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Abstract
Objectives set by the European Union of reducing carbon dioxide emissions
and improving energy efficiency in buildings necessitate rapid changes in
energy production and distribution business in the near future. Finland,
as a member of the EU, is bound to these objectives and has been adjusting requirements for new buildings accordingly. As a result, new buildings
are required to use significantly less energy than before, and if the current
trend continues, it will also become mandatory for buildings to produce
some of their own energy. For these reasons, new solutions for energy production, distribution and demand-supply matching are necessary.
It has been the purpose of this Master’s Thesis to explore and develop
improved solutions for creating local and regional energy plans in a way
that is required in the new regulatory environment. This thesis work has
been done in the context of Espoo City, which is the second largest city and
municipality in Finland and is part of the Capital Region.
It is part of the Environment and Climate Strategy of Espoo to increase
local renewable energy production and to include regional energy plans in
the city planning process. As energy production and distribution solutions
cannot be directly controlled by the city, it is the role of Espoo to enable and
facilitate the use of such planning practices that steer development into a
favorable direction in the long run.
In order to evaluate local energy production potential, adequate reference information is required. For this reason, Espoo City Planning Department has commissioned a number of surveys. During 2012 solar energy
production potential of all rooftops in Espoo was simulated, and a map of
geothermal energy production potential was created.
In this thesis, it has been demonstrated how available data can be combined and used together, and how the seemingly complicated energy planning issue can be made more approachable – for both citizens and planning
professionals. As a result, Espoo’s energy map material has been published
as open data and web-based application has been developed, demonstrating an interactive way of creating local and regional energy plans.
In order to make it possible for as many parties as possible to participate in the project, the development has been performed in a completely open way. All data used by the application has been publicly available,
development of the application has been openly documented, tools and
resources used in the development have been freely available, and the results have been published as Open Source.

First version of the application was launched in December 2012. Relevance and success of the project has been evaluated based on the attention it has received and the impact it has created.
The online application has been further developed by Espoo City, and
improved version has been published approximately one year after the
first version, in early 2014.

Keywords: Renewable energy, solar energy, geothermal energy, open data,
city planning, online service design
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Inroduction
The main focus of this work has been on experimenting how to use open
data and open source development in the context of urban planning. Production part of the work consists of designing, publicly communicating and
developing a web service.
The background and context for this work is created by changes in the
energy sector. The EU has set objectives for improving energy efficiency of
buildings and reducing greenhouse gas emissions. These objectives cause
progressive tightening of energy-related regulations also in Finland (Rousi
2013). One practical implication of the forthcoming regulations is that it becomes mandatory for buildings to use renewable energy that is produced
onsite or nearby, and this will influence urban planning and bring rapid
changes to energy business environment. Currently, the required regional
energy solutions are not financially attractive, partly because of the price
of necessary technology, partly because of risks caused by uncertainty of
future regulations and partly because of lacking development and contract
models (Rousi, 2013). There is also a shortage of design and planning expertise that would be required in a changing regulatory environment (Eriksson Robert, Architect, Espoo City Planning Department, personal communication, August 2012).
It is in Espoo’s interests to promote development and innovation in this
area, and this is clearly stated in the Climate and Energy Action Plan of Espoo strategy (Espoo City, 2012a). However, development in this area is not
in the hands of the city alone. Citizens make their own decisions concerning their energy supply and, in a new building project, the selected energy
system is a negotiation result between the private investor, city and energy
producer. The role City of Espoo has taken is to bring together relevant and
interested partners and promote desired direction of development.
In order to support this role, a functional prototype of a new kind of
energy planning application has been created. This web-based service
demonstrates how new and relatively unique energy survey data created
by the City Planning Department can be utilised in a new way. The development has also been made completely openly, with the purpose of attracting relevant partners to participate in the project and, in the process,
identifying potential partners for future collaboration.
From a practical point of view this work deals with issues related to city
planning, energy planning, energy engineering, algorithm development,
Open Data, user interface design, web service development and geospa-
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tial data manipulation. Choosing such a multidisciplinary approach for this
work has been intentional. It is well acknowledged that this work can be
critically evaluated from perspectives of each above mentioned fields. At
the same time, relevance of this work is expected to stem from agile combination of many seemingly disparate areas of expertise, as the aim of this
thesis has been to experiment on how to promote and catalyse development of new working practises through small and rapid development steps
and multidisciplinary approach. Demonstrating the whole has been in this
case considered most important. If this demonstration is considered relevant, it then creates possibilities for experts of different fields to contribute
and develop individual parts further.
This thesis has been developed while working inside Espoo City Planning Department. The method used in this thesis can be classified as co-realisation (Hartswood et al., 2002), and acting as part of the city organization has made work of this kind possible. In co-realisation, the designer is
placed in the context of the developed application and made to function as
one of the users, and in this way allowed to participate in everyday work
throughout the entire design and development process. With this arrangement, learning happens ‘by doing’, through informal interaction and shared
practice. Development of the prototype application has proceeded through
successive rounds of trial and discovery and findings of each round of iteration have then been used in developing the next.
Success of this work has been evaluated based on how significant and
long-lasting an impact it has created. Almost two years have elapsed between the completion of the project and writing this report, and this time
span has given a good possibility for proper evaluation.
Work related to this thesis has also been part of a larger series of development efforts. Consultancy work had been commissioned earlier by the
City Planning Department, and other master’s thesis projects have been
started focusing on related areas. This project has also been part of RYM
SHOK – Energising Urban Ecosystems program, which aims to create an internationally recognised and multidisciplinary hub of excellence for urban
development in Finland.
Structure
The first part of this thesis aims to set the scene by providing an overview
of recent energy and environment-related developments. This overview is
given first from the perspective of EU and Finland, then at the level of Espoo City, and in the third chapter, energy related decisions are considered
form the perspective of an individual home owner. In the second part, objective of this work is clarified and research question is formed. The used
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methodology is also described. The third part focuses on the process of design, while the fourth part is dedicated to implementation. Overview of the
energy calculation algorithms is provided, illustrating various issues related
to combining different sources of information in a meaningful way. Details
of the software implementation are covered briefly and the created online
application is introduced through example cases. The fifth part provides
a retrospective review of the effect this project has created. This review is
used as basis for evaluation, discussion and proposals for further development. The sixth and final part summarises the conclusions of this thesis.
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Setting the scene
This first part sets the scene and describes background and context of
this work. Chapter 1.1 describes how energy efficiency and reduction of
greenhouse gas emissions of built environment are being pursued in the
EU and Finland, since these actions are the main motivation behind this
thesis work. Chapter 1.2 summarises some of the actions Espoo City Planning Department has taken with regional energy planning in order to reach
the defined targets. At the end of this chapter, purpose of this thesis becomes evident. Chapter 1.3 discusses energy efficiency and energy related
decision making from the perspective of an individual homeowner. Some
of the findings in this chapter have been used as drivers in later design and
development work.
1.1 ENERGY EFFICIENCY AND GREENHOUSE GAS EMISSION REDUCTION
In order to limit the extensiveness of climate change and prevent the average temperature of the world from rising more than 2°C, which is considered a critical limit (United Nations, 2010), reduction of energy consumption
and carbon dioxide emissions are pursued by various international and national programs, strategies, commitments, directives and regulations.
As a member of the European Union, Finland is bound to the EU’s targets
and commitments. For example, the renewable energy directive 2009/28/
EC, so called RES directive, aims to raise the share of renewable energy to
20% of the total consumption by 2020 (European Parliament, 2009). Finland’s responsibility for achieving this overall target is to reach 38% share
of renewable energy sources by that time, which would require an increase
of 9,5%units compared to the level of 2012. As another example, directive
2010/31/EU on energy efficiency of buildings, so called EPBD directive,
aims to limit carbon dioxide emissions by reducing energy consumption
of new buildings and existing building stock (European Parliament, 2010).
According to the directive, all public buildings are required to reach almost
zero-energy level after December 2018, and two years later the same requirement will be applied to all new buildings.
In reaching all the energy consumption and emission reduction targets,
the role of built environment is crucial. Buildings, transportation and construction consume 60% of the total primary energy used in Finland. They
also produce almost 60% of the greenhouse gas emissions (Vehviläinen et
al., 2010:13-16).
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In 2008, the Finnish Government approved a new long-term climate and
energy strategy, which considers climate and energy political issues in a detailed manner until 2020. One target of this strategy is to stop the growth of
end-consumption of energy in Finland, so that consumption in 2020 would
be on the same level as it has been in 2012. Additionally, growth of electricity consumption should be limited, and the share of renewable energy
sources should be raised to the level required by the EU directive (Finnish
Government, 2008:8-9).
Reaching these targets is challenging, and in addition to the already
agreed actions, it requires new ones for increasing the share of renewable energy and reducing emissions (Rousi, 2013:26). For example, in 2010
greenhouse gas emissions in Finland were 74.6 million tons of carbon dioxide equivalents, which is 6% more than in 1990, even though Finland has
made a commitment to reduce the emissions before year 2020 by 20%
compared to the level of 1990 (Vehviläinen et al., 2010).
An action plan Energy Smart Built Environment 2017 was created in
2010 by a group of eminent representatives of business, research and
public sector, lead by the Minister of Housing. The action plan encourages
Finland to take back its position as a leading country in the area of energy
smartness, and reach the targets of 2020 already in 2017, which is also the
anniversary of Finland’s 100 years of independence. Recommendations of
the plan include proposals for land use planning, distributed and local energy production, models for use and ownership of buildings, construction
practices and energy certificates (Martinkauppi, 2010).

Figure 1.
End-consumption of energy
in Finland during 1990-2006
together with reference
projection and target setting
for years 2007-2050. (Finnish
Government, 2008:8-9)
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1.1.1 Regulations
Energy efficiency of new buildings in Finland is regulated by the Building
Code Collection (Suomen rakentamismääräyskokoelma), which is created
and maintained by the Ministry of Environment. Regulations of energy efficiency were made stricter by 30% in 2010 and again by 20% in 2012. This
trend is expected to continue, and while the exact amounts and timing can
only be speculated, planning in Espoo is made with the assumption of similar reductions until 2020, at which time all new buildings will be nearly net
zero energy buildings (Kurnitski, 2012).
Since July 2012, a composite energy consumption value is also required.
The so called E-index is the total amount of purchased energy per net floor
area which is weighed by energy production method specific values. There
are building type specific maximum values for the E-index (Finnish Government, 2013). The purpose of these regulations is to limit energy consumption of new buildings and achieve emission reductions through influencing
energy solution choices by assigning favoured energy production methods
lower weighing in the E-index calculations.
1.1.2 Net zero-energy building
In order to meet the criteria of the above mentioned EU energy efficiency
directives, buildings or regions would need to produce in total as much
energy over one year as they consume during the same year. An obvious

Figure 2.
Proportion of renewable energy
out of all end-consumption of
energy in Finland during 19902005 together with reference
projection and target setting for
years 2006-2050, as they were
illustrated in the Finnish Government long-term climate and
energy strategy in 2008.
(Finnish Government, 2008:8-9)
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challenge with this requirement in Finland is that the energy demand is
highest in the winter and the production potential is highest in the summer. In other words, energy produced during the summer would need to
be stored somehow, in order for it to be used during the winter. The directives only specify this as a requirement, leaving open the solutions for
reaching it.
Energy efficiency of a building is evaluated, as explained above, according to the Building Code Collection which was released by Ministry of Environment in 2012. In the draft versions of this document, balance line definition recognised the possibility of exporting energy produced on-site. Such
definition would have made it possible to create net zero-energy buildings
by exporting the excess energy during the moments of overproduction and
purchase it back when own production is not meeting the demand. In the
end, inclusion of energy export was erased from the balance line definition
before the document was released because practicalities of the necessary
small-scale energy trade could not be solved at that time (Kurnitski, 2012).

Figure 3.
Balance line definition of
purchased energy, as it has
been published in Building
Code Collection. (Ministry of
Environment, 2012)

Figure 4.
Draft version of the same document recognizes the possibility
of exporting energy produced
on-site and this way creating
net zero-energy buildings.
(Kurnitski, 2012).
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However, in the end, as energy efficiency regulations become stricter in
the near future and more aligned with the EU agreements, it is likely that
local energy production solutions need to be taken into use, regardless of
their current financial unattractiveness.
1.1.3 What is the problem then?
The obstacles of functional small-scale renewable energy production are
reviewed in detail in a discussion paper of Sitra, the Finnish Innovation
Fund (Noponen & Auvinen, 2012). In this paper it is pointed out that it is
difficult for small producers to get proper compensation for their excess
energy. Energy providers are required to purchase excess energy of consumers only with electricity wholesale prices, which leads to a situation in
which consumers end up buying back energy they produced with two or
three times the price they received selling it. This is not a strong enough
incentive, and many consumers refrain from selling their excess energy,
even if it would be possible.
A feed-in tarif is a mechanism for making small scale energy production economically viable, but the bureacreacy involved is considered to be
heavy and the minimum required production capacity of 100kVA is so large
that it effectively rules out almost all small scale producers. Also the technical requirements and permission protocols of local energy production and
connecting to the electricity grid vary between municipalities and network
providers. The lack of standard requirements for connecting to electricity
network makes it also difficult for device manufacturers to develop compatible solutions (Noponen & Auvinen, 2012).
1.1.4 What could be achieved?
In addition to reducing energy transfer losses, distributed and local energy
production can be useful in reducing peak loads during periods of high demand, which are troublesome and expensive for energy suppliers.
If consumers have no incentive to consider their energy consumption,
energy is used when it is most convenient, and this typically leads to simultaneous consumption patterns. Christmas eve is the most notorious
example. Maintaining the necessary additional capacity for moments of
peak consumption is very expensive for energy suppliers, who are therefore looking for ways to increase the elasticity of energy demand through
various incentive models.
Having one’s own energy production can make consumers more sensitive to their energy consumption. According to a British study, individual
households consider their energy consumption more carefully when they
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have own energy production (Keirstead, 2006). Reduction of approximately
6% was detected, and also the elasticity of demand increased, which can
help in eliminating consumption peaks. Households with own energy production were inclined to adjust the timing of their consumption so that
self-produced energy was available. When small-scale energy production
becomes more widespread, it can also make citizens more knowledgeable
about energy issues and transform them from passive consumers to active
participants in the energy market (Bergman & Eyre, 2011).
Local and distributed energy production offers also possibilities for
Finnish economy. Current heavy reliance on imported energy is a problem
for Finland. Especially, it is having a negative effect on the trade balance, as
energy prices continue to increase. In 2012 Finland imported energy with
* In 2012 Finland imported

8,5 billion euros* (Halme, Hukkinen, Korppi-Tommola, 2014). If one third of

energy with 13,4 billion euros

this value was replaced with domestic production, it would already offset

(Statistics Finland, 2013). After
removing added value of Neste
Oil refining activities, a commensurable value of 8,5 billion euros
is reached (Halme, Hukkinen,

the negative trade balance of the same year (Statistics Finland, 2013). This
opportunity has been identified, and corrective actions are presented, for
example, in the introduction of Clean Energy Programme by Ministry of
Employment and the Economy (2012).

Korppi-Tommola, 2014).

Actions removing the barriers mentioned above, and supporting local
and distributed energy production, would improve the economy directly
in two ways: the amount of imported energy would decrease, and investments and employment in Finland would increase. Indirect benefits would
come through improved competitiveness of Finnish companies in the rapidly growing international markets of energy efficiency and renewable energy.
In any case, a more flexible electricity grid needs to be developed as the
share of “uncontrollable” renewable energy sources, such as hydro, wind
and solar power is increasing simultaneously with the demand for further
increased stability of electricity supply (Kumpulainen et al., 2007).
1.1.5 Challenges of regional energy planning
When considering energy solution of an individual site, planning and decision making is relatively straightforward. If adequate background information is available, energy consumption of individual buildings can be
measured, simulated or estimated with great accuracy and performance of
technical solutions can be similarly evaluated. Risks, costs and benefits can
be assessed for different alternatives and favourable energy solution can
be selected. Analysis tools, simulators and expertise in this area exist and
are readily available.
However, when energy production is brought closer to the points of
consumption, considering all sites individually does not create the most ef-
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ficient overall solutions. When larger areas and regions are considered as a
whole, planning becomes even more complex because of multiple reasons.
Firstly, EU regulations require locally produced energy, but there are yet
no common definitions for local, nearby, on-site or regional energy production. Locality could be based on buildings, plots or property. Even if on-site
can be quite accurately defined, it is unclear how far is nearby and how big
is a region. The current Finnish regulations do not recognise local renewable

As specific definitions are not
available, in this work “local

energy either. For example, production of renewable energy in the building

energy production” refers

itself helps in achieving the E-value targets set by the regulations, but if

loosely to all energy production

heating energy created in the exact same way is brought from somewhere
nearby, it is considered similar to district heating and as part of the purchased energy, which is unfavourable when calculating the E-value.

that utilizes resources of the
same area the production is
located. Similarly, “regional
energy planning” refers to the

Secondly, when energy solutions of larger areas are planned as a whole,

process of considering local

the process includes many other aspects in addition to technical evalua-

energy production potential

tions. For example, different time spans need to be considered simultaneously, which creates tension when new areas are being planned. City
planning is motivated to create plans that would enable solutions that will
create good results in the long run, over decades to come. Investors expect to receive a return on their investments over a much shorter time,
approximately in one decade. Technological innovations or breakthroughs
can emerge sooner or later than they were expected, and this can happen
already during the planning process, but most probably changes in technology will happen during the life cycle of the planned system. Additionally, timing and content of new regulations is unclear to all stakeholders,
and this creates even more uncertainty and passivates new development
efforts. The areas being planned today are developed after the new regulations are in effect, and as the content of the future regulations is unclear,
more risks are seen than opportunities (Rousi, 2013).
Thirdly, if energy solution of an area is not under control of one large
service provider, but in the hands of multiple smaller local actors, questions of ownership and responsibilities become central. Who is ultimately
responsible for the quality of undisturbed energy service? Who owns the
energy production and distribution infrastructure, and how are the profits
and risks shared?
In conclusion, it can be said that the range of available best practices,
successful examples, technical solutions or planning expertise in the area
of regional renewable energy planning appears to be very limited.
1.2 ENERGY PLANNING IN ESPOO
The City of Espoo has been active in the area of energy efficiency and emission reduction. In March 2012 energy and climate activities of Espoo’s strat-
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and points of consumption of
an area holistically.

egy were described in detail (Espoo, 2012a) and May 2012 a Limited Municipal Review of Renewable Energy in Espoo was completed (Espoo, 2012b).
Actions described in the strategy cover large amount of topics across the
City’s functions, but the City Planning Department has a specific responsibility to facilitate the increase of local renewable energy production in
Espoo and survey the potential of the most significant energy sources.
The City of Espoo has no longer significant ownership in energy companies. Therefore, the role of city planning is to create plans that enable
a diverse range of renewable energy solutions, and to achieve the desired
targets in co-operation with a number of partners.
It is also part of the action plan to share more information concerning energy consumption and production with the citizens and guide them
in making favourable energy related decisions. This is connected with the
aim of increasing the amount and quality of online services, which helps in
making information more accessible and reducing the need of travelling in
order to use services.
1.2.1 Energy in Espoo
Espoo is different in some regards from other Finnish municipalities. In
Espoo industry consumes only 7% of the electricity, and there are no significant consumers of process heat (Rousi, 2013). 67% of all the building
stock is connected to the district heating system, and majority of this heat is
produced in Suomenoja at Fortum’s combined heat and power (CHP) plant,
in which excess heat created as a by-product of electricity production is
used in district heating. CHP production is known for its very high efficiency, but its emissions depend on the fuel that is being used. In Suomenoja,
the main fuels are natural gas and coal. When targeting to increase the
share of renewable energy, there is a significant potential in replacing these
fossil fuels with biomass.
The remainder of the needed heating energy is produced in small auxiliary power plants that use oil or natural gas. Use of different plants and
fuels is controlled dynamically based on current energy demand and prices
of fuel, emission rights, taxes and market price of produced electricity.
The number of houses with direct electric heating is high, especially
small detached houses outside densely populated areas, where district
heating network is not available (Espoo, 2012b). This distinction is relevant,
because, in buildings with electric heating, there is no water circulation
system for distribution of heating energy inside the building and changing
their energy source to a renewable alternative would require significant
investments. In buildings which have a heating system based on water circulation, changing the heating energy source is decidedly less expensive.
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There are currently approximately 100,000 apartments in Espoo and
existing plans bring an increase of 50,000 apartments in the near future.
Energy efficiency of these new buildings will naturally be better than the existing ones, but they will still create a significant increase in the total energy
consumption of Espoo (Espoo, 2012b).
1.2.2 The relationship of heat and electricity
Heat and electricity as energy forms are inextricably linked, but there are
also significant differences in how they need to be considered.
Energy consumption
Currently, buildings in Espoo consume heating energy and electricity approximately with the ratio of 50/50. Out of the consumed heating energy a
small portion is used for creating hot water, and the rest is used for heating spaces. As energy efficiency of buildings improves, energy demand for
heating spaces will be reduced. In low energy or passive houses, amount
of necessary outside heating energy becomes very small or practically nonexistent. At the same time, consumption of hot water and electricity will
remain approximately the same.
This development leads to a situation in which the proportions of de-

Figure 5.
Shares of heating methods in
different kinds of buildings in
Espoo. (Espoo, 2012b)
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manded energy types will change dramatically. This change will have an
influence on energy production and distribution systems.
Energy production
In a power plant heat can be produced separately, but when producing
electricity, there is always some excess heat being generated. For this reason, combining the production or electricity and heat brings the best overall efficiency.
Solar energy can be used both for electricity and heat production, but
with very different efficiencies. When converting solar energy directly into
electricity in a solar panel, approximately 10-15% of the radiation energy
can be used. When creating heat in solar collectors the efficiency is approximately 40%. Heat from solar collectors is typically used for creating hot
water, which is useful throughout the year. Solar energy could be used also
for heating spaces, but it would be useful only during spring and autumn,
but not so much during the winter.
Using low-temperature energy sources, such as geothermal energy, requires electricity for the necessary heat pump. Proportion of consumed
electricity and produced heating energy is approximately 1/3 (Juvonen &
Lapinlampi, 2013). If geothermal energy production is taken into use more
widely, it will increase demand of electricity while demand for heat is reduced. This would amplify the change in proportions of energy demand
described above.
Energy distribution
Heat needs to be produced relatively near the location where it is being
used. Transfer losses increase quickly as the distances become longer.
Electricity, on the other hand, can be transferred more efficiently. Espoo
is part of the Nordic electricity trade area, and there are no bottlenecks in
transferring electricity in Finland. Production and use of electricity from renewable sources are, therefore, not tied together geographically. Electricity
used in Espoo could as well be produced far in Finland’s archipelago or
somewhere in Lapland.
1.2.3 Renewable energy in planning
When planning new area, a regional energy plan is required. This plan consists of a survey of the characteristics of different renewable energy production potentials that exist in the area and a recommendation on how to
utilise them (Rousi, 2013). Different areas have different possibilities for
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energy production. Properties to be considered are, among others, soil
and bedrock, density of buildings, wind conditions, terrain, shadowing elements, environmental factors as well as the desired cityscape. The available
infrastructure needs to be considered as well, since vicinity of a gas line or
district heating network offers future opportunities. Possibillity of utilizing
heat of wastewater can be considered as well.
The written plan regulations take into account anticipated future regulations and should enable energy production methods that can be financially
competitive and aligned with environmental targets of the city. The plan
provisions should guide development into a favourable direction, but they
can not be overly definitive, since the conditions and possibilities might
change before construction commences.
In practice, it is under development and debate what the plan provisions
should contain considering energy related issues – in addition to apparent
details like reserving suitable plots for local energy production or distribution units. Additionally, there seems to be a lack of mapping conventions as
well. There is no commonly known way of how energy production related
details should be presented on maps. Especially when the intention is not
to illustrate a specific solution, but a range of opportunities and potentials
that are interconnected (Antti Rousi, Energy Specialist, City Planning Department, personal communication, 2012).
Background data
In order for the regional energy plan to be properly created, adequate
survey information is necessary. For most planning needs, Espoo has very
good quality data available. Terrain, soil, bedrock, underground structures,
groundwater, accessibility, birds, flying squirrels and numerous other details have been carefully surveyed, and all this information can be used as
a basis for good quality planning.
However, until recently, there has not been similar information available
on renewable energy production potentials. This realization encouraged
the City Planning Department of Espoo to commission development new
kind of map material (Eriksson Robert, Architect, City Planning Department,
personal communication, 2012). During 2011 and 2012 two extensive mapping projects were commenced. Solar energy production potential of roofs
of existing structures was simulated, and evaluation of soil suitability for
geothermal energy production was conducted. Surveying wind energy production potentials has been considered as well, but so far it has proven to
be too challenging. Wind conditions are well known in the higher layers
of the atmosphere, but simulating the complicated effect of all interfering
elements at the ground-level is currently not feasible.
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Solar energy map
The amount of solar irradiation on all rooftops in Espoo has been simulated using a software especially created for this purpose. The City of Espoo
is laser scanned regularly from an airplane and solar irradiation simulation
was based on a three-dimensional model created using this laser scanning
data from 2012. The three-dimensional model was used together with a full
year hour-by-hour weather simulation of a standardised reference year.
This simulation method takes into consideration sun’s path during the year,
shape and orientation of all rooftops, changes in cloud cover and humidity
and shadowing effect of other buildings and vegetation. Results are given
in 0,5 x 0,5 meter resolution.
The analysis software is Open Source and it has been created by Gotheborg University. Analysis on Espoo was performed by WSP Finland.
In October 2012 MIT published its own demonstration of a very similar
simulation software (MIT Sustainable Design Lab, 2012) (MIT News, 2012).
At the time of writing similar map exists, in addition to Espoo, of Gothenborg, Manchester and Cambridge. In all of these cases, the simulation
result is displayed overlaid on a map and aggregated numbers of energy
production or cost saving potentials are provided. Unfortunately, the valuable data has typically been somewhat difficult to utilise, since there has not
been publicly available applications in which the results of the simulation
could be analysed further and easily connected to other relevant information.

Figures 6 & 7.
Example section of the solar energy
map. In the enlargement, roof shape
of an individual building is visible
and detailed distribution of sunlight
can be seen. Simulated solar radiation data is from City of Espoo, solar
energy map and illustrations are
created by the author.
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Geothermal energy map
There are no well-known existing solutions available for creating a map
that would illustrate suitability of soil for geothermal energy production.
For this reason the project of creating such a map ended up being longer
than expected and several attempts were needed before acceptable results were reached. There are several challenges in creating a geothermal
energy map.
First of all, there are two main approaches for harvesting geothermal
energy and they require very different kinds of soil characteristics, but do
not exclude one other. Horizontal installations gather energy near the surface of the ground. These systems are more inexpensive to build in suitable
conditions, but they require large open areas even for private purposes.
Vertical boreholes capture energy from the bedrock one or two hundred
meters deep below the ground. They are more expensive to construct, but
they are more suitable for an urban area, since they do not require much
space above the ground.
Secondly, the exact performance and installation costs of a system are
dependent on variables that can not be evaluated without test drillings and
specific measurements. It is possible to evaluate some of the parameters
based on existing survey data, but the available detailed data covers only
small parts of Espoo.
The inconsistency, limited cover and inaccuracy of the available data
makes the evaluation of geothermal energy production potential difficult.
Numerical analysis is not feasible, and only an experienced geologist is capable of compiling the available information into a readable map. This is
how the geothermal map of Espoo was also created.
The drawback of a map created in this fashion is that it is not easily
reproducible, and it is not possible to make alternative or complementary
interpretations of the data. For example, if only vertical boreholes need to
be considered, or if installation costs change because of advances in technology, there is no possibility of re-interpreting the map without repeating
the interpretation process by a specialist.
Bedrock very good
Well suitable for boreholes.
Bedrock is at ground level.
Bedrock good

Figures 8 & 9.
Example section of geoenergy

Suitable for boreholes

map and classification of the dif-

Bedrock mostly not over 5 meters below ground level.

ferent areas. Geothermal energy

Soil very good

map layer and classifications

Suitable for horizontal installations or systems integrated with

have been created by the City of

pile foundations. Depth of clay more than 10 meters.

Espoo together with SITO. Map

Soil good

illustration by the author.

Suitable for horizontal installations.
Depth of clay less than 10 meters.
Not suitable

28
Cannot be defined

29

How to use the new information?
The geospatial data created by Espoo City Planning Department is relatively
unique, and there is potential for it to be utilised in many ways by many
stakeholders.
The created data would become even more useful when it is combined
with other sources of information, but manipulating and aggregating information of this kind can be technically challenging. Datasets are large, in
different coordinate systems and usually in incompatible file formats which
require special software to be manipulated. For these reasons, the obvious
benefits of geospatial energy data have not been reached.
In order to develop new methods for regional energy planning and to
utilise all the available information in the most beneficial way, a project
was initiated for developing this data into a more useful form. This project
forms the body of this thesis work.
1.3 ENERGY PLANNING OF PRIVATE HOMEOWNERS
The growing relevance of local and renewable energy production has been
noticed also by private homeowners (Syvänne & Mikkonen, 2011). There is
a growing number of products and services available, but Finland is by no
means in the forefront in the adoption of renewable energy production.
If ground source heat pumps are used as a point of comparison, Finland
is slightly ahead of most European countries with approximately 12.000
units sold in 2012, but well behind Sweden with 32.000 units sold during
the same year (Kiss, 2012). Reasons for differences between countries are
many, but mostly higher adoption rates are a result of various governmental policy and incentive programmes. In Espoo, there are approximately 10
applications arriving every week for a permit for drilling a geothermal well.
If the majority of these permits were granted and used, it would create a
demand for approximately 500 units in a year.
1.3.1 Problems
While the increasing use of renewable energy sources in private homes is in
general considered positive, discussion about the benefits and drawbacks
of different energy solutions is heated, and making an informed decision
between biomass, solar or geothermal energy is anything but trouble-free.
Estimating energy production potential can be difficult, return on investment depends on unpredictable variables, comparing solutions requires
understanding many technical details, devices and technology is not yet fully reliable and incorrect planning and dimensioning of the installation can
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cause unexpected and expensive problems. In addition to these challenges, the device and service providers are not, in general, trusted by the consumers, and overall, the market is still relatively new and underdeveloped.
In consequence, and as an evidence of this, consumers seek help and
support from each other through online forums. Majority of the discussions on these forums focus on impartial comparison of device types and
manufacturers, getting help for troubleshooting, learning from experiences of others, or deciding what kind of system to purchase (Hyysalo et al.,
2013a). Additionally, there is also a smaller group of people, who are developing technically advanced improvements for their own energy production
systems, because they find the commercial products and services unsatisfactory for their local conditions (Hyysalo et al., 2013b).
In order to understand homeowners’ views on various energy solutions,
Sitra, the Finnish Innovation Fund, carried out a survey in 2011 as a part
of their extensive Energy Programme. In the survey, conducted together
with Taloustutkimus, homeowners’ and leisure residents’ opinions on various energy solutions were examined together with most important factors
affecting their energy related decisions (Syvänne & Mikkonen, 2011). Over
half of the 1515 respondents considered air, water and geothermal heat
pumps and solar collectors as a possibility for their own home. Instead of
protecting the environment or fighting climate change, the most important
considerations are technical reliability and cost savings. In the survey, this
is highlighted by the importance of purchase price and ease of use.
The survey also proves that purchasing a new energy system is considered challenging because of many reasons. According to the respondents,
it is difficult to find reliable or impartial information, products are described
in a complex and technical way, reliability and performance of the systems
are questioned, and it is feared that equipment suppliers are capitalizing
on customers’ limited knowledge.
Ideas of local energy related services were also presented in the survey.
Out of the described ideas, a web service that would make it possible to
“search for information, compare various solutions or create a list of suitable choices by entering basic background information” was considered the
most interesting. This conclusion supports the intent of this thesis.
1.3.2 Interviews
Conclusions of Sitra’s survey were confirmed by interviews with renewable
energy system suppliers (Jesse Mether, Rautakesko, interview, September
2012) (Jouni Koivula, Pistoke Oy, interview, September 2012). Suppliers
considered consumers being generally poorly informed about different
kinds of energy systems. Consumers were also criticized for being only
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concerned with the initial purchase price of a system and for this reason
making unfavourable decisions.
One of the interviewed suppliers was concerned that it is difficult to
compete with good quality service, since so many competitors are offering
inadequate solutions for their customers at low price. His prediction was
that, in the near future, there will be numerous law suits and compensation
demands, because customers have been sold inadequately dimensioned
systems. If the dimensioning is not sufficient, it is possible that the system
is not performing as expected or the geothermal wells can freeze in the
winter.
Some symptoms of this can be already seen in Sweden. Folksam insurance company announced in December 2011 that the failure rates of heat
pumps had been rising dramatically (Folksam, 2011). Experts claim this is
because many pumps are underpowered and not operating in their optimal range.
Another identified source of problems is that consumers are not trusting individual device suppliers and end up sending quotation requests to
a large number of companies. As a result of this, there can be so many
incoming quotation requests that service providers have to carefully consider which ones are worth replying. Also, being pushed to provide large
amounts of quotations quickly, is leading to the use of quick template
based analysis, instead of thorough case-by-case evaluation, which is again
degrading the quality of planning.
These examples illustrate quite well the current status of the renewable
energy system market for private homeowners.
1.3.3 Implications for Espoo City
Espoo City has been contacted by many residents for support and advice
for energy system related decision making. In 2012, a dedicated person
was nominated for answering to these requests.
In addition to personal counselling, it would be natural for the city organisation to take the role of a reliable and impartial source of information.
Openly providing energy planning related information is also part of Espoo’s strategic energy and climate action plan (Espoo, 2012a). This strategic
intent has been the key driver for this thesis work.
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Objectives and method
In this second part, scope for the work is defined and working methods are
described. Chapter 2.1 summarises objective for the project and clarifies
the research question. Chapter 2.2 gives an overview of co-realisation and
Open Data, which together form the essence of the selected methodology.
2.1 OBJECTIVE
Targets of reducing energy consumption of buildings and using renewable
and emission-free energy production methods are easy to understand and
discuss. Ways to define the best solutions to achieve these targets are less
self-evident.
When individual buildings are concerned, there are plenty of tools,
methods and expertise available for evaluating, simulating and planning
energy efficient solutions. But when Espoo City Planning department has
been working on regional energy planning, consisting of larger areas and
numerous buildings, it has proven to be difficult to find suitable expertise and working methods (Robert Eriksson, Architect, Espoo City Planning
Department, personal communication, September 2012). Because of this
observation, the City Planning Department has been active in promoting
development of new planning practices.
As described in part one of this thesis, the topic of regional energy planning is complicated and full of conflicts of interests. Energy planning related
issues are considered difficult and confusing by planning specialists and
private citizens alike. The area is filled with technical details, many regulations and numerical indexes, making it a challenging topic to approach.
The objective of this thesis is to explore how new answers to these
problems could emerge by providing an open, objective, un-biased and
fact-based solution which combines existing pieces of information into one
holistic and informative view, providing the possibility for a larger audience
to easily explore different energy system scenarios and this way identify
new opportunities.
Solar and geothermal energy survey data created by the City Planning
Department is relatively unique, and it is easy to see how it could be extremely useful in energy planning. Unfortunately, at the same time, it is
equally easy to see the difficulties of utilising data of this kind. It consists
of extremely large files in unusual formats and there is no easy interface
for viewing it, and, most importantly, it requires plenty of supporting infor-
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mation to become useful. Also, in order to promote innovation in the best
possible way, the data should be openly available for anyone who has a
way of utilising it.
In order to improve this situation and to reach the desired end state,
ways to overcome these above mentioned challenges have been explored,
and in order to demonstrate the expected benefits, a functional demonstration has been developed.
While there is an obvious need for more support and understandable
information for individual homeowners, who are considering different energy solutions, the demonstration has been designed to also include the
possibility for regional energy planning. From the perspective of Espoo City
Planning Department, it is important to develop the ways new areas are
being planned, since this way a significantly larger impact can be achieved.
In addition to creating a demonstration application, it is also in the interests of Espoo City Planning Department to find capable partners with who
to co-operate in the future (Espoo, 2012a). For this reason, it has been the
intention to work together with any willing partner during the project and
make the work open, visible and well communicated.
By combining the above mentioned objectives, the primary research
question can be formed:

How can Open Data
and Open Source
development be
used in catalysing
development of new
regional renewable
energy planning
practices in Espoo?
In order to find answers to this question, learning and adopting best
possible approaches through experimentation has become the primary
topic of interest. Solutions and applications aiming to reach similar targets
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exist already, but they do not seem to address the issue in a satisfactory
way, as discussed in chapter 3.1.2. Understanding reasons for this is important when developing new solutions. This is how the secondary research
question of this thesis becomes evident:

What are
shortcomings of
existing applications
and how they could
be improved?
2.2 RESEARCH METHODS
2.2.1 Co-realisation
Method used in this thesis can be described as co-realisation, which extends participatory design activities into the use context and to the period
after initial launch (Hartswood et al., 2002).
Participatory design is an approach aiming to actively involve stakeholders in the design process already from the beginning. Intention of the
approach is to allow designers to learn users’ needs through iterative development of exploratory prototypes and scenarios together with future
users of the system. At the same time, future users have the opportunity to
learn about the possibilities and limitations of the design, leading to better
aligned expectations, sense of participation and, therefore, better acceptance of the designed solution. In contrast to ethnomethodology, which focuses on understanding the current state, participatory design focuses on
the future by envisioning effect of new solutions. Limits of the approach
stem from the fact that future solutions are only envisioned as co-created
low-fidelity prototypes and mock-ups, without the possibility to experience
the new solution in practice. Participatory design is typically also limited
to very early phases of the design process, when initial requirements and
design drivers are formed. After this initial phase, participants of the participatory design typically become disconnected from further design and
development work (Hartswood et.al., 2002).
The central premise of co-realisation is that user requirements can only
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be identified in a context. As an approach, contextual design starts from
the same premise, but it tries to capture insights observed in the context
and transfer them to the designers to be used as a basis for design work.
Drawback of this approach is that some insights are lost in this capturing
and transferring process.
In co-realisation, a designer is placed in the context and made to work as
one of the users. This way loss of context dependent insight and intermittent and over-formalised user participation arrangements are avoided, as
the designer becomes part of everyday experience throughout the entire
design and development work. With this arrangement, learning happens
‘by doing’, through informal interaction and shared practice (Hartswood
et.al., 2002).
The fundamental difference between co-realisation and other research
methods is the role of the researcher. Typically, a researcher is aiming to
keep a distance to the topic under research, remain impartial and trying
not to influence the phenomena that are being observed in order to obtain
objective results. In co-realisation, design professionals are expected to
shift their technical work of design and development into the users’ workplace, if not completely, then at least routinely and over sustained periods
of time. Working then happens through successive rounds of trial and discovery, together with other users, in their everyday context.
Working inside Espoo City Planning Department has made it possible
to become an accountable member of the organisation and this way be
exposed to on-going planning projects and internal discourse around them
– and to reflect the developed solution with relevant specialists in every
phase. This is central to the selected method, and it has been considered to
be the only way for creating relevant results in a project of this kind.
2.2.2 Iterative cycles
In this project, three main cycles of trial and discovery can be identified.
Although, in co-realisation formalised and pre-planned development cycles
are not essential, these cycles have been used during the project to communicate progress of the work, and they have been used in documenting
phases of the project afterwards. Structure and naming of the phases have
been adopted from action research conventions, since it proceeds similarly
through cycles of trial and discovery, as planning, implementation, observation and reflection follow each other.
Content and results of each iteration are described in detail in the third
part of this thesis, but they all share this same structure:
Planning phases have focused on research, literature reviews, interviews and stakeholder discussions. The purpose of this phase has been
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to understand the problem and its context in great detail and from many
points of view. At the end of the planning phase, a proposal for action has
been created.
In the action phases, the proposal has been made concrete and brought
into a form which is usable, shareable and communicate-able in an unambiguous way. In this project, the first implementations have been in
the form of presentations and illustrations. In the last cycle, a functional
demonstration has been implemented in order to verify technical feasibility
and test if users’ expectations are met.
In the observation phases, the implementation has been used internally and externally, and it has been observed what kind of reactions it has
created and how relevant it has been considered. In an environment in
which there are many stakeholders, reviewing unambiguous material has
also served the purpose of aligning expectations and eliminating misunderstandings.
In the reflection phases, observations and findings have been collated,
and conclusions have been drawn. These conclusions have formed the basis for next planning phase.

Figure 10.
Illustration adapted from
Kemmis & McTaggart (1982).
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2.2.3 Open Data
Instead of attempting to develop a complete and isolated solution, objective of this thesis has been to enable and stimulate further development
in the area or regional energy planning through demonstration and experimentation. In attempt to achieve this, approach of Open Data has been
used. All the results and available data has been published openly in order
to create possibilities for further development. Additionally, the developed
solution itself extensively uses available Open Data, demonstrating the
benefits of having access to different data sources.
What is “Open Data”?
Open Data refers to the idea that data produced by the public sector
should be freely available for everyone to use and republish without any restrictions from copyright, patents or other mechanisms of control (Poikola,
Kola, Hintikka, 2010).
Advocates of Open Data claim that there are many kinds of benefits
with this approach. Transparency and prevention of corruption is pursued
by demanding that governments would make their data available so that
citizens could evaluate how decisions are made and how funds are spent.
This is considered important in moving towards participatory democracy in
which citizens are engaged in a more direct dialogue with the government
and are able to contribute in decision making. It is also considered that
possibility of utilizing public data in research and combining it with data
created by the private sector would produce unexpected and novel results
and promote innovation and new business opportunities (UK Government,
2012) (Poikola et al., 2010).
In Finland, the latter arguments are emphasised, since the ability to innovate has been recognised as a key success factor in staying competitive
in comparison with other countries of the World. Using Open Data to facilitate innovation and new business opportunities supports the objective of
this thesis as well.
The Open Data movement in Finland has followed international activities. Covering the development of Open Data in detail is beyond the scope
of this work, but some key events and examples are worth mentioning.
Open Data abroad
In United States, several websites had existed earlier that provided detailed
data about lawmakers and lobbyists, such as PoliticalMoneyLine.com and
Opensecrets.org, but it was a piece of noteworthy news when Ellen Miller
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and Michael Klein founded Sunlight Foundation in April 2006 (Birnbaum,
2006). Purpose of the foundation was to gather large amounts of available
government data and make it available in an easily navigate-able and usable way, so that interested citizens and journalists without special resources and data management skills could also access the information. Around
this time, half of all Americans believed most members of the Congress
were corrupt. (CNN, 2006)
In January 2009, on his first day in Office, Barack Obama signed The
Memorandum on Transparency and Open Government, which promised
“an unprecedented level of openness in Government.” (Executive Office of
the President of the United States, 2009a) In December 2009 the Open Government Directive followed, which required executive departments and
agencies to take the steps for publishing government information online
and creating and institutionalizing a culture of open government (Executive
Office of the President of the United States, 2009b).
In Canada, the City of Vancouver was first to publish an Open Data Catalogue in September 2009, soon followed by Toronto in November the
same year. Currently, many large North American cities have a data portal
through which it is possible to access all kinds of datasets, ranging from
financial data and crime statistics to graffiti locations.
British government publicly launched data.gov.uk data portal in January
2010. By mid 2012, there were already over 9000 datasets available (UK
Government, 2012). In December 2012 Breakthrough Fund was set up to
speed up open data proposals by removing financial barriers in the UK.
Open Data in Finland
Advocates of open data have promoted the approach for some time in
Finland. One of the early actives has been a leading specialist Antti Rainio
from National Land Survey of Finland who was involved in studying the
possibility of opening public data in 1996. Already this work included the
recommendation for National Land Survey of Finland to open their geographical data.
Following the international example, Forum Virium Helsinki initiated a
Helsinki Region Infoshare data portal in 2010. The portal is aiming to collect
all available open data concerning Helsinki metropolitan area in one service, from where it could be searched and accessed. Additionally, following
international example, Apps4Finland competitions have been arranged,
which strive for increasing the awareness of the possibilities of Open Data
and activating developer communities by awarding best applications in different categories utilising Open Data.
In 2010, Ministry of Transport and Communications published an Open
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Data guide, which explains the possibilities of the approach and gives detailed guidance for organizations publishing their data (Poikola, Kola, Hintikka, 2010).
In May 2012 Helsingin Sanomat, the leading newspaper of Finland, announced that they have formed a specific team focusing on data journalism
utilising publicly available datasets, following the successful example of The
Guardian and The New York Times. In November 2013, this team received a
Nordic Data Journalism Award, for an article series on lobbying.
So far there are not too many examples of significant new services
being created using Open Data. The Helsinki region Route Planner is one
of the few. The Route Planner development started as a student project,
which was utilising public transportation timetables and route maps which
were available online. The service was developed further and published
with HSL, public transportation organisation of Helsinki region. In addition
to publishing the web service itself, underlying database and algorithms
were published also as an open application programming interface (API).
Using this interface, several developers have created new services and applications for consumers. For example, mobile phone version of the route
planner is a separate project which is utilising the API of the original service.
Application based on the API has been used for research purposes as well.
In November 2013 Finnish Meteorological Institute published open interfaces for weather data, but one of the most significant data releases
happened one year earlier, in May 2012 when National Land Survey of Finland opened all their basic map data. This decision made it much easier for
many parties to use proper map material as a basis of their published work.
This awaited event took place 16 years after it was first proposed.
Open Data in Espoo
In comparison to Helsinki and Vantaa, Espoo has not been active in opening data until very recently. A team for preparing data for publishing was
formed in 2010 and between November 2012 and March 2013 more than
ten datasets have been opened and published in Helsinki Region Infoshare
portal. The first datasets published by Espoo were the geothermal and solar energy mapping data, which were made public as a part of this project
in November 2011.
Requirements for Open Data
In order for data to be considered “Open” it will need to meet certain criteria. Detailed guidelines can be found, for example, from Open knowledge
Foundation website opendefinition.org, in the Public Data guide published
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by Ministry of Transport and Communications (Poikola, Kola, Hintikka,
2010), or in the UK Open Data White Paper (UK Government, 2012). Regardless of the source, three main criteria always remain the same.
Open Data must be:
1. Accessible as a whole and possible to find at any time, ideally via the internet, at no more than the cost of reproduction, without limitations based
on user identity or intent.
2. In a digital, machine readable format for interoperation with other data
3. Free of restriction on use or redistribution in its licensing conditions, including intermixing with other datasets.
These guidelines have been also used when publishing Open Data of
Espoo City as a part of this project.
If public data is available in this way, it is possible for any interested
party to take it into use and benefit from it. However, if the intention is to
promote the use of data, attention must be paid on its interface. Benefits
of the open data are multiplied, if there is an easy, well documented and
accurate way of interacting with it. In most cases, this is not the case, and
using Open Data still requires special knowledge and skill.
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Design
This third part of the thesis describes in detail how the functional prototype
has been designed and what kind of communication has been developed
during the process
3.1 DESIGN
A central part of this work has been the design and development of an
application that demonstrates and evaluates the possibilities of making
holistic energy planning based on available Open Data. The design has proceeded iteratively, from initial descriptions and presentations to a functional prototype.
3.1.1 Communication
In order to satisfy the constant need of communicating the new service
concept to all relevant audiences, presentation material has been created
and shared online during the development. The material has been constantly remade, reflecting the current status of development, and it has
been available from a dedicated website. The energiatieto.wordpress.com
site has been acting as a centralised source of information during the project. Figure 11 illustrates one of the final presentations, together with its
narrative, designed for explaining the background and purpose of the project to an outside audience.
3.1.2 Benchmarking
In order to identify areas of improvement, benchmarking of existing online
energy planning and calculator services has been made. Primary findings
of this benchmarking have been that, typically, these kinds of applications:
1. Rely on general and average estimates of energy production potential,

Examples of energy calculators:
pistoke.fi/energialaskuri
lammitysvertailu.eneuvonta.fi
mapdwell.com
solarenergy.net/solar-tools/solar-calculator

since more accurate sources of information are not available

pvwatts.nrel.gov/index.php

2. Require users to input technical details or values that can not be expected

nibe.fi/Tuotteet/Maalampopumput/Kalkylator

to be known by non-experts
3. Consider only one form of energy production in isolation
4. Are poorly designed, in comparison to the general level of current web
services
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Figure 11.
Screens and narrative summary of Energiatieto service
concept presentation. Content
created by the author.
“There is more and more interst
towards energy solutions, as
awareness of the environmetal
effects of energy production is
increasing ... There will be changes in the energy business sector
as EU directives and Finnish
legislation make it mandatory to
consider local renewable energy
production ... There is demand
for solutions meeting consumers’ unique needs, and energy
planning will become integral
part of city planning, but tools,
knowledge and expertise on
regional energy planning is still
very limited ... For an individual
consumer, it is difficult to trust
information given by the energy
system providers. It consists
of many technical details, and
it is feared that ignorance of
consumers is being exploited ...
For a city planner, it is difficult
to create an overview of energy
solutions of new areas. Experts
of different fields have plenty of
information at their disposal, but
it is scattered and not available
for everyone ... The new application aims to combine relevant
information and make energy
solutions understandable. Comparing different energy solution
possibilities is effortless and easy,
and calulations are performed
with the most accurate data
available ... Solar energy calulations are especially accurate, as
amount of solar radiation has
ben simulated for all rooftops in
Espoo ... The application is based
on Open Data and its algorithms
and source code are available as
Open Source. “
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5. Are provided by system provider companies or as a result of a research
project of an interest group, which can raise questions on possible bias
6. Offer very little or no transparency on the calculation methods being used.
3.1.3 Research
In addition to benchmarking existing services and collating background information, expert interviews have been conducted. Discussions with planning professionals, energy specialists and energy system providers have
been used to understand needs and problems in energy related planning.
Two interview sessions have been organised with energy system suppliers
Pistoke Oy and Rautakesko Oy. Mika Vuolle has been interviewed as an energy specialist. From Espoo City, energy advisor Visa Koivu, geology specialist Jouni Rautiainen, and energy engineers Tiina Sekki and Antti Rousi have
been consulted on multiple occasions. Additionally, the project manager
of Helsinki Region Infoshare Ville Meloni has been interviewed, in order to
understand development plans of the Open Data portal. Some conclusions
of these interviews are also presented in chapter 1.3.
Energy systems of private homes are also a lively topic of discussion on
various forums. Especially geothermal energy forums lampopumput.info
and maalampofoorumi.fi have been reviewed, in order to understand content of the discussions and to identify the most common issues and concerns. During this review, one active individual, who has developed his own
energy calculation application*, has also been identified and contacted.
3.1.4 User interface design
Prototype of the web application has had three main design drivers that
have been derived from the main objective of the project:
1. It has been required to demonstrate how measured and simulated data
can be used in creating holistic regional energy plans, as discussed in chapters 1.1 and 1.2.
2. It has been intended to become an easily approachable way for citizens
of Espoo to explore the possibilities of renewable energy production in an
interesting and relevant way, as described in chapter 1.3.
3. It has been intended to showcase the possibilities of the new geospatial
energy data created by the City Planning Department of Espoo, introduced
in chapter 1.2.
These three main drivers have been mostly compatible with each other,
but they have also created some conflicting requirements for the develop-
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* bergheat.ingalsuo.fi/BergheatOhje.pdf

ment. User interface design of the web application aimed to merge all the
necessary requirements, and has focused on
1. simplicity
2. possibility for the user to learn through interaction
3. transparency.
These focus areas are visible in all of the user interface solutions of the
application.
The intended target users for the demonstration have been:
1. City planners of different disciplines
2. Home owners in Espoo
3. Organizations in the business of energy
In order to create a service supporting decision making concerning energy solutions of an individual building or a group of buildings, a complete
picture of the energy system needs to be created. It is not useful to consider different kinds of energy production possibilities separately. It is equally
insufficient to evaluate only monthly summaries, or focus only on a specific
form of energy.
Methods of energy production that are considered in the application
are solar electricity production, solar heat production and geothermal heat
production. For the purposes of this service, energy consumption has been
divided into three parts: electricity consumption, energy used for heating
spaces and energy used to create hot water. With this structure, most of
the use cases are covered, and enough detail is available, while simplicity
of the user interface is maintained.
Mismatch problem
Differences in timing of energy consumption and renewable energy production are a significant factor when considering energy balance. Energy
production during the summer is not useful during the winter, and production during the day is not useful at night. If produced energy is not stored
or shared with others, some of it may be lost.
In order to capture the differences in energy production and consumption patterns, creating calculations based on yearly, monthly or daily averages is not sufficient.
In the application energy consumption and production are modelled in
with a resolution of one hour for the entire year. Subdividing a year in this
way, into 8760 hours, is typical for energy related simulations and this res-
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olution makes it possible to include the important daily and yearly cycles
in the analysis.
Instant feedback
It has been considered important to provide instant visual feedback when
users explore different possibilities of energy production. Production and
consumption of different energy forms are interlinked in a somewhat complicated manner. Mismatch of energy production and consumption patterns creates unexpected results, as described above. For example, geothermal heat production consumes electricity proportionally to the amount
it is used and, therefore, affects the entire system. In order to communicate
these kinds of relationships, user interface of the service displays a constantly updating visual overview, in which production, consumption and
balance of heat and electricity are shown next to each other in same scale.
This instant feedback creates an opportunity for learning the dynamics of
the system. Relative importance of different aspect become apparent, and
optimisation, for example, between costs and benefits can be made intuitively.
Location specific
The developed service aims to take full advantage of the geospatial information Espoo has created, and also combine it with other location based
data, in order to provide as much information as possible on an individual
site.
Typically, accurate and location specific information about renewable
energy production potential is not available, and gross approximations
are used. For example, solar energy production potential estimations are
typically based on regional monthly average values of solar irradiation on
horizontal surfaces, which are adjusted with various coefficients depending
on panel orientation and shading (Heimonen, Kurnitski, Kalliomäki, 2011).
The availability of location specific information can help in making regional energy plans in which the actual conditions of the area are driving
the solution. Having detailed location specific information also has the potential of making the service more interesting for individual homeowners,
as they can explore the details of their own site specifically, instead of viewing generic approximations.
Only relevant information required
In the designed application, users are requested to input only pieces of
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information they are expected to be familiar with and that are absolutely
necessary. In order make the necessary calculations, a large number of parameters describing the system characteristics are required, but for most
users, professional or not, majority of these parameters are not familiar,
or not known. The service utilizes standard values or estimations for all
the parameters as needed, and the service can be used without paying any
attention to them. However, for users who have more detailed knowledge,
it is possible to see all the values in detail, and adjust them at will. The possibility to view detailed information also allows specialists to evaluate the
reliability of the calculations. In order to be completely transparent with the
application, principles of the calculations are also explained, and link to the
algorithms themselves is provided.
In order to display and request only the necessary pieces of information, forms in the application are dynamic. The content and input fields of
the form change depending on the information given or selections made.
For example, if a building has oil heating, only information of oil heating
are shown.
Elements of the user interface
In energy planning, all parameters and results are interlinked with each
other. In order to give the user a holistic overview, all the primary results
are shown the main view (Figure 12 #1), which is visible at all times, without
scrolling. When any changes are made to the system, the effect can be
seen instantly in the main view. This immediate feedback has been considered very important, because it allows the user to learn through interacting
with the service.
The main view and the user interface of the application are divided into
energy consumption (#2), energy production (#3) and energy balance (#4).
The fourth relevant element would have been cost estimate (#5), but it was
excluded from the first implementation. Electricity and heat are considered
separately in the application, but shown next to each other (#6), because
their consumption and production are interlinked, as described in chapter
1.2. Energy used for hot water is shown in the heat consumption graph
with a separate colour (#7). Scales of all the energy graphs are made to be
identical, so that direct visual comparison is possible (#8). Together these
considerations have created foundation for the lay-out of the left pane of
the web application. Design of the pane is a balance between readability
and having all the necessary information visible at the same time.
The right pane of the application is used for inputting necessary information and making adjustments. By clicking the header of energy consumption or production sections, a corresponding view opens in the right
pane.
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Figure12.
Elements of the user interface.

51

On the top of the right pane there are some contextual instructions that
tell the user what she is expected to do in the current view (#9). Below the
instructions there is a map for viewing buildings, solar energy production
potential of their roofs, and ground conditions for geothermal energy production (#10).
Below the map there is the dynamic form for inputting necessary information and making adjustments (#11). If exact values are not known, there
is always the possibility of using estimated values. Unnecessary questions
have been eliminated by making the from dynamic, so that only input fields
are shown based on previous selections. For example, if a building has electric heating, only questions related to this heating form are shown, and if
estimated energy consumption is chosen, no further questions are asked.
In order to be completely transparent with the application and the results it provides, there is also a possibility to see additional information on
how the calculations are being made (#12). Key values used in the calculations are shown as well, and users with sufficient knowledge can adjust
them if necessary. Link to the actual algorithm code is given as well.
It has been the primary intention of the application design to allow the
user to use the application with minimal amount of background knowledge
and without being harassed by unfamiliar technical details, but at the same
time, for knowledgeable users it is possible adjust every detail in order to
increase accuracy of the calculations. Furthermore, it is possible for interested experts to study in full detail how the calculations have been implemented.
3.1.5 Solar energy map
Solar energy simulation results were available in a raw data format, which
can be manipulated only with specialist software. Additionally, a summary
spreadsheet was available. In order to make it possible to view the map and
use it as a part of online application, colour indexes for the data have been
defined, and the data had been re-projected and rendered into image tiles
which are suitable for viewing in a web browser.
Colouring of the map has been designed in a way that suitable areas for
Link to solar energy map:
ahlstrom.heroku.com/solarmap

solar energy production are clearly identifiable, and three dimensionality
of the imagery is maintained, in order to make roof shapes recognisable.
Data processing and map design were made by the author as a part of this
thesis work.
The solar energy map can be viewed online. Raw data, together with
supporting information, has been published in Helsinki Region Infoshare
portal. Currently the solar energy map is not available at map service of
Espoo City.
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Figures 13 & 14.
Raw data of the solar energy
simulation is available as a
raster file, with solar irradiance
value stored in each pixel.
The graph below illustrates
distribution of these irradiance
values in the entire data set.
From this graph it can be seen
that most of the roof surfaces
receive solar radiation between
900 - 1000 kWh/m2 in a year.
Based on this distribution, color
ramp of the published map has
been designed in a way which
makes the relevant differences
between roof surfaces clearly
identifiable.

Figures 15 & 16.
For quick online viewing and
zooming, the map has been
re-projected and renderd into
small bitmap tiles, in different
zoom levels, which are compatible with other online maps.
Data processing, map creation
and illustrations by the author.
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3.1.4 Geothermal energy map
The geothermal energy map was available as a ready raster image, and
Link to geothermal energy map:
kartat.espoo.fi

only colour adjustments, georeferencing and re-projection were necessary
before rendering it into image tiles, similarly to solar energy map.
The geothermal energy map is viewable online, and it is also available
at map service of Espoo City together with the supporting map legend. The
map has also been published as Open Data in Helsinki Region Infoshare
portal.

Figure 17.
Geospatial data used in creating geothermal energy map.
Soil type, areas of exposed
bedrock and areas of digitized
bedrock are visible. Numbered dots represent bedrock
analysis points and shading
illustrates terrain shape.
Analysis and illustration
created by SITO.

Figure 18.
Sample of the analysis result
together with building and plot
outlines. In order to use this
map material in the developed
online application, only colour
adjustment, re-projection and
bitmap tile generation were
necessary.
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Implementation
This fourth part of the thesis consists of a more detailed description on how
the web service prototype was implemented. Chapter 4.1 explains how the
algorithms for the service were created and illustrates how in practice different sources of open data and theory were combined in order to create
a holistic and intuitive energy planning service. Chapter 4.2 provides information on how the software development was structured and explains
rationale behind the selected approach. Chapter 4.3 Introduces the final
application.
4.1 ENERGY CALCULATIONS
In the heart of the Energiatieto application are the algorithms developed by
the author as a part of this thesis work. These algorithms combine available
data and offer the user relevant information and feedback. The primary
intention of the application has been to provide the user with an understandable way of interacting with this information.
4.1.1 Approach
There are plenty of energy-related calculators available online, but they
mostly suffer from similar problems, as described in chapter 3.1.2. Typically, users are required to input many pieces of detailed information before
receiving relevant results, or alternatively the calculator software provides
only gross approximations based on very limited input.
Applications requiring numerous input parameters are typically difficult
to use, and additionally, many of the required values are not familiar to an
average user. It also degrades credibility of the results if too many controls
are given to the user. It is difficult to know the relative importance of different parameters, which can make the user feel uncertain if all the inputted
values are correct and if the results can therefore be trusted.*
In the other extreme are applications which give an oversimplified
promise, for example, of telling how good an investment the installation
of solar panels would be, just through the input on one’s home zip code.
The available online energy calculators are typically created by a specific interest group. They might be developed, for example, by geothermal
energy system providers, solar energy interest groups or active individuals.
Therefore, the calculators typically consider only one type of solution or
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* Some applications have been
trying to solve this problem
by afterwards adding typical
values to the less obvious data
fields. Example: pistoke.fi/
energialaskuri

only one form of energy in isolation of others. Results of different calculators are therefore difficult to compare.
In order to avoid these problems, the following guidelines were used in
the development of the algorithms behind the application.
1. User is required to input only the details that are relevant in the specific
case in question
2. Background data is used as much as possible to increase accuracy and
specificity of the calculations and to reduce the amount of details users
needs to input
3. The energy calculations are performed as a whole, considering many solutions and energy forms simultaneously, in order to provide a holistic picture
4. User is always given the possibility to use estimated values, but more detailed information can be inputted as well, when it is available
5. All the variables affecting the calculation results can be viewed and modified, if a knowledgeable user so chooses
6. Details of the calculation method can be viewed, in order to make the
calculation process completely transparent and comparable
7. Calculations are performed in ways that are recommended in the official
energy efficiency requirements and other guidance issued by the Ministry of
Environment. Exceptions are made only when these calculation methods are
not applicable.
4.1.2 Parts of the algorithm
The main flow of the energy calculations is very straightforward, and it can
be divided into a few obvious steps. These steps also introduce the specific
problems the algorithm needs to solve.
Consumption
In the first phase energy consumption of a building, or multiple buildings,
is defined. In this implementation energy consumption is considered separately in three parts:
1. electricity
2. energy used for heating hot water
3. energy used for heating spaces
This division is mandatory for properly analysing energy balance of a
building. If it is later considered necessary, electricity consumption could
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Figure 19.
A simplified overview of the
algorithm, illustrating how the
most important pieces of data
are used in different parts of
the calculations.
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be further divided into electricity which is used by the residents for lighting
and appliances, and into electricity used by HVAC system.
In most cases, actual energy consumption of buildings is measured and
there should be no need for making energy consumption estimations. Unfortunately, for an online application like the one described here, it is difficult to have access to this information and therefore energy consumption
needs to be estimated based on details given by the users. This situation is
expected to change in the near future as new energy consumption measuring technology will become mandatory and more widespread.
Some of the necessary details for estimating energy consumption of a
building, such as floor area and heating method, are readily available in
Espoo City databases. First version of the application has not used these
sources, but the second version already fetches these details from the databases, removing the need for manually inputting the values.
Before relevant analysis on energy consumption can be made, consumption values need to be normalised. The application in question only
considers buildings in Espoo and therefore geographical differences are
not significant, but heating energy demand varies from year to year. Heating demand during mild years is naturally lower than during cold years.
* City of Espoo has detailed en-

These differences are taken into consideration and consumption values are

ergy consumption data of pub-

adjusted into a comparable form, based on historical data and standard-

lic buildings under its control.
This data would be available for
use, and it could be used as reference for further estimations,

ised reference year.
In addition to defining normalised energy consumption by energy type,
it is necessary to consider timing of consumption. This is especially impor-

but it was not integrated into

tant as demand and supply matching of renewable energy production is

the application.

included in the calculations. Unfortunately, as described above, access to
measured hour-by-hour energy consumption data is rare and therefore
timing of energy consumption needs to be estimated based on background
data.* Performing this estimation is one additional step in the algorithm.
Production potential
In the second phase, energy production potential of the location is defined.
This phase relies heavily on the available geospatial information. In the
case of Espoo, estimating solar energy production potential is relatively
straightforward and accurate, because of the available solar energy map
and simulation results.
Evaluating geothermal energy production potential includes more uncertainties. The available geothermal energy map of Espoo can be used as a
rough guide for evaluating attractiveness of geothermal energy production
of a given location, but the map offers no numerical data that could be
directly used in the calculations. The solution used in here utilises available
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geospatial information on bed rock types in Espoo and creates a conservative estimation of the production potential based on typical performance
characteristics of a geothermal well and a heat pump.
System configuration and performance evaluation
In the third phase, performance of the user-specified system is simulated. When only a single building is considered, performance of the system
can be quite easily and accurately evaluated. When the system consists of
multiple buildings or a complete region, the structure of the system would
need to be known in greater detail, in order to create accurate results. This
is especially important when considering heating energy, because, unlike
electricity, transferring or redistributing heat involves many kinds of inefficiencies and transfer losses. Evaluating these losses accurately would
require detailed description of the system, which is far beyond the scope
of this application. While recognising this limitation, the possibility of evaluating larger groups of buildings has been made possible, since regional
solutions are necessary in order to solve some of the issues with renewable
energy production.
In the application, simulation and evaluation are performed in real time,
in order to allow the users to instantly see the effects of any changes they
have made to the system configuration. For example, it is possible to immediately see the effect of adjusting size of a solar panel installation on the
amount of energy that needs to be purchased.
Financial evaluation
The fourth phase is financial evaluation, based on the defined system and
its performance compared with the original state. Relevant financial details
typically include at least initial investment, yearly energy costs, return on
investment and payback time. This fourth phase and the financial calculations were excluded from the first prototype. But they have been implemented in the second version by the City Planning Department.
4.1.3 About precision
When performing calculations concerning energy balance of buildings,
there are numerous variables involved. Some of these variables and their
effect is usually well-known and can be accurately calculated, while some of
the calculations include highly approximate elements.
In this work, the most accurate calculation method available has always
been used for each part, within reason, while acknowledging that some
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other parts of the calculations might involve significant uncertainties. The
final results are then presented to the user in a way which reflects the accuracy of the calculations as a whole.
Also, while trying to benefit from the level of detail that can be achieved
using detailed background information, the errors this data may contain
are always “contained”. For example, if a monthly energy consumption is
accurately known, or estimated in a commonly accepted way, it may be
subdivided into daily or hourly resolution using less common methods, but
this does not affect the original monthly total. This way yearly sums and
result totals are not distorted, as it might happen if the calculations were
only performed bottom-up using the most detailed data.
Hourly resolution
The algorithms use one hour resolution, which is typical when performing
energy calculations of buildings. When using input variables with varying
level of uncertainty, one hour resolution might seem an overkill, but there
are multiple reasons for using such high resolution.
When considering renewable energy production, timing is crucial. In a
power plant energy can be produced based on demand and according to
a predefined plan, but, for example, solar energy can be only harvested
when it is available. If the harvested energy can not be used at that time, or
stored for later use, it is lost.
In order to properly address this mismatch problem and to find best
possible overall solutions, two important cycles need to be considered:
yearly cycle of 12 months and daily cycle of 24 hours. The yearly cycle reveals the biggest problem of local renewable energy production, as energy
demand is highest in the winter, when solar based renewable energy is
least available. Availability of solar energy naturally also follows daily cycles. The daily energy consumption cycle depends mostly on the purpose
of a building. Offices and public buildings consume energy differently from
households. Weekly cycle of seven days is less important, even though the
different energy consumption patterns during weekdays and weekends
could be considered when balancing demand and supply of energy.
For new buildings energy performance simulations are made using special software. Results of these simulations are in the form of energy demand profiles with the resolution of one hour. In this application this kind
of simulation results are used as a basis for estimating the energy demand
of new buildings. In many existing buildings, energy consumption is measured and these measurements are also available with one hour resolution.
For all the above reasons, the algorithms for this application are based
on one hour resolution. This way the important timings of energy produc-
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tionand consumption can be evaluated, benefits of the available accurate
data can be reached, and the approach can be considered future proof, as
more and more measured and simulated input data is becoming available.
4.1.4. Energy consumption
Hot watery heating energy
Hot water consumption of households is estimated based on the number
of inhabitants (Ministry of Environment, 2012b). In other types of buildings, such as offices, schools, swimming halls, etc., hot water consumption
is estimated based on floor area, but since these types of buildings are

* In households with water

not supported in the first version of the application, these details are not

consumption metering, this is

covered here.
According to the Building Code Collection part D5, daily hot water consumption in households can be estimated to be 60 litres per person*. As
hot water typically has fixed temperature and losses in the heating process
can be estimated, it is straightforward to estimate the energy needed for
heating hot water.
As hot water is typically heated in advance in insulated reservoirs, and
used when necessary, timing of consumption patterns does not have significant effect and in calculations the demand for hot water heating energy
is assumed to be constant over time and it is typically assumed to be same
throughout the year. In more detailed calculations part of hot water transfer losses can be included in the energy used to heat spaces, but this detail
has been omitted in these algorithms.
Space heating energy of new buildings
Space heating energy consumption estimation of new, not yet existing,
buildings is based on simulated consumption of reference buildings that
have bee designed for new projects in Espoo. These reference houses have
been designed to meet the expected energy efficiency requirements of the
year they are planned to be built. The simulated data is available for building years 2013-2014 and 2015-2017.
The share of hot water heating energy has been removed from this
data, leaving only the energy needed for heating spaces. This energy demand has then been divided by the floor area of the simulated buildings,
resulting with a dataset of hourly energy demand for space heating per
square meter. This data has been used in the application to estimate space
heating energy demand of new buildings of any size, that are expected to
be built on a specific year.
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estimated to be 50 litres per
person, which is yet another
example on how awareness of
resource consumption influences behaviour.

Space heating energy of buildings, based on energy purchases
Amount of purchased energy over some time period is typically known.
This information can be used in estimating space heating energy demand
of a building. In the case of oil heating, the amount of purchased energy is
given in litres of oil, based on which the amount of produced energy can
be calculated by knowing performance of a typical burner. In the case of
a building with district heating, the amount of purchased energy is known
directly and only the performance of the heat exchanger needs to be taken
into consideration.
Although, the information on the amount of purchased energy can not
be used directly as such. Energy for heating spaces has to be isolated from
the purchased energy and space heating energy demand also needs to
be normalised based on the actual heating demand of the time interval in
question.
If the heating method for a building is oil or district heating, this purchased energy is typically used for heating hot water as well. In this case
the amount of estimated hot water heating energy is subtracted from the
purchased energy, leaving the energy used for heating spaces. Appropriate
estimates for energy losses in each phase are included in the calculations.
If heating method for a building is electricity, the amount of purchased
energy might contain not only heating of spaces and water, but the consumed household electricity as well. In this case, these are subtracted accordingly from the purchased energy. The amount of hot water heating energy is estimated as described above and amount of household electricity
consumption is evaluated as described later.
After the amount of energy used for heating spaces during a specific

Figure 20.
Example comparison of
heating demands between
two different years, illustrating
the neccessity of normalising
energy consumption before
furher calculations are performed (Finnish Meteorological
Institute, 2014).
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period of time has been deduced, this amount is normalised based on the
actual heating demand during that period compared to heating demand of
the same period of a standard year. This adjustment results in a nominal
energy consumption value for the building, which is then used to calculate
comparable energy demand for a whole year. In other words, regardless
if the time period of which the purchased energy consumption is known,
includes autumn, winter of spring months, or if these months happened
to be exceptionally warm or cold, the resulting values are comparable with
other energy consumption data.
This normalisation of heating demand is performed using monthly
heating degree day values which are used for estimating heating demand
of buildings. These values are derived from actual outdoor temperatures of
a specific time, since energy consumption of a building is almost linear to
the difference between outside and inside temperatures.

* The heating degree day of a
month is the sum of the daily
heating degree days of the
month and the heating degree
day of a year is the sum of the

The heating degree day is calculated by adding up the differences of the
daily indoor and outside temperatures of the whole month. The most commonly used heating degree day is S17, which is calculated by adding up the
difference between the presumed indoor temperature +17°C and the dai-

monthly heating degree days
of the year. In other words, the
colder the year, the higher the
heating degree day value of
the year. The average heating

ly average outside temperature.* The difference between this presumed

degree days of the normal

+17°C indoor temperature used in the calculations and the actual indoor

period 1981-2010 is used as the

temperature is assumed to be compensated by many kinds of internal heat
sources which are reducing heating demand, such as lighting, persons and
devices together with external heating energy from the Sun (Motiva, 2010).
The reference year heating demand values are based on a reference
year defined by the Finnish Meteorological Institute (Finnish Meteorological
Institute, 2014) (Ministry of Environment, 2012).
The application only includes buildings in Espoo, and therefore adjustment between different weather regions is not required. (Motiva, 2010)
Days when the average temperature is above +10°C in the spring and
above +12°C in the autumn are not taken into account in calculating the
heating degree day. It is presumed that the heating is turned on or off
when the outside temperature goes daily above or below the above-mentioned limits (Finnish Meteorological Institute, 2014).
Space heating energy of existing buildings, based on building year
When more detailed information is not available, nominal heating energy demand value is used, based on the building year. Energy demand of
buildings has been reduced significantly over time, and steps in the reduction have occurred when new regulations have been taken into use. This
is visible in statistics, based on which the average values for space heating
energy demand can be found:
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reference values.

2010 -

64 kWh/m2/a

2007 - 2009

91 kWh/m2/a

2002 - 2006

93 kWh/m2/a

- 2001

125 kWh/m2/a

This method of estimation has high level of uncertainty and it does not
* 17°C is used here as a base
for temperature difference
calculations in order to be com-

take into consideration properties of individual buildings or how they have
been maintained or renovated, but it offers a relevant approximation if other information in addition to building year and floor area is not available.

patible with the heating degree
day values that are commonly
used in energy calculations.
More information on this topic
can be found above.

Space heating energy of existing buildings, hourly distribution
In the case of new buildings, the used simulation data is available with one
hour resolution. In the case of existing buildings this kind of data does not
exist, and by using heating demand values, the yearly need for space heating energy can be only divided down to monthly level.
In order to create a relevant estimation on how the space heating energy is distributed within different months, reference year weather information of Vantaa was used. This dataset is describing weather conditions in
Vantaa during a model year with one hour resolution. The data includes,
among other details, outdoor temperature and sunlight radiation.
In this case, the monthly space heating energy consumption is subdivided to hourly level proportionally to the difference of outdoor temperature
and +17°C.* This way it is possible to create hourly estimation of space
heating energy demand, which can be used in the calculations together
with other information.
When subdivision of the energy consumption is performed in this way,
monthly summaries of the results remain equal to calculations performed
with methods described in the Building Code Collection D3 (Ministry of Environment, 2012).
Energy consumption, electricity
In the case of buildings using oil or district heating, electricity can be treated
separately, but in the case of buildings with electric heating, the energy for
heating spaces and hot water needs to be considered together with other
electricity consumption. For example, if only the total amount purchased
electricity is known for a specific time period, the estimated space and hot
water heating energy demand for the corresponding period needs to be
subtracted from the total, in order to define the amount of electricity used
for lighting and appliances. This complexity does not need to be exposed
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to the user of the application. Instead, the user provides the information
which is available and calculations are performed accordingly.
If there is no other data available, electricity consumption of lighting and
appliances in a building is estimated based on floor area. For residential
buildings, a statistical average of 58 kWh/m2 in a year is used (Ministry of
Environment, 2012). If the amount of purchased electricity over some period of time is know, this information is naturally used.
Electricity consumption is not constant over time and, in the absence
of building specific measured data, the consumption profile has to be estimated. This estimation is performed based on reference data of electricity
consumption in residential buildings.
Typical daily 24 hour electricity consumption cycles are shown in the
illustration below. There are three main versions of the cycle: One for weekdays, one for Saturdays and one for Sundays and other holidays. Additionally, these cycles depend on season and for this reason different profiles
are available for summer and winter months.
In addition to the daily profile, also the overall quantity of domestic
electricity consumption depends on the time of year. More electricity is
consumed during winter and less in the summer. For this reason relative
weekly values for electricity consumption are used.
In order to create a holistic picture of electricity consumption during
one year, a calendar of a model year has been constructed, based on which
these different profiles have been combined. This way a right combinaFigure 21.
Hourly indices of typical electricity consumption in detached
or terraced houses, separately
for winter and summer.

Figure 22.
Bi-weekly indices of typical electricity consumption in detached
or terraced houses.
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tion and sequence of weekdays, Saturdays, Sundays and public holidays
are used while taking into consideration different levels and patterns of
consumption at different times of the year. The result is an hour-by-hour
profile of electricity consumption. This profile is then used to estimate the
distribution of yearly total electricity consumption and to estimate a comparable full year consumption profile based on known electricity consumption over some specific period of time.
4.1.5 Energy production potential
Solar radiation
The amount of solar radiation available to be used for energy production
on building rooftop is available in the simulation results.
These results are available in two forms. The solar energy map has information on the total yearly solar irradiance for each roof with the resolu-

Figure 23.
In the solar energy map, yearly
amount of solar radiation
is available at each 0,5 x 0,5
meter pixel. In the summary
data these values have been
aggregated for each building,
separately for good and poor
parts of the roof, together with
the surface area of these parts.

Figure 24.
Amount of solar radiation
in the area of Espoo with
one hour resolution. Graph
illustrates variation in the
amount of sunlight throughout
the year. This data is part of
the reference year dataset
TRY2012, created for energy
planning and simulation purposes. This data is comissioned
and distributed by the Ministy
of Environment. Illustrations by
the author.
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tion of 0,5×0,5 meters. Additionally this information has been aggregated
for each building. As a part of this aggregation, the roofs have been divided
into three parts. The areas with solar irradiation more than 950 kWh / m2 yr
are classified as “good” surface and parts of the roof with less solar irradiation are classified as “moderate” (850-950 kWh / m2 yr) or “poor” (below 850
kWh / m2 yr). The surface area and amount of radiation for these different
parts of all the roofs can be deduced from the simulation results and these
values are used in the calculations.
In order to simplify the user interafce, an assumption is made in the
calculations that good parts of roofs are used before the poor parts, regardless of how these parts are actually located. For example, if 40 m2 of
solar panels are installed on a roof which has 30 m2 of good surface area,
30m2 of the panels is assumed to be in the area of higher radiation and the
remaining 10m2 in the area of lower radiation.
Using the background data, it would be possible to allow users to design the location of solar panels on a roof and evaluate the production potential according to the actual radiation distribution, but this would create
somewhat more complicated user interface with only marginal benefit in
accuracy.
For the same reason it is assumed in these calculations that solar panels
would always be installed directly on the roof surface, even though in some
situations this is not the best orientation for the panels.
By default solar panels are assumed to be vacuum tube type with planar
absorption surface and performance values are taken from the Solar Energy Calculation Guide 2012 provided by Ministry of Environment (Heimonen,
Kurnitski, Kalliomäki, 2011). Knowlegeable user has the possibility to adjust
the se performance characteristics to match any solar collector type.

Figure 25.
Amount of solar radiation
during two example days,
illustrating the daily cycle of
sunlight, and differences between winter and summer.
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The solar radiation simulation has been performed using detailed hourby-hour weather data of a model year, but the results are provided only in
the form of yearly total radiation. In order to estimate the distribution of
solar radiation during different times of day and year, solar radiation data
of a model year has been used to determine how the yearly radiation is
distributed during a year. The same weather dataset of Vantaa reference
year that was use in estimating the distribution of space heating demand
has been used for this purpose as well.
This dataset contains hour-by-hour values for solar radiation. These values are used to redistribute the yearly totals into hourly radiation values.
This method is naturally not very accurate since it does not take into
consideration the direction of sunlight and other details that have been
part of the simulation, but it offers a way to create an accurate enough data
for simulation the solar energy production potential at different times of
day and different times of year.
This solar energy production potential as a function of time is essential
when when fitting together profiles of energy supply and demand.
Solar electricity
In addition to the surface area of solar panels, the amount of electricity that
can be produced from available solar radiation depends on performance
characteristics of the panels. These characteristics have been described by
two parameters: The peak power factor depends on the type and technology of the panels. Value of 0,15 kW/m2 is used as a default, which represents
the performance of silicon based poly- or monocrystalline panels. The installation factor depends on how well the panel is ventilated when in use.
For this, value of 0,75 is used, which corresponds to a situation in which the
panels are moderately well ventilated (Heimonen et al., 2011).
As a result of the calculations, hour-by-hour values for electricity production are created, based on the surface area of photovoltaic panels installed on a specific roof.
Solar heat
In comparison to solar electricity production calculations, solar heat production is more problematic to calculate.
Typically solar collectors are used to heat hot water. The harvested
thermal energy can naturally also be used for heating spaces, but it is less
common. In a typical situation thermal collector systems are dimensioned
according to the hot water heating demand. Optimal size of hot water reservoir and other properties of the system are defined accordingly, and this
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configuration as a whole is defining performance of the system.
In this application the desired approach is different. In this context it is
desirable to be able to calculate how much thermal energy could be produced with certain size collectors on a specific roof, and then evaluate how
the produced energy matches with demand. In order to achieve this kind of
functionality and at the same time to keep the calculations compatible with
the commonly used methods, the system dimensions are made to adjust
automatically based on the selected collector surface area.
In the calculation method of Solar Guide 2012, commissioned by the
Ministry of Environment (Heimonen et al., 2011), the formulas have been
tuned based on default hot water reservoir size of 75 litres per one square
meter of collector surface area. This value has been used in this implementation as well for scaling the system based on collector size. Other parameters of the system are given typical default values, which can be, like
all parameters in the calculations, adjusted by the user, if more specific
information is available.
The calculation method presented in the Solar Guide 2012 is also designed for situations in which detailed solar radiation data is not available
and the formulas have been therefore adjusted to work with monthly aggregate values. In order to be compatible with the recommended method,
monthly sums have been used when performing calculations for thermal
collectors and results are then subdivided into one hour intervals based
on reference year solar radiation data, making them compatible with other
parts of the calculations.
This approach allows the desired collector size be adjusted independently of the energy demand in the system while guaranteeing that
the system is appropriately dimensioned in all cases and the results are
compatible with the recommended calculation methods.
Geothermal heat
Geothermal heat production evaluation is in this application limited to vertical boreholes, since it is the most common and feasible solution in Espoo,
because it requires very little land area and bedrock is generally quite close
to ground surface.
Evaluating production potential of geothermal heat can be divided into
two parts. Amount of energy available from a borehole has to be estimated
and performance of the heat pump system has to be calculated.
It is very difficult to know detailed properties of the bedrock in as some
specific location without test drilling. Drillings are typically made in as a part
of some building project and findings of these drillings are documented,
but they are far too few of them, in order for them to be useful in this con-
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text. Some properties of the bedrock are known, and they can be used in
evaluation energy production potential.
In the depths of 20 meters and onwards, temperature of the bedrock
is stable throughout the year. In Espoo, temperature of bedrock between
depths of 100-200 meters, is 7-8°C. Depth of boreholes depend on the energy demand of the system, and are typically below 200 meters (Juvonen,
2009), but can be up to 250 meters (Motiva, 2012). System providers typically offer boreholes between 100-200 meters (e.g.. Gebwell, 2014). If more
capacity is required, several boreholes can be connected into same system.
The type of the bedrock is also quite accurately known based on maps
provided by the Geological Survey of Finland. Based on type of bedrock,
its thermal conductivity can be estimated, which can be used in the calculations.
By using these pieces of information, energy production potential of a
geothermal well can be estimated by using method by Bo Nordell, a pro-

Figure 26.
Bedrock types of Espoo area.
(Espoo City, department of
geotechnology)
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fessor in Karolinska Institut (Nordell, 2004). Using his method, production
potential of the well can be estimated, assuming the well is in solid rock
and no ground water is running through it. In practice, cracks in the well
and ground water flowing through the well is a desired effect, since the
flowing water carries warmth to the well from further away, improving its
performance. There is no way of evaluating the existence or scale of this
effect without performing test drillings onsite and measuring the actual
performance of the well.
In this application, Nordell’s method is used as such, since it offers a way
of evaluating performance of a geothermal well with the available information and this evaluation is on the safe side, since the effect of flowing water
can only improve performance of a well.
User is allowed to specify location and active depth* of the geothermal
well. The bedrock type of that location is automatically looked from map
material and corresponding thermal conductivity is found from a table.
This information is used to estimate performance of the well.
Performance of a heat pump connected to a geothermal well is defined
by thermodynamics of the entire system. Since in this context detailed design of the system can not be known, reasonable estimations need to be
used.
Most importantly, the temperatures of incoming fluid from the geothermal well and outgoing water to the heating circulation define the coefficient of performance (COP) of the heat pump. COP can be calculated based
on the ideal Carnot’s process which is the adjusted based on an empirical factor. Temperature of the incoming fluid from geothermal well can
be assumed to be constant throughout the year, but temperature of the
outgoing water varies greatly depending on heating demand. Model for
this variation is adopted from Heat Pump Energy Calculation Guide 2012
(Eskola et al., 2012). This model defines temperature of the outgoing water
based on outside temperature. In the simulation, hourly outside temperature data of Vantaa reference year is again used, similarly to other parts of
the calculation.
Power dimensioning of the system can also be adjusted but the user. It
is not uncommon to dimension power of the geothermal heating system
only to 80% of the maximum required, since the during the short periods
of peak load can, supplementary electricity heating be used – instead of
investing in a larger system and deeper well. It is also possible for the user
to select in the application if this supplementary heating is in use or not.
Performance of the heat pump is simulated hour-by-hour. Heating demand of spaces and hot water for each hour of the year is taken as a starting point. Possible solar heat is used to fulfill a part of this demand and the
remaining part is generated by heat pump.
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* Active depth of a geothermal
well is portion of the well which
is inside the bedrock and covered with ground water.

4.1.6 System simulation
Performance of the entire system is simulated hour-by-hour. First energy demand during a specific hour is defined for electricity, hot water and
space heating separately, using all the available data, as described earlier.
Possible solar electricity and solar heat production during this hour is used
first to fulfill this demand, and remaining energy demand is then fulfilled
by possible geothermal energy production. Possibly remaining energy demand is covered by purchased energy. Energy prodiction potentials and
system performance is calculated separately for each hour, similarly based
on all the avaliable data, as described earlier.
As a result, energy balances are created separately for hot water heating energy, space heating energy and electricity. Periods of time when energy production surpasses are positive and periods during which energy
needs to be purchased are shown as negative.
Algorithm allows several buildings, solar panels and geothermal wells to
be evaluated together as one system, in accordance with the target of being able to evaluate regional energy solutions as a whole. In the absence of
better approach, energy demands and energy production potentials in the
system are pooled and combined without taking into consideration their
geographical distances. This approximation is reasonable when considering electricity and heating energy in system of limited geographical size. In
cases with buildings and places of heating energy production further away
from each other, results considering heating energy can not be considered
valid, since transfer losses are not included.
4.1.7 Evaluation
When designing these calculation methods, energy engineering specialists
were consulted, in order to clarify details of the calculations and validate
the selected approach. During the development, algorithms were verified
using simple scenarios and comparing results with the expected outcomes.
After the service had been launched, validity of the algorithms was evaluated in a master’s thesis, which was created in collaboration with consulting and engineering company Pöyry Finland and Lappeenranta University.
Results of this evaluation are discussed in the evaluation part of this thesis.
4.2 DEVELOPMENT METHOD
The architecture of the application consists of a web server, various data
services and a client running in web browsers.
The web server has been implemented on Node.js, which has made it
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possible to develop both the web server and client in JavaScript programming language*. This selection has been made, since JavaScript is one of
the most popular and well-know programming languages and therefore

* More information: nodejs.org

lowers the barrier for anyone to participate in the development.
The base maps and geolocation services are provided by Google. The
solar enrgy map is fetched as static map tiles and Geothermal energy map
is available at Espoo’s Web Map Service (WMS). These maps are overlaid
on the base map in the aplication. Other goespatial reference data, such
as building outlines, building specific solar energy summary data, and bed-

Figure 27.
Simplified illustration of the
application architecture.
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rock type map have been stored in Google Fusion Tables, from where they
can be conveniently be accessed by the application.
The source code of the entire project is stored in a public GitHub repository*, which is a well-known platform for collaborative software develop* github.com/ahlstrom

ment. The energy caclulation algorithms are in a separate sub-repository
as an independent library. This way it has been possible for the author to
develop them independently and in parallel with the server and client user
interafce development, which were sourced from a software consultancy
Reaktor.
The software has been developed with “continuous integration” which
has made it possible to keep the application live and online for testing purposes during the development.
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Figure 28.

4.3 RESULT
The application is presented here as it was at the time of initial launch,
in December 2012. Only inaccuracy in geothermal energy calculations has
been corrected, as suggested by Lauri Niskakangas in his evaluation (Niskakangas, 2013). Functionality of the application is illustrated by proceeding step-by-step through a typical use case.
4.3.1 Case: Single family house
When the application is opened for the first time, it shows an empty summary view on the left and a map together with instructions on the right. The
instructions encourage user to find the building of interest by browsing the
map or alternatively by searching with an address. (Figure 28.)
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Figure 29.

Once the right area has been found, user can include buildings to the
plan. When a building is selected, a view appears below with a possibility to
fill in necessary details of the building. (Figure 29.)
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Figure 30.

As information is being filled, correct input fields appear depending on
the selections made. In this example case, there is a detached house, built
in 1929 with floor area of 177 square meters and 5 inhabitants. After providing this basic information, estimated energy consumption appears immediately in the graphs on the left hand side. In the graphs it can be seen
how consumption of heating energy, energy for heating hot water (dark
yellow) and electricity is distributed during the 12 months of a year. In this
case estimated total electricity consumption is 10.266 kWh and estimated
total heating energy consumption is 29.278 kWh in a year. (Figure 30.)
It is also possible to view numeric values of monthly consumption by
holding cursor on top of the graphs.
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Figure 31.

Energy consumption is naturally also visible in the energy balance
graphs, which in this phase show that all the consumed energy is purchased, since there is no own energy production specified yet.
If the user has more accurate information available, it is possible to use
it, instead of estimations. In this example house, there is oil heating in use
and the amount of purchased oil between september 2011 and April 2012
has been 2140 litres. Typically oil heating is used to heat hot water as well.
Based on this information, actual annual heating energy consumption is
shown to be 24.125 kWh, which is slightly lower than estimated. (Figure 31.)
Details of purchased electricity could be inputted in a similar fashion,
but in this case we assume the user does not have this information available and settles with using estimated consumption values.
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Figure 32.
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Figure 33.

An interested, knowledgeable or suspicious user might want to know
how all these values have been calculated. In this case it is possible to view
a description of the calculation method, together with all the predefined
variables. It is also possible for the user to edit these variables at will. (Figure 32.)
After the energy consumption estimate is satisfactory, the user can proceed and start experimenting with energy production solutions.
Energy production – Solar
Again, there are instructions on the right and a map view below. Now the
map view shows solar energy map, and it is possible for the user to add a
solar installation on any of the roofs. Typically roof of the same building is
selected, but it is also possible to select nearby roofs, if such an arrangement is considered interesting. (Figure 33.)
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Figure 34.

After a roof has been selected, a form appears below the map, with possibilities to decide how the roof is used. Application tells user surface area
or the selected roof and surface area of the roof which is considered good
for solar energy production. In this case 56 out of 148 square meters of
the roof is considered to be good for energy production. The user can then
decide how much roof area is reserved for photovoltaic panels producing
electricity and how much for solar collectors producing heating energy.
In this case it is possible to see, how approximately 10 square meters of
solar collectors would produce enough hot water during the three summer
months, but approximately 12 square meters would be needed in order to
meet the demand of hot water between April and August. (Figure 34.)
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Figure 35.

The panel with enough capacity for March and September as well, would
need to be significantly larger, approximately 21 square meters. (Figure 35.)
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Figure 36.

With 40 square meters of photovoltaic panels, there would be enough
capacity to fulfill electricity demand of summer months. With larger panels,
there would be excess production during summer, which would be wasted
if there is no financially viable way of selling it. (Figure 36.)
Similarly to energy consumption calculations, interested users can view
and modify details of the energy production calculations in the expandable
view below. In the description it is, for example, clarified that in the calculations solar panels are positioned first on the good parts of the roof, and
only after that surface area has been occupied, the less favourable parts of
the roof are taken into use. A knowledgeable user has also the possibility
to adjust performance characteristics of the solar collector to match any
collector type. By default panels are assumed to be vacuum tube type with
planar absorption surface and default performance values are selected accordingly. (Figure 37.)
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Figure 37.
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Figure 38.

Energy production – Geothermal
By selecting “geothermal energy” tab, user can see geothermal energy map
illustrating suitability of the ground for geothermal energy production. It is
then possible to place a geothermal well in a desired location. In a similar
way to solar installations, a view appears below with possibilities to adjust
details of the geothermal well. Bedrock properties are automatically looked
from a database based on the drilling location. In this case the bedrock type
is gneiss and the area is indicated to be suitable for geothermal energy
production. (Figure 38.)
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Figure 39.

Size of the geothermal energy production system is adjusted by defining
the active depth of the well. It is also possible to adjust dimensioning of the
system, since it is not uncommon to dimension power of the geothermal
heating system only to 80% of the maximum required, since the during the
short periods of peak load can supplementary electricity heating be used –
instead of investing in a larger system and deeper well.
In the example case, it is possible to see that a geothermal well of 130
meters, would just produce enough energy to fulfil heating energy demand
throughout the year. Electricity consumption of the heat pump becomes
visible in the electricity consumption graphs. (Figure 39.)
Similarly to solar energy calculations, interested users can view and
modify details of the energy production calculations in the expanded view
below. As part of the explanation it is, for example, clarified that effect of
ground water is not included in the calculations, and therefore the actual
production capacity might be better than indicated. (Figure 40.)
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Figure 40.
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Figure 41.

Cost estimation
Cost estimations were not implemented in the first version of the service,
but using typical assumptions, investment cost for a system like described
above, would be:
Photovoltaic panels 40 square meters 12.000€
Solar collectors 12 square meters 6.000€
Geothermal heating 8.600€
The expected payback time for this 26.000€ investment would be approximately 6 years. Geothermal heating has the shortest payback time.
Without solar collectors, the required geothermal well would need to be
approximately 15 meters deeper, and therefore approximately 500€ more
expensive, but return on the entire 9.100€ investment would be only 4
years.
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Figure 42.

4.3.2 Case: Group of detached houses
In addition to considering individual buildings, it is equally possible to evaluate groups of buildings and multiple energy production installations simultaneously. In a hypothetical example, there is a group of 17 houses
connected to a large photovoltaic panel installation on the roof of a nearby
public building with a large unused rooftop. (Figure 41.)
In order to evaluate larger systems, each buildings and energy production unit is added individually, in the same way as described above. The
view on the left displays information on the entire system, while details
of individual parts can be selected from the map and adjusted separately.
In this example total electricity consumption of the 17 houses is 197
MWh in a year. Electricity production capacity when using the entire “good”
area of the large nearby roof is 178 MWh. When comparing electricity production and consumption profiles in the balance graph, it can be seen that
90 MWh of electricity would still need to be purchased yearly and 70 MWh
of excess electricity would be available for selling.
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When evaluating graphs with monthly values it is good to remember
that calculations are performed with one hour resolution. By peeking behind the scenes and viewing electricity balance, for example, of an average
day in March, it is possible to see how solar energy production and electricity consumption interact. In the monthly summary it seems that consumption of electricity in March is higher than production, but in the hourly view
of an average day in March, it can be seen how during most of the day electricity needs to be purchased, but between 11:00 and 16:00 o’clock there is
already overproduction of electricity, which would be available for selling,
or to be used somewhere else. (Figure 42.)
This example reveals the importance of simulating energy production
and energy consumption profiles with one hour resolution throughout the
year. It also reveals the possibilities of regional energy planning and how
considering larger areas consisting of buildings with different consumption
profiles allows energy production and consumption to be matched in an
optimised way. Schools, offices, shops, public buildings and apartments
have different energy consumption profiles. By combining them in a balanced way, it should be possible to use locally produced renewable energy
in a more effective way.
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Evaluation and discussion
In this fifth part effects of the project are reviewed, findings are discussed,
and directions for further development are suggested. Chapter 5.1 evaluates effect of the project in respect to its original objective. Chapter 5.2
summarises findings of the evaluation. Chapter 5.3 concludes with suggestions for further development.
5.1 EVALUATION
The objective of this project has been to catalyse emergence of improved
regional renewable energy planning practices and create a lasting impact
in this area.
In order to evaluate how well this objective has been reached, the impact of the project has been reviewed approximately one year after its
completion. This review has been performed in separate categories, in order to identify individual elements of success and failure.
5.1.1 Partner activation
One target of the project has been to identify partners with whom Espoo
City Planning Department could collaborate in the future in developing regional energy planning solutions. At the same time, interest of potential
partners has been used as a measure of relevance: if partners are not willing to participate in the project at their own cost, relevance of the project
can be questioned.
In later part of the project, Pöyry Finland participated by allocating one
student trainee for consulting with energy calculation development and by
commissioning an evaluation of the calculations performed by the service.
Also IBM Finland participated with some support for service user interface
development.
5.1.2 Recognition
Espoo City Planning Department participated in Apps4Finland 2012 competition in the category of Public Data Opening. The competition is organized
yearly by Forum Virium Helsinki and promotes use of Open Data. Energiatieto service concept and the published solar and geothermal energy map
data were awarded with first prize in their category (Apps4Finland, 2012).
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After initial launch of the application, during 2013, Espoo City Planning
Department developed the service further, and participated in Quality
Award of the Year Competition, which is an international innovation competition organised by the Finnish Quality Association. The prize in international series of responsible innovations was awarded to the City of Espoo
and Energiatieto service (Laatukeskus, 2013).
5.1.3 Publishing Open Data
The relatively unique solar and geothermal energy data created by Espoo
City Planning Department were published as Open Data, in order to allow
them to be utilised in the best possible way by any interested party. These
datasets were the first pieces of Open Data published by Espoo City in the
Helsinki Region Inforhare (HRI) data portal.
Between October 2012 and February 2014, the solar energy map data
was downloaded 308 times, which made it the fifth most downloaded content of Helsinki Region Infoshare during that period. This demonstrates the
level of interest towards this kind of data, but since HRI data portal is not
recording information on who downloads content and for what purposes,
it is not possible to know how widely the data has actually been utilised.
5.1.4 Publicity
In addition to competitions, published datasets and development of Energiatieto service have been mostly communicated in context of Espoo City
website and in some other related media, such as Kiinteistöposti, Tekes
and Tekniikka&Talous. Additionally, the application has been included in
presentations of Forum Virium Helsinki, the creator of Helsinki Region Infoshare, as a reference project. The published solar energy dataset has also
been used as a backgound material in 2013 Energy Hackathlon organised
by Open Knowledge foundation. Energiatieto service is also described in
Espoo City Environment Report 2013 (Espoo City, 2013 : 26). In other words,
Energiatieto service has remained as a small side note when discussing
renewable energy, Open Data or Espoo City.
During the project, progress of the service development has been openly communicated on a WordPress site, energiatieto.wordpress.com. After
December 2012 this site has been mostly unmaintained, containing only
basic information on Energiatieto service and contact details, and link to
the site has been only available in some of the published articles on the
service. During full year of 2013, this site has been viewed 2.637 times.
This traffic to the unmaintained and outdated site could have been utilised
better by keeping it up to date with relevant content, and by communicat-

96

ing the still on-going development. This could have created some returning
visitors and potentially increased awareness of the project.
5.1.5 Online service (initial version)
The initial version of the application was completed on time, in December
2012, with planned functionality. Usage data of the application is not available, but amount of users can be assumed to have been quite small, since
communication of this first version was not well prepared.
Shortcomings in usability were recognised during development, but
having multiple concurrent design drivers kept development priorities
away from user experience. The three targets of (1) developing methodology for combining available data, (2) designing a easily approachable
user interface for energy calculator and (3) creating solutions for regional
energy planning, resulted in an online service which would have required
more support and guidance, in order to be understandable for users. In
other words, the service was designed with the purpose of demonstrating
a method of regional renewable energy planning, not with a clear user centric service design approach.
5.1.6 Further development
After release of the initial version, Espoo City Planning Department has taken ownership of the service maintenance and development. The second
version of the service was published in early 2014 and this version of the
service has been focused to offer only single building energy planning for
an individual house owner. This has made the service easier to communicate and understand, and has made it possible to streamline its user interface. Additionally, need for inputting data has been reduced by asking
the user to only type in address, after which necessary background data is
automatically fetched from city databases. Investment calculations were
also included, but otherwise the calculation algorithms of the initial version
were used.
With these steps, some weaknesses of the first version have been improved, but, unfortunately, the new user interface design has created some
new usability problems and also some technical issues.
Data used in the service would also require regular updates. For example, heating demand statistics used in the calculations do not extend
beyond winter 2012, because they were not available at the time of the
algorithm development. Finnish Meteorological Institute has also found
small errors in the heating degree day values of the summer months in the
normal period of 1981-2010, which have been announced in January 2014,
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but have not been corrected in the service. Additionally, the default costs
of energy systems components, used in the investment calculations, would
need to be reviewed regularly in order for them to be in line with market
prices.
In addition to releasing the second version of the prototype, possibilities
of extending the service to cover whole Finland or areas abroad, have been
discussed, but no development has yet been made.

Figure 43.
Screenshot of the Energiatieto
application in its current form,
as it was released in early 2014,

5.1.7 Validity of energy calculations

after being further developed
by Espoo City Planning Depart-

Validity of calculations performed by the application has been evaluated
in a master’s thesis for Lappeenranta University of Technology by Lauri Niskakangas in collaboration with Pöyry Finland. In this evaluation, results of
the service have been compared with scenarios created with IDA ICE building simulation software (Niskakangas, 2013).
Conclusions of this evaluation state that the application can be considered open and un-biased and it is for the most part functioning correctly.
Identified defects are minor, apart from a flaw in geothermal energy calculations, which has been since corrected. Evaluating energy consumption of
buildings, based on the limited input information, is identified as the most
significant source of inaccuracy. Quality of the results would improve decidedly, if actual measured energy consumption data was used as a basis
for the calculations. Additionally, the evaluation by Niskakangas identifies a
range of future improvement possibilities.
5.2 DISCUSSION
In the beginning of the project, it was stated that developing and maintaining online energy related services, such as Energiatieto, is not in the core
of Espoo City’s competences and, therefore, the goal should be to initialise
and facilitate development of such services, but eventually find partners
and viable business models for further development and maintenance.
Today, after more than two years since the beginning of the project,
questions of economic viability and ownership of future development are
still unsolved. Recognition received by the service has helped in justifying
some additional development efforts by Espoo City, but long term solution
for maintenance and development does not exist.
What Energiatieto service aims to achieve, is completely in line with intentions of Espoo: Out of the 89 actions defined in the Climate and Energy
Action Plan of Espoo City, current scope of Energiatieto service addresses
directly at least eight. At the same time, it has proven to be difficult to identify necessary financial justification for further development. This is under-
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ment. This beta application is
available at www.energiatieto-2-0.herokuapp.com.

standabe, since benefits achieved with the service are not received by the
city directly. For real-estate owners, cost savings realise with delay, after
amortising initial investment, so even possible indirect benefits to the city
are not immediate. Neither emission reductions as such bring direct financial benefit for the city.
Investing in new energy technology naturally supports companies providing necessary equipment, consulting, installation and maintenance
services. There are such companies in Espoo, but energy related services
could equally well be purchased from somewhere else, making it uncertain
if Espoo has anything to gain. Being active in promoting adoption of renewable energy sources is, of course, supporting Espoo City’s public profile, but
this is not sufficient for investments of required scale.
For the above mentioned reasons, further development efforts of Energiatieto service by Espoo City are unlikely and limited – and therefore
impact of the initiative might remain limited.
Alternative approach
Developing and maintaining a high quality end-user application requires
special effort and commitment. It is expected that online services are updated regularly, so that they constantly improve in satisfying user needs.
Support and response to feedback are expected, and errors and downtime
are not tolerated. These expectations are difficult to meet with intermitted
development efforts by the City Planning department.
In order to create desired impact, while avoiding these challenges related to end-user services, an alternative approach could be considered.
Instead of directly developing an end-user application, it would be possible
to create open application programming interfaces (API) and provide support for other parties to develop applications themselves. In other words,
city would provide the tools and key ingredients, while range of interested
partners would develop applications for their own specific needs.
This type of action might fit city organisation better. Data and interfaces would be documented and made public, after which development and
additions could be released based on requests and feedback with suitable intervals. Development efforts would in this way be much more limited
and focused, as there would be no need to constantly implement improvements and provide support, which is necessary for a successful end-user
application.
There also seems to be interest for this kind of resources and services.
Solar energy map material was downloaded over 300 times from Helsinki
Region Infoshare data portal during the first 16 months after it was published. If identities and intents of these downloaders would have been re-
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corded, it would have been possible to be in contact with them, and offer
support their development work. If this scenario would have been successful, there might already be tens of active developers using the available
data and creating energy related applications. It would have then been
city’s role to understand needs of these developers and support their activities in the best possible way.
In this kind of model, Espoo City would be providing enablers for energy service creation and it could enjoy the benefits of applications created
and maintained by others. It is also possible that significant innovations
might emerge, or new partners could be identified. Detailed planning of
next steps towars this target is beyond the scope of this work, but some
examples and clarification are given below.
5.3 RECOMMENDATION
Providing open application programming interfaces (API’s) is a way for organisations to make it possible for external developers to build additional
value on their services. In global scale, Google Maps can be used as an example. It is extremely easy, and free of charge, to take Google’s maps into
use on any website by using their software library and API. In exchange,
Google has the possibility to collect user data and it’s brand is visible on
numerous websites.
An example from Helsinki region is the Route Planner API. Through
this interface to Route Planner web service, maintained by Helsinki Region
Transport, the routing algorithm and timetable data are available to any
willing developer. This has made it possible for outside developers to, for
example, develop a popular mobile phone version of the same service. The
routing algorithm has also been used for research purposes and isochrone
maps have been drawn for planning purposes, illustrating the accessibility
of different regions by public transport. Also many kinds of entertaining visualisations haves been created. All these different activities are supporting
the original aim of improving public transport in Helsinki region.
This same approach could also be used in the context of Espoo City and
energy planning. Some examples are given below.
Opportunities
Typically energy system providers have some kind of energy calculator on
their website. Quality, accuracy and extensiveness of the calculators vary,
but they all aim to inform, convince and inspire consumers, in order to
acquire new customers. Instead of individual companies developing their
own calculator, with their often limited resources, City of Espoo could of-
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fer necessary algorithms as an open and documented software library.
It would be then easy for individual entrepreneurs to implement a high
quality energy calculator interface on their own websites. In addition to
providing general calculation algorithms, the software library could utilise
the large datasets of Espoo City. Solar energy simulation data, geothermal
energy map, bedrock quality, areas with limited possibilities for drilling geothermal well, building specific information and other relevant pieces of
data could all be easily available through the same API. Combining these
pieces of information would make it possible to effortlessly create a comprehensive planning tool for consumers.
In order to be competitive in the area of Espoo, energy system providers
could be expected to embed these functionalities on their websites. This
way consumers in Espoo would gain access to better quality information
concerning the available renewable energy production possibilities. At the
same time Espoo City itself would not need to be involved in detailed development and maintenance of these end-user services.
In addition to making it possible for energy system providers to create
services for consumers, the same API could be used by development partners and engineering consultants, when creating new plans. This would
make it possible for all the participating partners to utilise available survey
data and combine it with their own calculations and simulations. This way,
work by different partners could share a common interface and results
would become commensurable.
While the API might mostly be utilised by business and professional users, it would most likely be useful for private hobbyists and students as
well. All development activities based on these platforms provided by Espoo City would help in raising general awareness of renewable energy possibilities. It is also possible for new innovations to emerge through student
projects or work by active individuals.
What is required?
Many necessary elements for this approach have been developed already
as a part of this project: map data has been made available in browsable
format, detailed information of individual buildings is available with house
identification number, bedrock type can be queried using coordinates, reference weather data and energy consumption information exists, and algorithms for energy related calculations are available in a format usable on
any computer platform. However, currently all these assets are embedded
inside the end-user application and they have not been publicly documented. For these reasons re-using and developing these assets in another context is difficult.
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If development of the Energiatieto service is not continued, at least separating, documenting and publishing the above mentioned assets in the
form of re-usable modules should be considered. This would allow the possibility for further development by other parties.
Maintaining and moderating open development of this codebase requires active participation and some expertise form the side of the city,
but it requires only fraction of the resources necessary for active service
development.
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Conclusions
Objective of this thesis has been to explore how Open Data and Open
Source development can be used in catalysing emergence of new regional
renewable energy planning practices in Espoo. This exploration has been
performed through iterative development of a demonstration application.
Existing solutions
In order to understand requirements of a successful application, shortcomings of existing solutions have been studied. The identified typical shortcomings are:
1. Reliance on general and average estimates of energy production potential, instead of using more accurate models and sources of information
2. Requiring users to input technical details or values that can not be expected to be known by non-experts
3. Considering only one form of energy production in isolation
4. Being poorly designed, in comparison to the general level of current web
services
5. Being developed by system provider companies or as a result of research
projects initiated by special interest groups, which can create questions of
possible bias
6. Offering very little or no transparency to the calculation methods being
used
7. Allowing only one building to be evaluated at a time, and in isolation.
Application development
As a result of this projct, a demonstration application has been successfully created, addressing the identified shortcomings, and demonstrating
the potential of using Open Data in regional energy planning. Functional
targets for the application have been met, but in terms of usability and
communication, there would have been room for improvement. Regardless of these weaknesses, amount of positive attention and recognition the
application has received supports the view that the objective of the project
is widely supported and topical.
Validity of the algorithms created as a part of this thesis have been evaluated in a separate a Master’s Thesis for Lappeenranta University of Tech-
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nology (Niskakangas, 2013). Conclusions of this evaluation state that the
application can be considered open and un-biased and it is for the most
part functioning correctly. Identified defects are minor, apart from a flaw in
geothermal energy calculations, which has been since corrected. Evaluating energy consumption of buildings, based on the limited input information, is identified as the most significant source of inaccuracy. Quality of the
results would improve decidedly, if actual consumption data was used as a
basis for calculations. Additionally, the evaluation by Niskakangas identifies
a range of future improvement possibilities.
Espoo City Planning Department has taken over maintenance of the service and has developed a renewed version of the application, which was
launched in early 2014, and is currently online. Core of the original energy
calculation algorithms are still in use in this latest version. Unfortunately,
the interface of this version still has usability problems and technical issues.
Outlook
During the development work, interested partners were participating in the
project, but it has not been possible to transfer ownership of continued development of the service, as was intended. For this reason, the service has
been relying on intermittent development efforts by Espoo City Planning
Department and this mode of operation is not sufficient for creating and
maintaining a successful web service. Additionally, persons involved in the
development of the application are no longer part of Espoo City organisation. For these reasons, future of the service development remains unclear.
Proposal for an alternative approach has been introduced in the evaluation and discussion part of this thesis.
Summary
In terms of design and development of the application, this project has
met its targets, but in order to create a significant impact, more emphasis
should have been placed on securing prerequisites of continued development of the service.
The Energiatieto service concept is topical, and in some regards it was
ahead of its time. Parts of its design and implementation are still valid. Obstacles currently preventing further development are not technical, but lack
of development partners and identified business case.
Design and functionality of the application are on a sufficient level for
creating a convincing appearance of functional web service, but support,
maintenance, testing and development structures around it are nonexistent, since the initial objective has been to develop a prototype.
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