent : www.nicegrid.fr
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Figure 12. The average participation rate per peak alert. The dotted line represents the estimated
average trend.

Average successful and unsuccessful participation rate
75.53% of the households who participated to the peak events were able to successfully reduce their
consumption  during  the  peak  event,  while  for  12.25%  of  them  no  difference  with  their  average
consumption have been registered. A comparison of these measurements is available in Figure 13.

Failure in the participation could be due to several factors, which are difficult to intercept with the
available data, for instance:

Wrong declaration of intention. Participants said to participate through the CITYOPT
Operational tool, but they didn’t put into practice any energy saving activity.
People’s misconception on appliances consumptions. People might decide to
participate to the peak alert by turning off appliances that have a low impact, while using
alternative appliances that are, in fact, more energy consumptive.
Difficulty to analyse load curve. Energy saving practices based on low consumption
appliances might be difficult to measure with the Linky smart meter, because the generated
savings might be too small when compared normal-day average estimated consumption.

Since we didn’t have enough information on successful/unsuccessful participation rate in similar
demand response projects, we assumed that a successful participation rate of 70% and an
unsuccessful rate of 20% would have been enough to guarantee good results in the CITYOPT pilot.
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Figure 13: Participation rate comparison between successful (blue) and unsuccessful (red).

Note: The first 4 alerts have not been considered because not all of the Linky smart meters were
correctly configured to share measurements.

Reduced average participation rate
The long-term engagement represents the degree of voluntary use of a system along a wide period of
time. Research on similar demand-response projects showed that engagement is generally high at
the beginning of the experiment, but participation rate generally decreases with time, especially
when the tool doesn’t show any elements of newness (Abrahamse, Steg, Vlek, & Rothengatter, 2005)
(Ehrhardt-Martinez, Donnelly, & Laitner, 2010)
Even though the CITYOPT Nice pilot was not long enough to clearly identify a long-term trend,
measurements suggest that the engagement reduction is generally low: only 5.5% over a 6 months’
period, as shown in Figure 4. However, it would be interesting to measure the participation rate
variation over a much longer period of time, such as 2-3 years.

Drop off rate
The number of households that quitted the project before the end of the pilot is quite low: only 6
participants decided to quit before 70% of the alters were issued, approximately one for each month
of the pilot. It is important to note that quitting the project is not always a voluntary decision, in
several cases external factors (e.g. changing energy provider, moving to a new flat, etc.) motivated
the need to quit.

Households with high commitment.
In order to provide a tangible measure of people engagement with the CITYOPT project, we defined
households with a high commitment to the project as those who took part to more than 50% of the
peak events. These households represent 90.58% of the total, meaning that the large majority of the
participants took the project rather seriously.

Households were defined with a very high commitment as those who participated to 70% of the peak
alerts or more. 70.29% of the participants falls into this category, meaning that the CITYOPT NCA
pilot could count on a solid amount of very committed participants.

High perceived discomfort
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Since participation to peak alerts requires people to reduce usage of domestic appliances during the
dinner  time  (i.e.  between  6  PM  and  8  PM),  we  expected  a  good  number  of  respondents  to  be
negatively affected by participation. Interestingly, only 7.14% of respondents said that the
participation affected (moderately or highly) their comfort, as shown in Figure 17. This suggests that
the motivations to participate are stronger than the perceived comfort, which is exactly what a
demand response project aims to achieve.

2.3.1. Contextual interviews with participants

A first round of contextual interviews has been conducted on 9-11 February 2016, with 6 participants
to the CITYOPT Nice pilot demonstration (see Figure 14 and 15). This qualitative research
highlighted interesting points that has been further quantitatively analysed with an online survey.

Figure 14. One of the participants showing
to the researchers how she’s using the

CITYOPT tool.

Figure 15. A contextual interview with
CITYOPT participants in Nice.

In particular, the project is generally perceived as interesting and useful because it combines
individual benefits (better energy knowledge) with the collective cause (avoid blackouts and support
projects  for  the  community).  The  idea  of  a  community  of  people  working  together  for  the  same
objectives gives a collective dimension for action and amplifies individual behaviours. Moreover, the
ability to compare individual actions with community ones, stimulates participation and
engagement and reinforces the desire to participate to the challenges.
The CITYOPT project is also considered interesting because it gives participants the feeling of "being
an actor" of the change and to contribute to do something tangible, rather than being just an
“observer”. Finally, the CITYOPT app allows people to reflect on energy consumption practices in
people’s households and, in some households, it stimulates family debate and virtuous behaviours.
The main motivational  factor  for  using the CITYOPT app is  the  ability  to  learn more about  their
household’s consumptions, and therefore being able to have an economical return. The possibility to
contribute to a common cause also plays an important role and the CITYOPT project is generally
considered original and interesting in this respect.
In general, the application is perceived as functional and well done, but at the same time several
participants – especially those without extensive experience with mobile devices – mentioned that
they experienced difficulties at their first usage.
The main pain points elicited during the research could be summarized as follows:

It's difficult to understand how points are assigned (also due to the change in the points
calculation (see D 3.2 Nice Demonstration). Participants don't understand which
appliances make them save more energy, nor they see a direct link between their behaviours



CITYOPT D4.1  49

18 May 2015

and the points earned. The points assigned are frequently not matching people's
expectations.
Information such as CO2 and kWh saved are difficult to interpret and understand. However,
people is interested in this data and would be willing to receive more after-peak information
(e.g. via email).
The specific device (i.e. tablet) limits the use of the application to the time spent in the
household only. Some people do not carry the tablet with themselves because it's an
additional device to carry and they usually don’t consider it as their own personal device. If
they receive the alert notification when they are not at home, they cannot take action
immediately but they have to postpone, with the risk of not answering the request in time.
Other family members are often passive actors, and even if they sometimes participate in
lowering household's consumption it seems that the CITYOPT app is not very engaging for
them.

A detailed report is available in Annex B.

2.3.2. Quantitative survey

The online survey was conducted in March-April, close to the end of the demonstration period, after
participants had enough familiarity with the CITYOPT app and the project itself. 84 submissions by
participants to the project pilot in Nice have been considered for the analysis. Figure 16 and 17 show
two different screens of the online survey sent to the CITYOPT pilot participants.
The online survey was conducted in March-April, close to the end of the demonstration period, after
participants had enough familiarity with the CITYOPT app and the project itself. 84 submissions
have been considered for the analysis.

General impressions and motivations
Respondents are generally very pleased by the project and perceive that they are doing something
useful for the environment and for the community. As a matter of fact, people said to have joined the
CITYOPT project for a commitment and an interest in the environmental issues (90%), but what
drives their interest at the individual level is the possibility to learn more about their household
consumption (85%) and, subsequently, the possibility to save money (79%).
In this respect, people would like to be able to see their consumption in real-time (64%), including
individual appliances consumption (44%), even though this is beyond CITYOPT's objectives.
Educational and economic aspects, in particular, have a higher impact on young generations (100%
said to be interested), while the fear of blackouts seems to have less impact on them (37%).

Participation to peak events
During the demonstration about half of the respondents contacted the support at least once (50%),
however, most of the problems had a technical nature (mainly due to initial technical issues during
the set-up) or where related with the change of points calculation system. Moreover, elderly
participants (38% of the segment) and people with little knowledge with digital devices (29%)
required some additional support.
People didn't participate to peak events because they were not at home (30%) or because they forgot
it (25%), suggesting that additional reminders could be of help, especially for the younger segment.
The application does not explain clearly how to behave when a peak event occurs and the
participant is not at home, so participants behaved arbitrarily according to their own interpretation
of the project rules, more information on this specific case should be provided.
One  of  the  most  positive  aspects  of  the  research  is  that  the  larger  majority  of  the  people  do  not
perceive the participation to the project to cause discomfort (71%), only a minority consider
participating to the missions an annoyance (7%). What is considered more annoying is the time of
the peak (6-8pm), taking place right when people need to use kitchen appliances to prepare dinner
(13%). However, a considerable number of participants has no problems in changing their food
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habits (e.g. cooking in advance, having cold meals, etc.) to reduce their consumption, which shows a
very high commitment to the project.
It's also positive that the appliances that people consider easier to include in their strategy are the
most energy intensive ones (i.e. washing machine, hair dryer, iron, dishwasher or drier), probably
because it’s easy to shift their usage to a different time of the day.

Reports and points system
Reports on peak events could be improved, being difficult to understand for 37% of the sample. In
particular, younger users seem to have less familiarity with kWh and CO2. Different figures, such as
comparisons between their households' consumptions during the peak and during an average day
(52%) or visual metaphors to describe savings (42%) could help to give more significant example of
the impact of their efforts.
More guidance on how to perform better during the following peak events might also be necessary,
since several respondents complained about the lack of explanation of what they did wrong (40%).
However, in general the points system is widely appreciated (49%) and funding community projects
and non-profit organisations is well accepted and welcomed (80%), even though many participants
would have liked to fund projects directly related with Environment preservation (56%).

The application and the device
The CITYOPT Operational application is considered easy to use (86%) and useful (69%), this opinion
tends to be stronger with older generations and milder for younger ones.
People would welcome positively an extension of the CITYOPT project by involving a broader
community, and they would expect a new version of the CITYOPT app to run on any device. At the
same  time,  they  would  expect  it  in  the  form  of  a  traditional  mobile  app,  in  order  to  receive
notifications (65%) on upcoming peak events when they are on the go.

Social involvement
Despite a strong interest in the community level of the application, other family or household
members are not always involved in the participation to peak alerts: 53% of respondents despite not
living alone, did not share the usage of the CITYOPT app with other household members and this
seems to be more common for elderly (68%). Other household members are sometimes just passive
participants, acting on instructions from the main user, or not engaging at all with the application.
Those who are involved are sometimes just passive users (31%).
A full analysis of the results is available in Annex A section 4.3.

Figure 16. The online survey main screen. Figure 17. Some of the questions provided
in the online survey.



CITYOPT D4.1  51

18 May 2015

3. CONCLUSION
The demonstration cases have been successfully implemented and the results provided by the four
study cases confirm the need to develop efficient tools to better optimize the design of energy systems
at district and urban scale and also the use.

The CITYOPT Planning tool allowed simulating various scenarios, calculating specific KPIs
(energy, environmental and economic) and finding the best scenario among the scenarios
simulated, through the use of Genetic or Database Search optimization. It was proven that the
results generated could support decision makers to get a better understanding about the design of
energy networks and systems.

The optimization carried out for Vienna case gave back some best scenarios according to either
Primary energy consumed or CO2 emissions or operational costs. The analysis of the results
indicates that the best scenario, no matter the reference case chosen, is never the same if only the
costs are considered or if only the Primary energy and CO2 emissions are considered. In case that
only the metrics Primary energy and CO2 emissions are taken into account, then the best scenario,
for  each reference REF1 and REF2,  is  a  scenario  that  does  not  imply  the LTS,  but  only  the HTS:
100m3 when 3 buildings are considered and 150 m3 when 4 buildings are considered. For the point
of view of the cost, this means considering only the metric Costs, then the best scenario involves a
1960 m3 LTS and a 150 m3 or 100 m3 HTS. For both cases, the best scenario in terms of operational
costs is also the worst scenario in terms of Primary energy used and CO2 emissions.

In the Vienna study case, from the user acceptance, several interviews with energy engineers and
workshops with the stakeholders were performed. The participants were overall satisfied by the tool,
especially for the energy engineers, who see a large and handle application of it in their daily work
tasks. In particular, the tool is seen as a ready-to-use visual support for the first steps in decision
making process in energy modelling, given its features of envisioning and changing variables,
comparing different scenarios, and speeding up the initial evaluation process. Also from the point of
view of the stakeholders the tool was useful by making explicit the economic and technical viabilities
of each potential scenario that their decisions may lead to, the tool can support them in managing
better and more efficiently innovative projects were the level of uncertainty is high and the broadness
of their choices in quite influential on a large scale.

At first glance, the replicability of the Vienna study case can seem limited, because of the limited
number of customers and all its specificities, but considering all the different combinations possible
in this case, the flexibility of the APROS models and all the challenges it addresses, such as
fluctuating energy supply, low-temperatures, integration of new buildings, this Vienna study case
can be scaled up and suitable for many other cases.

Simulations and optimisations of the Helsinki cases gave results that were linear and in that sense,
easy to interpret and analyse. This is something that is important for making decisions with many
stake-holder groups involved. However, when it comes to using the tool, there were challenges for
some users to understand the simulation model as a whole. As a conclusion to this, there would be
always a need for a facilitator that understands the wider concept. The facilitator need to extract
necessary inputs from stakeholders to setup the tool for producing relevant information. For
example, urban planners might not understand technical data while engineers might not know the
underlying principles of urban planning. The facilitator should then compile these factors into a
simulation models that includes all the necessary parameters to describe the real system/problem.
This could become challenging and the process for using the tool is therefor to be improved with
time for better communication, interactivity and data collection.

Regarding the optimisation results, more verification need to be done with time and the models
improved thereby. Since the pilot cases have included larger systems or processes that require much
time for testing, metering and other test results were not available during the CITYOPT project.
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The CITYOPT Operational tool offers a potential to reduce the cost of use of Combustion Turbine
Generator (CTG). On the other hand, the reduction of investment cost in CTG can be guaranteed
only  if  the  flexibility  of  shedding  by  the  community  is  guaranteed.  Indeed,  only  in  that  case,  the
community can be considered has a capacity of electricity reduction for the management of a peak
and can replace the investment in CTG.

The impact of load shedding of electric heating appliances was low in the strategy as most of the
dwellers were heated by central gas heating systems. Even though this unfavourable context and
considering that the reduction of CO2 emission per dwelling seems “relatively” low, at a larger scale
(than 137 dwellings) the use of the tool would have an impact to limit the electric consumption and
the emission of CO2.

In terms of business model, the CITYOPT operational tool represents a possibility to create a starter
or an incubator for new project or initiatives.
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5. Annexes

5.1. Annex A: User acceptance evaluation with
stakeholders (Helsinki Pilot)

5.1.1. Methodology

This section describes the methodology used to conduct the user acceptance evaluation, including
goals, participants and interview structure.

Date 18th May 2016
Location VTT headquarter, Espoo, Finland
Duration 4 hours
Researchers 1 Experientia researcher + 2 VTT researcher
Participants 3 participants
Recruitment
criteria

Potential users of the CITYOPT Planning tool, representing 3
different user groups: energy providers, external consultants, city
planners.

5.1.2. Goals

This workshop focused on evaluating the usefulness of the tool, as well as eliciting unresolved
problems and usability  issues  to  fix  them before  the final  development  iteration of  the  CITYOPT
Planning tool.
The main goals of this sessions have been to:

eliciting stakeholders’ interests and how could the tool could better address it;
understand expectations and processes to be included in the co-creational tool;
what would make it more likely for the stakeholders to use the tool;

o what could the strength of the tool be (e.g. time-saving, effective communication
and information sharing, accuracy, effective task management. involvement and
engagement of stakeholders).

5.1.3. Participants

The following is the list of people that participated into the user experience testing session.

role notes
Helen Representing the energy provider.

Specific tasks are for each Östersundom area:
o communicate the interests and values of the energy

company;
o defines  the  boundaries,  technology  and  strategy  of

energy system;
o adjusts/accepts solution alternatives that is being

proposed.
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City of Helsinki, City
Planning
Department

Representing the city planners.
Specific tasks are to define for each Östersundom area:

o building types and amount (m2);
o surfaces available for solar energy;
o surfaces available for heat storage;
o defines what are the important metrics/values from

urban planning perspective;
o adjusts/accepts solution alternatives that is being

proposed.
External consultant,
expert on eco-
effective districts

Representing external energy consultancies.
Specific tasks are to define for each Östersundom area:

o suggest alternative solution based on the preferences of
other participants;

o provide information and facilitate other participants
when needed;

o evaluate simulation outcomes.

5.1.4. Workshop preparation and overview

The process scheme of the whole workshop package including all five (5) related activities is
presented in Figure 9. This shows that the workshop session is only a part of the whole workshop
package. It has been considered important and necessary to provide participants with relevant
information and also collect relevant information from these in beforehand in order to make the
workshop event (activity no. 3) more fluent.
Preliminary information and questions
Information has been sent beforehand in order for the participants to get acquainted with the
workshop and their roles. The participants have also been sent a number of questions beforehand
These questions helped to gather the information needed for the workshop and adjust the simulation
model metrics accordingly. The purpose of this preparation activity is to make the workshop session
smoother, productive and less time-consuming.
Analysis of preliminary questions
The answers of the preliminary questions have been analysed in order for the arranger to:

o know what are the preferred metrics or what are the interests of different participants;
o know what information is still needed to complete the simulation model or generate more

accurate results;
o understand the working process of stakeholders ->improve workshop facilitation;
o understand potential contribution of each participant.

Workshop session
During the workshop session participants met and solved the tasks given. The workshop structure is
described in paragraph 4.1.5.
Reporting analysis and conclusions
The  outcomes  from  activities  2  –  4  (in  figure  9)  have  been  subject  to  analysis  and  are
reported/documented in this annex.
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5.1.5. Workshop structure

The participants planned together the Östersundom area and defined the parameters for the
simulation model. There has been preliminary information sent to each participant beforehand in
order to make for this design process to be smoother. The goal was to produce 2-4 scenarios for the
future Östersundom area which could represent good alternatives according to the different interests
and priorities of the participants.
The scenarios provided by the participants will also be compared with the scenario suggested by the
optimisation algorithm. The implementation possibility of the “optimized” scenario(s) will thereafter
be validated by the participants.
Participants used the tool in turns, coherently with their role. When they were not using the tool,
they were asked to take notes on post-its on positive aspects and potential issues, to be shared with
other participants at the end of the session.
The workshop followed the following structure:

1. Introduction (15 min): The facilitator starts the workshops welcoming
everyone; everyone presents themselves; the facilitator walks through the
agenda of the day.

2. Planning of Östersundom (60-75 min): The external consultant
takes over as the facilitator during the discussion (VTT facilitators can
support the process by giving information and suggestions); participants
fill in together the Östersundom templates (each represents a scenario),
using the Excel Design sheet for help; the facilitator presents the price and
CO2 data and participants change if needed; participants edit the
suggested prices if needed.
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3. Break (15 min)
4. Creating and simulating scenarios (45 min): Participants creates

new price and CO2 data set; participants create the scenarios (1-3) and fill
in those parameters that belong to their field of expertize; simulate the
scenarios; create and run optimisation set; check visualisation; Create a
final scenario based on the results and check its result.

5. Final assessment (30 min): Participants share their comments (on
post-its) on the usage of the tool. The facilitator engages the participants
in a conversation taking into account: learnability, efficiency, errors,
overall satisfaction.

Figure 18. The participants planning the
Östersundom scenarios.

Figure 19. One of the participant using the
CITYOPT planning tool to simulate a

scenario.

5.1.6. Report of the workshop

The following is a complete report of the workshop session.

5.1.6.1. The Planning session
The planning session started with a general discussion about the Östersundom area, what kind of
plans there are for the area and what the current situation of the area is. The following topics were
covered:

metro plans;
the possibility of sub areas in Östersundom to be self-sufficient of electricity.

Then, the interests of the different stakeholders were gone through:
for the heating company, the main interest was the planning of the district heating
network in Östersundom and the placement of the heat plant;
for the city, the emissions and the sufficiency of the solution proposed were of main
interest.

The planning session continued with discussing which different scenarios alternatives there are for
the Östersundom area. Alternatives mentioned were:

distributed energy production;
centralized energy production;
heat storage under the earth;
different distribution alternatives for the solar thermal collectors.

At a later time, the discussion focused on the energy prices levels to be used in the scenarios:
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Which price level should be chosen?
Will the district heating price rise in Helsinki due to the investments in Östersundom?

A doubt was short discussion about which energy company that would provide district heating
services in Östersundom: Helen or Vantaan Energia? It was established that Helen was the only
energy company that had shown interest in the Östersundom area.
The energy scenarios agreed during the planning session were the following ones:

Base scenario:
All energy needed in the area is produced by a CHP plant
100 MW power plant

Scenario 1:
PV park in one sub area of Östersundom

Scenario 2:
Large solar thermal and large heat storage in one of the sub areas of Östersundom

Scenario 3:
Distributed heat production and storages; solar thermal and storages to be
utilized in all sub areas of Östersundom

In the discussion, many other different energy sources than solar energy and biomass CHP were
mentioned, e.g. ground heat, wind power etc. These are not included in the model and thus, not
possible to take into account in the simulations. Conclusion: in the workshop, it became evident that
many other energy production technologies than those included in the simulation model also were
considered interesting in the planning of the area.  If these would have been a part of the model, the
simulation results would have been better. Thus, it is of main importance that the stakeholders are
involved also in the planning of the simulation model that is to be used by the CITYOPT planning
tool.

5.1.6.2. Simulations and general observations
During the usage of the Planning tool, several positive comments as well as doubts and pain points
have been raised. Some of these points are results of observation, while others are direct comments
from participants.
Positive comments

The possibility to change the building sizes within the model, not available in previous
releases of the tool, was appreciated and considered useful for city planners.
The cloning feature saves a lot of time when the user needs to create two scenarios that
are similar to each other, without having to re-insert data multiple times.
The visualization of the results (e.g. using the scatter plot) makes it easy to compare the
different alternatives thanks to the two axes. Participants had no problems to analyse
results and were able to easily identify optimal solutions.

Pain points
Editing input parameters in a scenario: it is not clear for the user whether the parameters
changed are updated automatically or if they need to be saved manually. The position of
the call to action (i.e. “save” button) at the end of the page, make it not visible enough.
Editing input parameters in a scenario: the order of the components seems random and
it changes every time the page is refreshed or saved, which makes it difficult to find the
needed parameters.
All components in the APROS model are shown even though the users only need some of
them, this makes it demanding for the user to immediately realize which components are
the important ones.
Visualization: an “add all” option should be convenient to prevent having to select
multiple items.
Picture of the area: participants appreciated the presence of an illustration of the area.
Participants suggested to make it possible to click on specific areas of the map and from
there make the required scenario changes.
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All components are shown in a long list that usually includes also unknown data; it would
be easier if you could choose only the ones that they might need to use (e.g. by excluding
those that are not required according to his/her user role).

5.1.6.3. Simulations and comments on optimization actions
The workshop participants demonstrated a high level of interest in the optimisation results provided
by the tool. Watching the results encouraged participants to create more scenarios in order to
compare them with the previous one and see if they could get better results.

5.1.6.4. Final group assessment
The final group assessment focused on the usability of the tool and on an evaluation of the user
satisfaction.
Learnability
Learnability is defined as the capability of a software product to enable the user to learn how to use
it (ISO/IEC 9126).
Due to the technical nature of the Planning tool, its learnability level seems to be quite high. The first
usage of the tool is not straightforward and requires preliminary preparation (i.e. read instructions
and follow example tutorials). The learning curve seems to be also affected by the high amount of
information to show at the same time, and filtering the amount of information display could improve
it. In particular, creating an optimisation set seems to be one of the most complex tasks.
However, the low learnability of the tool seems to be compensated by its efficiency.
Efficiency
The efficiency measures the efforts required to perform a specific task. Efficiency does not take into
account the first usage of the software, but refers instead to the situation where users have learned
the design.
Participants who had used the tool already in the past, didn’t encounter major problems in the usage
of the tool. Moreover, participants reported that after having used the tool for some times, it is easy
to perform the tasks and get the required results. Graphs made it easy to interpret the results.
Errors
The number and gravity of errors performed during the task and the ease to recover from these errors
gives a measure of the difficulty in using the application.
One of the most recurrent errors with the Planning tool is forgetting to save the entered data. This
usually happens because it’s not clear whether the system has automatically saved the data or
because the save button is hidden. When this happen, there’s no possibility to recover, because the
entered data has been already discarded.
Participants also reported that filling long lists of data makes it easy to make errors (e.g. filling the
wrong row/column).
Satisfaction
For city planners the tool might be useful: it highlights the required amount of solar panels, the costs
and the CO2 emissions, which are all the aspects needed by the city planning department to make
decisions.
For the energy company, the tool might be useful to get an overview, but for more detailed analysis
they should still rely on different software, likely a combination of several simulation tools.
External consultants might be interested in using a tool like this, especially because being released
with an open source license would make it convenient. However, the possibility to use input data
from other simulation tools would make the difference, as consultants often rely on simpler (and
cheaper) software solutions and they would unlikely invest in a complex commercial tool such as
APROS.
In general, participants agreed on the usefulness of the results provided by the CITYOPT app,
however, the efforts required for the initial setup (creating the model) might be too much for small
projects. For this reason, the CITYOPT tool seems to be more appropriate for large scale scenarios,
such as the Östersundom one.
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5.2. Annex B: Contextual interviews with
participants (Nice Pilot)

5.2.1. Methodology

This section describes the methodology used to conduct this test, including goals, participants and
interview structure.

Date 9-11 February 2016
Location participant's households, Nice
Duration 1-1.5 hours per interview
Researchers 1 Experientia researcher + 1 EDF researcher
Participants 6 participants
Recruitment
criteria

6 users of the CITYOPT Operational Tool.
A good balance of demographic profiles (age, worker/retired,
single/couples/families with children, etc.), small vs. big flat,
heating type (electric, centralized, etc.), energy tariffs,
average presence at home during working hours.

5.2.2. Goals

This session of user experience testing focused on elicit early development problems and usability
issues. Results of this test has been used to inform the quantitative survey.
The main goals of this sessions have been to:

Understand expected potential of the tool according to the different participant’s roles.
Understand if the tool provides the required information, or which data is missing.
Understand if the tasks are conducted seamlessly or if usability issues or other barriers are
detected.
Understand people’s satisfaction level, doubts, concerns and expectations for the future release
of the tool.

5.2.3. Participants

The following is the list of people that participated into the user experience testing session.

date & time name demographic Profile & household composition
Tue  9th Feb
17:00 – 18:30

P1 65  ~ y.o.
Family with
children

Medium sized flat, electric heating, not
present at home on working hours, HC/HP
tariff.

Tue 09th Feb
19:00 –
20:30

P2 35~ y.o.
Couple

Small sized flat, electric heating, not present
at home on working hours, HC/HP tariff.
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Wed 10th Feb
16:00 – 17:30

P3 68  ~ y.o.
Single

Small/medium  sized  flat,  present  at  home
during working hours, house not all heated,
Base tariff.

Wed 10th Feb
18:30 –
20:00

P4 42 ~ y.o.
Family with
children

Medium/large sized flat, electric heating,
sometimes  present  at  home  on  working
hours, HC/HP tariff.

Thu 11th Feb
09:00 –
10:30

P5 50  ~ y.o.
Family with
children

Medium sized flat,  not  present at  home on
working hours, Base tariff.

Thu 11th Feb
11:00 – 12:30

P6 70  ~ y.o.
Couple

Large sized flat, present at home on working
hours, stove, Base tariff.

5.2.4. Interview structure

The user experience test followed the below structure.
1. Introduction (10 min): the facilitator introduces him/herself, the

CITYOPT project and explains the goals of the interview.
2. Warm up (20 min): the facilitator asks questions about people's jobs,

common behaviours, appliances and tools used and general
understanding of CITYOPT project’s objectives.

3. CITYOPT app: before-peak usage (15 min): the facilitator asks
questions to understand how much the participant is familiar with the
CITYOPT app, if it has already been used by the participant.

4. CITYOPT app: during-peak usage (10 min): the facilitator asks the
participant to tell what has been done during the peak events using the
app.

5. CITYOPT app: after-peak usage (20 min): the facilitator asks
questions aimed at understanding the ease of use of the results screens.

6. Satisfaction level (10 min): the facilitator asks questions to measure
participant’s level of satisfaction with the CITYOPT project and which
aspects of the application s/he would improve.

The interviews will be semi-structured and the facilitator will be free to modify the order of the
questions and/or adapt the protocol based on the specific feedback provided by each participant.

5.2.5. Main results

General appreciation

The project is generally perceived as interesting and useful because it combines individual benefits
(better energy knowledge) with the collective cause (avoid blackouts and support projects for the
community). The idea of a community of people working together for the same objectives gives a
collective dimension for action and amplifies individual behaviours. Moreover, the ability to
compare individual actions with community ones, stimulates participation and engagement and
reinforces the desire to participate to the challenges.
“Being part of a community makes you feel you’re really saving energy and helping the society.” P3
“I do like the collective dimension of the project: you feel you’re not the only one and that you’re
doing something concrete.” P4
The CITYOPT project is also considered interesting because it gives participants the feeling of "being
an actor" of the change and to contribute to do something tangible, rather than being just an
“observer”. However, even when agreeing to the above considerations, some participants mentioned
that the incentives were not enough.
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“The interesting part of this project is that you are able to understand how to save and reduce
consumption. And it is not only personal, it’s a concrete and collective stake. However, the effort
required is not rewarded enough.” P5
Finally, the CITYOPT app allows people to reflect on energy consumption practices in people’s
households and stimulates family debate and virtuous behaviours.
“It helps you to think about your energy consumption, and to change your habits of usage.” P6

Drivers for participation

As already identified in D3.2, the main driver for joining the CITYOPT project was the tablet that
participants received for the demonstration. One participant even considered the tablet not enough
to take part to the project:
“I think this reward is too small. It’s a considerable effort to participate to the peak events and it’s
not rewarded enough.” P5
However, apart from the tablet, many participants see in the possibility to better understand, learn,
and keep under control their own consumptions one of the main motivational factors. The possibility
to contribute to a common cause also play an important role and the CITYOPT project is generally
considered original and interesting in this respect.
Familiarity with ICT
The tablet was not their first contact with digital tools: all respondents already had different levels
of experience with computers, smartphones or tablets (in some households even more than one is
available). However, even if all participants seemed to have a discrete familiarity with their own
digital tools, the tablet still represent a newness for many of them, with a sensibly different interface
and unknown interaction patterns and it is still not completely familiar for many of them.

Getting started with the CITYOPT app

Participants confirmed to us the initial technical issues that occurred due to an incompatible version
of the browser provided with the tablet itself. However, those who experienced troubles got in touch
with the project support and were instructed on how to update the browser.
In general the application is perceived as functional and well done, but at the same time several
participants – especially those without extensive experience with mobile devices – mentioned that
they experienced difficulties at their first usage.
“The application works good, but at the beginning it was complicated to use, especially first access
and the appliances settings.” P4
The plenary meeting (see D3.2)  that  took  place  right  before  the  beginning  of  the  peak  events
notification has been considered useful and helpful, as people has been able to address their
questions to the experts and solve problems or doubts they had. However, one participant mentioned
that it was not enough and he needed external support again in the following weeks.

Lifestyle and domestic habits

Routine and lifestyle varies sensibly across the different participant interviewed, which involved
workers, a housewife and retired people. While some of them prefer to plan recurring activities over
the week (e.g. laundry in the morning at the beginning of the week), other interviewees, especially
those less constrained because living alone or retired, do not follow a specific routine.
In both cases respondents said not to have any problems to update their plans to participate to the
peak events. Moreover, the timeframe in which the peak events are taking place (i.e. between 6 and
8pm) is widely considered short enough not to generate discomfort. However, it’s important to
notice that half of the respondents had centralized heating, so they didn’t experience any difference
in terms of thermal comfort.
One of the participants with electric heating preferred not to intervene on it, because of the weak
insulation of the flat. However, sometimes she found it more convenient to lower the heating only in
the unoccupied rooms.
As already highlighted in D3.2, respondents mentioned to be paying attention already (i.e. before
joining the CITYOPT project), at varying degrees, to limit their consumptions. Small daily gestures,
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such as turning off unused lights, limiting electricity usage during peak hours, avoid using stand-by,
close shutters at night, buy energy efficient appliances, etc. Some participants even mentioned bigger
investments in energy efficient and environmentally friendly equipment, such as solar panels, pellet
stove, insulations improvements, etc. However, energy awareness is not necessarily shared by all the
family members (e.g. partner, children).  In particular, it seems difficult to involve and motivate
younger generations.

“She [her daughter] is glad that we participate to the project, but she hasn’t got engaged at all.” P4

Participation

Interviewees had a participation rate from 60% to 100% (the 10th peak alert took place during the
interviews). The reason for not taking part to some of the peak events can be referred to:

not enough time from the notification to the peak event (e.g. they arrived home when the
peak was already started);
tablet completely discharged (potential sign that participants tried to participate at the last
moment, right before the peak);
absence from home.

Different behaviours have been recorder with reference to the absence from home during the peak
events: while some participants decided not to take part to the peak event, others preferred to
participate anyway, selecting in their strategy the appliances that they’ll not use because of their
absence. In effect, the CITYOPT app doesn’t suggest how to operate in these specific circumstances.

Device portability

Most participants complained that the tablet was limiting their ability of using the CITYOPT app.
People often receives the alerts notification via SMS/email when they are out of home (e.g. at work,
commuting, etc.) and they cannot select their strategy because the tablet is at home (too big to carry
it with you). Having to wait until they are back home to select their strategy, makes the process more
subject to fail: once they arrive at home people could forget, or they could arrive too late to be able
to answer the request (i.e. after the peak is already started). Moreover, many participants rarely use
the tablet because they prefer their own devices, so when the alert notification arrives, the tablet
could be in a drawer completely discharged.
Participants would definitely benefit from a cross-device CITYOPT application.

Definition and implementation of the strategy

Participants seems to be quite methodical in their definition of the strategy: they usually understand
which are the appliances they can turn off or for which they can postpone usage in the defined time
interval and they re-apply the same strategy for the following alerts. Following the strategy, they’ve
selected  is  generally  not  a  problem  and  people  say  to  be  able  to  respect  it.
We’ve noticed that there are two recurrent appliances that people rarely decide not to use: lights and
microwave oven. The usage of the microwave, in particular, deserve a more detailed analysis: since
peak events occur at dinner time, people tend to cook meals in advance and re-heat them in the
microwave.  Doing  so,  they  can  shift  the  usage  of  electric  oven  and  hob,  reducing  their  energy
consumption during the peak.
On the contrary renounce to use other appliances, such as TV set, changes from household to
household also according to the family composition: families with children, for instance, seems less
eager to turn TVs off.

Involvement of other household’s members

Even though choices on the strategy could be made by taking into account other household’s
members, these decisions are not necessarily taken with them: in many cases the partner and/or
children are simply instructed on how to follow the strategy. In some cases, other members of the
family are not actively involved but are asked to use the CITYOPT app when they cannot.
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“I asked my daughter to fill in the strategy when I was not at home, but she merely execute without
taking part to the decision.” P4

In other cases, the decision is taken in accordance with the partner. Finally, some people prefer not
to interfere with the partner: in this case the respondent said to select in the strategy only those
appliances that are used exclusively by her/him.

“The night that my husband relaxes by playing computer games or watching soccer match on TV, I
don’t really want to annoy him asking to save energy…” P5

Peak alert notifications

Notifications are received via SMS and/or email 24 hours in advance. Messages are considered clear,
however, some participants mentioned that a larger notice (i.e. more than 24 hours) would allow
them to better organize themselves. This preference could be also due to the device currently used,
a tablet: since the tablet is usually not instantly available (as it is left at home) people could need
more time to be able to plan their strategy.

Consultation of the information

People is interested in their personal results and are willing to compare themselves with other
participants. However, the personal page seems to contain too much information condensed in a
little space.
Seeing the energy saved by the community makes them understand that they’re doing something
concrete. However, they are often surprised and doubtful by the high scores of the people in the Top
10 list.
 “I don’t understand how they could have so many points, I only have 2581!” P4

The problem in the trust of points classification is amplified by the general doubts on the points
system (see 0). Also, the lack of direct cause-and-effect connection between their efforts and the
points awarded generate confusion.

“We’ve been 1st and 7th once, but we didn’t understand why it happened.” P6
 “I take it as a game, it’s a challenge.” P5
“What interests us is how much we saved and how we positioned ourselves in the score.” P6
The community projects page is frequently consulted both for checking the progress of the funding
and for donating their own points to a specific project.
The peak simulator, on the contrary, is rarely accessed. However, the only participant who
mentioned to have consulted it 2-3 times, particularly enjoyed it.

“I think it was cool and interesting to understand how it works.” P4

Points equivalences at the end of the peak event (i.e. points earned, kWh saved, CO2 saved) are
particularly appreciated and regularly consulted. However, information is rarely expressed in kWh
and CO2 in other parts of the application and these data result therefore abstract and difficult to
interpret for participants. Other easier metaphors (e.g. “You saved the energy needed to cook two
cakes in an electric oven” or “You saved the amount of CO2 absorbed by 1 tree in a year”, etc.) would
help to better visualize the achievements.

Points system

The points system is the aspect that generates more confusion between participants. The principle
to “award” points to compensate energy saving efforts is broadly appreciated, however, the way these
points are calculated has not been fully understood by participants and does not allow them to assess
the impact of their efforts.
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“How are they going to know if I turn off my computer, or my lighting?” P4

Many participants noted that their placement in the ranking changed, but didn’t understand why.

“I was 88th in the ranking and I went 102nd. Why?” P5

Additionally, the change in the points calculation (based on consumptions data reported by ERDF
instead of estimates from January 2015, as described in D3.2 resulted in a significant reduction in
the number of points earned per peak event. This drastic change is clearly visible in the histogram
provided in the personal page.

“I didn’t use the washing machine [during the peak event]. I expected to earn 120 points, but I didn’t
get them.” P4
“Once it happened that I wasn’t at home during the peak. Appliances were all off, so we expected to
have a good result, but we didn’t.” P6

Participants who were already performing energy efficient behaviours (e.g. using energy efficient
appliances, keeping temperature low, etc.) realized that they simply couldn’t compete with most of
their neighbourhood. In this case the CITYOPT app between those who took part to the peak events
seems to give higher rewards to those who have less energy efficient lifestyle (e.g. have energy
consuming appliances, generally don’t turn off unused lights, etc.). In this respect, some participants
suggested to  have one or  more groups of  CITYOPT users,  according to  their  average household’s
consumptions and eventually other parameters.
As previously mentioned, better understanding their own consumption was considered one of the
motivating factors to join the CITYOPT experiment, participants, in fact, had high expectations and
ideally they would like to see their consumption by appliance in real time. However, the CITYOPT
app cannot help them on this matter.

“What would be the difference if I change the bulb of my lamp in terms of consumption? And what
would be the difference in terms of costs? How much does my TV cost?” P4

The community reward

The idea of supporting community projects is considered valuable and widely appreciated.
Specifically, the three projects are considered interesting, however, one participant mentioned that,
due to the purpose of the demonstration, s/he would have expected to see at least one project related
with the environment.
Participants have different strategies to use their collected points: someone always fund the same
project, some gives their points to the project that is currently scoring higher, one participant had a
specific  interest  in  one of  the  projects  (i.e.  a  relative  who could benefit  from one of  them),  while
others prefer to split their points on the three projects.

“I firstly choose the kids’ project, then I thought the one for elderly was a good idea and I gave my
points to that one. And then, I choose the “Caisse des Ecoles” because I thought our community
needs that.” P4

Respondents mentioned a number of other projects that they would like to fund: projects for
environment care (e.g. reforestation, workshop with kids about environment, social gardening, etc.),
projects for helping weak categories of population, projects for improving and restoring parts of the
municipality, funding researches on how to improve and optimise energy consumption.
Some participants mentioned that include also individual rewards for participation (even at a rate
such as: 2/3 to the community, 1/3 for individuals) could be an incentive to participate.

The web forum
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The forum has been used by some of the participants to address doubts, concerns or problems with
the projects responsible. Most of the questions raised by participants are related with technical issues
(especially at the beginning of the experiment) or with doubts in the points calculation system (after
the change in the calculation system). Posts are usually sent after peak events only, making the forum
a space for troubleshooting and support.
The forum was not  used by the interviewees.  People  mentioned they would have liked to  use  the
forum,  but  the  need  of  another  login  discouraged  them.  A  direct  access  to  the  forum  from  the
CITYOPT app would have likely encouraged them to use it.

“It would be nice and useful to have the forum and the community results simultaneously.” P4

Expectations and suggestions for improvement

Equivalencies in kWh and avoided CO² emissions are considered too abstract by participants.

"418 grams of CO² avoided? What does it mean? They should show a concrete comparison." P3

In order to better understand their own household’s consumption, people suggested a number of
improvements related with visualized data, some of them out of the scope of this project, but here
reported for clarity and potential exploitation:

real-time graph of the consumption;
individual appliances consumption;
translation of points into effective energy savings (e.g. through comparisons or metaphors to
quantify their efforts);
household’s consumption during the peak compared to average consumption on ordinary
days (e.g. “you saved 10% of energy compared to your average” or graphs);
receive information on peaks not only on tablet but also on other channels (e.g. smartphone,
email, social networks, etc.).

At the same time people, would like to compare to known realities, such as other households in the
same building, also because the settings (e.g. level of insulation, flat sizes, etc.) would make the
comparison more reliable.
More information on the past peaks is not seen as an annoyance, on the contrary most of the
participants would appreciate to receive more detailed explanations in order to be able to better
understand what happened and if and at which extent their/community efforts were fruitful.
People  would  also  like  to  have  more  people  involved  in  the  project  and  suggested  to  improve
communication and promotion strategies.

Variety of participant profiles

Different profiles of participants seem to be emerging in terms of motivation and involvement in the
project.

The opportunistic: low/no engagement in energy related issues, more interested in
economic rewards (e.g. the tablet). Motivation comes from the game/community dimension.
“I’m interested in making some money from my participation to the project”
The money saver: high engagement in energy saving topics and interested in learning
more, more for personal savings rather than for a positive fall back for the community.
“I want to be aware of my consumption to better control them and save money.”
The eco-citizen: high engagement in energy saving and sustainable practices ahead the
project, long term perspective (e.g. investments for insulate house, looking for energy-
efficient appliances, solar panels, etc.).
“I’m eager to invest if  that could help the environment and keep my spending low on the
long run.”
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5.3. Annex C: Online survey report (Nice Pilot)

5.3.1. Methodology

This section describes the methodology used to conduct this test, including goals, participants and
interview structure.

Date 30 March – 11 April 2016
Location online survey
Duration 20-30 minutes to fill the survey
Researchers questionnaire defined by EXP and EDF
Participants Submitted to 141 participants

84 unique responses (after filtering duplicated and not acceptable
submissions)

Recruitment
criteria

any participant to the CITYOPT demonstration in Nice

5.3.2. Goals

Measure general satisfaction and appreciation of specific features and information
Quantify severity and frequency of issues elicited with the qualitative user research
Elicit new insights, including doubts, concerns and expectations.

5.3.3. Questionnaire structure

The online survey has been structured as follows:
1. Introduction.

Brief description of the questionnaire objectives, required time and privacy policies.
2. Demographic information.

Characteristics of the respondents, not included in the registration questionnaire.
3. Energy consumption habits.

Ecological awareness and habits related with domestic energy consumption.
4. Motivations.

Main drivers to take part to the CITYOPT project.
5. Evaluation of the application.

Participants’ assessment on the ease of use of the CITYOPT application.
6. Strategies and tasks.

Participants’ preferences and problems during the peak events.
7. Post-alert reports.

Assessment on the understandability of the post-peak reports.
8. The points system.

Evaluation of the points system.
9. Household and community involvement.

Contribution of other household members and evaluation of the community projects.
10.Overall satisfaction.

Final recap and overall satisfaction.
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Figure 20. The online survey main screen. Figure 21. Some of the questions provided
in the online survey.

5.3.4. Characteristics of the sample

Demographics

Approximately half (52%) of respondents are aged 30-49 y.o. (“adults” segment), 38% are older than
50 y.o.  (“elderly”  segment,  44% of  which are  retired)  and only  10% are  youngers  aged 18-29 y.o.
(“young” segment).
Most  households  are  composed by families  with one or  more children (36%),  couples  (20%) and
singles (26%) are similarly represented. Finally, singles with children composes 17% of the sample.
74% of households have 2 to 4 occupants, people living alone constitutes 10% of the sample.
Education level is quite high, having the head of the family a university degree in 58% of the cases
(decreasing to 31% for elderly), 32% have a high school or professional diploma, 7% belong to a lower
education level.
74% are  workers,  17% are  retired,  5% are  unemployed and only  1% are  students,  suggesting that
might be more difficult to involve this user segment in similar activities.

Technology

71% of the respondents claim to be able to use digital technologies autonomously, whereas 29%
sometimes need external support. Familiarity with technology obviously decrease with age, with
about half of elderly (54%) needing some kind of external support, while youngers are always
confident about using digital devices independently.

House and electricity contracts

92% of respondents live in a flat, 71% of households are sized between 50 and 110 sq. m.
86% of respondents have a 6-kW power contract, and only 36% of participants have a time-based
electricity tariff, which are mainly adopted by owners of traditional electrical heating systems (81%),
probably due to the considerable savings that they could generate.
Moreover, time-based tariffs are more popular between youngers (43% for 18-29 y.o.), and less
among elderly (30% for 50+ y.o.). A similar trend applies to energy saving heating appliances such
as heat pumps: 14% of people aged 18-29 y.o. owns one, while for people aged 50+ y.o. the percentage
decrease to 3%. This suggests that younger generations might be more sensible to environmental
and economic aspects, that it might be easier to get time-based tariffs on new contracts, or that
elderly might find more difficult to understand benefits of new/modern technologies.
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Heating

About half of the participants (54%) have a centralized heating, traditional electric heating is used
by 21%, while only 6% has a modern heat pump. This means that approx. 27% of the sample can
directly control the electrical consumptions due to heating. Directly controllable electrical heating is
very common in flats smaller than 50 sq. m (64%), same apply for heat pumps (22%), while only 19%
of medium/large households have electric heating.
Electric water boilers are owned by 36% of respondents, while only 12% have a thermostat.

Weekly routine

85% of the respondents claims to be at home during the peak hours at least 4 days per week, with no
sensible variations for different age groups.

Cross-analysis

In general, usage of the application and behaviours do not differ much between different user
segments. In particular, we didn’t notice significant differences between workers and other
professional  segments,  probably  because the peak time is  in  a  moment of  the  day in  which even
workers are at home.

5.3.5. Main results

5.3.5.1. Motivations
The stronger motivation to take part to the project seems to be the awareness of environmental issues
and the possibility to do something concrete (90% of respondents reported a high interest). Also,
understanding of their own consumptions (85%) and the possibility to save money (79%) raised
people’s interest in joining the CITYOPT project (see Figure 15).
Interestingly, younger generations are less motivated by the possibility to avoid blackouts (37%),
whereas the interest grows with age, reaching 81% with people aged 50+ y.o. This could be explained
by young people not having memory of recent blackouts episodes, while elderly could have
experienced them more frequently.
Younger generations are also highly interested in the economic aspects and in the possibility to save
money on their bills (100%).
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Figure 22. Respondent's evaluation of the main motivations to join the CITYOPT project.

5.3.5.2. Evaluation

Usability and utility
Overall evaluation of the CITYOPT Operational tool is generally very positive (see Figure 16).
The tool  is  considered easy  to  use  (86% of  respondents  gave a  positive  rating)  and useful  (69%).
However, younger generations seem less convinced about the application and project usefulness:
50% consider it useful or very useful, while this judgement is sharper with respondents from the
adult’s segment (67%) and extremely clear for elderly, who consider the CITYOPT experience useful
in the 78% of the cases.
However, information post-ratings are not always clear, and only 60% of participants gave a totally
positive rating.

Figure 23. Respondents' evaluation of the CITYOPT app in terms of usability, utility and
understandability.

Preferred devices
Preferences on the device to be used to take part to the CITYOPT missions are equally distributed
among tablets (35%), Smartphones (32%) and PCs/laptops (28%). Young respondents are more
likely  to  prefer  smartphones (40%),  while  elderly  are  more comfortable  with the larger  screen of
tablets (43%) or PCs/laptops (31%).
Most respondents would prefer to receive notifications of upcoming peak events directly on the
CITYOPT app (65%,  considering an app that  could work on multiple  devices),  43% would like  to
receive them also via email (27%) or SMS (20%).

Issues encountered
39% of the respondents didn’t encounter any issue during the demonstration, 44% experienced one
or two issues, while 17% experienced issues more frequently. Problems in the usage of the application
happened more frequently to the elderly segment.
These numbers might appear high, but are affected by two events that occurred at the beginning of
the demonstration: the technical problems with the tablets set-ups and the change in the points
calculation system (see D3.2). Moreover, taking into account that a considerable number of people
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where new to tablets and mobile apps, and that a relatively high number of participants are over 50
y.o., the reported issues rate should appear more appropriate.
In fact, 29% of the problems encountered are technical, while 20% have to do with the earned points
being less than expected. 11% had troubles trying to use the application, while 10% had difficulties
to interpret the information provided by the CITYOPT application.
Half of the participants (50%) didn’t contact the support, 31% contacted the support once, while 19%
had to contact one of the support channels more than once.

5.3.5.3. Strategies

How to participate
34% said to participate to the peak events by shifting the usage of appliances. 23% of respondents
also reduced electric heating and turned off appliances that were not needed. Interestingly, 20% of
respondents are keen to change their food habits (e.g. postponing dinner, cooking beforehand, eat
cold dishes, etc.), which implies a high commitment to the project goals.
Young generations seem to be less inclined to affect their domestic comfort, for instance by reducing
electric heating (15%6) or changing food habits (15%). On the contrary, they focus most of their
efforts in shifting electricity usage (54%).

Participation
The most common reason for not taking part to a peak alert mission is not being at home (30%),
while in 25% of the cases people forgot it (which, on the contrary is rarely a problem for the elderly
segment), also having guests at home prevented 6% of respondents to participate.
People reacted differently when a peak was forecasted and they were not at home. Behaviours are
equally split between not participating to the mission (26%), participating selecting the appliances
that would have been used if they were at home (22%) or participating selecting all the appliances
that are off at home (26%). This suggests that the application do not suggest clearly how to behave
under these circumstances and people interprets it arbitrarily.

Preferred appliances
Interestingly, energy intensive appliances such as washing machine, hair dryer, iron, dishwasher or
drier, are all considered easy to be included in the strategy (each of them was considered easy to
include by more than 85%), probably because it’s easy to shift their usage to a different time of the
day.
On the contrary, turning off lights, TV or appliances in stand-by mode were mentioned by less than
40% of respondents. This could be because the “eco-aware” participants are already careful to keep
unused appliances turned off, but also because these appliances are more likely to be used during
the peak time, or because of the little benefit in terms on points that they could give on the final
balance.
Reducing electric heating is considered by only half of the respondents who can intervene on it
(46%), suggesting that the other half is concerned about the domestic thermal comfort.
However, in general the perceived discomfort caused by participation is low: 71% thinks that
participation to CITYOPT missions do no cause any discomfort at all, and only 7% considers it
generates a considerable discomfort, as shown in Figure 18. Youngers are more frequently neutral in
this respect: 62% said it is neither low nor high, while singles living alone seems less concerned about
discomfort (85%).

6 However, this data has little statistical relevance, because only few participants from the young segment have
an electric heating that they can autonomously control.
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Figure 24. The list of appliances that respondents considered easier to turn-off during the peak
events.

12% consider a problem having to cook right during the peak event, especially for workers, (but, on
the contrary, is not a problem at all for elderly), while other respondents mentioned having to
reschedule activities (9%) and convince other family members (9%) as an annoyance (see Figure 19).

Figure 25. Level of discomfort caused by participation.
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Figure 26. The main causes of discomfort encountered by respondents during participation.

5.3.5.4. Post-peaks reports

Understandability
Post-peak reports are considered easy or very easy to understand by 60% of respondents (72% for
elderly). This figure changes significantly for the young segment, probably less acquainted with
energy bills, who consider it difficult or very difficult to understand in 37% of the cases.
kWh  (30%),  CO2  (29%)  and  points  (29%)  figures  are  considered  equally  difficult  to  understand.
However, the young segment seems to have more troubles to interpret kWh (39%) and CO2 (38%)
rather than points (15%), while the adult segment has slightly more troubles to interpret the points
(27%). Education level seems to have no role in interpreting peak events’ reports.

Completeness
After-peak reports are enough only for 37% of respondents, suggesting that people would expect
more information to understand what happened and to help to interpret their performance. Young
participants are the most demanding, as 50% of them considered the information provided not
enough.

Possible improvements
According to respondents (see Figure 20), the application could be made more engaging by providing
real time-consumption figures (54%), comparisons between consumptions during the peak and
during an average day (52%), individual appliances consumption (44%), using visual metaphors to
describe savings (42%), more tips and practical suggestions to reduce consumptions (33%), more
descriptive reports on earned points (21%) and additional comparisons with the community (21%).
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Figure 27. Respondent’s suggestions for improvement.

5.3.5.5. Points system

The current points system received positive comments (49% consider it a good motivation to take
part to the missions), and it is generally considered a good way to understand how well the household
performed during the peak (46%), even though the young segment is less drastic and a considerable
number of young respondents (37%) consider it not enough to understand their performances.
However, results (see Figure 21) were affected by initial technical issues with data collection and
points calculation system.
In particular, 40% complained about the lack of explanation of what they did wrong, while 37% said
to be disappointed because they earned less points than expected. 32% considers points too abstract
and not meaningful enough, while 30% realized that their household consumption is already quite
low (in particular singles), so it’s not possible to earn many points.
Answers are more neutral when we asked about the difference in understanding the two points
calculation methods (fixed vs. points based on load curve), with no significant differences in the two
cases.
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Figure 28. Respondents' evaluation of the points and crowdfunding system.

5.3.5.6. Social involvement and crowdfunding

Social involvement
Approximately 53% of respondents not living alone, do not share the usage of the CITYOPT app with
other  household’s  members.  Strangely,  this  seems  to  be  more  common  for  elderly  (68%).
34% of respondents living with the partner, share the usage of the CITYOPT app with the partner,
while 20% of households with children also make them participate.
Of those involving other people in the usage of the app, 30% involve the other family members by
choosing the strategy together, while 27% give them instructions on how to reduce consumption.

Crowdfunding and community projects
When  asked,  which  would  be  in  their  opinion  the  best  reward,  58%  would  prefer  to  have  both
individual incentives and funds for community projects, 27% prefer funds to community projects
only, while only 10% is more interested in individual incentives only. This suggests that participants
understood the importance of community projects.
In particular, funding community projects and non-profit organisations is very well accepted by
respondents: 80% consider it a good or very good idea.
55% of the sample had already heard the term crowdfunding, with the adult’s segment (73%) and
highly educated (63%) being more familiar with it.
Probably due to the nature of the project, 71% of respondents would expect CITYOPT to fund also
community projects related with Environment preservation (56%) and Health (56%). The young
segment also explicitly expressed a preference for more interesting community projects (50%),
probably due to the fact that the projects chosen during the demonstration where targeting children,
teenagers and elderly.

5.3.5.7. Overall satisfaction

CITYOPT “makes participants think they’re doing something useful” for 51% of respondents, which
increases to 67% for the young segment. Aspects of the participation to the CITYOPT project that
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they liked the most are: learn more about their consumption (29%), help preserving the environment
(27%), fund community projects (23%) and to involve the family (12%).
To sum up, respondents have been asked to select one aspect that they would like to improve. The
majority of them indicated “more suggestions to limit consumption” (37%), confirming their interest
in reducing household consumption, 20% mentioned the need for more detailed post-peak reports,
and 10% more comparisons with the community of users.

5.4. Annex D: Interviews with stakeholders (Vienna
Pilot)
This section describes the pilot results and the methodology used to conduct this test, including
goals, participants and interview structure.

5.4.1. Interviews with AIT Engineers

5.4.1.1. Methodology
Research details
Date: 7 October 2016
Location : AIT office (participants work place), Vienna
Duration: 1 hour per interview
Researchers: 1 Experientia researcher + 1 AIT researcher
Participants: 3 participants
Recruitment criteria:

First-time users of the CITYOPT Planning Tool
Engineers or technical professionals involved in energy system modelling process

Date 07 October 2016

Location ENERGYbase building, AIT offices, Vienna
Duration 1 hour per interview
Researchers 1 Experientia researcher + 1 AIT researcher
Participants 3 participants
Recruitment
criteria

Stakeholders with sufficient knowledge to understand the CITYOPT
Planning Tool and the data to manage with the tool.

3 AIT engineers

5.4.1.2. Goals
The main goals of this session of user experience tests has been:

Understand expected potential of the tool according to the different participant’s roles.
Understand if the tool provides the required information, or which data is missing.
Understand if the tasks are conducted seamlessly or if usability issues or other barriers are
detected.
Understand people’s satisfaction level, doubts, concerns and expectations for the future release
of the tool.
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5.4.1.3. Participants
The following is the list of people that took part to the user experience testing session.

date & time name role notes
Friday  7th Oct
9:00 – 10:00

Antonio Garrido-
Marijuan

Scientific research,
energy modelling

Familiarity with this kind of
tools and energy modelling

Friday  7th Oct
10:00 – 11:00

Demet Suna Scientific research,
energy economist,
working on energy
modelling and
impact assessment,
project accusation

Former experience with
energy modelling, haven’t
worked  on  this  topic  for  a
while

Friday  7th Oct
11:00 – 12:00

Bernhard Skarbal Scientific research,
energy modelling
and impact
assessment

Familiarity with this kind of
tools and energy modelling

5.4.1.4. Interview structure

1. Introduction (10 min): the facilitator introduces him/herself, the
CITYOPT  project  and  the  specific  objectives  of  the  Vienna  pilot,  and
explains the goals of the interview.

2. Warm up (10 min): the facilitator asks questions about people's jobs,
common work tasks and tools commonly used to perform them.

3. CITYOPT Tool usage (5 min): the facilitator asks questions to
understand how much the participant is familiar with the CITYOPT Tool,
if  it  has  already  been  used  by  the  participant,  for  how  long  and  which
activities has been performed with it.

4. Usability test (25 min): the facilitator asks the participant to perform
specific tasks using the CITYOPT tool and observes which problems are
encountered by him/her.

5. Final questions (15 min): the facilitator asks questions to measure
participant’s level of satisfaction with the CITYOPT Tool and which
aspects of the application s/he would improve.

The interviews are semi-structured and the facilitator is free to modify the order of the questions
and/or adapt the protocol based on the specific feedback provided by each participant.
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Figure 29. One of the user experience test session

5.4.1.5. Main findings
Our findings are presented openly, with the understanding that the development team may not feel
it necessary to address all of them, but can nonetheless review the recommendations made, and asses
the feasibility, urgency and timing as they see fit.

Positive Aspects
The participants gave an overall positive feedback of the tool, thanks to the high potentiality of the
tool application in their daily work tasks. In particular, the tool is seen as a ready-to-use visual
support for the first steps in decision making process, given its features of envisioning and changing
variables, comparing different scenarios, and speeding up the initial evaluation process.

1. The optimizer
Participants did appreciate the possibility of having an optimized version each scenario they create,
that allows them to anticipate energy needs and requirements of the system from a broader
perspective.

2. Visual comparison of different parameters
The possibility of visualising the behaviour of the parameters that have been included in the
simulated scenario is considered very helpful to have a first overall picture of how the system might
work and take the first steps in the decision making of energy modelling process.

3. Visualisation tool
The participants appreciated the tool mainly because, by giving visual outputs of the models, it can
be used as a common platform for collaborators as it gives simple and intuitive visual artefacts as an
information base for developing scenarios and proceed further with decision making.

4. Chart export and save
The possibility of export and save the charts on external archives is well appreciated as a useful
feature.

5. Display and structure
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The menu on the left side is well structured and organised, the logic behind it is well intuitive and
easy to follow.

Missing information

1. Obscure model dataset (create new project) ***
In order to use the CITYOPT Planning tool, users have to upload a dataset model file upon project
creation containing several information about the district. However, it’s not clear how this file will
be provided (e.g. who should fill the information in it? Which is the format this file should respect?).
Moreover, it’s not clear for the users which components are included in the dataset and which data
they contain, and this results in difficulties to manipulate the parameters contained in the dataset
district model file.
Recommendation: provide detailed instructions on the dataset file structure. The CITYOPT Planning
tool should also contain basic information on what this file is, and what it contains (e.g. after
uploading the file it could show a paragraph detailing its content: “This dataset contains buildings
detailed information). Provide description for each dataset component to briefly explain the data
contained in it.
Solution: CITYOPT planning tool has a functionality where the information and description of the
model can be uploaded to increase the transparency for the users

2. Lack of data description and unit measures (general) ***
Data visualized within the CITYOPT Planning tool does not provide informative descriptions of the
data itself and users can easily get lost when they have to browse through a number of variable
names. Moreover, the lack of unit measures sometimes makes it harder to understand values and
charts.
Recommendation: provide a description field for each of the components and parameters available
to end-users. Always provide unit measures.
Solution: The description of the components can be included in the description of the model explain
in the previous point. Additionally, CITYOPT application is able to import the units the inputs of
each component and output of the model, additionally the user can define the units of the metrics

3. Scenario running status update (create a scenario) **
The user has to click the button “open scenario” to refresh the status of the process
Recommendation: Provide an automatic update about the status of the simulation
Solution: Automatic upload about the status of the simulation will be implemented

Lack of guidance

1. Not clear what should be done to create a chart (visualization chart) ***
To create a chart, it is necessary to select the scenarios first, and then to set the metrics or the external
parameters (this applies for creating scatter plots, bar charts and a pie charts, while for creating time
series the procedure is different). However, this is not suggested anywhere in the screen, leaving the
users in doubt on how to proceed to visualize graphs.
Recommendation: provide an introductory description to specify how visualizations should be
created. For example: “To create a chart select first the scenarios, then the metrics and external
parameters that you want to compare, finally click on the button ‘create visualization’.”
Solution: A user guidelines has been created to support the user in the use of the CITYOPT planning
tool including visualization.

2. Lack of visual connection between related tables (edit scenario/…) **
It’s not easy to understand that it’s necessary to first select a component in order to see the list of its
input parameters in the table next to it. The two tables, in fact, despite being related with each other,
look exactly the same as other tables available in different screens. Moreover, the ‘select’ button is
often unnoticed.
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Recommendation: visualize the ‘select’ option as a button rather than as a link as it would make it
more visible. Provide a visual cue (e.g. an arrow) that the input para meters are an explosion of the
selected component.
Solution: This is solved uploading specific information about the model which can be visualized
when the project is opened. Improvement in the ‘select’ option will be done.

3. Input parameters ordering (general) **
Whenever  the  input  parameters  are  shown,  they  seem  not  to  have  a  proper  ordering  and  are
presented with a different sorting in different parts of the application.
Recommendation: order the parameters listed in a consistent way and, if possible, provide the
possibility to order the parameters by names alphabetical order, unit measure, etc.
Solution:  The  information  the  list  of  component  is  short  in  alphabetic  order,  the  order  of  the
parameters of each component is define by the model linked to CITYOPT application but it remain
the same in all the screen of the CITYOPT Planning application

4. ‘Upload’ buttons to define the parameters in a new scenario is not visible (general) **
The ‘Upload’ buttons (e.g. the ‘next’ button used to advance to the next step of a process, or the ‘run
search’ in the ‘create optimization set’ screen) are not visible enough. Being on the top-left corner of
the screen after filling the required data people is often focusing on lower elements of the page.
Recommendation: visually highlight the ‘Upload’ buttons, for example by making the bottom larger
and with a different background colour.
Solution: The ‘Upload’ will be moved to the top of the screen to be more visual for the user

5. Status update (optimization set) *
It’s not clear whether the scenario status is automatically updated or if it requires a manual refresh.
Recommendation: provide an estimate on the average time required to generate the results (e.g. “The
optimization is currently running; it will take about 2-3 minutes to be ready. You can continue to use
the CITYOPT Planning tool and come back when it will be ready.”). Prefer an automatic update of
the project status with no need to refresh the page. If a refresh is required, provide an explanation
(e.g. “Refresh the page to check the optimization status.”).
Solution: An estimation of the average time will be added

Usability issues

1. Expressions creation too complex (create metrics/optimization set) ***
The definition of an expression for metrics and objective functions requires high knowledge on the
system and on the available data and has been considered too complex by most of the participants.
Moreover, having to retype the (sometimes long) variable names is also negatively affecting the user
experience.
Recommendation: a tool for supporting the creation of an expression would be helpful. Users should
be able to select an existing function (e.g. minimization), and function’s parameters could be chosen
by a list of the available variables, without the need to type the variable name manually.
Solution: The CITYOPT planning tool gives the possibility to upload the variables to be used in the
functions, a description of the functions which can be used by the user is included into the tool, the
possibility to upload directly the function will be explored.

2. Input of values has too many steps (edit external parameters/input values) **
Entering new parameters and their values is more complex than expected and requires several steps.
Recommendation: simplify the process of creating/editing parameters and their values. Parameter’s
name and value should be entered within the same screen. Ideally, making it possible to edit the
parameters directly from the table listing them would simplify a lot the process when many
parameters need to be changed (i.e. edit many values and save only once).
Solution: The CITYOPT planning tool has a simple process to add the input values. The users’ needs
to select the “input parameter set” of the new scenario, then select the component and then to add
the value of the parameter. Additionally, the CITYOPT planning tool can have default values for all
the scenarios in a project, which can be directly import from the model or defined when the user is
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creating a project. In case that the user need to import a huge amount of parameter the CITYOPT
Planning tool gives the possibility to import the parameters in a CSV file.

3. Input parameters at project level (general) *
It’s not possible to edit the input parameters in the project phase, but only after having created a
scenario. Editing the input parameters from within the project, would be beneficial in case many
scenarios are sharing similar parameters.
Recommendation: provide the possibility to edit input parameters at project level.
Solution: CITYOPT planning tool gives the possibility to the user the update the input parameters at
project level by the functionality “Edit Project”

Labelling and interpretation issues

1. Navigation until visualisation (open scenario/edit scenario) **.
After creating a scenario, it is not clear where to go to visualise it: the feature “Time series chart” is
not immediately read as a direction that brings to visualise the scenario. Also, when
adding/removing components from the list the system does not automatically update the chart, and
it is not immediately clear to press the button “draw chart”.
Recommendation: more shortcuts to the commands, at least more intuitive navigation journey,
avoiding the user to go back and forward and to proceed by “trial and error”.
Solution: The automatic refresh of the chart and additional information of the variables represented
into the chart will be added

2. Optimization algorithms (optimization set) *
The option between two different optimization algorithms is shown, but no information on the
differences between these two algorithms is provided, leaving the users in doubt of which method
would be more appropriate for their use case.
Recommendation: provide a quick description of the optimization algorithms.
Solutions: The created User Guidelines will content information to the user concerning the
optimization algorithms

3. Constraints and feasible/unfeasible (optimization set) *
It’s not always clear which are the criteria for feasible and unfeasible results and this information
does not seem related with the possibility to set one or more constraints.
Recommendation:  provide a more descriptive summary of the results such as: “2 feasible scenarios,
0 infeasible scenarios, etc. based on the constraints you specified.”
Solutions: The created User Guidelines will content information to the user concerning the
optimization algorithms.

4. Input parameters values inconsistency (edit scenario/change input parameters) *
Sometimes (e.g. in ‘edit scenario’) input parameters are already shown, without the need to select
the correct component. However, this behaviour confuses users, who were used to have to select the
component: it’s difficult to understand why these data are already shown.
Recommendation:  provide data  in  a  more consistent  way.  If  a  different  behaviour  is  needed (e.g.
auto-select a component) provide a text explanation of this different behaviour (e.g. “XYZ is the last
component you have selected.”)
Solution: The recommendation will be followed in updated versions

Participants’ comments

1. Selected variables display
When visualising a chart, it would be useful to have a reading key related to the chart where the user
can easily see which variables has selected, the key should be just below the chart, as suggested
below:
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Figure 30. Screenshot of the tool: where the user would expect to have a reading key for the chart.

2. Multiple scenarios and cost variable
Some participants suggested that it may be useful a parallel visualisation of different scenarios, and
also the inclusion of the variables of costs.

3. Imported files display
The users would like to see the name of the files that have been imported, and not just if they are
imported.

4. Variables’ colours
Colours of the variables in the chart should stay stable when adding/removing variables.

5. Chart selection
The chart selection button is too small; it should be better displayed with emphasizing the type of
the chart available.

Figure 31. Screenshot: the chart selection button is expected to be more emphasized.

6. Components and metrics display
Users suggest to put the list of the components and the list of metrics one beside the other, so it’s
possible to read the in parallel, and not one below the other, because too much scrolling affects
negatively the usage of the tool.

7. Data comparison
It would be useful to visualise all the relevant data in parallel in order to compare them and easily
check out which are the most relevant for the scenario.
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5.4.2. Interviews with Stakeholders

5.4.2.1. Methodology

Date 20 October 2016
Location RTA offices; Schottentor; ENERGY base building. [Vienna]
Duration 1 hour per interview
Researchers 2 AIT researchers
Participants 3 participants, 1 for each session
Recruitment
criteria

Vienna pilot’s stakeholders with sufficient knowledge to understand
the CITYOPT Operational Tool and the data to manage with the tool.

1 participant from RTA
1 participant from Business Agency of Vienna (VBA)
1 participant from Siemens

5.4.2.2. Goals
The goal of the workshops conducted with the stakeholders of the Vienna study case is to evaluate
how the functionalities of the tool, its flexibility and results can support their decision-making
process for new infrastructure from the technical point of view but also from the economic aspect
and how CITYOPT tool can support them in future projects.

5.4.2.3. Participants
The following is the list of people that took part to the interviews. The interview with RTA Director
took place at RTA offices in Vienna, the interview with VBA/Wirtschaftsagentur employee took place
at Schottentor, in Vienna, whereas the interview with the Siemens’ manager took place at
ENERGYbase office.

5.4.2.4.

5.4.2.5. Interview structure

1. Introduction (10 min): the facilitator introduces him/herself, the
CITYOPT  project  and  the  specific  objectives  of  the  Vienna  pilot,  and
explains the goals of the interview.

2. Warm up (5 min): the facilitator asks questions about people's jobs.

date Name role Profile

17th October
2016

DI. Manfred
Kreitmayer

RTA. Director Facility
Manager and
Measuring Equipment
Manager

Expert in the operation and
equipment in RTA facility

20th October
2016

Mr. Weiss VBA. Employee in the
Real Estate
Department

Responsible of building
developments

20th October
2016

Werner
Wiedermann

Siemens. Facility
Management &
Services G.m.b.H

Expert in facility
management
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3. CITYOPT Tool demonstration (20 min): the facilitator shows the
CITYOPT Planning Tool, demonstrating its main features.

4. Results analysis (30 min): the facilitator shows the results and collects
feedbacks from the participants.

5. Conclusion (5 min): the facilitator summaries the main achievements
of the interview and thanks the participants.

The interviews are semi-structured and the facilitator is free to modify the order of the questions
and/or adapt the protocol based on the specific feedback provided by each participant.

5.4.2.6. Main findings

RTA – Wind Climate Tunnel

RTA Company saw in a positive way that the information and the functionalities implemented into
the  CITYOPT  Planning  tool  can  support  them  to  analyse  how  to  use  the  heat  rejected  by  RTA´s
Climate Tunnel into a local district networks and to assess the impact in terms of CO2 emissions,
energy efficiency and economic cost of the different options including the possibility to give a
monetary value to this waste heat.
The schedule of the tests makes very irregular the waste heat production in terms of production
periods and temperature ranges along the year. Only in the summer period, July and August, the
facility has a programmed stop because of the maintenance works. The possibility to link to the
CITYOPT Planning tool dynamic models, as APROS, and to analyse them was very interesting as this
type of models allows analyse in a proper way the potential use of the waste heat in the RTA´s Climate
Tunnel.

The possibility to use to different type of optimization methodologies into CITYOPT planning tool
are also useful as they allow different approaches. GA algorithm allows creating automatically
thousands of scenarios for a same study case to pick up the optimal one and the Data Search
Optimization more oriented in a models whit high simulation times or to test some specific options
into the design of the energy issue.
It was remarkable the assessment about the potential of the different type of thermal storages to be
used for waste heat form RTA´s Climate Tunnel identifying which of them is the best option for the
irregular heat production. The water tank use as mid-term storage was more constrained by the
higher temperature levels needed and the irregular waste heat production from the facility giving
lower potential than the ground heat storage. The ground heat storage has more potential as it is able
to  decouple  in  a  bigger  period heat  production and heat  consumption with a  higher  temperature
range absorbing better the irregularities in the heat production.
It was very positive for RTA facility to the capacity of the CITYOPT planning tool to support to
identify the optimal design the different components of the model as the dimension of the water
tanks.
It was also interesting for RTA the possibility to analyses the negative aspect of the use the waste
heat from RTA´s Climate Tunnel as the increase of the heat demand to compensate the losses into
the district heating network and the ground heat exchanger and the subsequence increase on the
energy consumption by heat pumps to boost the heat to the temperature to be used into office
buildings.

Especially highlighted was the possibility to estimate the investment cost for the implementation for
the local district heating network and the estimation of the payback period as this opens the
possibility for different agreement among the actors for the investments defining new business
models.  For example, the ground heat exchanger represents a big investment with an estimated
payback period of around 20 years out of the 3-5 years (maximum 10 years) of the payback period
ranges for RTA facility to make and investment. This situation can open a discussion of between RTA
and operator of the district heating network to find solution for this investment.
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The capacity of the tool in terms of scalability of the model of the model was very interesting and
some discussion about the possibility to create a detailed specific model for RTA Climate Tunnel
facility and to optimize its design. Actually, it was highlighted this idea as future project where
CITYOPT Planning tool can be used for this purpose.

Business Agency of Vienna (VBA) – Wirtschaftsagentur Wien

The tool can help to the company to define to ideas, objective and structure the problems concerning
to the building and energy infrastructure developments given support to the decision makers with
specific information about the optimal solutions in terms of energy consumption, efficiency, CO2
emissions and especially economic cost.
The possibility the represent the key information by chart and tables in a simply way is very useful
including the possibility to create specific metrics. Specially, relevant is that CITYOPT Planning tool
is the possibility to evaluate the investment cost and also the payback periods characterizing if a
development is profitable and interesting for the company.

The flexibility of the CITYOPT Planning to be linked to different type of models is very interesting.
This  gives  the  possibility  to  link  a  specific  model  for  energy  building  design  (e.g.  EnergyPlus)  to
identify which are the optimal mix of technologies and measure or to identify optimal design (e.g. in
air-conditioning). This is very useful for the company for the decision process as in this processes
you introduce clear technical information. For example, to identify if the optimal solution to cover
the heat demand of a building is to install a heat pump, to connect to the district heating network or
to get hybrid solutions that consider heat pumps & thermal solar panels.
Following the previous paragraph, a practical example was discussed, the current design of
FUTUREbase, is an innovative building which is economically profitable. Nevertheless, CITYOPT
planning tool could be used, to explore new solutions or to optimize the design to get higher profit
at the same time that you improve the energy the performance. In the same line, the building Aspern
IQ, is a Surplus Energy Building, but it is not economically profitable for the company without public
subsidies. CITYOPT planning tool can be used to optimize the design to reduce public subsidies at
the same time that you keep the high standards.
One of the main problems of the company is that some of the investments are profitable by the users
but not for the owners. PV panels should be installed in the new buildings but those who invest in a
higher quality do not benefit from the result i.e. lower operating cost. Therefore, Wirtschaftsagentur
Wien is making the investment to install of the PV panels but not getting the revenue, making this
investment economically unprofitable for them. In this context, CITYOPT Planning tool can support
the discussions between the owner of the building and the users to create business model to address
this situation finding a compromise solution for both parts.

The CITYOPT planning tool can be very useful for the energy company (e.g. WienEnergy) to optimize
their energy system and support them for the development of new business models in the area of
district heating. For example, currently, it is not profitable for the WienEnergy to connect service
building to their district heating network due to their current low heat demand from these buildings.
CITYOPT planning tool could be used to evaluate the possibility to address this problem making a
general contract with different type of buildings (service building, schools, multi-family house) all
together creating an energy community instead to have individual contracts.

Siemens

Werner Wiedermann as facility manager of the ENERGYbase mainly maintains and monitors the
building’s energy infrastructure. The CITYOPT planning tool is focusing on the planning phase or
refurbishment  of  energy  systems  and  therefore  not  serving  major  benefits  and  insights  for  his
current core activities.
Since the CITYOPT tool is not an operational tool, its use is not appropriate for daily operation of
energy systems. Nevertheless, Mr. Wiedermann remarked that CITYOPT tool can greatly support
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planning companies due the fact, that the application allows setting up various scenarios and
optimizations on top for a given study case. The possibility of applying different kinds of optimization
methodologies in conjunction with individually defined optimization goals makes it even more
attractive. Offering multiple scenarios and various arguments for decision-making, with relatively
little expenditure of time and money could strike advantages over competitors and therefore might
be of interest for this sector, either in terms of planning a new energy system or for refurbishment
actions, this no matter the scale of the system considered. Furthermore, positive stood out that
changes in the configuration of scenarios are not necessarily triggering simulation re-runs, which
could cause substantial costs and delays.

Mr. Wiedermann highlighted that the exploitation and commercial success of CITYOPT highly
depend on the effort spent to develop and calibrate the simulation models, which represent the heart
of  each  study  case.  From  his  point  of  view  the  usage  of  various  simulation  vendors  in  different
granularities is very important to cover more potential customers and domains in terms of
modelling.


