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Abstract: The holistic modelling approach required for the long-term integrated urban energy
planning is becoming a big challenge since the complexity of cities, as well as their commitments
are increasing rapidly. Many municipalities require technical support during the definition of the
direction of their long-term energy transition plans. Innovative modelling approaches and the exante impact assessment are necessary steps of the process since the direction adopted by the city
will have many long-lasting implications not only in the energy and climate dimensions but also in
their social and economic development. This paper presents the overall methodological and
modelling approach and the initial results of the developed Advanced Integrated Urban Planning
process that has been validated by its application in the cities of Helsinki, Hamburg and Nantes.
Keywords: energy transition; multicriteria impact assessment; smart city

1. Introduction
The migration of population occurred in the last decades from rural to urban areas concentrates
the greatest potential for cutting emissions in our cities. Therefore, the decarbonisation of the energy
system of cities is becoming increasingly urgent to achieve GHG emission reduction targets at
regional and country levels. The increase of the complexity of the energy system of cities generates
also an increasing necessity of quantitative assessment methods based on the notion of multiple
impact pathways which can provide quantitative criteria that municipalities can use for the definition
of the direction of their long-term city energy strategy. Although this type of approaches are
traditionally used at regional and national scales, they are not commonly used by municipalities due
to the complexity associated to their adaptation to the city scale. The methodology described in this
paper has been developed in the framework of the mySMARTLife project and has been applied in
the three Lighthouse cities (Helsinki, Hamburg and Nantes) in a way that will facilitate the replication
of the foreseen actions in other cities out of the scope of it. This paper includes a description of the
case study of Helsinki focused on the phases one and two of the methodology.
2. Methodological Approach
The energy modelling methodology described in this section is integrated in a wider urban
transformation planning approach. More precisely, it represents the most technical part of the
planning process and complements other non-technical evaluations that run in parallel to this
methodology. The methodology proposed is composed by the four main phases of the figure below
(Figure 1).
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Figure 1. Main phases of the long-term urban energy modelling approach.

2.1. Phase I: 3D Modelling and Buiding Energy Characterzation at City Level
The first phase of the methodology is focused on the bottom-up energy characterization of each
building of the city using tools such as the Enerkad software [1]. Enerkad is an open source QGISv3
plugin that extracts automatically from the cadastral map of the city the main data of each building
for calculating their energy demand. Enerkad generates energy demand profiles following a ‘bottomup’ perspective [2] and based on an improved Degree-Days method [3]. Once the initial energy
characterization of the building stock of the city is completed, a sensitivity analysis for the most
relevant parameters used in the energy assessment is carried out to identify the most critical ones
which can generate the main sources of errors in the results. This entire sensitivity analysis procedure
for the results obtained with Enerkad is well documented [4]. The last step is focused on the
adjustment of the model by comparing the results obtained respect to different city information
sources, as well as respect to the monitoring data of some specific buildings of the city.
2.2. Phase II: Long-Term Energy Modelling of the Demand and Supply Side of the City
The second phase is focused on the top-down simulation of the energy demand and generation
for the next decades in each city including not only the built environment (already evaluated in phase
I) but also the rest of the sectors such as the industry or transport. The main objective is to evaluate
the potential changes that cities can face in the next decades as a consequence of demographic,
economic and social unfolding, political actions, and external changes. In this case other type of topdown modelling approaches are necessary. Tools such as LEAP [5] can be used in this phase for the
definition and the analysis of several alternative long-term low-carbon scenarios. In a first step the
energy matrix of the city is characterized for the base year defined for the analysis. This provides the
basis for the definition of the long-term Business as Usual (BaU) scenario which considers the
potential evolution of the energy demand of the city taking into account also the effects of the
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evolution of the main socioeconomic drivers of the city such as the population, the GDP or the energy
price. This BaU scenario serves as a reference for the analysis of the improvements that would be
obtained by the city when deploying specific interventions in the alternative low-carbon scenario.
2.3. Phase III: Techno-Economic Analysis and Supply Chain Characterization of Interventions
In this phase a supply chain analysis is carried out for the interventions that are considered in
the alternative low-carbon scenario. The characterization is based on a simplification of the method
described in [6,7]. In a first step, an analysis of the socioeconomic structure of each city and its
corresponding region is carried out to define the sectoral disaggregation (sectoral value added,
production and employment) that is required for the supply chain analysis. Then, a disaggregation
of the cost components that form each intervention and the assignment of each cost component with
the corresponding subsector or commodity is carried out. In a following step an analysis of the
existing capabilities at city/regional scale for the manufacturing and distribution of each component
is carried out and the main stakeholder related to each cost component is identified. The result of this
phase will be the specific “shocks” which represent an increase of the production of the
corresponding subsectors in the city and region. This will serve as main input for the scenario
generation in the macroeconomic modelling.
2.4. Phase IV: Impact Assessment of Interventions and Scenarios
In this phase the impact assessment of each intervention and scenario is carried out based on the
inputs of the previous phases. On the one hand, the shocks created in the third phase are used to
evaluate the potential impact associated to each intervention in terms of the direct, indirect and
induced effects generated in the development of several socioeconomic characteristics of the
cities/regions such as the increase of the GDP, the sectoral production or the employment. The
methodology proposed for the generation of the macroeconomic model of the city is based on an
estimation methodology for regional SUTs at city level according to the CHARM method [8] as laid
down in Kronenberg (2010) [9] and Többen and Kronenberg (2015) [10]. Finally, the results of this
socioeconomic impact assessment are combined with the energy and environmental impact analysis,
as well as with the results of the phases one and two (which provide an idea of the deployment
potential of each type of intervention in the city) to provide extra criteria for the prioritization of the
technologies and scenarios. Here, a multicriteria methodology is used to compare and prioritize the
different scenarios of each city.
3. Case Study and Results
3.1. Case Study Description and Building Energy Characterization
Helsinki is the capital of Finland located in the southern Finland on the coast of the Baltic Sea. It
has a humid continental climate with an average outside temperature of −3.97 °C in January and 16.05
°C in August. The population of Helsinki has been growing rapidly. At the end of 2016, Helsinki had
635,000 inhabitants. The surface area of the city is 686.2 km2, of which 186.7 km2 is land area. From
the socioeconomic point of view, Helsinki region produces more than the 30% of Finland’s gross
national product. Its median household disposable income is 32,720 € and the unemployment rate
11.90% [11].
The building energy characterization carried out for the city has a double approach. First a small
area of the city (Merihaka area with more than 80,000 m2 of mixed residential and office use) is
evaluated. In a second step the building stock of the entire city is evaluated in detail (residential
buildings 57%, commercial buildings 4%, office buildings 12%, industrial buildings 7% and other
tertiary buildings 16%) [12]. The main information sources for the construction of the geometry and
the semantics of the city energy model have been obtained from the CityGML of the buildings of the
city [13], the 3D city information model service as open data[14], and the Web Feature Service (WFS)
Interface [15] for the 2D footprints of buildings that were facilitated by the municipality of Helsinki.
The energy model generated for the city is evaluated through a sensitivity analysis for the most
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relevant parameters as it is detailed in [4]. Finally, the adjustment of the model is carried out by
contrasting the modelling results obtained for each building typology (by building use and by
construction period) respect to existing energy data in the city. The existing building energy
consumption data in the Energy and Climate Atlas of the Helsinki 3D Model (which combines
estimations for most of the buildings and real measured data for city owned buildings) has been
combined with the results of the literature review [16,17] for the adjustment phase. The main
parameters of the model adjusted in the process are the thermal transmittance values of the envelope
elements of the buildings, the air changes per hour [18], the internal gains (equipment, occupancy,
lighting) [19] and the window to wall surface ratio [20]. The table below shows the main energy
characteristics obtained in the model for the residential and tertiary buildings (Table 1).
Table 1. Modelling results (heating, DHW and electricity demand) for the buildings of Helsinki.
Building
Age
Pre-1975
1975–1978
1979–1985
1986–2003
2004–2007
2008–2010
Post-2010

DHW
Equipment
Lighting
Heating
(kWh/m2)
(kWh/m2)
(kWh/m2)
(kWh/m2)
Residential/Tertiary Residential/Tertiary Residential/Tertiary Residential/Tertiary
176/203
41/6
13/21
29/28
153/191
41/6
13/21
29/28
107/111
41/6
13/21
29/28
88/92
41/6
13/21
29/28
49/66
41/6
13/21
29/28
37/54
41/6
13/21
29/28
31/44
41/6
13/21
29/28

Although there are considerable discrepancies between the different information sources,
modelling results show an average difference of 18% for heating and 8% for DHW respect to the
literature data. Besides, an average difference of 7% is observed for residential heating respect to the
monitoring data available. The figure below shows the example of the heating energy demand
(Figure 2).

Figure 2. Modelling results for the heating demand (kWh/m2 year) of the buildings of Helsinki.

3.2. Base Year City Energy Balance
The main energy data of the city has been provided by the local government for the base year
2016. In the demand side, this information has been disaggregated by sectors completing the model
with other information sources such as the database of the City Performance Tool [21]. Residential
sector has been disaggregated by subsector; private residences (84%) and city owned buildings (16%).
The disaggregated energy data for the residential sector has been completed by using the data
generated by the modelling phase described in the Section 3.1. Final energy consumption in
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residential accounts for 5738.2 GWh in the base year. Heat from the district heating network is the
most used fuel with 70.9%, followed by electricity (26.4%) and diesel (2.6%). In the services and
municipality sector the electricity represents the main energy consumed (52.25%), followed by heat
from the district heating (46.96%) and diesel (0.79%). The electricity consumption of street lighting is
46.8 GWh [21,22]. In the transport sector, road transport sums up 2133.8 GWh, while rail transport
accounts for 1876.6 GWh. Cars are the most-consuming vehicle type in road transport and represent
63.79% of the energy use in this subsector. Although electricity is the most consumed fuel in the
transport sector (47.12% in opposition to 26.75% gasoline and 25.88% diesel) it only represents 0.65%
in the road transport against 50.28% gasoline and 48.61% diesel.
Regarding the supply side, heat produced in Helsinki’s district heating network represents
92.23% of the heat consumption in the city [23]. Other plants considered in the analysis are the Katri
Vala plant (90MW), the heat only boilers plants (2.111 MW) which consumes light fuel oil (1.57%),
heavy fuel oil (17.58%), hard coal and anthracite (25.48%), natural gas (55.13%), wood pellets (0.15%),
and biogas (0.09%), and the CHP plants with (116MW for heat generation) which consumes light fuel
oil (0.02%), heavy fuel oil (0.32%), hard coal and anthracite (60.80%), natural gas (37.2%) and wood
pellets (1.66%). Regarding the electricity generation, the Suvilahtic (0.34MW) and Kivikko PV (0.85)
plants [24], as well as the hydro power plants (0.4 MW), the Kellosaari oil plant (120 MW) and the
CHP plants (1008 MW) are included in the analysis. The figure below shows the Sankey diagram
with all the energy fluxes of the city for the base year (Figure 3).

Figure 3. Sankey diagram of Helsinki in 2016.

3.3. Long-Term Energy Scenario Modelling
The scenario described in this section represents the intervention replication scenario which
considers the effects of the deployment of some specific interventions selected by the city for this
analysis. As a first step, the reference scenario is modelled for the city. This scenario considers the
evolution of the energy consumption of the city in the case that no additional low-carbon measures
are implemented. This scenario evaluates the evolution of the energy consumption of each sector
based on the relation with specific parameters and socioeconomic drivers. The driver associated to
each sector is the following: m2 of households for residential [21], the electricity price for the industrial
[25], the GDPP [26] for service and municipality, the population for the public transport, the car fleet
for the road private transport, and the GDP for the freight transport. Based on this reference scenario,
the intervention replication scenario is modelled by considering the effects of the deployment of the
interventions described in the table below (Table 2).
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Table 2. Intervention selection and scale-up criteria for the intervention replication scenario.
Interventions
1. Increasing the requirements respect to the national
regulation and smart controls for management of heat and
electricity demand of buildings (30% of energy reduction)
2. Energy efficient buildings (67% of energy reduction)
3. Demonstration of smart home management—heat
demand response (15% of energy reduction)
4. RES production in buildings (solar panels in roofs)
5. Smart dynamic public lighting (before 2030)
6. Solar power plant
7. Optimise the storage system in the DH and cooling (10%
heating savings, 12% cooling and 15% peak demands)
8. Electric bus up take (390 e-buses by 2025)
9. Smart personal EV charging (deployment of e-cars)

Scale-Up Criteria
1. Residential sector (multi-owner buildings)
2. Municipality owned building
3. Residential sector (multi-owner buildings)
4. Municipality owned buildings
5. Gas-discharged lamps of the city
6. 45.02 MW at the end of the period
7. Municipality owned buildings (blocks)
8. Bus fleet (same rhythm)
9. Vehicles of the city (30%)

The figure below (Figure 4) shows the total energy demand in final units of the intervention
replication scenario respect to the reference scenario. The expected energy consumption reduction
(17% at the end of the period) due to the implementation and replication of the interventions selected
in the project can be clearly appreciated. It needs to be considered that this scenario only contemplates
the deployment of some specific interventions selected by the city for this analysis. Therefore, there
are many other interventions that can be implemented in Helsinki during the following years which
have been disregarded. This is an aspect that needs to be carefully dealt with when comparing the
improvement potential provided in the alternative scenario to the overall targets that the city has
previously defined for different time horizons.

Figure 4. Energy consumption of the intervention replication scenario of Helsinki.

4. Conclusions
The application of the described ex-ante impact assessment methodology in all the cities
evaluated has proven to be useful to provide a holistic modelling approach which generates relevant
energy data and criteria. Although the data availability has been identified as a key aspect, evaluated
results show that the initial phases of this methodology can be easily replicated in other cities so that
they can use the generated outputs to support their entire long-term energy planning process.
Supplementary Materials: The detailed description of the methodology as well as all the data gathering process
that has been necessary for this research are available in the deliverables D1.12 and D1.13 of mySMARTLife
project.
Funding: The work described in this article was partially funded by the mySMARTLife project, Grant
Agreement Number 731297, 2016–2021, as part of the call H2020-SCC-2016.
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