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Executive summary 

 

The objective of this deliverable is to report the concluded actions of Work Package 3 in Helsinki 

pilot. The Helsinki demonstration consists of two case studies: the Östersundom case and 

Kalasatama case. The Östersundom case models production and storage of heat whereas the 

Kalasatama case models production and storage of electrical energy. This report describes the 

simulations and models created for simulating the energy systems. The validation of such models is 

obtained with real measured data from Helen Ltd.’s pilot projects at the Environment Building and 

at the School of Sakarinmäki. The validation process is described in this Deliverable in Chapter 4 

and further analysed in Deliverable 3.4. The results from the Planning Tool simulations are 

addressed in this Deliverable in Chapter 7 and further analysed in Deliverable 4.1. The Planning 

Tool’s optimization algorithms have been tested by potential users and a final workshop has been 

held to evaluate the User Experience (UET) and User Acceptance (UAT) of the tool. 

A remarkable disadvantage of the Östersundom case is that the actual district has not yet been 

constructed and the pilot at the School of Sakarinmäki represents only a fraction what it comes to 

the size of the simulated energy system. All available data used in the simulations is based on urban 

plans that might change with time during the realization of the district. However, this could pose as 

an advantage at the same time. Through the results of the CITYOPT planning tool, the parties 

involved can have information what good solutions have in common and use this information in the 

beginning of new pilot and construction projects in Östersundom. This would save time and reduce 

the risks for investments. To attain improved results, the models need to be calibrated and the data 

(prices, efficiencies etc.) updated along with the evolvement of the Östersundom area. 

In case Östersundom the optimisation results showed that there are several good ways to reach good 

results to be used in urban planning. This means that there are several alternatives to do urban 

planning that would eventually lead to better renewable energy utilization and cheaper energy 

procurements. Since Östersundom is going to be built gradually, it would be necessary to re-run the 

case Östersundom with updated data to ensure that the best alternatives for the district are found. 

Furthermore, control strategies and optimal settings for existing systems can later be examined by 

the CITYOPT Planning Tool in order to improve the energy efficiency on a more detailed level. 

The optimisation runs for Kalasatama case showed that finding the optimal scenario might depend 

on simulation capacity and time. However, this can be assisted by formulating exceptions or setting 

proper boundaries that help the optimisation algorithm to rule out unnecessary cases. The 

Kalasatama case has two objective functions, cost balance and CO2 emissions, from which the 

optimisation algorithm might have difficulties finding the “best” scenarios unless the user is able to 

define the weight of these factors with respect to each other. 

However, with enough calculation capacity and good optimisation settings, the CITYOPT Planning 

Tool would be powerful tool finding good solutions in similar cases as the case Kalasatama where 

the system is specific and the boundaries of the parameters are well defined. The simulation results 

would help energy companies as well as system providers to find more feasible ways to operate 

existing systems or find new business opportunities for their products. Also, simulation results could 

provide information or evidence for politicians to adjust incentives or market directives in a way that 

allows intermittent storage of renewable energy production to become more popular. One example 

for this would be to recognize electricity storages as individual components of energy systems and 
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create market rules and adjust the tax treatment to support storage as an attractive option to be 

combined with renewable energy production.   

Once the model has been made, new analyses are easily made in the future in case some of the 

parameters such as investment or electricity prices change which might affect the outcomes radically. 

Future control logics to be examined would involve further options (capacity reserve market, 

frequency reserve market and spot-price trading) for the use of battery technology which then could 

make it more economically profitable. Also further intelligence need to be included in the model such 

as spot-price optimisation through prediction or sell/buy agent algorithms to comprehensively 

analyse attractive scenarios. 
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Acronyms and Abbreviations 

Term Definition 

APROS 
A software that is running under the CityOpt planning tool and doing the 

simulations 

HEL Contributors from Helen Ltd. and the City of Helsinki 

VTT Technical Research centre of Finland 

BESS Battery Energy Storage System 

DSO Distribution System Operator 

TSO Transmission System Operator 

UAT User Acceptance Testing 

UET User Experience Testing 

CHP Combined Heat and Power 

DH District heating 
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1. Introduction  
 

The Helsinki demonstration is focused on two different cases: the Östersundom case and the 

Kalasatama case. The focus of the cases is in energy efficiency and different energy storage solutions 

as a part of smart city planning.  

Why focus on energy storage solutions? 

The energy markets are changing due to the pressure to decrease the emissions in energy production 

but also since the construction of new areas and renewal are enabling more and more energy efficient 

buildings. The energy efficiency is increased, for example, by local renewable production, storing the 

intermittent production and shifting the energy purchases from peak hours. 

For the time being the electricity network is reliable in Finland but the changes in the sources of 

energy will alter the network’s stability. There is already a need for short-term energy storage, for 

example due to grid’s frequency fluctuations, but the need of storage will increase even more when 

the inertia of the electrical system decreases. The inertia is a characteristic for rotating turbines 

which are traditionally used to generate electricity. The use of renewables, such as wind and solar 

decreases the inertia and thus makes the electricity grid more vulnerable. Because the electrical 

energy storages have the ability to respond to the frequency fluctuations rapidly they will have a 

stabilizing role in grid support. 

Also an increase in solar thermal energy production results to a challenge to be undertaken with 

storage solutions. Heat is rarely consumed exactly at the time of production. The flexibility in both 

demand and production is enabled with intermittent storage solutions such as water tanks. The two 

CITYOPT pilot cases in Helsinki focus on systems with different storage solutions. 

The Östersundom case 

In the Helsinki Östersundom case, the WP3 was dedicated to test and develop the CITYOPT 

simulation tool, and to analyse optimized solutions for heat storages. The area is planned to become 

a new residential area of Helsinki, but it will most certainly not be completed during the CITYOPT 

project. However, the CITYOPT Planning Tool has been used for designing the energy solutions for 

this future district. 

In the Östersundom case, different scales of heat energy storages were studied and optimized. The 

simulation model of Östersundom includes buildings generating electricity, heat and cooling 

demand, a combined heat and power plant, building integrated solar collector systems and thermal 

storages. For the optimization, the Planning Tool users can decide boundaries for storage sizes in 

different parts of the district as well as the amount of solar collectors. The application generates 

results showing which are the optimum heat storage sizes and solar collector setups for the district 

depending on the priority preferences of the user such as emissions and energy costs. 

As for the demonstration of the Östersundom case, testing the CITYOPT tool was done mainly by 

city planners of Helsinki city. However, other stakeholders were also involved to increase the 

interaction and communication between different groups of professionals. Other stakeholder groups 

included members of the local energy company, independent consultants, politicians and 

researchers. The feedback from the testing sessions was used to improve and adapt the tool to better 

serve city planning needs in the future.  
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The Kalasatama case 

In the Kalasatama case, different electricity storage solutions were evaluated. Electricity storage 

sizing and placement were analysed. Economic and social aspects of the implementation of different 

storage solutions were taken into account. The CITYOPT application in district planning phase was 

tested and used to examine the optimal storage solutions. CITYOPT application was also used to give 

a rough estimate of the business potential of electricity storages both in large- and small-scale battery 

energy storages. 

Large-scale energy storages need rather high investments, and therefore it is important to use them 

as efficiently as possible. In the Kalasatama case, different commercial purposes with different 

priorities for the simultaneous usage of storage were investigated in literature review. For example, 

storage and renewable energy sources, storage as regulative power in the transmission system, and 

storage and uninterruptible power supply are examples of different commercial applications that 

might have potential in the Kalasatama district.  

The Environment Centre of Helsinki 1  participated to the CITYOPT project by providing their 

building scale 45 kWh Siemens’ SieStorageTM BESS for the CITYOPT study. Real data was received 

from the building-scale battery at the Environment building and was used for validating the 

simulation model. Helen Ltd was given the right to use and control the BESS in collaboration with 

Environment Centre for research purposes. Simulations with APROS application can be confirmed 

with the actual data from Environment building. Achieved validated simulation model was 

extrapolated to evaluate the operation of centralized BESS and distributed building-scale BESS cases 

with photovoltaic production optimization preferences. 

This deliverable starts with a description of plans and processes in Chapter 2, where tasks executed 

and intermediate achievements are described. The model documentation is reported in Chapter 3. 

The model validation is described in Chapter 4 and simulated scenarios are addressed in Chapter 5. 

The user experience and acceptance of the tool is reported in Chapter 6. The main results of the 

operational tool simulations are addressed in Chapter 7 and a brief overall analysis of the results as 

well as impacts and benefits of the CITYOPT Planning Tool are available in Chapter 8. Deliverable 

4.1 concentrates on evaluating the ICT solutions and a full report of the Planning Tool results and 

result analysis is addressed in D.4.1. 

  

                                                        

 

 

1 The Environment Centre of Helsinki manages the matters concerning the city’s environmental protection, 
environmental healthcare and veterinary services, in accordance with the objectives approved by the City 
Council and the City Board.  For more information: www.hel.fi/www/ymk/en 
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2. Plans and process description 
 

The purpose of the Work Package 3 was to validate the CITYOPT Planning Tool and to improve it 

based on users’ feedback. The application’s ease of use, as well as the relevance of the results it 

provided, were tested during workshops with potential users of the tool, and the functionality of the 

application was improved based on the feedback received from the users. 

The achievements of the Planning Tool application in usability and functionality were evaluated with 

User Experience Tests and User Acceptance Tests. Two workshops were held during the WP3 and 

user experiences in the usage of the CITYOPT Planning Tool were collected and analysed by 

researchers. The final version of the Planning Tool addresses the pain points that were elicited during 

the testing sessions.  

Two simulation models were created in APROS and the models were run in the Planning Tool. The 

objective of the Helsinki demonstration was to validate the optimization results of the Planning Tool 

as well as the functioning of the simulation models. 

One simulation model models heat storages and the other electrical energy storages. The simulation 

model for heat storage is created to simulate Östersundom district and to optimize the energy system 

on the heating point of view. The simulation model for electrical energy storage is created to simulate 

Kalasatama district and to optimizeg the energy system from the electricity point of view. 

In the Östersundom case, the Planning Tool was used to optimize the energy system in a context 

where different scenarios for producing and storing heat were simulated. The Planning Tool’s genetic 

algorithm was used to create best scenarios within its runtime where the optimization was based on 

the economic costs and on CO2 emissions of each simulated scenario. Centralized and decentralized 

production and storage options were also studied by varying the simulated scenarios manually by 

users.  

In the Kalasatama case, the Planning Tool was used to optimize the sizing and placement of the 

battery energy storages considering centralized and decentralized energy systems. The optimization 

algorithm based on costs and CO2 emissions. The simulated scenarios were selected to be distributed 

and centralized energy system regarding the storage capacity. In each scenario the demand was 

modelled with three different consumption profiles each building type having also own photovoltaic 

production. The Planning Tool created the most optimal scenarios within the genetic algorithm’s 

runtime after which the best scenarios were analysed.    

The optimization models were validated with real case studies in Östersundom and Kalasatama. 

Data from the energy efficient School of Sakarinmäki in Östersundom was collected regarding 

heating demand and available self-produced heat from renewables and oil. Kalasatama case was 

provided with data from the Environment Building in Viikki, Helsinki. Photovoltaic panels of 60 kW, 

lithium-ion battery of 45 kWh and 90 kW, and an electric vehicle charger were installed at the 

Environment Building and the operating data regarding consumption, production and storage was 

collected. Both real pilots, School of Sakarinmäki and Environment Building, represent a typical 

future building types of Östersundom and Kalasatama districts.  

Research activities concerning Kalasatama case and battery energy storage systems were also carried 

out by Helen Ltd. The research results of the literature review support the simulation results of the 

validated APROS model of Kalasatama case considering grid scale battery energy storages. Also to 
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develop Östersundom district and build it into sustainable urban area the City of Helsinki and Helen 

Ltd. have researched possible energy solutions to support Planning Tool users to select convenient 

scenarios to simulate. 

Past and on-going research activities 

The case studies in Helsinki demonstration are based on the on-going research activities at Helen 

Ltd and the CITYOPT simulation results will give added value to Helen’s business. Helen studies 

energy solutions for smart cities in a holistic way. The studied energy systems are pilots aiming at 

profitable business opportunities that support environmental friendly production processes and 

reduce carbon dioxide emissions. 

Östersundom is a district at the frontier of Helsinki. The planning of the district is in progress but 

the vision is to create energy efficient sustainable area with office buildings as well as housing and 

industrial estates. In addition to energy efficient buildings the energy production needs to be 

optimized. One subject of research is centralized renewable energy production, either thermal or 

electrical. Helen is contributing in a project of the City of Helsinki studying different business 

opportunities for a solar park to be implemented at wasteland in Östersundom (Recent Sustecon Ltd 

references, 2016). 

Helen has also its own pilot project in Östersundom district at the School of Sakarinmäki where the 

demand of heat is covered with renewable energy production as well as with oil in cases of higher 

heating demand (Helen Oy, 2015). The Östersundom district is slowly growing and it will be built 

into a sustainable suburban. To support the planning and decisions concerning the development of 

the district several other studies have been conducted by third parties. The yearly solar radiation and 

thus the potential for solar energy has been measured and reported by Finnish Meteorological 

Institute (Finnish Meteorological Institute, 2014). Also the heat storage capacity of the soil in 

Östersundom has been measured and reported by Pöyry Finland Ltd ( Pöyry Finland Oy, 2014). 

The results of the solar energy potential in Östersundom indicate that during sunny summer months 

the solar radiation is comparable to radiation outcomes in Northern Germany. The report also states 

that cloudiness and shorter winter days lower the producible energy but the overall potential is 

equivalent to other areas in Southern Finland. The produced solar energy is better disposable and 

reach higher efficiencies when coupled with storage technology. One heat storage is the soil. In 

Östersundom the soil material is mainly clay and to exploit the storage potential of the ground the 

heat could be stored into the ground via energy paling which has been studied by Pöyry Finland. To 

conclude from the report, due to properties of clay the heat transfer inside the material is slow and 

to address the potential of energy storage in the ground, further investigations are needed in 

Östersundom district. 

Kalasatama is a district nearby the Helsinki city centre. The smart Kalasatama is currently under 

construction and new energy solutions to optimize the consumption and production will be applied. 

Helen is interested in providing smart home automation and control systems to the customers as 

well as developing the energy network in Kalasatama district. Helen has purchased and installed a 

grid-scale battery energy storage system in Kalasatama, Suvilahti to offer services to Finnish 

Transmission System Operator (TSO) and local Distributor System Operator (DSO).  

Battery energy storages are also otherwise attractive addition to energy systems and to supplement 

the benefits of grid-scale BESS, Helen has a pilot project at the Environment Building in Viikki 

district. Siemens’ SieStorage, photovoltaic panels and an electric vehicle charger are installed at the 
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Environment Building and the energy system is operated by Siemens and Helen. New scalable 

business models and an optimal operation of battery energy storages integrated into energy systems 

are investigated. The results are going to benefit both the CITYOPT project and Helen. Additional 

value of the energy storage projects is also to project partners such as Fingrid (TSO), Helen 

Sähköverkko (DSO) and Environment Centre at the Environment Building. 

To support pilot projects Helen has concluded two Master’s thesis on energy storage and holistic 

energy system. Janne Huvilinna studied applicability and economic viability of a battery energy 

storage system in Helen’s use and the results are reported in his Master’s thesis (Huvilinna, 2015). 

The thesis supported the decisions to purchase the grid-scale BESS and the results of the thesis are 

used to give insight to the business potentials of electrical energy storages and are reported in 

conjunction with the simulation results of Kalasatama case.  

Kristiina Siilin, on the other hand, studied a distributed energy system configured using flow battery 

technology and district heating network. The thesis was a case study focusing on Kalasatama district 

and it considered the future development of flow battery technology. Different storage sizes and the 

placement of the storage was evaluated in the thesis (Siilin, 2016). The findings are mentioned in the 

result analysis of optimal energy system configurations of Kalasatama district.  

The research results of each studied energy system scenario in Östersundom and Kalasatama 

support the holistic city planning and the development of profitable business models. The results 

from the School of Sakarinmäki and the Environment Building are used to validate the CITYOPT 

Planning Tool and the setups of the pilots are described here in more detail. 

 

Case Östersundom 

The simulation model created for the Östersundom case has been validated against data collected 

from energy efficient pilot school, School of Sakarinmäki. Helen provided the metered data from the 

School of Sakarinmäki for CITYOPT research purposes and it was compared to the simulation 

results. The validation process is described in Chapter 4 in a more detailed level. The energy system 

at the school is shown in Figure 1. The School of Sakarinmäki has solar collectors connected to water 

tanks to supply the needed hot water at the school. The heating of the school comes from ground 

heat pumps and is supported with oil boilers (Helen Oy, 2015). The nominal power of solar collectors 

is 150 kW and they are supported with two water tanks of volume 4000 litres each. The nominal 

power of the ground heat pumps is 275 kW and the maximum power of the oil boilers is 1500 kW. 

In normal operation 80% of heat is from renewable energy sources. The oil heating system is also 

capable to cover the heating demand alone when necessary since the maximum heating demand of 

the School of Sakarinmäki is approximately 1200 kW.  

 

Case Kalasatama 

The simulation model for electrical energy storage created for the Kalasatama case has been 

validated against data collected from the Environment Building. The early operation data from 

Suvilahti BESS at Kalasatama was also used to compare the simulation and operation results and the 

analysis of the results are reported in Deliverable 4.1. The Suvilahti BESS provided data between 1.-

31.8.2016 when the system was operating in frequency control and voltage support in reactive power 

compensation. The Suvilahti BESS is shown in Figure 2.  
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The energy system at the Environment Building is shown in Figure 3. A 60 kW photovoltaic panels, 

45 kWh/90 kW battery energy storage and electric vehicle charger are installed at the system. The 

energy system at the Environment Building was running in holistic optimization for two weeks to 

collect data for validation purposes. The battery energy storage was utilized depending on spot prices 

and the rate of PV production with respect to consumption of Environment Building. The test run 

took place between 13.6.-26.6.2016.  

 

The study of the Environment building addresses the following study cases: 

 Validation of the CITYOPT model of battery energy storages 

 Optimization of the energy consumption of the Environment building  

 Optimization of the economic benefits of the BESS in Environment building 

 Collection of information from the use case and behaviour of the BESS 

The metrics of such energy systems that are analysed within the CITYOPT project are monetary 

compensation, cost structure, CO2 reduction (kgCO2), energy savings, BESS usability and 

degradation of battery’s energy capacity.  

 

The study of the Suvilahti BESS addresses the following study cases: 

 Frequency control 

 Peak power shaving 

 Voltage support 

 Energy time shifting using the Suvilahti solar power plant to charge the batteries 

The primary application of the Suvilahti BESS is the frequency control of the power system. 

Frequency control is a function of power and system frequency. Frequency control curve visualizes 

the relation of the power and frequency. Fingrid Oyj is given a freedom to change this frequency 

control curve, the battery energy storage’s main research aspect of the agreement. An example curve 

for frequency regulation is shown in Figure 4. 

Helen has also agreed to offer peak power shaving and voltage support to the distribution system 

operator (DSO) Helen Electricity Network Ltd. Voltage is a local attribute, which can be supported 

by injecting reactive power to the system. The Suvilahti BESS is capable of generating up to 1.2 MVar 

of reactive power in case of under voltage situation. The voltage support is controlled by the voltage 

to reactive power curve and an example curve is shown in Figure 5. 

The Suvilahti BESS will not be used to validate the simulation models due to lack of time. The use 

cases run in the Suvilahti BESS will prove the functionality of the battery energy storage system and 

offer additional information about projects around energy storage. The metrics that are discussed in 

Chapter 8 considering Suvilahti BESS are usability and fault occurrence of the operational BESS. 
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Figure 1. The energy system at School of Sakarinmäki consists of solar thermal collectors which are 
connected to 2x4000 l water tanks, ground heat pumps and oil boilers. 

 

 

Figure 2. Battery energy storage system (1.2 MW/600 kWh) at Suvilahti connected to the PV-plant (315 
kWp) and to the 10 kV-grid via a substation. 
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Figure 3. Environment building has its own PV-plant (60 kWp), battery (90 kW/45 kWh), and EV-
charger all connected together (Courtesy of Siemens). 

 

 

 

 

 

 

 

Figure 4. Frequency control curve determines the charge and discharge power of the BESS based on the 
grid stability. 
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Figure 5. Voltage to reactive power curve determines the grid’s reactive power compensation based on 
voltage deviations. 
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3. Model documentation 

3.1. Simulation model of case Östersundom 
 

The Östersundom model represents a large district containing 14 areas, each with different square 

meter amounts of multi-storey buildings, town houses, smaller residential buildings, public 

buildings (schools, kindergarten etc.), commercial buildings and shops. When it comes to energy 

solution, the whole Östersundom area contains one combined heat and power (CHP) plant. This 

plant is controlled according to the heat demand while producing electricity simultaneously as one-

third respect to the heat production. There is a centralized thermal storage for the whole district 

while thermal storage capacity can be added to each area separately. The sizes of the storages are 

modified through their volumes between zero to 20 000 m3 per urban area. The Östersundom 

district model contains also a district heating component from which one could change the supply 

and return temperatures of the district heating network and lower the heating value of the fuel used 

in the CHP. It can be regarded that this district heating component is forming a unity with the CHP 

component. See Figure 6 for overview of the Östersundom model. The separate components are 

described in the following. A closer description about the Östersundom model, its components and 

the calibration done can be found in deliverable document 3.4. 

 

 

 

Figure 6. Layout of the Östersundom model and its components. 
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3.2. Simulation model of case Kalasatama 
 

The purpose of the Kalasatama model is to test different control strategies for an energy system 

involving solar photovoltaic panels and battery storage.  The model consists of three different 

building types residential, commercial and office (see  

 

Figure 7). Each building has the same parameters in the model and differ only considering 

electricity consumption profile. A centralized building model was also a part of the Kalasatama 

model where the consumption profile is regarded as combined consumption of the three different 

building types. The idea of this was to assess the potential of either centralized or decentralized 

energy systems for a building block in the Kalasatama central area (either common solar 

photovoltaic and battery energy system or separate system). A closer description about the 

Kalasatama model, its components and the calibration done can be found in deliverable document 

3.4 

 

 

 

Figure 7. Kalasatama simulation model components 
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At the moment the Kalasatama model contains only a strategy of storing and selling excess solar 

energy and control of the strategy follows the following order: 

1. Solar electricity is deduced from the demand 

a. Excess solar electricity would be stored in the battery whenever there is capacity 

available, there will be a certain percent conversion losses whenever the battery is 

charged. 

b. Excess solar electricity would be sold in case battery is full. 

2. Use battery in case there is capacity, there will be a certain percent conversion losses 

whenever the battery is discharged. 

3. The rest of the demand would be bought from the grid. 

CO2 emissions and electricity costs are calculated directly from user given data and electrical 

consumption profiles. The available spot-price data in the model is based on European spot market 

prices for electricity in year 2014. Weather data is also averaged data from the Helsinki area from 

2014. The model can be used for either finding the optimal photovoltaic panel settings, or finding 

the optimal battery capacity for a certain electrical consumption profile (building type) based on 

prices, CO2 or other environmental aspects. 

Future investigations of such energy systems would involve other control strategies as well as 

combination of these different strategies. The current Kalasatama model is to be modified and 

extended accordingly. The following components and their parameters presented in Table 1 are 

available in the Kalasatama simulation model. 

NOTE: The simulation time step is 3600 seconds (one hour) which means that input data need to 

be given accordingly. 

  

Input and output components 

The input components show what types of inputs the Kalasatama model takes from input files. 

These are shown in Table 2. On the other hand the output components that are being written to the 

Kalasatama model output file are presented in Table 3. 
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Table 1. Building components in simulation model: both combined building type and decentralized 
buildings have same parameters. 

KALASTAMA BUILDING COMPONENT 

Property Name Type Unit Explanation 

Min/Max  

[-/Optimi-

zable] 

amount_of_buildings 
Input, 

Number 
 

User gives the amount of 

similar buildings that is 

represented by this 

component (multiplier 

for consumption and 

production) 

0/∞ [-] 

azimuth 
Input, 

Number 
° 

Azimuth angle of the 

southern direction 

(direction of solar panels) 

-180/180 [-] 

Battery_ChargeRatioOfIniti

al 

Input, 

Number 
kW 

Charging discharging 

capacity of storage 

defined by this ratio 

times the initial capacity     

0/∞ [-] 

buy_tax 
Input, 

Number 
€/kWh 

Energy tax of bought 

energy 
0/∞ [-] 

CO2_Fixed 
Input, 

Number 

kgCO2/

MWh 

Fixed value of average 

CO2 level of the 

electricity delivered by 

the grid  

0/∞ [-] 

CO2_FromInputFile Boolean  

Determines if the fixed 

CO2 value is used (False) 

or if the varying CO2 

value in the input file is 

used (True) 

False/True 

[-] 

CO2_PV_production 
Input, 

Number 

kgCO2/

MWh 

CO2 value bounded to 

the solar PV production 0/∞ [-] 

FixedPrice_Bought 
Input, 

Number 
€/kWh 

Fixed price for electricity 

bought 
0/∞ [-] 

FixedPrice_Sold 
Input, 

Number 
€/kWh 

Fixed price for electricity 

sold 
0/∞ [-] 
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Property Name Type Unit Explanation 

Min/Max 

[-/Optimi-

zable] 

Latitude 
Input, 

Number 
° 

Latitudinal coordinates 

of location 
-90/90 [-] 

Longitude 
Input, 

Number 
° 

Longitudinal coordinates 

of location 
-180/180 [-] 

loss_chargeORdischarge 
Input, 

Number 
% 

Losses from charging or 

discharging battery as a 

percentage of the energy 

being transferred 

0/100 [-] 

one_building_m2 
Input, 

Number 
m2 

The total floor area of 

this (one) certain 

building. This is a 

multiplier to the 

electrical consumption 

profile 

0/∞ [-] 

PV_All_tilt 
Input, 

Number 
° 

Tilt angle of all PV 

capacity 
0/90 [opt] 

PV_East 
Input, 

Number 
kWp 

PV capacity facing the 

certain direction 
0/∞ [opt] 

PV_North 
Input, 

Number 
kWp 

PV capacity facing the 

certain direction 0/∞  [opt] 

PV_South 
Input, 

Number 
kWp 

PV capacity facing the 

certain direction 0/∞  [opt] 

PV_West 
Input, 

Number 
kWp 

PV capacity facing the 

certain direction 
0/∞  [opt] 

sell_tax 
Input, 

Number 
€/kWh 

Energy tax of sold energy 
0/∞ [-] 

standard_meridian 
Input, 

Number 
° 

The standard meridian of 

location -90/90 [-] 

transfer_price 
Input, 

Number 
€/kWh 

Transfer cost of each 

kWh of bough electricity 0/∞ [-] 
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Property Name Type Unit Explanation 

Min/Max  

[-/Optimi-

zable] 

UseFixedPrice_Bought Boolean  

Determines if the fixed 

buy price for energy is 

used (True) or the spot 

price from the input file 

(False) 

False/True  

[-] 

UseFixedPrice_Sold Boolean  

Determines if the fixed 

sell price for energy is 

used (True) or the spot 

price from the input file 

(False) 

False/True  

[-] 

 

Table 2. Input components of the Kalasatama model. 

Input components 

Component Name Type  Unit 

(original) 

Explanation Min/Max 

[-/Optimi-

zable] 

CO2_INPUT Input from 

file, 

number 

kg/MWh Average CO2 

emission level of 

electricity bought 

(hourly value) 

0/∞ 

CLOUD_FACTOR Input from 

file, 

number 

 Affect the gains 

from solar energy 

and should be 

location specific 

0/1 

OUTDOOR_TEMP Input from 

file, 

number 

°C Outside temperature -∞/∞ 

ELEC_D Input from 

file, 

number 

kW or kWh Electricity demand  0/∞ 

PRICE Input from 

file, 

number 

€/kWh Price for electricity 

(spot, local or any 

preferable by the 

user) 

0/∞ 
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Table 3. Output components of the Kalasatama model. 

Output components 

Component Name Name of 

Output  

Unit 

(original) 

Explanation 

“building 

type”_NETDEMAND 

 

MULTIPLY

ER_OUTP

UT 

kWh Hourly net electricity demand 

(demand - production) 

“building type”_NETSOLD 

 

MULTIPLY

ER_OUTP

UT 

kWh Hourly sold electricity 

“building type”_ECOSTS 

 

MULTIPLY

ER_OUTP

UT 

€ Hourly net cost from electricity 

procurement (based on net 

demand and price) 

“building type”_ESALES 

 

MULTIPLY

ER_OUTP

UT 

€ Hourly gain from sold excess 

electricity 

“building type”_CO2 

 

MULTIPLY

ER_OUTP

UT 

tonnes Total cumulated CO2 emissions 

from electricity bought from the 

grid 

“building type”_PV_PROD 

 

MULTIPLY

ER_OUTP

UT 

kWh Hourly solar photovoltaic 

production.  

“building 

type”_DEGRA_COST 

 

MULTIPLY

ER_OUTP

UT 

€ Cumulated costs from battery 

degradation (based on cycles and 

investment price of battery) 

“building 

type”_BAT_USETIME 

 

MULTIPLY

ER_OUTP

UT 

h Hours that battery has been in use 

during period of simulation. This 

tells the utilisation grade of the 

battery. 
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4. Simulation model validation 
 

Both the Östersundom and Kalasatama simulations were validated against their corresponding pilot 

cases. The purpose of validation was to fix errors in the simulation model and at the same time 

calibrate the model to better match real cases. 

The Östersundom simulation model was validated against measured data from School of 

Sakarinmäki. The simulation model is robust compared to its pilot since it represents a bigger area 

with numerous buildings and a larger overall energy system. However for validation, the 

Östersundom simulation model was scaled down by fitting its parameters to match the system at the 

School of Sakarinmäki. Practically this meant dimensioning the district heating pipes and changing 

storage tank’s size and properties. The measured energy demand and solar heat production was 

connected to the simulation model as inputs. The model parameters in model validation are listed 

in Table 4. 

 
 

Table 4. District heating pipe and tank settings for validation of the Östersundom model with the pilot 
energy system at the School of Sakarinmäki. 

 

Parameter Unit Description Value 

DH_Pipe_diameter m 
Diameter of district heating connection 

pipe 
.12 

DH_pipe_len m 
Length of connection pipe from area n to 

CHP plant 
20 

Insulation_Mwool_ra

tiotoheight 
 

Relation between thickness of mineral 

wool insulation layer to tank height. 

Affects losses of tank 

.2 

Insulation_Purethane

_ratiotoheight 
 

Relation between thickness of 

polyurethane insulation layer to tank 

height. Affects losses of tank 

0 

 

T_Storage_max °C 
Maximum tank temperature. Affects the 

amount of heat stored  
90 

T_Storage_min °C 
Minimum temperature of extraction 

from tank 
64 

Tank_Vol Cubic meter, m3 Volume of the thermal storage of area n  8 
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What came to be validated was the heat demand dynamics of the model which in practice was how 

much heat the model requested from the “main” energy source (combined heat and power plant in 

the case of Östersundom). Excess heat from solar production would be stored to reduce the demand 

of energy from the main energy system. The temperature range of the storage was set to 64˚ - 90 ˚C 

which would result in the tank requesting for heat whenever its temperature goes below the 

temperature set and stop storing excess energy whenever the upper temperature is reached. Hourly 

(uninterrupted) average measurements were available from June to October and the validation was 

done for this period of time. 

 Validation results showed that the tank heat request corresponded closely to the demand of the 

measured system. The heat request is controlled by a controller component that struggles to keep 

the temperature of the tank within the user-given temperature range. It was noted that the largest 

differences occurred whenever the demand differed from zero. The simulation model would then lag 

one step behind from that of the measured system but then compensate for the missing demand in 

the next step. Also, the lags caused by the control system would also occasionally result in higher 

demand which over the whole period of validation became 6,9 % higher than the measured values.  

The temperature in the tank was also examined when validating with the energy system of the School 

of Sakarinmäki. The temperature in the simulated tank did not follow the same fluctuation as the 

temperature in the measured system and was rather constant except for when excess heat was added 

to the tank. However, it moved within the user-given temperature range and its sensitivity to excess 

heat from solar collectors corresponded to that of the measured system (rise in temperature). Again, 

one of the main reason to this is the controller unit that predicts the heat demand and adjusts the 

request to such level that the temperature in the tank is maintained within the given boundaries. 

This explains the stable temperature around 64 ˚C except for when excess solar heat is added. 

Another reason is that the measured temperature was taken from the outlet of the energy system and 

not directly from the tank which might have been distorted by other heating sources in some cases. 

The validation results are further examined in Deliverable 3.4. 

The overall performance of the energy system in the Östersundom simulation model was validated 

by using the results from the Vartiosaari project. This project concerned a new residential area in 

Vartiosaari, Helsinki and one of its goals was to determine the potential of solar heat production and 

storage in the area. Calculations of energy balances were used to determine the solar heat fraction 

(share of total heat demand provided by solar energy) for different combinations of solar heat 

production and heat storage capacities. This part of the validation shows if the results from the 

Östersundom simulation model correlate with the energy balance calculations of Vartiosaari project. 

Major flaws in the Östersundom simulation model could have been detected by the comparison the 

the Vartiosaari results since there were several combination of storage volume and solar heat 

capacity involved. 

The Vartiosaari validation was done so that the same heat demand and production profiles were 

given as input to the Östersundom simulation model. The temperature range was set to 30˚ - 75 ˚C, 

mineral wool insulation thickness of the tank to 0,57 meter, the total floor area of residential 

buildings to 325 000 m2 and the district heating losses to 5 % (same as in the Vartiosaari model). 

Simulations were made for solar collector areas of 16 250 m2 to 48 750 m2 and the tank volumes of 

1 625 m3 to 6 825 m3. 

The results showed that the smaller the tank volumes the more similar the solar heat fractions of the 

models were. However, the difference was under 1 % for all cases and from this it can be concluded 
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that the Östersundom simulation model behaves according to energy balance calculations. The 

difference in heat loss, on the contrary, was greater and was around 14 % for most cases. Heat loss 

seemed to contribute only by little to the total heat demand of the area and had therefore a small 

effect on the solar heat fraction.  

A factor that caused the small difference in demand is the dynamics of the Östersundom model and 

its controller component. The controller keeps the temperature in the tank slightly away from the 

boundary given by the user and these small differences lead to a slightly smaller capacity utilisations 

compared to the Vartiosaari model. Heat losses could be another factor causing difference in heat 

demand between the models. The differences in heat losses are due to the dynamics of the 

Östersundom model since the model calculates the thermal conductivity of materials and 

convectional heat transfer based on the current temperature (tank and ambient). The same heat 

transfer coefficient was used throughout the calculations of the Vartiosaari model. 

From the validations can be concluded that the Östersundom simulation model is more suitable to 

assess the utilization of solar heat and heat storage on a wide scale. The dynamics and performance 

is sufficient for examining energy demand and production, thermal storage and heat losses. The 

results will be sufficient regarding key performance indicators important to urban planning such as 

solar heat fraction, storage volumes, required area for solar collectors and primary energy demand 

(emission reduction and costs).   

The Östersundom is less suitable for examining energy systems on a more detailed level. It becomes 

too robust for systems such as school of Sakarinmäki even though the dynamics react similarly and 

the temperature boundaries area met. More detailed systems require further information in factors 

that will have a great effect on the results such as control strategies and system configurations and 

dimensioning. Detailed system analysis was however not the intention of the Östersundom model 

but to create big picture assessments of energy systems on district level. 

The Kalasatama model was verified by using the energy system of the Environment building. 

Solar photovoltaic production data was available from 2014 and the battery was brought into use 

(testing) during 2016. Furthermore, the losses from the battery system were measured and used to 

calibrate the simulation model. 

As for the solar photovoltaic production, the simulation model was adjusted to the same performance 

of the measured system. The direction and tilt angles of the panels were set to correspond the setting 

of the Environment building panels. Test run showed that similar pattern was achieved by the 

simulation model even though the weather profile was different (cloudiness and temperature, a 

standard profile was used). This shows that at least the solar irradiation prediction to the certain 

angles was working correctly, see Figure 8. The total photovoltaic production in 2014 was 30 MWh 

while the simulated model gave 33 MWh which is a difference of 10 %, the maximum output during 

one hour was correspondingly 45,3 kW and 46,1 kW with 2 % difference. 

Electricity costs were also used to verify the model, since the price is affected by the net demand 

which in turn is altered by photovoltaic production and use of battery. Electricity prices were 

available from years 2014 and 2015. Simulation was done for both fixed (0,044 €/kWh) and spot 

(2014) prices while the transfer price of 0,033 €/kWh and the energy tax of 0,028€/kWh were the 

same for all cases. Only the photovoltaic was included in the 2014 simulation while the battery was 

used in the 2015 simulations. The results from the economical validation are shown in Table 5. It has 

been concluded on the basis of the economical evaluation that the calculations of the simulation 
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model seemed close enough to the real data and can therefore be trusted in further optimisations. 

The difference from 2014 values were around 3,4 % which is mainly caused be the difference in solar 

energy production. Furthermore, similar simulation with battery resulted in cheaper electricity 

prices (electricity bought from the grid) which is logical since less electricity needs to be bought from 

the grid when excess production is stored in the battery. However, the electricity cost cannot be the 

same for 2014 and 2015 due to several factors such as weather, consumer habits, cloudiness and 

other factors that cannot be accurately foreseen and do not remain the same for every year. What 

however can be concluded is that the numbers of real data and simulated data are in the same order 

of magnitude which rules out the possibility of greater flaws in the simulation model. 

 

 

 

Table 5. Economical cost validation, Environmental building vs. simulation model. 

Electricity cost validation, Environmental building vs. simulation model 
 

Costs without battery (2014), € Costs with battery in use (2015), 

€ 

Environmental building 27363 26722 

Simulation, fixed price  26431 26252 

Simulation with spot prices 26061 25953 

 

 

 

Figure 8. Photovoltaic production, Environment building system vs. Kalasatama simulation model. 
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5. Planning tool simulations 

5.1. Case Östersundom 
 

The Östersundom simulations were done in collaboration with the attendants during the user 

acceptance workshop in 2016. The participants created all in all 6 different scenarios that were later 

simulated and evaluated in terms of energy costs and CO2-emissions. Planning Tool simulations 

were based on the Östersundom simulation model made in APROS. The model parameters were set 

according to the planned area in terms of floor areas and estimated district heating pipe properties. 

These were to be similar for all scenarios created later. 

Energy production capacity and storage were to be either user-given or defined by the optimisation 

algorithm. More specific, the amount of solar collectors and solar photovoltaic panels, storage 

capacity and the thermal capacity of the CHP plant were defined. Further technical details (tank 

insulation, district heating temperatures, properties of the CHP plants etc.) were also adjustable but 

would have required further information and expertise and was not available amongst the 

participants. Instead, default values of the model were used for these parameters. The functionality 

of the simulation model is described below and the list of the parameters mentioned are shown in 

Table 6. 

The simulation model calculates the energy balance for each hour. Heat demand was covered in the 

following order: 

1. Solar thermal system 

2. Thermal storages 

3. CHP plant heat production 

4. District heating network of neighbouring area (this was just a definition) 

 

The production of the CHP plant was thermally driven which meant that electricity would be 

produced only when there was a need for thermal energy. This in turn affected the electricity 

procurements of the area which took place in the following order: 

1. Solar PV system 

2. CHP plant electricity production 

3. Electrical grid 

 

The economic value was expressed in terms of energy procurement costs. The cheaper the energy 

procurement is the cheaper the energy to be provided for the inhabitants of the area is. Energy costs 

of the area consisted of the configuration of the energy system and energy demand. 

 

Heating energy cost structure: 

- Solar thermal panels (m2)  × system investments of solar thermal (€/m2/a) 

- Thermal storage volume (m3) × system investments of thermal storages (€/m3/a) 

- Net heat demand (purchased, kWh) × average district heating prices in the Helsinki area 

(€/kWh) 
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Electricity costs: 

- Solar PV panels (m2) × system investments of solar PV (€/m2/a) 

- Net electrical demand (purchased, kWh) × average district electricity prices in the Helsinki 

area (€/kWh) 

- CHP electrical energy production × CHP production costs projected to electricity production 

(€/kWh). This value contains also the costs of heat production. 

Both heating and electricity costs were summed to form the total energy costs of the area and were 

later used to compare the outcomes of the scenarios. 

 

CO2 emissions from heating: 

- Solar thermal panels (m2) × CO2 emissions per m2 of collectors surface (kg/m2/a) 

- Thermal storage volume (m3) × CO2 emission of thermal storages (kg/m3/a) 

- Net heat demand (purchased, kWh) × average district heating CO2 emissions in the Helsinki 

area (kg/kWh) 

 

CO2 emissions from electricity: 

- Solar PV panels (m2) × CO2 emissions per m2 of panel surface (kg/m2/a) 

- Net electrical demand (purchased, kWh) × average national CO2 emission per kWh used 

electricity (kg/kWh) 

- CHP electrical energy production × CO2 emission according to electricity production 

(kg/kWh). This value accounts also for the heat production. 
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Table 6. External parameters used for calculating the main KPI’s, costs and CO2 emissions of the 
Östersundom case.  

External parameter list used in Östersundom optimization cases 

Name Description Value Unit 

nIv_SolarTh 

Investment price of solar thermal system per 

m2 divided by expected lifetime of system (20 

a) 

16 €/m2/a 

CostElec 
Average consumer price of electricity in 

Helsinki area 
0.06 €/kWh 

Inv_SolarPV 
Investment price of solar PV system per m2 

divided by expected lifetime of system (15 a) 
5.7 €/m2 

CO2excessElec 
Average CO2 emission of grid electricity in 

Finland kg/kWh 
0.22 kg/kWh 

CO2excessHeat 
Average CO2 emission of district heating in 

Helsinki kg/kWh 
0.198 kg/kWh 

CO2SolarTh 
CO2 bound to one m2 of solar thermal 

collector 
0.0154 kg/m2 

ProdcostCHP_elecbound 
Production costs of a bio-CHP aggregated to 

electricity generated 
0.03 €/kWh 

Inv_CHP 
Investment price per kW electrical power 

divided by expected lifetime of system (30 a) 
150 €/kWh 

CO2CHP_elecbound 

average CO2 emission bound to one kWh of 

electricity produced by a bio-CHP plant (LCA 

based) 

0.101 kg/kWh 

CO2SolarPV CO2 bound to one m2 of solar PV panel (LCA) 0.0136 kg/m2 

CostHeat Consumer average price for district heating 0.073 €/kWh 

CO2Storage 
Average CO2 bound to one m3 of heat storage 

volume divided by lifetime expectancy (30) 
0.05 kg/m3 

InvStorage Investment cost of one m3 of storage (LCC) 15 €/m3 

 

The parameters in Table 6 were used as default values during the workshop. The workshop 

participants created seven different scenarios including the basic scenario which was to be used as 

the reference for other scenarios. The creation of each scenario took in average 5 - 10 minutes and 

following remarks were made by the participants regarding the process:  

 The tool is useful once there is a bigger project because setting up simulation models, creating 

metrics and defining boundaries is time-consuming and might not be profitable for smaller 

projects. 

 There should be at least one main facilitator that understands the simulation model and is 

an expert in using the Planning Tool. This facilitator would then ask other stakeholders for 

the necessary inputs (preferably already having created the simulation model beforehand in 

order to all factors to be taken into consideration).  

 The integration of other simulation tools should be possible and made easy. 
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A genetic algorithm (GA) optimisation was later run to find possibly better scenarios than those 

created during the workshop. In GA-optimisation the main task for the user is to define boundaries 

for the parameters within which the GA-optimisation is allowed to vary the parameter values. These 

parameters and their boundaries were following: 

 

- Solar collector and solar panel area, the maximum combined area for these were from 0 m2 

to 20 % times the combined building area for each district 

- Volume of thermal storage, 0 to 20 000 m3 for each district 

- CHP thermal capacity (electrical was one third of the thermal), 0 to 100 000 kW 

 

User-determined scenarios 

The user-determined scenarios were created during the workshop and following setups were 

selected: 

 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 12 most optimal scenarios resulting from genetic optimization were selected from the simulation 

results and are described here: 

 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. 
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 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. 

 

5.2. Case Kalasatama 
 

Different from the Östersundom case, the Kalasatama case was about examining the energy system 

settings for different control logics. Control logic of storing excess solar photovoltaic production was 

examined in the CITYOPT project. However, the aim is to examine other control logics with the 

Planning Tool in the future and compare these to find the potential business cases for electrical 

storages in the Kalasatama area. 

The area under consideration in case Kalasatama is one block of buildings to be built in the centre of 

Kalasatama. The block consists of three different building types; residential, office and commercial. 

Each of these have specific electricity consumption profiles typical for their own type. Optimisations 

were run to determine feasible solar photovoltaic (directions and tilt angles) and battery capacity 

settings with energy costs and CO2 emissions as the objective criteria. 

 

The energy costs consists of the following factors: 

 Demand to be bought from the grid (kWh) × (Spot price at the specific hour (€/kWh) + 

Transfer taxes (€/kWh) + Transfer price (€/kWh) 

 Solar photovoltaic capacity (kW) × Investment costs of solar photovoltaic (€/kWp/a) 

 Battery capacity (kWh) × Investment costs of battery system (€/kW/a) 

 Energy sold to the grid (kWh) × Spot price at the specific hour (€/kWh)  

 

The optimisations of the block in Kalasatama were done in several separate genetic algorithm (GA) 

optimisation runs in order to examine the difference between centralized and decentralized 

solutions. In the centralized case all buildings had a common energy system and the system was 

optimized as one “block” while in the decentralized case each building was separately optimized. The 

settings and boundaries used for the Kalasatama optimisations can be found in Table 7. 

The combined building offering private homes, office premises and shops was modelled to have 

own photovoltaic production paired with electrical energy storage. The battery energy storage was 

modelled to do local optimization to smoothen the production and allow flexible use of electricity 

with different consumption needs. The combined building is the building type introduced in Table 7 

as Centralized. 
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The other scenario modelled distributed production and storage integrated into different 

building types separately built. Simulation model models the differences between the buildings in 

their need of storage capacity 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 to the consumption within the building to avoid the current 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 

reasons why grid-scale energy storages are mainly 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.     

  

 

 

Table 7. Case Kalasatama optimization settings. 

Initial data, Kalasatama case 

Building type Office Commercial Residential Centralized 

Floor area, m2 14875 201167 14700 49692 

Available area for solar panels, m2 480 792 270 1542 

Data used for setting the optimization 

Building type Office Commercial Residential Centralized 

Battery capacity boundaries, kWh 0-330 0-330 0-330 0-1000 

PV capacity boundaries, kWp 0-67 0-111 0-38 0-216 

Lowest charging % 20 20 20 20 

Highest charging % 92 92 92 92 

CO2 from grid, kg/kWh 220 220 220 220 

PV tilt angle range, deg 0-50 0-50 0-50 20 - 90 

Losses from charge/discharge, % 10 10 10 15 

Energy transfer price, c/kWh 0.033 0.033 0.033 0.033 

Energy taxes buy price, c/kWh 0.028 0.028 0.028 0.028 



CITYOPT  D3.1 Helsinki demonstration    33   

 

   

6. Field experiments of the Planning Tool 

6.1. User experience tests with stakeholders 
 

A heuristic evaluation and a series of user experience testing with real and potential users has been 

conducted in Espoo, Finland, by Experientia and VTT between 5th and 9th October 2015 on an early 

version of the CITYOPT Planning tool. Figure 9 shows one of the user experience testing sessions. 

The tool has been appreciated because it abstracts from the many metrics and how they are 

connected together. However, the research highlighted a number of problems affecting the user 

experience of the CITYOPT Planning tool, which have been addressed in order to guarantee a better 

usability and user experience. This research also highlighted known issues due to the early stage of 

the development. Findings of the research have been listed, prioritized by gravity, and possible 

solutions to address them have been provided for the development team. 

Three main critical issues have been elicited: 

 The district model dataset that users have to upload upon project creation is an “unknown 

entity” for users. It is not clear how this file will be provided, nor 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. 

 The tool can be used in many different ways, but the lack of guidance in the different 

screens makes it difficult to understand what can be done and how, moreover tool-related 

jargon terms are sometimes ambiguous and generate confusion.  

 The definition of a mathematical 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 variable names is also negatively 

affecting the user experience.  

The research also highlighted other usability issues, misleading labels and interpretation issues as 

well as insights to improve the usage of the tool for less technical users such as city planners. Pain 

points reported after the user experience testing has been addressed by the development team and 

fixes has been included in the following releases of the Planning tool. 

A description of the methodology used and a detailed report of the insights is available in Annex 12.1. 
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Figure 9. One of the user experience test session. 

 

6.2. User acceptance evaluation with stakeholders 
 

The user acceptance testing with potential 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. Due to the limited 

number of potential users (i.e. 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, the evaluation took place in the form of a workshop and has been based on a qualitative 

methodology. 

The workshop involved three participants, representative of three different user groups: 

 Energy providers (a representative of Helen Ltd.) 

 External consultants (an external freelance consultant) 

 City planners (a representative of the City of Helsinki Planning Department) 

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

general, the tool seems useful and the results on the optimised scenarios are easy to interpret. 

However, the initial set-up (creation of models) can require considerable efforts and participants 

suggested that might not be worth for small projects to use the CITYOPT tool for running 

simulations.  

The learnability of the tool seems to be quite high, but this is compensated by a high efficiency (i.e. 

once used with the tool it’s easy to run simulations). 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. 
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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 will be available in D4.1. 

 

 

Figure 10. The participants planning the 
Ostersundom scenarios. 

 

Figure 11. One of the participant using the 
CITYOPT planning tool to simulate a scenario. 
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7. Planning tool results 

7.1. Case Östersundom 
 

The best results from the GA-optimisation are shown together with those generated by the workshop 

participants in Table 8 and  

 

 

 

 

 

Table 9 respectively. Based on GA-optimization results the lowest cost and environmental impact 

is achieved with high share of renewables and highly distributed production and storage capacity. 

Furthermore the results demonstrate the advantage of the Planning Tool which finds quickly good 

solutions whenever there are numerous alternatives. This can be seen in the improved results from 

the GA-optimization compared to results from user-defined scenarios. 

The GA-optimisation run for 4 hours during which 1840 different scenarios were generated. This 

amount was too large for the Planning Tool to handle and was processed in another software 

(database). The data management would be one subject for further improvements of the tool. The 

amount of scenarios per time unit generated by the genetic algorithm depends on the computational 

power available. The more calculation capacity the more scenarios will be generated per time unit. 

The parameters of each GA-scenario were verified and concluded to be within the user-given 

boundaries. Also the best scenarios were examined by the experts in order to verify if the given 

parameters were sound. The conclusion is that with the Planning Tool several good solutions instead 

of one best solution can be found and the value weighing has to be done by the user. 

One of the biggest disadvantages realized was that the results are highly dependent on the accuracy 

of the external inputs such as prices, emission levels and the detail level of the simulation model. 

Urban planning is usually about planning a future area where many factors are still unknown. This 

leads to predictions which in the end could make optimisation results less dependable. The results 

from both user-determined and GA-optimisation generated scenarios are further analysed in 

Deliverable 4.1. 

7.2. Case Kalasatama 
 

Each of the four GA-optimisation sets were run for 2 hours on average and resulted to 200 - 500 

scenarios. The best scenarios generated for each optimisation set are shown in Table 10. An 

additional scenario was simulated for each building type where the same panel tilt angle was used 

but all photovoltaic capacity was put to the southern direction. In all cases this showed to give better 

results in cost balance and CO2 emissions than the optimal (pareto) cases found by the GA-
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algorithm. However, the GA-algorithm would have eventually found this out with sufficient number 

of iterations.  

This points out the important aspect of the user being able to consider obvious/potential cases when 

setting up an optimisation problem in order to save processing time and calculation capacity. Similar 

situation was with the battery capacity which was zero kilowatt-hours (0 kWh) in all of the best 

optimisation cases. This was most likely due to the high investment costs with respect to minimal 

savings in bought electricity and could have been deduced without the simulation. 

The residential and the centralized buildings did not produce excess solar electricity at any moment 

due to limited available rooftop area for energy production. This in turn causes the battery to be 

unnecessary, at least for storing excess photovoltaic production. The idle time in solar production 

optimization in one-year period is long and hence the battery could have other use cases to add its 

value and viability. In solar optimization the battery is activated during the sunny months and it can 

be concluded that other functionalities such as back-up power, peak shaving and frequency 

containment reserves could be introduced. 

 

 

Table 8. Results from genetic optimization of the planning tool for Östersundom district. 

 

Genetic 

optimization 

 

Energy 

Costs 

(€) 

 

CO2 
emissions 

(kg) 

 

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 61 675 438 188 659 26 710 219 990 18 274 6 091 

2 23 283 392 61 951 194 164 085 60 037 215 761 19 885 6 628 

3 23 172 237 62 193 769 173 301 64 457 204 704 17 815 5 938 

4 22 814 496 62 660 676 187 287 28 041 213 164 19 766 6 589 

5 22 971 166 62 924 171 166 132 38 652 218 632 19 718 6 573 

6 22 601 141 63 183 743 162 528 42 780 205 448 11 625 3 875 

7 22 620 660 63 729 837 158 597 43 793 198 512 11 669 3 890 

8 22 684 947 63 732 689 142 379 43 122 210 563 11 346 3 782 

9 22 736 977 63 618 948 164 736 67 393 182 564 11 672 3 891 

10 23 075 850 63 425 887 162 133 57 582 203 023 19 748 6 583 

11 23 568 659 63 136 906 168 725 77 663 201 999 19 858 6 619 

12 22 622 811 64 520 414 142 412 27 423 191 768 18 764 6 255 
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Table 9. Results from Planning Tool optimization of scenarios determined by experts for Östersundom 
district. 

 

 

Scenario 

 

 

Energy costs 

(€) 

 

CO2 
emissions 

(kg) 

 

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 

 

91 141 773 

 

0 

 

0 

 

0 

 

100 000 

 

30 000 

Centralized PV 
Park 

 

25 048 265 

 

80 051 722 

 

146 000 

 

0 

 

0 

 

100 000 

 

30 000 

Centralized 

Solar Heating 
with Storage 

 

29 281 042 

 

89 494 203 

 

0 

 

146 000 

 

3 0002 

 

100 000 

 

30 000 

Centralized 
Solar Heating 

with Big 
Storage 

 

29 263 341 

 

88 753 220 

 

0 

 

146 000 

 

10 0003 

 

100 000 

 

30 000 

Centralized 
Solar Heating 

with Huge 
Storage 

 

29 570 845 

 

85 141 758 

 

0 

 

146 000 

 

75 0004 

 

100 000 

 

30 000 

Decentralized 
Solar Heating 

 

27 848 250 

 

90 070 600 

 

0 

 

54 275 

 

0 

 

100 000 

 

30 000 

Decentralized 
Solar Heating 
and Storage 

 

27 695 080 

 

88 650 115 

 

0 

 

54 275 

 

7 948 

 

100 000 

 

30 000 
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Table 10. Results from genetic optimization of the Planning Tool for Kalasatama district. 

Kalasatama GA-optimisation results 
 

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 

Costs (€) 65 157 160 684 112 137 337 978 337 978 

Pareto (Cost & CO2) Best Costs 

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 
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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 

 
OFFICE COMMERCIAL RESIDENTIAL 

DECENTRALIZED 

(Sum) 
CENTRALIZED 

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  
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8. Discussions 

8.1. Case Östersundom 
 

A remarkable disadvantage of the Östersundom case is that the actual district has not yet been 

constructed and the pilot at the School of Sakarinmäki represents only a fraction what it comes to 

the size of the simulated energy system. All available data used in the simulations is based on urban 

plans that might change with time during the realization of the district. However, this could pose as 

an advantage at the same time. Through the results of the CITYOPT planning tool, the parties 

involved can have information what good solutions have in common and use this information in the 

beginning of new pilot and construction projects in Östersundom. This would save time and reduce 

the risks for investments. To attain improved results, the models need to be calibrated and the data 

(prices, efficiencies etc.) updated along with the evolvement of the Östersundom area. 

In case Östersundom the optimisation results showed that there are several good ways to reach good 

results to be used in urban planning. This means that there are several alternatives to do urban 

planning that would eventually lead to better renewable energy utilization and cheaper energy 

procurements. Since Östersundom is going to be built gradually, it would be necessary to re-run the 

case Östersundom with updated data to ensure that the best alternatives for the district are found. 

Furthermore, control strategies and optimal settings for existing systems can later be examined by 

the CITYOPT Planning Tool in order to improve the energy efficiency on a more detailed level. 

8.2. Case Kalasatama 
 

The optimisation runs showed that finding the optimal scenario might depend on simulation 

capacity and time. However, this can be assisted by formulating exceptions or setting proper 

boundaries that help the optimisation algorithm to rule out unnecessary cases. The Kalasatama case 

has two objective functions, cost balance and CO2 emissions, from which the optimisation algorithm 

might have difficulties finding the “best” scenarios unless the user is able to define the weight of 

these factors with respect to each other. 

However, with enough calculation capacity and good optimisation settings, the CITYOPT Planning 

Tool would be powerful tool finding good solutions in similar cases as the case Kalasatama where 

the system is specific and the boundaries of the parameters are well defined. The simulation results 

would help energy companies as well as system providers to find more feasible ways to operate 

existing systems or find new business opportunities for their products. Also, simulation results could 

provide information or evidence for politicians to adjust incentives or market directives in a way that 

allows intermittent storage of renewable energy production to become more popular. One example 

for this would be to recognize electricity storages as individual components of energy systems and 

create market rules and adjust the tax treatment to support storage as an attractive option to be 

combined with renewable energy production.   

Once the model has been made, new analyses are easily made in the future in case some of the 

parameters such as investment or electricity prices change which might affect the outcomes radically. 

Future control logics to be examined would involve further options (capacity reserve market, 
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frequency reserve market and spot-price trading) for the use of battery technology which then could 

make it more economically profitable. Also further intelligence need to be included in the model such 

as spot-price optimisation through prediction or sell/buy agent algorithms to comprehensively 

analyse attractive scenarios. 

 

8.3. Optimal solution planning 
 

Experiences from using the CITYOPT Planning Tool indicate that there might not always be one 

optimal solution but rather many good solutions that would have several things in common. 

However, in order to get better results, both input parameters and simulation models need to be as 

accurate as possible which would be achieved through verifications with existing systems. 

Furthermore, understanding the system that is to be simulated and the ability to define the 

optimisation problem are two key elements that are required from the user. Defining boundaries for 

optimisation algorithms is crucial in order to run simulation models without crashing or giving 

misleading information. The process of formulating the optimisation problem is thereby 

recommendable to be initiated at the beginning of each project. This would ensure the simulation 

models to be built with the right properties and reduce the risks for models crashing or missing KPI 

parameters at a later stage.  

One question would be that is CITYOPT Planning Tool suitable for urban planning since most urban 

planners might not have the technical background necessary for it. On the other hand, this can be 

solved by collaboration with people capable of using the tool. An important insight during the 

CITYOPT project was that the planning tool should not be limited to a tool only for urban planning 

or the planning of energy systems. It should rather be viewed as a platform form solving optimisation 

problems independent of simulation software. This need to be considered in further development 

and exploitation of the tool. 
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12. Annexes 

12.1. Annex 1: Interviews with stakeholders 

12.1.1. Methodology 
 

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

interview structure. 

Date   5-9 October 2015 

Location participant's workplaces, Helsinki 

Duration 1-1.5 hours per interview 

Researchers 1 Experientia researcher + 1 VTT researcher 

Participants 4 participants 

Recruitment criteria 4 users of the CITYOPT Planning Tool at their first experiences using the 

tool 

 

12.1.2. Goals 
 

This session of user experience testing focused on elicit early development problems and usability 

issues and to fix them before a stable version of the CITYOPT Planning Tool is released. 

The main goals of this sessions have been:  

 To understand expected potential of the tool according to the different participant’s roles. 

 To understand if the tool provide the required information, or which data is missing. 

 To understand if the tasks are conducted seamlessly or if usability issues or other barriers are 
detected. 

 To understand people’s satisfaction level, doubts, concerns and expectations for the future 
release of the tool. 

 

 

 

 

 

 



CITYOPT  D3.1 Helsinki demonstration    46   

 

   

12.1.3. Participants 
 

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

date & time name role notes 

Monday 5th Oct 

9:00 – 10:30   

- Helsingin Energia  

Thursday 8th  

9:00 – 10:30 

- Helsingin Energia  

Thursday 8th Oct 

13:00 – 14:30 

- City of Helsinki  

Friday 9th Oct 

9:00 – 10.30 

- Helsingin Energia  

 

12.1.4. Tutorial session 
 

A 3 hours long tutorial session was conducted on September 2015. The aim of the tutorial session 

was to describe the main functionalities of the CITYOPT Planning Tool to the people that was going 

to use it during the demonstration period. 5 people attended the session. 

During the session a printed guide has been delivered to the participants. Attendees were asked to 

execute some tasks with the support of the facilitators. Tasks included: 

1. Creation of a new project 

2. Definition of scenarios 

3. Definition of an optimization set 

12.1.5. Interview structure 
 

The user experience test followed the below structure. 

1. Introduction (10 min): the facilitator introduces him/herself, the CITYOPT project and 

the specific objectives of the Helsinki pilot, and explains the goals of the interview.  

2. Warm up (15 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 observe which problems are encountered by him/her. 
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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.  

 

12.1.6. Results 
 

The following is the list of findings elicited during the user experience testing sessions with end-

users of the CITYOPT Planning tool. Findings has been groped into 7 categories: 

1. Missing information. Missing data or information that participants lacked or was 

looking for during the usage of the tool. 

2. Lack of guidance. Difficulties to navigate within the tool and to understand how specific 

tasks could be achieved. 

3. Usability issues. Problems during the interaction with the software or procedures that 

could become lighter and faster if organized differently. 

4. Labelling and interpretation issues. Issues in understanding the tool’s terminology or 

in interpreting texts or visual cues. 

5. City planners. Findings specific of city planners users. 

6. Other participants’ comments. Other comments worth being mentioned that didn’t fall 

in any of the other categories. 

7. Bugs. Technical issues encountered during the usage of the tool. Some of them are 

probably already known. 

 

 

Figure 12. One of the user experience test session. 
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Next to each finding its level of gravity is reported, on a scale of three values, as follows: 

***, high gravity. The problem is critical and some of the users could got stuck in the 

execution of their tasks. It should be fixed before releasing the tool. 

**, medium gravity. The problem is encountered by several participants and negatively 

affects the ease of use of the tool. It should be fixed. 

*, low gravity. The problem is encountered by few users and users are able to proceed with 

their tasks execution without big troubles. However, fixing it could improve the tool usability. 

 

This research also highlighted known issues due to the early stage of the development, and it only 

takes into account users’ ease of use of the tool. 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. 

 

12.1.6.1. Missing information 
 

Obscure district 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 

detailed Ostersundom information, including: heating pipes lenghts, solar collectors sizes and 

capacity, etc.”). Provide description for each dataset component to briefly explain the data 

contained in it.  

 

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.  
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Mandatory and optional fields (general) ** 

It’s not clear which fields are mandatory and which are not. Sometimes optional fields that are not 

needed by the user for conducting their tasks (i.e. ‘location’ and ‘design target’ during the new 

project creation, ‘multi-scenarios’ in edit scenario) are difficult to understand. Knowing which 

fields are optional would help users to filter advanced information that is needed only in specific 

cases. 

Recommendation: provide a visual cue (e.g. asterisk) for the mandatory fields.    

 

Site information (create new project) * 

More information on the site/district would be an interesting extra information. For example, it 

could be useful to visualize on a map sub-areas, plants and different kinds of buildings. 

Recommendation: provide the possibility to upload a detailed map of the area. 

 

12.1.6.2. Lack of guidance 
 

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’.”  

 

Tool jargon (general) ** 

Scenarios, components, metrics, input parameters, external parameters. There are many technical 

terms that are not immediate for users to understand. In most cases, participants had to refer to 

the instruction manual in order to understand the main differences. 

Recommendation: for each table provide a brief introductive description of the elements 

contained. For example, the components table could be introduced as: “Information contained in 

the model dataset file are grouped into components. The following is the list of the components 

for the current model.” 

 

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. 

 

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. 

 

‘Call to action’ buttons not visible (general) ** 

The ‘call to action’ 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 ‘call to action’ buttons, for example by making the 

bottom larger and with a different background color. 

 

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.”). 

 

12.1.6.3. Usability issues 
 

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.  

 



CITYOPT  D3.1 Helsinki demonstration    51   

 

   

File upload (create new project/optimization set) *** 

The upload of the district model dataset file is not clearly understood by the majority of the 

participants. The three fields (file upload, detail level and upload button) are not visually connected 

together. The ‘detail level’ option is not explained and people don’t know what it could be used for. 

After selecting a file for the upload, it’s not clear that the form should still be submitted by clicking 

on the ‘load’ button. After the upload of the image is completed, no feedback is given, leaving the 

user in doubt of the success of the operation. 

Similar problems apply in the optimization set screen, where it’s not clear if the external 

parameters are already loaded or if they still need to be selected. 

Recommendation: visually link together the different fields of the upload section (e.g. with a 

border around the upload form fields), give a description of what the ‘detail level’ level could be 

used for, and always show if a dataset has been uploaded (e.g. “Dataset ‘XYZ’ correctly 

uploaded.”) or if no file has been uploaded yet (e.g. “No dataset has been uploaded.”). 

 

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). 

 

Not persistent results (optimization set) * 

After running the scenarios, if the user moves to a different area of the tool, the optimization 

results are lost and it’s necessary to run the optimization again.  

Recommendation: provide a possibility to save the results or visualize them again. 

 

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. 

 

12.1.6.4. Labelling and interpretation issues 
 

Results and best solution visibility (optimization set) ** 

The results are not visible enough and they visually appear as a table at the same level as the other 

ones available. Even when noticed, it’s not clear which the best result is, as results are not visually 

differentiated. 
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Recommendation: give more relevance to the results table by placing it before the other ones. The 

page layout could be split in two areas (e.g. ‘results’ and ‘parameters’). Visually highlight the best 

result (e.g. using a different color).  

 

‘Optimization set’ (optimization set) * 

The term ‘optimization set’ seems too engineering-oriented, and doesn’t suggest what this feature 

could be for. 

Recommendation: A more user-friendly wording, such as ‘Data analyses’, could better suggest 

the aim of this section. 

 

‘Multi-scenarios’ (edit scenario) * 

It is not clear what a multi-scenario is. 

Recommendation: provide a description for the fields difficult to interpret. 

 

Optimization algorithms (optimization set) * 

The option between two different optimization algorithm is shown, but no information on the 

differences between this 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. 

 

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.” 

 

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 confuse 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.”).  
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12.1.6.5. City planners 
 

Metrics expressions (create metrics) *** 

Metric expressions are more complex to manage for the city planning department than for other 

technical users. City planners expects not to have to use complex mathematical formulas, but 

would rather expect to have the few metrics that they need already available and shown as a choice. 

The metrics that generally are needed by the city planning department are: cost effectiveness, 

emissions and consumer price. 

Recommendation: provide a different UI for city planners in which they could choose between the 

few tasks they’re interested in (i.e. cost effectiveness, emissions and consumer price) and they 

could select the parameters involved in a graphical way, without having to manage complex 

mathematical expressions. 

 

Data coming from other domains (other) ** 

Some data, such as heat, electricity and cooling prices, are not domain of the City Planning 

department. This data should be given to the city planners, and ideally should already be available 

in the system, without the need from the city planners to enter this data into the system. 

Recommendation: check the possibility for city planners not to have to enter data provided by 

third parties. External actors (e.g. architects, energy consultants, etc.) could input this data in the 

system and city planners should be able to use this information. 

 

12.1.6.6. Others participants’ comments 
 

Additional parameters 

At the time of the test the example scenarios didn’t include information such as energy costs, 

investment costs or funding costs, and it’s not easy for participants to understand if the CITYOPT 

Planning tool would be capable of managing this data as well.  

Some participants would expect multiple optimizations based on the above data, such as 

calculating the payback time.  

 

Kalasatama model 

The Kalasatama model, not available at the moment of the tests, represents a concern for some of 

the participants. The Kalasatama case, based on electricity storage units, in fact, is considered more 

complex to model, and there are doubts that it could be easily formalized into a dataset file. 
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12.1.6.7. Bugs 
 

Missing feedbacks on parameters entered (create external parameters) 

When external parameters are created they are not shown in the external parameters table. 

Unique scenario names at global level (create scenario) 

Entering a scenario name that already exists on VTT servers give an error (“A scenario with this 

name already exists”). However, scenario names should be unique at a project level. 

Input parameters changing order (edit input parameters & other screens) 

The order of items contained in the input parameters table change in different screens of the 

application and also when accessing it at different times.  

Wrong redirection (simulate scenario) 

When the user is creating a new scenario and is pressing the ‘simulate scenario’ button, the user is 

redirected to the visualization, chart page. This seems to be an incorrect redirection, many of the 

user were expecting to see the results instead. 

Cannot have three metrics/parameters in the same chart (visualisation, chart) 

It’s not possible to visualize three metrics/parameters in the same chart at the same time, however 

there is no indication of this limit, and the tool does not prevent multiple selections. 

Not meaningful charts (optimization set) 

Some charts (e.g. the pie chart in the comparison of two scenarios executed during the test) are not 

meaningful enough without an explanation: no unit measures nor values are mentioned.  

Forms validation and error detection missing (general) 

Forms data validation and errors handling seems to be missing (e.g. create a set without having 

uploaded a model results in a Java exception). 

Not possible to remove parameters (edit external parameters) 

Once externals parameters are entered it is only possible to change their names or values, but it’s 

not possible to delete them. 

Scrolling (general) 

On some screen resolutions the area of the right content pane does not cover the whole screen’s 

height, hiding part of the available information. 

 

 


