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The results of the analysis show that a holistic approach and supportive tools enable more
energy efficient solutions. The key to developing sustainable city plans are for different
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might require certain regulative measures to become reality since stakeholders will work
towards a common goal that might differ from their individual ones. The energy-efficiency of
city plans would benefit from a higher degree of regulation by enabling a push of energy
efficient solutions to be realised. Solutions and regulations need to be adapted to local contexts.

A regulative approach is beneficial when long term solutions are sought, that doesn’t bring
short term economic benefits but serve the society well on a longer time perspective. The
challenge is to have regulation on a level that both steers the development towards the overall
optimised solutions without hindering new innovative solutions to be born.

The thesis gives concrete recommendations for how to improve the regulations in the city
planning process to enable a more energy efficient built environment.
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Tama vaitoskirja fokusoi energiatehokkaaseen kaupunkisuunnitteluun jalainsdadannon
rooliin siiné. Tavoitteena on osoittaa, ettd tiukempi sdéntely lisda alueiden energiatehokkuutta
mikali tarkoituksenmukaiset tyckalut ja ohjeistukset ovat kdytettavissa
kaupunkisuunnittelussa ja energiajarjestelmien suunnittelussa.

Vaitoskirja perustuu neljaén tieteelliseen artikkeliin sekéd yhteen konferenssijulkaisuun.
Vaitoskirja tutkii energiajarjestelmien holistisen suunnittelun hyédyt seka
uudisrakentamisessa ettd korjausrakentamisessa. Se tutkii myos tukevien tyokalujen tarkeytta
kaupunkisuunnittelussa seké energiajarjestelmien suunnittelussa.

Analyysien tulokset nayttavat, ettd holistinen 1dhestymistapa ja tukevat tyokalut
mahdollistavat energiatehokkaampia ratkaisuja. Tiivis yhteistyo0 eri alojen valilld koko
suunnitteluprosessin aikana on kestavéan kehityksen mukaisten kaavojen kehittdmisessa
erityisen tarkead. Tdmankaltaisen yhteistyon luominen saattaa vaatia tietyn asteen sadntelya
toteutuakseen. Sidosryhmilla on usein tavoitteita jotka eridvat yhteisista tavoitteista. Ratkaisut
ja saantelyt pitda adaptoida paikallisiin olosuhteisiin ollakseen toteutumiskelpoisia.

Lainsdadannollinen ldhestymistapa on hyodyllinen kun etsitddn ratkaisuja jotka hyodyttavat
yhteiskuntaa pidemmalla aikavalilld johtuen siit4, ettd ratkaisut eivét valttamatta tuo lyhyella
ajanjaksolla taloudellisia hyotyja. Haaste on pitdd lainsaadanto tasolla joka ohjaa kehitysta
optimaalisiin ratkaisuihin eiké estd uusien innovatiivisten ratkaisujen syntya.

Vaitoskirja antaa konkreettisia suosituksia kaupunkisuunnittelun sdantelyn parantamiseksi
jottarakennettu ympéristo olisi tulevaisuudessa energiatehokkaampi.
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Sammandrag

Denna avhandling beror energieffektiv stadsplanering och rollen av reglering déari.
Malsiattningen med avhandlingen ar att analysera huruvida energieffektiviteten inom
omradesplanering forbattras av en mer reglerad planering som stéds av andamalsenliga verktyg
och riktlinjer.

Avhandlingen bestar av fyra vetenskapliga journal artiklar och en konferensartikel. Den
undersoker fordelarna med att planera energisystemen holistiskt savil i nya omraden som i
renovering av existerande omraden. Den undersdker ocksa vikten av stodjande verktyg for
stadsplanerare och planerare av energisystem.

Resultaten av analyserna visar att ett holistiskt grepp och stédjande verktyg maojliggér mer
energieffektiva l6sningar. Det viktigaste i utvecklingen av hallbara stadsplaner &r att olika
discipliner samarbetar genom hela planeringsprocessen. Ett sddant samarbete kan kriva en del
regulativa atgirder for att forvekligas d& det gemensamma malet kan vara nat annat 4n de
individuella mélen hos de olika aktdrerna. Stadsplaners energieffektivitet kunde forbéttras
med en hogre grad av reglering eftersom det skulle mojliggora en press pa inforandet av
energieffektiva losningar. Losningar och regleringar méste alltid adapteras till det lokala
kontextet.

Daman man soker 1osningar som péa lang sikt stéder samhéllet men inte hamtar ekonomisk
nytta pa kort sikt ar reglering till nytta. Utmaningen &r att reglera pa en niva som styr
utvecklingen mot helhets optimerade 16sningar utan att hindra att nya innovativa lésningar
utvecklas.

Avhandlingen ger konkreta rekommendationer for forbattrandet av regleringen av
stadsplaneringsprocessen for att mojliggéra en mer energieffektiv byggd miljo.
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Preface

This study is summarising my core research work during the last decade. The topic
sustainable communities has been close to my heart for a very long time. Energy
issues have been my core competence area but my interest has reached further
than that. My work started to move into district level analyses and focusing mostly
on the process of the development towards a more sustainable future. The chal-
lenge in getting different stakeholders to work towards a common goal fascinates
me and sessions with different stakeholders always bring some new thoughts and
ideas to me. The fact that we see the world in such different ways is fascinating and
should be more taken advantage of.

My four years in local politics in my home town Porvoo gave me valuable insight
into the decision making processes in Finnish communities. To experience how de-
cision makers experience the process of city planning was very eye opening to me.
This experience gave me lots of valuable understanding that | have been able to
utilise in my research work after that, and in summarising this thesis. To take time
to work a bit outside your own field of expertise and comfort zone gives you lots of
valuable experience and increased holistic knowhow.

Working in international projects in different cultures has also been very valuable
to me and has given me an increased understanding about different cultures and
what an “EcoCity” means in different places in the world. It has also been very chal-
lenging and even frustrating at times, but | feel that | have evolved both as a person
as a researcher from all this experience. New contacts and friends in different parts
of the world is naturally also very valuable to me.

| wish to express my gratitude to my professor Risto Lahdelma who has been
very supporting throughout the process of writing the thesis. He has shown a gen-
uine interest in my work and has given me lots of good advice in the finalisation
steps.

Without my mentor and supervisor Abdul Samad (Sami) Kazi, writing this thesis
would have been much harder. The best advice | got from him after deciding to work
towards a doctoral degree was that “you don’t have to win the Nobel prise, you need
to show that you can do research, which you can, right?, So just do it!”. Despite his
very busy work schedule Sami always had time to discuss the thesis with me, to
give comments which were very valuable. His advice about the process of writing
has been very helpful to me also in my other research work. Thank you Samil!



| have been lucky to work with the most talented people there is within this field,
we have been forming very good teams where ideas are shared openly and we
know each other’s strengths and weaknesses and share the work according to
those. My deepest gratitude goes to my colleagues and co-authors, | would not have
done all this work alone, and above all, it would not have been as much fun as it
has been with you! Thank you Satu Paiho, Rinat Abdurafikov, Ha Hoang, Mari Huk-
kalainen, Malin zu Castell-Ridenhausen, Mikko Virtanen, Jari Shemeikka,
Krzysztof Klobut and llpo Kouhia who unfortunately is not with us anymore.

Last but not least | must give a huge thank you to my family and especially to my
husband Eric. He has shown a real interest in my topic and has been engaged in
many discussions about the topic and, being within a different field of expertise, has
raised questions that | hadn’t thought of before, which improves the quality of the
work. Thank you Eric for your support!

Porvoo, 15.10.2015
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Terminology list

CHP

Combined Heat and Power

CO; equivalent

Shows the effect on global warming of
a given type and amount of green-
house gases, comparing it with the
functionally equivalent amount or con-
centration of carbon dioxide (COy). The
reference GWP, that is, global warming
potential is calculated with the use of
coefficients

CcoP

COP or coefficient of performance:

the heat coefficient or coefficient of
conversion reflecting the efficiency of
heat pumps. For instance, a heat pump
whose COP equals 3 produces 3 kilo-
watts of heat energy using 1 kilowatt of
electricity.

Detailed city plan

A detailed plan includes a map where
the boundaries are shown for the
planned areas. The map also contains
information about what purposes differ-
ent areas are going to be used for, the
level of construction and principles re-
garding the localization and size of the
building, and also the method of con-
struction when needed.

Electrical base
load strategy

Micro-CHP plant is designed to supply
the minimum amount of power required
by the facility. Therefore, the micro-
CHP plant can operate at peak power
output continuously.

Electrical load
tracking strategy

Calls for micro-CHP plant to have an
electrical capacity that exceeds the
minimum electrical requirement for the
facility. The micro-CHP plant output
power changes in response to the
needs of the facility.

Micro-CHP

Small scale CHP, production capacity
less than 100 kW.

SO:2 equivalent

Describes the quantities or concentra-
tions of emissions causing acidulation.
This is based on the relative acidity of




SO2 and is referred to SO2, NOx, HCI,
HF, NH3 and H2S emissions.

Thermal base
load strategy

The CHP-system is designed to meet
the minimum thermal load. Thermal en-
ergy to meet peak loads is provided by
an auxiliary heat source, such as a
boiler. Electrical power is purchased
from or sold to the grid to balance the
electrical demand for the facility with
the power supplied by the fuel cell sys-
tem.

Thermal load
tracking strategy

The CHP-system is designed to follow
the thermal load of the facility. Power
that is generated during the course of
supplying the thermal load is used by
the facility to replace purchased elec-
tric power. The excess power can often
be sold to the utility.

TOPP equivalent

is referred to the mass equivalent of
ozone generated from its prophase.
TOPP reflects the generation in the
troposphere of O3 ozone that, in sum-
mertime, may, for instance, cause
smog. The equivalent is calculated ac-
cording to the relative degree of ozone
generation due to CO-, NMVOC-, NOx-
and CH4 -emissions. The higher the
TOPP equivalent, the greater the prob-
ability of summer smog). (GEMIS Man-
ual.)

U-value

A U value is a measure of heat loss in
a building element such as a wall, floor
or roof. It can also be referred to as an
‘overall heat transfer co-efficient’ and
measures how well parts of a building
transfer heat.

WinEtana

Software developed at VTT, for simu-
lating energy demand in buildings.




1. Introduction

The world is facing an enormous challenge in fighting global warming and the de-
pletion of many natural resources. In the developed part of the world, the striving
towards a higher quality of life most often takes the shape of consuming more goods
and services that use natural resources in one way or the other. In the developing
countries, the challenge in terms of sustainability is even greater when the raising
of the quality of life to the same level as in the developed world would mean a huge
increase in emissions and resource usage.

Urbanisation is a global megatrend that is partly caused by the striving for a higher
quality of life. By 2030 more than two-thirds of the world's inhabitants will live in
urban areas (Population Division of the Department of Economic and Social Affairs
of the United Nations Secretariat, 2007). In an increasingly urbanised world, urban
planning will play a key role in the sustainability challenge.

Due to increased urbanisation, the role of the built environment in the sustainability
challenge will become even greater. Without major changes in the way we build and
plan our communities, sustainability will not be increased enough. City planning
plays a key role in this development. How our cities and districts are planned affects
how they are built and operated. If done wisely, city planning can, have a positive
effect on people’s energy consumption behaviour throughout the whole life cycle of
the district. This, however, requires a society where the city plans, codes and regu-
lations are implemented and enforced as planned. In many developing countries
this is not the case today, often due to corruption (Sundstrom, 2015). Corruption is
most common in the developing countries (Dreher et al., 2007).

The building sector has been recognized as a key sector of the economy in improv-
ing sustainability. The United Nations panel on climate change, IPCC, has esti-
mated that the greatest potential for greenhouse gas reduction is available in build-
ings (IPCC, 2007). Concerning Finland, it has been estimated that a few percent
higher investment in energy-efficient construction and renovation can cut the total
primary energy consumption of the country by 4-5% by 2020 and by 5-7% by 2050
(Tuominen et al., 2013).



There are many technologies developed to cut energy use in cities, to improve the
transportation solutions, to handle water and waste management in a sustainable
way and to increase people’s awareness of their energy use. However, there seem
to be barriers in taking these solutions into use more widely (Eleftheriadis & Anag-
nostopoulou, 2015) In many cases the barriers are economic, but there are also
other barriers such as alack of knowhow or lack of supportive governmental policies
that can be hindering the usage of sustainable solutions (Zyadin et al., 2014). Reg-
ulations have been shown to enable a development towards higher energy-effi-
ciency, the Energy Performance of Buildings Directive 2002/91/EC (EPBD) being a
good example of regulations pushing the industry to create more energy-efficient
solutions for the market (European Parliament, 2002).

Lately, in Finland, there have been complex projects where all the various charac-
teristics of a district have been considered at the very initial stages of planning (Ra-
jala et al., 2010). In those projects, the results in terms of energy efficiency have
been good, but the process has been project-based and has required a great deal
of extra resources. The Skaftkarr project in Porvoo, Finland is one good example.
The project is described in Rajala et al. (2010). The lessons learnt have so far not
been taken into the normal planning procedures. (Rajala et al., 2010, Hedman et
al,, 2014.)

Urban planning involves a large number of different aspects, and its success greatly
depends on the expertise available in the planning phase and on how well local
conditions are taken into account. At this time, in Finland, many projects aiming at
making city development more eco-efficient are underway (Rajala et al., 2011, Hed-
man et al., 2014). The hard part here is developing approaches and methods that,
while being universally applicable, also allow for the specifics of particular re-
gions/districts to be taken well into account.

Is the energy efficiency of districts supported by a high degree of regulation in the
city planning process? Should individual builders have the right to build what they
want on their own plot, or should society place heavy constraints on what can and
should be built? If so, how can we ensure that the constraints and regulations set
are in fact leading to a more energy-efficient and sustainable solution?

This thesis analyses if energy efficiency of districts is improved by a regulative ap-
proach to planning, when the proper tools and guidelines are available to support

the planning.

The thesis is based on four journal articles and one conference paper summarized
below and found at the end of this thesis.

Article | “Case analyses of heat trading between buildings con-
nected by a district heating network” focuses on district heating sys-

10



tems. The focus of the article is the concept of heat trading, mean-
ing that buildings are selling excess heat into the district heating
system. The study has been done by creating a tool that analyses
heat and electricity demand and production in a case district in
western Finland. Different operational strategies of micro CHP units
were chosen, and the impact on the whole district level heating sys-
tem was analysed. The possibility to trade heat can be a way to
self-sufficiency which, if choices are made wisely, can lead to higher
sustainability.

Article 1l “Energy efficiency rating of districts, case Finland” de-
scribes a city planning tool that was developed in order to assess
energy efficiency of detailed city plans. The article shows that, by
giving the city planners an easy to use tool, the choices made within
the detailed city planning phase can lead to higher energy effi-
ciency. Five different case districts in Finland were analysed. Local
stakeholders were also involved in the development process of the
tool.

Article 11l “Energy saving potentials of Moscow apartment buildings
in residential districts” estimates the energy saving potentials of
Moscow apartment buildings through different renovation concepts.
Also, the reduction of the district level energy demands resulting
from the possible building level energy savings were estimated. The
study shows the benefits of performing renovation activities on a
district scale with a holistic approach instead of performing actions
one-by-one. On a district scale, such actions involve a wide range
of stakeholders and also include administrative and other non-tech-
nical and non-economical obstacles that require a regulative ap-
proach in order to be feasible.

Article IV “Energy and emission analyses of renovation scenarios
of a Moscow residential district” analyses different changes made
in the energy system of the same case district and their impacts on
emissions. Different renewable energy sources were analysed in a
case district in Moscow, Russia. The purpose was to assess how
low emission values could be achieved by comparing and combin-
ing technologies for energy generation, and to clarify which of the
combinations presented would be better in terms of produced emis-
sions. The study shows that, through a district level top-down ap-
proach, it is easier to affect heat demand than electricity demand. It
also discusses the fact that the quality of life is often improved
through large renovation activities, which often cannot be per-
formed without a top-down holistic approach due to the economic
constraints of individual apartment owners. Emissions analysis
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shows that it is not that straightforward and simple to analyse the
emission impacts of different energy choices. It can be concluded
that, in order for a city planner to assess these impacts, supportive
tools and guidelines are needed.

Artile V “Development of a concept for ecological city planning for
St Petersburg, Russia”. The conference paper describes the work
done in the research project, EcoGrad whose aim was to develop a
concept for ecological housing areas that would fit in St Petersburg,
Russia. A criteria list for ecological residential areas was developed
together with local partners. Some differing aspects between Finn-
ish and Russian criteria are pointed out in the paper. Three pilot
cases were also studied. A rough plan was made for the pilot areas
including placement of buildings and services and transport solu-
tions. Energy systems were modelled and compared, and emis-
sions were calculated. One of the pilot cases is briefly described in
the paper. A questionnaire that was distributed to residents who
showed a poor willingness to pay for renewable energy and good
indoor air quality. Safety issues were highlighted; a majority of the
residents does not feel safe in their neighbourhood.

The articles have been done in different research projects briefly described below.
A more elaborated description of each project is found in appendix B.

The work in Article | was done within the project Hetra funded by Tekes and VTT.
The aim of the project was to develop a concept for heat trading and analyse its
potential and impact. The author was taking part in the project as research scientist
performing district level energy simulations and creating an Excel based tool for
performing simulations of CHP units with different operational strategies. Results
from the project are published in the online publication:
http://www.vtt.fi/inf/pdf/tiedotteet/2005/T2305.pdf

The work in Article Il was done partly in the project Ekotaajama funded by Sitra,
Tekes and the Finnish cities Jyvaskyla, Toivakka, Multia, Petajavesi, Jamsa and
Kannonkoski and partly within the Ensio project funded by VTT. The aim of the
Ekotaajama project was to develop a district level energy rating classification sys-
tem and to develop a tool for city planners for assessing the energy efficiency of
detailed city plans. In addition several district level energy analyses were done in
the 5 case districts comparing different energy solutions for the districts and analys-
ing their impacts on emissions. The author was project manager in the project. Re-
sults of the project are published (in Finnish) in the following online publication:
http://www.vtt.fi/inf/pdf/technology/2012/T24.pdf

The aim of the Ensio project was to develop a dynamic district level simulation tool
based on the APROS tool co-owned by VTT and Fortum Ltd. As part of the project,
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a Master’s thesis was done to which the author of this thesis, Asa Hedman, was
acting as advisor. The aim of the thesis was to analyse how solar energy utilisation
could be improved by actions in the city planning process. A web based question-
naire to Finnish city planners was performed which results have been utilised in this
thesis.

Articles Il and IV were done within the ModernMoscow project funded by the Min-
istry of Foreign Affairs of Finland. The aim of the project was to prepare a feasibility
study for the energy-efficient and sustainable renovation and modernization of a
selected district in Moscow, Russia. The author of this thesis was a senior re-
searcher in the project with the main responsibility of creating the district level crite-
ria setting for sustainable renovations. She also took part in the energy analyses
and in the development of the business models. Results from the project has been
published in the following online publications:
http://www.vtt.fi/inf/pdf/technology/2013/T82.pdf
http://www.vtt.fi/inf/pdf/technology/2014/T154.pdf

Article V was done within the project EcoGrad, which was funded by the Ministry of
Foreign Affairs of Finland. The aim of the project was to develop guidelines for the
city planning in St Petersburg for it to develop into supporting more ecological city
planning. Three case districts were analysed and energy analyses were performed.
A wide resident’s survey was performed within the project which results have been
used in this thesis. The author was acting as project manager in the project. The
projects results are found in the online publication available at:
http://www.vtt.fi/inf/pdf/tiedotteet/2010/T2566.pdf
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2. Literature review

The purpose of this literature review is to analyse the available literature on energy
systems planning, transportation planning and urban planning and especially on lit-
erature covering these aspects holistically. These themes have been chosen since
they are the core of energy efficient urban planning.

The review starts by covering literature defining the relevant terminology “Sustain-
ability”, “EcoCity” and “Eco-Efficiency”. The topic itself is divided into the chapters
covering urban planning, transportation and energy systems. An overview can be
seen in Figure 1.
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Figure 1. Overview of the literature review.
2.1 Definitions of sustainability, Eco-City and Eco-Efficiency

Costanza & Patten discuss the definitions of sustainability in their commentary pa-
per “Defining and predicting sustainability”. It is stated that, simply put, a sustainable
system is one which survives or persists. But there are three additional complicating
questions: (1) What system or subsystems or characteristics of systems persist? (2)
For how long? (3) When do we assess whether the system or subsystem or char-
acteristic has persisted? (Costanza & Patten, 1995.)

According to the United Nations Commission Environment and Development, sus-
tainable development refers to a form of development in which the use of resources
meets human needs while preserving the environment so that these needs can be
met not only in the present, but also for generations to come. The definition ties
together a concern for the carrying capacity of natural systems with the challenges
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to human societies and addresses environmental issues. The United Nations Com-
mission Environment and Development has defined sustainable development as
“development that meets the needs of the present without compromising the ability
of future generations to meet their own needs” (UN, 1987).

Other systems of classification have been suggested in addition to the most widely
used three pillars of sustainability. Atkisson & Hatcher (2001) proposed a sustaina-
bility compass, which uses a familiar compass format but converts the directions
(north, south, east and west) into the four cardinal categories of sustainability per-
formance: nature, society, economy and well-being. McCarthy et al. (2010) pro-
posed circles of sustainability that include indicators for economics, ecology, politics
and culture.

Two decades ago the term “EcoCity” was elaborated on for the first time. Roseland
M (Roseland, 1997) cites “Urban Ecology, 1996” in the paper “Dimensions of the
eco city” that an EcoCity should follow the following 10 principles:

1.  “revise land-use priorities to create compact, diverse, green, safe, pleasant
and vital mixed-use communities near transit nodes and other transporta-
tion facilities;

2. revise transportation priorities to favour foot, bicycle, cart, and transit over
autos, and to emphasize 'access by proximity’;

3. restore damaged urban environments, especially creeks, shore lines,
ridgelines and wetlands;

4. create decent, affordable, safe, convenient, and racially and economically
mixed housing;

5. nurture opportunities for women, people of colour [sic] and those with dis-
abilities;

6. support local agriculture, urban greening projects and community garden-
ing;

7. promote recycling, innovative appropriate technology, and resource con-
servation while reducing pollution and hazardous wastes;

8. work with businesses to support ecologically sound economic activity while
discouraging pollution, waste and the use and production of hazardous
materials;

9. promote voluntary simplicity and discourage excessive consumption of
material goods;

10. increase awareness of the local environment and bioregion through activist
and educational projects that increase public awareness of ecological sus-
tainability issues.”
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Roseland further introduces a framework for sustainable community planning as
shown in Figure 2 (Roseland, 2000). This framework is based on taking social cap-
ital, natural capital as well an efficient use of urban space into account while em-
phasizing the mobilisation of citizens and their governments.

Multiplying
Social Capital
Mobilizing Citizens and
Their Governments
Efficient Minimizing
Use of Consumption of
Urban Space Natural Capital

Figure 2. Framework for sustainable community planning (Roseland, 2000).

In the context of EcoCities it is also useful to introduce the concept of eco-efficiency.
Eco-efficient communities aim at satisfying human needs in the community with as
little environmental impact as possible (DeSimone et al., 2000). Mathematically this
can be shown as the following equation (WBSCD, 2000, Nikkanen & Lahti, 2011):

Values of Products and Services
Eco-Efficiency =
Environmental Load

This definition was further developed by Lahti et al. (2007) instead of describing the
value of products and services, to describe what these products and services are
used for, that is to increase the quality of life. The factors to be minimised were in
turned added to the cost factor as in the following:

Quality of Life

Eco-Efficiency =
Harm to the Environment * Resource Use * Cost

Serag et al. (2013) discuss the definition of the term “quality of life”, one definition
highlighted being: “Quality of life refers to the day living enhanced by wholesome
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food and clean air and water, enjoyment of unfettered open spaces and bodies of
water, conservation of wildlife and natural resources, security from crime, and pro-
tection from radiation and toxic substances. It may also be used as a measure of
the energy and power a person is endowed with that enable him or her to enjoy life
and prevail over life’s challenges irrespective of the handicaps he or she may have”
(Business dictionary, 2012).

2.2 Urban planning

This chapter starts with a description of the Finnish urban planning process. An
overview of the process is of benefit for the understanding of the thesis at hand.
Since each country has a bit differing urban planning process and it would be too
elaborated to include a detailed analysis of several countries urban planning proce-
dures, a choice was done to present the Finnish process.

After describing the urban planning process in Finland a review on relevant interna-
tional literature within the field of urban planning is presented. The aim is to find
relevant literature analysing energy efficiency of urban planning and the connection
between city planning and energy systems planning.

The urban planning is based on the Land Use and Construction Law (LCL). The
purpose of the law is to:

e organize land use and constructing objectives so as to provide for
good living environment,

e promote development in terms of ecological-, economical-, social-
and cultural sustainability, and

e secure the possibility of individuals taking part in the preparation of
the plans, quality of planning and interactivity, versatility of expertise
and open publicity. (Ministry of Environment, 2012.)

Figure 3 illustrates the hierarchy chain of urban planning in Finland. The Finnish
Ministry of the Environment elaborates the Nationwide Objectives for Land Use
(NOLU) based on the Land Use and Construction Law, international agreements
and EU directives. The NOLU contains strategic decisions on a higher level such
as those concerning nationwide road or rail networks and harbours. Based on the
NOLU, regional councils prepare their regional plans which are to be approved by
the Ministry of the Environment. (Finlex, 1999.)
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Land use- and
Construction Law (LCL)
Nationwide Objectives Ministry of the
for Land Use (NOLU) Environment
Regional Plan (RP) Regional council
Master Plan (MP)
Municipality

Shore Plan (SP)

Figure 3. The hierarchy chain of urban planning in Finland (Finlex, 1999).

Each regional council prepares a land use plan for their own region which usually
involves several municipalities. The regional plans in turn serve as a frame for urban
planning in the municipalities. Urban planning on a municipal level is about produc-
ing a master plan, a detailed plan and in some municipalities also a shore plan.

The master plan is made to direct the development and land use for the municipality
as a whole, while a detailed plan is more specific and concerns certain areas of the
municipality. The master plan gives in that sense a bigger picture that detail plans
must fit into. The shore plan, on the other hand, dictates the use of shore-land (often
for vacation settlement). (Finlex, 1999.)

The master plan is a general plan for directing the societal structure and land use
of a municipality in its entirety. It also has to secure the inhabitants’ accessibility to
social infrastructure and services. The objectives and restrictions of a master plan
are to be considered for the preparing of detailed plans. The detailed plan in turn
defines the land use and construction of certain areas by taking into account local
circumstances, city and scenery, and good construction methods (Finlex, 1999).

A detailed plan includes a map where the boundaries are shown for the planned
areas. The map also contains information about what purposes different areas are
going to be used for, the level of construction and principles regarding the localiza-
tion and size of the building, and also the method of construction when needed.
Both the master and detailed plan are approved by the municipal council. According
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to the land-use and construction law, those people who are affected by the plans
are also given the right to influence them. (Finlex, 1999.)

Once a detailed plan is approved, it is the task of the building inspector to follow up
on its implementation. The building inspector is responsible for ensuring that all con-
struction is following plans and regulations, and that the built environment is safe
and sustainable. The inspector also grants building rights, offers counselling when
needed, and decides in the end when a building can be brought into service. (Min-
istry of Environment, 2012.)

David Hamers et al. (2014) from the Netherlands Environmental Assessment
Agency discuss the importance and challenge of coherence in urban planning. De-
cision making is often organised in a way that decisions that affect transportation-
related issues are made on a national level while urban planning decisions are made
on a community level. This leads to situations where the urban planning has certain
boundaries that often hinder the development of sustainable urban planning. Co-
herence, meaning bringing different aspects of the urban planning together, would
most probably lead to more holistic and sustainable solutions. (Hamers et al., 2014.)

Henrik Lund (2010) also analyses decision making in cases where drastic changes
are proposed. His study considers energy systems but can easily be adapted to
urban planning since it addresses choices that impact society. He states that true
choices between relevant alternatives are essential, when society is to implement
political objectives implying radical technological change. Such a true choice will
however not appear by itself. “The organisations linked to existing technologies are
typically the ones which take on the responsibility for proposing new projects. How-
ever, the institutional set-up of such organisations implicitly entails that they cannot
generate proposals which imply radical technological changes. It is outside their
discourse, interests and perception. Even if they made such proposals, it would be
out of their reach to implement these. Consequently, such set-up by default does
not involve true choice. On the contrary, it will repeatedly result in a Hobson's
choice: Choose a project which fits well into the existing organisations or no project
at all. Also, when political decisions have been made implying the wish for radical
technological change, the organisations linked to existing technologies will still con-
tinue to initiate project proposals within their organisational framework”. (Lund,
2010.) The link to the urban planning process of this statement is to acknowledge
the importance of including new stakeholders that are not too much “in the existing
organisation”, in order to get new, more radical ideas included.

The dense city structure is essential in order to make it possible to provide daily
services close to residents and a functional public transportation system. These re-
quire a certain number of paying customers to be functional. Daily services are es-
sential when minimizing the transportation needs. A Swedish study (Trafikverket,
2012) shows however, that the densification has a rather small impact on car usage:
a 10% increase in urban density reduces the usage of cars by 1-3%.
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During the past few decades, various environmental assessment tools have been
developed for the building sector to improve sustainability and support decision
making. Recently the focus of assessing energy efficiency and sustainability of built
environment has expanded from the single building level into neighbourhoods, dis-
trict and even city level assessments (Haapio, 2012). There are already a large
number of different assessment tools for evaluating energy efficiency and sustain-
ability, such as internationally well known LEED for Neighbourhood Development
(LEED, 2011), BREEAM Communities (BREEAM, 2012) as well as CASBEE for
Urban Development (CASBEE, 2007) and CASBEE for Cities (CASBEE, 2011).

2.3 Transportation

In this section a review on literature related to transportation in the urban environ-
ment is presented. The focus is put on literature regarding the transportation de-
mand and especially on the urban planning’s impact on transportation systems and
to find literature combining transportation planning, energy systems and urban plan-
ning.

Transport can in some districts account for up to 50% of the total energy demand of
the district (Rajala et al., 2010). Therefore, it is important to take into account solu-
tions targeting decrease reduction in the need for transportation, as well as an in-
crease in the energy efficiency of transport, e.g. by affecting the use of private cars.

In Mohamed Shahin’s doctoral thesis “Energy Conservation in Urban Areas in the
Framework of a Sustainable Transportation Concept” (Shahin, 2001), the idea of
the “push down push up” approach is introduced, meaning that the usage of private
cars should decrease (push down) and meantime the use of renewable sources for
the cars should be improved (push up), to contribute to more sustainable transpor-
tation solutions. (See Figure 4.)
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Figure 4. The Push Up & Down Approach (Shahin, 2001).

The connections between transportation and energy systems are becoming more
relevant with the introduction of electric vehicles. Lund & Kempton (2008) have mod-
elled how electric vehicles can influence the network in a positive way. The analyses
show that electric vehicles with night charging, and more so with increasing intelli-
gence including vehicle to grid (V2G), will improve the efficiency of the electrical
power system, lower CO, emissions and improve the ability to integrate wind power.
Analyses also show that end use integration, combining building and transportation
end-uses, can form a coherent solution to the integration of wind power into sus-
tainable energy systems, and that very high levels of wind power are possible, even
without centralized storage or regional electric interties. (Lund & Kempton, 2008.)

In Sweden, studies have been made to investigate how different urban planning
actions impact the use of private cars. The studies were collected into a report by
WSP (Brundell-Freij & Ericsson, 2013). The report focuses on car use in cities only,
leaving the rural areas out of its scope.

The results from the study by Johansson et al. (2010) by Trafikverket in Sweden,
(Johansson et al., 2010) showed that by doubling the collective transport offering,
the car use decreases by 6%. The critical length to public transport stations was,
according to the study, 500 m. When the distance is longer than that, the use of
cars starts to increase. It also shows that by improving cycle paths and pedestrian
paths, car usage drops by 2%. Actions that can be influenced by city planning are
estimated to have a potential to cut car usage by 10% divided among the following
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actions: by increased density of urban structure (3%), mixed functions (2%), for-
mation and speed limits of streets to meet pedestrian and cyclist demands (1%) and
by connecting to collective transportation (4%).

Another study by Trafikverket (2012) reports that a 10% increase in urban density
cuts the usage of cars by 1-3%. By mixing building types, car usage can be cut by
5-15%. In practice, this means having residential buildings, services and work-
places in the same area. To achieve this, there needs to be small blocks, less than
100 m, a mix of old and new apartments and a high enough density. Parking strat-
egy also has an impact. Good availability of parking places and cheap parking leads
to higher usage of cars. As an example, it is mentioned that at workplaces with free
parking car usage is up to 75% while the figure may drop as low as 15% for work-
places with no available parking. It is, however, unclear how comparable these
workplaces are in terms of the demographics of the users and the geographical
location of the workplace.

In some countries, there are regulations stating how far daily services can be from
residential houses. In St Petersburg, Russia, it can be a maximum 500 m from each
residential house to service points visited daily (Nystedt et al., 2010).

2.4 Energy systems

The literature review in this section focuses on energy systems meaning demand,
transmission and production of energy. Increasing the share of clean energy pro-
duction is a key instrument in developing sustainable energy systems. The optimal
sources are dependent on the specific location, energy demand and available re-
sources. Reducing energy demand in the buildings is a sufficient way to improve
the energy efficiency of a district. In Europe, the regulative measures have been
extensive in this matter during the last decades. Building regulations have been
developed to demand more energy efficiency (European Parliament, 2010).

The objective is to find relevant literature showing the connection between energy
system planning, transportation planning and urban planning.

In VTT’s publication “Energy Visions 2050, it states that in the building sector the
main end-uses of energy include space heating, hot water production, cooling, light-
ing, cooking, and various electrical appliances. It is also stated that, when improving
the energy efficiency of buildings, and reducing COz2 emissions, there are two steps:
(i) reduction of building-level overall energy demand, and (ii) fulfilling reduced en-
ergy demand by utilising primarily renewable energy sources. Regarding energy
supply systems, it is explained that a system for providing energy in a useful form
to end-users primarily consists of an energy source, transportation (or distribution)
and, in many cases, storage, energy conversion and end-use. Therefore, it can be
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summarised that an energy system consists of energy demand, supply and trans-
mission. (VTT, 2009.)

In Denmark, the primary energy supply for heating is reduced to two thirds of what
was used prior to 1973, even though the heated space area has increased by more
than 50 per cent in the same period. This is a result of better insulation in buildings
and an expansion of CHP. (Lund, 2010.)

Annunziata et al. (2013) have carried out a state of the art study of national regula-
tions in Europe regarding energy efficiency in buildings. The study shows that Eu-
ropean countries have adopted different approaches in the design of their national
regulatory framework. Key parts of the European regulatory framework are the En-
ergy Performance of Buildings Directive 2002/91/EC (EPBD) (European Parliament,
2002), and its recast (European Parliament, 2010). The recast of EPBD has estab-
lished several new requirements such as the obligation that all new buildings should
be nearly zero-energy by the end of 2020. (Annunziata et al., 2013.)

Annunziata et al. (2013) divide the policy instruments into three categories: direct
regulations, economic instruments and soft instruments. Direct regulation includes
standards as well as commands and prohibitions, and can be classified into: input
regulation, process regulation, and output regulation. Economic instruments consist
of duties, tradable emission permits, environmental liability (Kuik & Osterhuis,
2008), tax reduction and grants (Urge-Vorsatz et al., 2007). Environmental duties
can be taxes, charges, dues, or extra duties. Their function is either to increase
State income, to give an incentive to the change in behaviour of the regulated sub-
ject, or to support the implementation of another environmental and energy regula-
tion. Soft instruments include voluntary industry agreements, communication and
information measures as well as voluntary certification and labelling. (Annunziata et
al., 2013.)

Sipila et al. (2005) analyse the heat trading concept, meaning that individual pro-
ducers should be able to sell their excess heat to the district heating network. The
concept is interesting since district heating has traditionally been a market in only
the local energy utilities, which in practice have a monopoly of the district heat sup-
ply. The study shows that the challenges in such a concept are mainly related to the
business models. The liberated heat energy market will also need a transmission
network company that takes care of the temperatures, pressures and hydraulic bal-
ance of the heating network. The network company is also responsible for services
and enlarging the network when necessary. A balance-sheet-operator is also
needed to coordinate the heat contracts between producers and customers, as well
as to take care of reserve capacity, spot and future markets and billing. The network
operator can also be a balance-sheet-operator, especially in a small network (Sipila
et al., 2005).
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Tol and Svendsen (2012) analyse low temperature district heating systems. When
connecting renewable energy sources to the district heating network, the efficiency
of the systems is improved when the temperature level is lower. Tol and Svendsen
conclude that there are several aspects that influence the planning of the heating
system. One such matter is that of determining in an adequate way the heat load in
different parts of a low-energy district heating system and at different points in time.
Another is that of equipping the substations of individual consumers with a storage
tank that can result in a significant reduction in the pipe dimensions needed in the
network in question, especially at end branches of the network, which are in a pre-
ponderance in most district heating systems. Employing a simultaneity factor at
each level of a pipe segment is also shown to be useful, in particular to avoid over-
dimensioning, since the consumers in a district do not all consume heat at the same
time. (Tol & Svendsen, 2012.) Such analyses will be hard to perform by energy
utilities without sophisticated tools.

In Finland, the city plan can enable renewable electricity production but cannot en-
force it. Ways of enabling it are to direct houses optimally with regard to the solar
energy production potential, i.e. roofs tilted towards the south at an angle of 4045
degrees dependent on the latitude (Hoang, 2012).

A qualitative study made by Virkki-Hatakka et al. (2013) revealed that, in public or-
ganisations, the motivation to increase energy efficiency comes, almost equally,
from personal interests, conforming to laws and regulations, and customer de-
mands. For the private sector, the customers were the main driver. In the public
sector, both engineers and non-engineers agree that strategic processes are mainly
bureaucratic, with tasks coming from the upper levels in the hierarchy while in the
private sector, strategic processes are driven mainly by development efforts, not so
much by bureaucracy or legislation. In the context of urban planning, the main stake-
holders are within the public sector. (Virkki-Hatakka et al., 2013.)

Chittum & QJstergaard (2014) discuss in their paper how lessons learned from Den-
mark can be transferred to the US in terms of including heat energy systems plan-
ning into the urban planning processes and empowering municipalities. They con-
clude that “as cities aim to take control of their energy futures, it would require na-
tional governments to recognize the importance of empowering local leaders to
identify the energy solutions that suit them best. DH systems in particular require a
hyper-local energy analysis and benefit from local design, but offer tremendous eco-
nomic and emissions reduction benefits”, It is also recognised that “Danish heat
planning rests on policies and government decisions made decades ago and con-
tinually strengthened through new legislation”. (Chittum & Jstergaard, 2014.) The
importance of regulations is evident in the success story of Danish district heating
systems.
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Potential renewable or partly renewable energy systems on a build-
ing scale are wood and wood pellet systems, different heat pump
systems, solar energy systems, micro wind turbines and micro CHP
systems. The suitability of the systems is dependent on the building
and its location. To some extent the users of the buildings also de-
termine which is the best system, while some systems require more
work than others.

Micro-CHP is not yet very widely used. It has, however, been forecast that its use
will become more common. The gas network plays an important role in the future
prospects of micro-CHP plants. The climate also an effect on the profitability of mi-
cro-CHP plants. (Dentice d’Accadia et al., 2003.)

The first study of reduction of energy consumption through district renovations was
published by Ouyang et al. in 2008. This paper represents the Hot Summer and
Cold Winter Region of China and examines buildings which are at least seven years
old and are becoming dilapidated. (Ouyang et al., 2008.)

In her doctoral dissertation, “Energy-efficient renovation of residential districts —
cases from the Russian market”, Satu Paiho analyses district level renovation con-
cepts and their impact on energy systems and the water supply infrastructure. She
concludes that the possibilities for improving energy efficiency and reducing emis-
sions through district level renovation concepts are huge, and that district renovation
requires cooperation of a wide range of stakeholders. (Paiho, 2014.)

2.5 Conclusion of literature review
The objective of this literature review was to analyse what relevant literature there

is within the relevant fields of energy efficient urban planning, especially on literature
covering several themes holistically. The main findings are summarised in Table 1.
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Table 1. Summary of main findings from the literature review.

Topic

Main findings

Definitions of sus-
tainability, EcoCity
and Eco-Efficiency

Lots of literature, minor differences in definitions.
Only a few articles about the definition of “quality of
life” in urban planning context.

Urban planning

Importance and challenge of coherence is high-
lighted in the literature. Different disciplines need to
work closely together in the urban planning process.
This still faces many challenges however.

Transportation

Transportation can be biggest energy consumer in
a district.

Energy demand caused by transportation can be
reduced through urban planning measures (reduce
demand, increase public transportation, enable
new car technology).

Transportations impact on the energy systems
through a wide spread use of electrical vehicles is
requiring more attention in the near future.

Energy systems

Lots of development in terms of improved energy
efficiency in buildings. In Europe this has been
mainly lead by regulative approach.

Regulated energy market can be slowing down new
innovative concepts in the energy market. But on
the other hand the regulated heat market has been
an important factor in the success of district heating
networks.

Urban planning measures can enable renewable
energy systems.

The findings show that there is significant research done within the different topics
addressed in this thesis, but only a few article exist that analyse both energy sys-
tems and urban planning or both transportation systems and urban planning. Rele-
vant literature that combines all the three aspects urban planning, energy systems

and transportation systems was not found at all in this literature review.
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3. Research question

The objective of this thesis is to analyse the role and impact of regulations in the
development of energy efficient districts and to respond to the question, “Can highly
regulated planning of districts lead to higher energy efficiency if proper use is made
of supportive tools? Figure 5 summarises the main research question and its sub-
questions.

Can highly regulated planning of districts lead to higher energy

efficiency if proper use of supportive tools are available?

B !

How can How to How to Braper

o ensure
E?:rgv Holistic reach Regulative i toas and
efficency approach holistic s ) S
indistricts approach? Ireg:ltatmns E
be eadto
improved? ENErgy-

efficiency?

Figure 5. Research question.

The research is based on five articles which analyse the research question by show-

ing:

that a holistic approach and enabling new heat trading models in the dis-
trict heating systems enables a district’s self-sufficiency in terms of energy.
These are supporting more sustainable energy solutions in districts,

that tools to assess the energy efficiency of districts have been developed
in order to enable city planners to easily compare detailed city plans. This
enables energy-efficient solutions to be selected if a regulative approach
is chosen, meaning here that energy-related issues are decided in the de-
tailed city planning phase,

that to achieve a universally efficient energy solution, the entire energy
chain needs to be analysed and improvements made bearing in mind the
whole energy chain. Such analyses can only be carried out with a top-
down approach,
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that emissions analysis of different energy choices is not that straightfor-
ward and simple. In order for a city planner to assess these impacts, sup-
portive tools and guidelines are needed. Through a district level regulative
approach itis easier to affect heat demand than electricity demand. Quality
of life is often improved through large renovation activities, which, due to
the economic constraints of individual apartment owners, often cannot be
performed without a regulative holistic approach,

that any sustainability criteria for the planning process needs to be adapted
to local circumstances. More effort should be put into understanding the
needs of the inhabitants. The end-user should be included more in the
planning process. In Russia, there seems to be a lack of knowledge re-
garding renewable energy systems and technologies for building energy-
efficient houses. Efforts should be put into exporting knowledge and best
practices about these issues. With an increase of knowledge, the local
norms can be developed in a sustainable way, and this will also support
the development of the city planning process.
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4. Methodology

The study is based on four journal articles and one conference paper which meth-
odologies are briefly described in the chapters that follow. Figure 6 gives an over-
view of the overall methodological approach.
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Figure 6. Overall view of the methodology used in the research.

The literature review was done by running searches on science direct with relevant
key words and going through the articles found and their relevant references. Com-
binations of the key words “urban planning” “energy” and “transportation planning”
was done in the searches in order to find literature combining those aspects. Rele-
vant literature used in the projects where this thesis work was also analysed. Con-
ferences were also attended to assess the state of the art within the field.

The questionnaires for professionals in urban planning and for residents are de-
scribed in Section 4.1.

For an in-depth holistic analysis of the energy system in a district, an Excel based
tool was developed for research purposes. To assess the energy efficiency of de-
tailed level city plans, a tool was developed for city planners. The methodology of
developing this is described in Section 4.2.

The methodologies for the energy analyses performed in the case districts are de-

scribed in Section 4.3. The district level renovation activities were analysed using
two different methodologies, one analysing different energy efficiency measures
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and another focusing on different options on the energy system and its impact on
emissions. The analyses were carried out in a case district in Moscow, Russia.

In addition to the findings described in the articles, the research question has been
analysed within different research projects led by the author. In the EcoNBC project,
the capacity of the Egyptian University EJUST has been raised within the field of
EcoCities. Many workshops, seminars and training sessions have been held where
the research question raised in this thesis has been elaborated on. In the EU FP7
funded CITYTOPT project, a district level energy system optimisation application is
being developed. This development process has also led to insights about the re-
search question. In the EcoGrad project, the city planning processes of St Peters-
burg, Russia, was developed so as to include more ecological aspects. Findings
from these projects contribute to the overall analysis of findings and the recommen-
dations.

4.1 Methodology for stakeholder survey

A web-based questionnaire study was performed during January 2012 regarding
the views of city planners and building inspectors on energy-related questions in the
city planning process. The aim was to find out the level of know-how and the need
for supporting tools and guidelines. The questionnaire was sent to 100 city planners
and 350 building inspectors covering all of Finland. There were 92 respondents, 58
from building inspection and 32 from city planning. At the time of the study, there
were 320 cities and communities in Finland (Kuntaliitto, 2013). The questionnaire
was sent to over 300 cities and communities in Finland; 92 responses were re-
ceived. This represents about one third of the cities in Finland, which can be re-
garded as good hit rate, and the results can be considered representative for the
cities in general.

The questionnaire form was created on an internet based application Digium Enter-
prise (http://www.questback.com/fi/) which was provided by the Questback Com-
pany.

The full questionnaire, and its results, translated to English, is included in Appendix
C.

A resident’s survey was done in St. Petersburg with the objective to find out resi-
dents attitudes towards energy efficiency and to clarify what residents’ main wishes
for their living surroundings were. The results were used in the development work
of the ecological city criteria.

The survey was done together with Finec, StPetersburg state university of econom-
ics and finance. The content of the survey was done by VTT and the survey was
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conducted by Finec. The survey was conducted by 30 Finec Master Students in the
period of 20.10.2010-15.11.2010. Each student got the task to poll at least 20 per-
sons via e-mail/phone and at least 5 persons via in-depth interviews. The total re-
sponse amount was 750 divided into 600 e-polls and 150 in-depth interviews.

4.2 Methodology for the development of tools and guidelines

4.2.1 Tool for district level energy analysis

A simple Excel-based computer program was developed in order to calculate the
heat and electricity demand and production for a group of buildings for each hour of
the year. The energy demand for seven different building types were imported to
this tool from the IDA indoor Climate and Energy software.

Seven different building types with different consumption profiles were included in
the tool (detached houses, terrace houses, apartment buildings, hospitals, educa-
tional buildings, offices, public buildings).

To each building type a cogeneration unit could be added and its operating strategy
could be chosen:

e Electrical load tracking strategy: the micro-CHP plant is dimensioned ac-
cording to the buildings electricity demand. The micro-CHP plant power
output changes in response to the needs of the facility.

e Thermal load tracking strategy: the system is designed to follow the ther-
mal load of the facility and dimensioned to cover the heat demand of the
building. The power generated during the supply of the thermal load is
used to replace purchased electricity. The excess power can be sold to the
utility company.

e Electrical base load strategy: the micro-CHP plant is designed to supply
the minimum amount of power required by the facility. Therefore, the mi-
cro-CHP plant can operate continuously at peak power output.

e Thermal base load strategy: the system is designed to meet the minimum
thermal load. Thermal energy to meet peak loads is provided by an auxil-
iary heat source, such as a boiler or the district heating network. Power is
purchased from or sold to the grid in order to balance the electricity de-
mand of the facility with power supplied by a fuel cell system.

For the micro-CHP plants it was assumed that the electricity to heat ratio was 1:2,
meaning that for each kWh of electricity produced there were 2 kWh of heat pro-

duced.

The tool calculates for each building how much heat and electricity the building uses
and produces, and how much could be sold to the heating network each hour.
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The case Kaskinen in western Finland was chosen due to the fact that the city of
Kaskinen needed energy analyses done due to the shutdown of a factory which was
producing heat to the district heating network.

4.2.2  Energy efficiency rating tool for districts

The aim was to develop an energy efficiency rating tool for districts. The main target
group of the tool users was city planning professionals. They may not be familiar
with construction and energy production technologies. This fact was taken into ac-
count in the tool development. In practise, the tool had to be easy and quick to use.
The rating tool is spreadsheet-based, and is freely available on the internet
(Jyvaskyla Innovation, 2012). The input section of the tool is presented in Figure 7.
An example of the results provided by the district energy rating tool is shown in
Figure 8. The format of the rating resembles the energy rating of buildings used in
Finland.
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District level energy classification

Surface area of the district 0,06|km?
Total floor area of buildings 5350|m?
Number of residents 156
Number of apartments 39
Area density 0,080 (Ratio of total floor area and districts' surface area)
1. Buildings
Electrcal
sauna in each
apartment
Individual houses, Energy Efficiency class under 110 KWh/m2 | A (under 150 B (151170
Share of total floor area %[__100 % 100 % 0% 0% O
District heat [] R
Building-specific energy production Renewable [ Heat pump
[Row houses, EE class A (under 100) B(101-120) | C (121-140)
Share of total floor area %[ 0% 100 % 0% | 0% | 0O
District heat [] District heating
Building-spec fic energy production Fossil__ | Fossil |
Apartment buildings, EE class D (141-180) E (181-230) I F (231-280) Common sauna|
Share of total floor area %[ 0% 100 % 0% | 0% o O
District heat [] Heat pump
Building-spec ific energy production Electricity Renewable | Renewable
Industrial buildings, EE class* 160 180 [ 200 [kvm?a
Share of total floor area %[ 0% 100 % 0% | 0% |
District heat []
Building-specific energy production R R [ R ]
Services buildings, EE class under 100 KWh/m2 | A (under 140) [ B (141-180) |
Share of total floor area %[ 0% 100 % 0% | 0% |
District heat [] Fossil
Building-spec ific eneray production| R R [Fossil ]
Office buildings, EE class B (91-110) C(111130) [ D (1311470)
Share of total floor area %[ 0% 100 % 0% | 0% |
District heat []
Building-specific energy production R R | Fossil ]

2. Electricity production in the district
From renewable energy sources

Share of electricity produced from RES

3. Transportation solutions
Centralized parking at district's edge
Public transport stops

Bicycle routes

WSS ]

Designed to promote cycling: smooth and pleasant experience

Workplaces within the district

Bike storage/parking places Secure and easy to use
4. Distances to everyday services

Grocery store 1 km

Health center/clinic 4 km

School 3 km

Daycare 1 km

5. Work places

Remote work stations

Figure 7. The input sheet in the rating tool (Article II).
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District's score

Figure 8. The result diagram of the district energy rating tool (Article II).

The energy efficiency rating is based on primary energy consumption, in order to
take into account both energy demand and used energy source. This is done
through the use of energy conversion factors used in the calculations of the E-num-
ber, listed in Table 2. The tool is designed to compare different solutions within one
district; therefore, results comparing different districts are not comparable with each
other in terms of energy class. The primary energy factor however shows the pri-
mary energy used per built square metre and can be used for comparing districts.
In order to gain a good understanding of the expectations for the tool, discussions
were held with city planners from five case rural districts in Finland. Additional to
these interviews, the results from a questionnaire that was carried out among city
planners were used.

City planners often have no building technology background, meaning lacking tech-
nical understanding of HVAC technology, construction technology and energy sys-
tems in buildings. In order for them to be able to assess the energy demand of
buildings, the energy labels assigned by energy certificates were used. The Finnish
E-number describing the total energy demand of the building was used as basis for
the rating. It entails all energy use in building, including electricity, heating energy,
and cooling energy demands. In addition, the energy source used is also taken into
account in the E-number of the building by multiplying the energy demands with
energy conversion factors of used energy sources. The number is a theoretical
value, whereas the real energy use is naturally dependent on the residents’ behav-
iour and the sizes of the families living in the houses. It needs to be stated clearly
that more specific energy calculations need to be done before making any invest-
ment decisions regarding the energy systems of a district. (Ministry of Environment,
2009, Ministry of Environment, 2012.)

For some building types there is no E-number system, (industrial buildings,
churches etc.). For these kinds of buildings, a classification value was given in the
tool to give estimates what is “normal energy demand level” and “low energy de-
mand level”, which were based on the estimations provided by a Finnish construc-
tion element manufacturer (SP Elements, 2010).
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Even though the tool does not go into detail concerning electrical appliances in
houses, saunas in buildings are still considered. This is because an electrical sauna
has a significant effect on the electricity demand of a building, and especially on the
maximum power peak load of the building. The power demand of a sauna heater is
normally 6 kW. The tool has options for electrical or wooden heated saunas. In multi-
apartment buildings, whether all the apartments have their own saunas or whether
the apartment has one common sauna can be selected for. Saunas are culturally
very important to the Finnish people. Even in new small city apartments, small sau-
nas are prevalent. In one family houses and terraced houses, close to 100% of the
apartments have saunas. It is, therefore, very unlikely that we will see city plans in
Finland forbidding saunas, at least in single family houses. There are, however,
ways to increase the energy efficiency of saunas by reducing the numbers and the
usage of the individual saunas by offering a nice common sauna in the neighbour-
hood. Planning a nice luxurious common wooden heated sauna in the area, for in-
stance by lake shore, can be a better alternative than small individual electric sau-
nas in each housing unit.

To ensure the simple usage of the rating tool, the heating energy source could be
chosen from the following: renewable energy systems, heat pumps, fossil fuels and
electricity. Similar classifications of the energy sources used and their energy con-
version factors are used in the Finnish building regulations from 2012 (Ministry of
Environment, 2012). Energy sources used and their energy conversion factors are
shown in Table 2. These energy conversion factors aim to represent the primary
energy consumption of different energy sources in Finland. The Finnish electricity
production mix is partly used as basis in the development of the primary energy
factors. (Statistics Finland, 2011.)

For each building type, the user of the tool has the opportunity of selecting three
different heat production systems. This is convenient, especially when larger dis-
tricts are analysed and buildings might not have uniform heating systems.

Table 2. Energy conversion factors in Finland that are used in calculating the E-
numbers (Ministry of Environment, 2012).

Energy conversion factor

Electricity 1,7
District heating 0,7
District cooling 0,4
Fossil energy sources 1

Renewable energy sources (including wood 0,5
and other bio fuels)
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For ground heat pumps, an estimation of the annual Coefficiency of Performance
(COP) of 2.5 is used in the rating tool. This COP factor is set in the Finnish building
regulations for the calculation of the energy consumption of buildings, if a better
performance of heat pump cannot be proven (Ministry of Environment, 2007). The
electricity that the heat pump uses is converted to primary energy with a factor of
1.7 according to Table 2. The heat distribution losses of a district heating network
are analysed on a rough level (Article Il), see Figure 9. This is done by analysing
the statistic of all Finnish district heating network statistics provided by the Finnish
Energy Industries (Finnish Energy Industries, 2009). As a result of this analysis, it
seems that heat distribution losses from the distribution network tend to decrease
when the density of the built area increases. This is due to the increased energy
consumption per distance of district heating network. This dependency was taken
into account in the tool. If a district heating system was chosen as the energy system
used in the tool, the estimation of heat distribution losses was added to the total
energy demand.
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03

0.2

0.1

Relative heat losses of distribution
network [-]

0 1 2 3 4 5 6 7 8
Consumption density [MWh/m]

Figure 9. The estimated ratio of the density of energy consumption and the relative
heat distribution losses (which are relative to the total energy production) of district
heating networks in Finnish cities (calculations based on data from Finnish Energy
Industries, 2009).

In addition to renewable heat sources, renewable electricity production was also
taken into account. An input value in the tool is the percentage value of how much
of the district’s electricity need is produced in the district from renewable energy
sources. The approximate electricity demand of the buildings can be derived from
the E-number. A guideline is needed for city planners to be able to assess how
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much of the electricity needs of a district can be covered locally in the district with
different installations of photovoltaic panels or wind turbines. In order to acquire
actually realistic and accurate energy production potentials, simulations would be
needed. There are, however, as yet no suitable simulation tools for the city planners
for this purpose, and they might lack the knowledge to make such simulations.
Moreover, the target of the rating tool is to give an estimate quickly and easily of the
overall energy efficiency in the initial planning phase of a district.

In this tool, energy use caused by transport was considered only in regards to
transport performance that can be influenced by the detailed city plan, which means
that the focus was on the transport inside of the district. Solutions studied in the
detailed plans are: centralised parking in the outskirts of the district, bus stops,
proper and separate ways for walking or cycling and storage spaces for bicycles.
The effect of the actions aiming to reduce the use of private cars was estimated on
the basis of the modal split research results of the City of Freiburg, Germany. (Bin-
dra & Giel, 2006.)

The distance to daily services and the number of workplaces in the district influence
the transport demand significantly and were taken into account in the tool. The
methodology for this is further specified in Article Il. The energy efficiency rating was
calculated by multiplying the energy consumption of the buildings and possible dis-
tribution losses of the district heating system with the energy conversion factor of
used energy sources and adding to it the primary energy demand of the traffic. That
results in the total primary energy demand of the district. The calculation procedure
is shown in Equation 1.

Zi(Econs,i_Eprod,i)fi+Etrans

E-number = )
Anet
Where
i= Energy source
Econs = Energy consumption [kKWh]
Eprod = Energy production [kWh]
f= Energy conversion factor
Etrans = Energy consumption of transportation [kWh]
Anet = Net floor area of the building [m?]

The rating of the district is made based on a comparison between the performance
of best and worst scenarios. The classification scale is similar to the building energy
certificate in Finland. (Ministry of Environment, 2012.) By putting input values de-
scribing the best available solution in terms of energy efficiency we define this as
the A-class, and the worst case scenarios values give us the G class. The classifi-
cation is then linearly divided between these.
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The tool was tested in 5 different districts. The case districts were chosen by the
communities that were involved in the research project. The districts were such that
were in detailed planning development phase at the moment of the research and
where special energy efficiency measures wanted to be analysed.

4.2.3 Creating a concept for ecological criteria for city planning

First a basic concept, based on Finnish base data, was developed. It was further
developed in a workshop with the local authorities. Based on the workshop adjust-
ments were made. The concept was refined by adjusting it to three different pilot
cases. The detailed concepts were again presented to locals and adjusted. The
development process could be called an iteration process. Input for the concept
development was received also from the survey explained in Section 4.2.1.

For each pilot case, a plan of the area was made, including the structure of the area,
building types and location of services as well as transportation solutions. Different
energy systems were modelled and compared. As a first step, the base data was
collected and a plan of the area was prepared. The number of inhabitants, buildings
and necessary service spaces were determined. The cases were chosen by the
local partner, the city authorities, according to the desire to develop certain areas in
the city.

As a second step, energy consumption of the entire area was calculated in different
scenarios: base case scenario, low energy building and/or passive house level. The
consumption level of base case scenario was assumed to correspond to the energy
consumption level of Finnish building regulations in 2008, because reliable sources
about Russian consumption levels were not available. Consumption levels of low
energy and passive houses were also based on Finnish definitions (Strom et al.,
2006, Nieminen & Lylykangas, 2009). The energy consumption was calculated us-
ing the WinEtana program, which has been developed by VTT (Kosonen & She-
meikka, 1997).

Different options for energy production, based on renewable energy sources, were
studied. Different suitable production technologies were recognized, and then emis-
sions produced during the entire lifecycle of the energy production process were
calculated and compared with each other. In addition, distribution losses were also
included in the calculations. The emissions from the energy production were calcu-
lated using the GEMIS tool (Global Emission Model for Integrated Systems), devel-
oped by The Oko-Institut e.V. GEMIS is a computer program allowing to model life
time emissions of technological processes, including construction transportation,
etc. The program uses a large database containing various technological parame-
ters and amounts of emissions related to those.
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4.3 Methodology for district level energy analyses

4.3.1 District level energy efficiency analysis

The general methodology of energy analyses done in the Moscow case districts is
shown in Figure 10. At first the state of the art was studied for both old apartment
buildings and the entire residential district in the Moscow region. This means that
the typical apartment building parameters were identified, and an example district
was selected for the calculations. Most of the buildings in the example district were
built between 1966 and 1972.

A few different typical apartment building types were studied: their monthly energy
consumption levels were calculated, and then from those results the energy de-
mand of the entire district was calculated, including also the energy demands for
waste and water management and street lighting.

The next step was to evaluate the energy saving potentials that can be achieved
with renovating these old apartment buildings. This was done by calculating differ-
ent scenarios for renovated apartment buildings. As a result, knowledge of total en-
ergy consumption levels in different scenarios in the typical Moscow residential dis-
trict were acquired. The last phase of the energy chain analysis is to study the en-
ergy production. This part also starts with the state of the art of the existing or typical
energy production and distribution systems. Then improvements and renewal of
these systems can be identified. Finally, the life cycle emissions for different energy
production solutions can be calculated.
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Figure 10. Methodology for district level Energy analysis (Article IlI).
4.3.2 Methodology for district level energy and emission analyses

The present state was studied by selecting both a typical old apartment building and
an entire residential district in the Moscow region for the calculations. The renova-
tion concepts were assessed from the perspective of energy demand and associ-
ated environmental impacts. The assessment started with the development of a
“Current” energy and water demand model of the most common building type (ll-
18) which represented an average apartment building. From this model, other ren-
ovation models were generated. The four models where named according to the
concept on which they were based: Current, Basic, Improved and Advanced.

In this study, the building models were used in the energy demand analyses of their
corresponding district concepts, also named Current, Basic, Improved and Ad-
vanced. Each district concept was further used to examine different scenarios of
energy production and the resulting environmental impacts. See Figure 11.

40



After the energy demands were analysed, the life cycle emissions for different en-
ergy production scenarios were calculated including CO»-equivalents, SO,-equiva-
lents, TOPP-equivalents and particle emissions.

Type 1I-18
Building

Current Basic Improved

Advanced

Winetana model: The current I1-
18 building type was modeled in
Winetana for energy demand
analysis

Retrofit building models: In addition to
the current model, three other
retrofitted models of the same building
were modeled and anlyzed in Winetana

District Models: The different building
models were used for modeling the
correspondingdistrict concepts.

--------- e

2 Scenarios 2 Scenarios 2 Scenarios
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5 Scenarios

%
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District level energy production: Each
district model contained different
scenarios of energy production. Emission
levels were also a part of the analysis at
this stage

Figure 11. Overview of the energy analysis process in the study. WinEtana is a
computer software for building level energy demand analyses developed by VTT

Technical Research Centre of Finland Ltd.

The apartment buildings in the analysed area can be divided into groups according
to the building series: 1I-57, 11-49, AK-1-8, [I-18 and Mr-60, which are apartment
buildings build between 1966 and 1972. Each building series represents a specific
building design (Opitz et al., 1997). There are also other apartment buildings,
schools, kindergartens, shops, a bank in the area, but since this project concen-
trates on modernization of buildings, these newer buildings from the 90s and from
the beginning of 2000 are excluded from these energy calculations. The more de-
tailed data about the older apartment buildings is presented in Article 111
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5. Findings from the analyses

The studies described in the articles all analyse district level energy systems includ-
ing energy demand, transmission and production. The studies analyse the issue
from different perspectives and with somewhat different objectives. All the studies
show that it is possible to achieve major improvements to business as usual with
the help of good analysis tools and a holistic approach. In Figure 12 a visualisation
is done to show how the findings from the analyses relate to the overall research
question.

Can highly regulated planning of districts lead to higher energy
efficiency if proper use of supportive tools are available?
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Figure 12. Findings from the analyses and their connections to the overall research
question.

5.1 Questionnaire and residential survey

The questionnaire done to city planning professionals showed that there is a certain
lack of knowhow about energy related issues. For example the term “primary en-
ergy” was familiar to only a bit more than half of the respondents. Some energy
systems were not very familiar for the city planning professionals. The assessment
of different energy alternatives for a district is considered a challenge for this target
group.
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According to the questionnaire there seems to be a will to develop districts into more
sustainable ones. Self-sufficiency in energy and reduced emissions both received
more acceptance than easiness of getting building lots sold.

Regulative approach seems to be rather well accepted in this group. Giving builder
large freedom to build what and how they want was not considered important.

The residents’ survey done in St Petersburg, Russia showed that the majority of
people are not willing to pay any extra for improved indoor comfort even if it is con-
sidered important. Renewable energy as a heat source for the house is not consid-
ered important for the residents. Green areas and safety issues are on the other
hand important.

The details of the questionnaire and residents survey results are found in Appendix
C.

5.2 Detailed energy systems analyses

The detailed results of the analyses are described in Article I.

The central part of the city of Kaskinen in south-western Finland was used as the
case example in the analysis. The energy demand was simulated based on seven
different building types. The types were chosen based on the real situation in the
chosen area. Different energy production scenarios were analysed and compared
with each other. The aim was to analyse how optimal energy system could be de-
signed if heat trading were possible using the existing district heating network.

The simulations showed that heat trading could be a functional way to develop de-
centralised energy systems. There is a potential advantage when buildings, with
consumption profiles that are different in shape and/or timing, are connected
through a district heating network. However, it is unlikely that this potential could be
utilised by simply providing a micro-CHP plant for every building. A holistic approach
to dimensioning and control strategies in different buildings will be needed as well
as a smart mix of buildings with and without CHP plants. A possibility of using ther-
mally activated cooling in the district heating network could be considered as a sup-
plementary measure for use of the excess heat in summer.

Theoretically, heat trading could be a functional way to improve the financial pro-
spect of micro-CHP plants. Having a way to sell the excess heat production im-
proves cost-effectiveness. However, there are obstacles since the heat market is
not yet a free market but is still a regulated one, which is a major obstacle to a
functional heat trading. Having a fuel cell system with no CO2 emissions also gives
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the opportunity of selling emissions quotas. This is, however, one kind of a micro-
CHP technology which has still many obstacles.

If heat trading were a reality, there would be a need for some party to manage the
whole trading system. The energy companies seem naturally suited for this, since
they have the know-how about the district heating networks and their functionality.
It seems as they see the heat trading concept as a competition to their business.

One serious possible obstacle to widely spread heat trading is that micro-CHP
plants often use natural gas as a fuel, which means that they usually have to be
connected to a natural gas network. At the same time, the building has to be con-
nected to a district heating network in order to sell off its excessive heat. It is quite
rare in Finland (but not e.g., in Central Europe) that we have both a natural gas
network and a district heating network at the same location.

The study showed that heat trading could be a functional way to develop decentral-
ised energy systems. There is a potential advantage to be utilised when buildings
with consumption profiles different in shape and/or timing, are connected through a
district heating network.

5.3 Energy efficiency rating of districts

In this study, a tool for assessing the energy efficiency of detailed city plans was
developed. The tool was used in five case districts analysing different planning op-
tions and assessing how different options impact energy efficiency.

The detailed results of the analyses are described in Article II. Below (see Table 3)
some results related to the energy systems in the districts are described.

In Table 3 the results of the energy systems analysis in one of the case districts,
Saynatsalo is shown. Rows 1 and 2 show that the primary energy factor increases
significantly when the energy source is changed from renewable to fossil fuel. The
impact of renewable electricity production is seen on rows 5-9. It is interesting to
see that the same total primary energy factor is achieved by having no renewable
electricity production but heating the houses with renewable energy (row 9) and by
having fossil fuel heating and 100% renewable electricity production (row 3). It is
more cost effective to reach this level of primary energy demand by heating the
houses with renewable energy sources than to produce all the electricity with, for
instance, solar panels. Comparing rows 2 and 3 shows the impact of transmission
losses in the heat distribution system when having a local district heating system.
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Table 3. Energy system analysis in the Saynatsalo case district.

Case Local Heat Renewable Total pri- Total rat-
heat net- Source electricity mary en- ing
work production ergy need

[kWh/m2]
1 Yes Renewable 100% 105 A
2 Yes Fossil 100% 168 A
3 No Fossil 100% 143 A
4 No Electricity 100% 213 C
5 No Renewable 100% 93 A
6 No Renewable 75% 105 A
7 No Renewable 50% 117 A
8 No Renewable 25% 129 A
9 No Renewable 0% 142 A

In Table 4 the impact on different energy solutions on the building level is shown. In
all calculations, there were building specific heating systems, distance to daily ser-
vices were 0 km, public transport and cycle lanes were considered in the plan, and
there were 50 working places in the district for all cases.

As can be seen when comparing rows 1 and 2 and 3 and 4 in Table 4, the impact
on the energy class is significant when changing the heating system from renewable
to electricity-based. This is because of the higher primary energy factor of electricity
compared to renewable sources. The impact of the electric sauna is seen on rows
5 and 6. It should be emphasised that, even though the annual primary energy de-
mand does not differ too much, when saunas are used widely and during same time
periods, as is the case typically in Finland, the impact on the electricity peaks can
be significant and affects the whole energy system. Comparing rows 7 and 5 shows
the impact of building high rise buildings instead of single family houses. The differ-
ence is high since high rise buildings consume less heating energy per residential
square metre.
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Table 4. Impact of buildings energy solutions on the districts energy efficiency rat-
ing. Case Saynatsalo.

Case Building Buildings Heat Sauna? Total pri- Total
type energy Source mary en- rating
class ergy
need
[kWh/m2]
1 Single A Renewable no 142 A
family
2 Single B Renewable no 152 A
family
3 Single A Electricity no 262 D
family
4 Single B Electricity no 296 D
family
5 Single A Renewable no 142 A
family
6 Single A Renewable yes 153 A
family
7 High rise A Renewable no 117 A

The tool developed is a simplified one that gives practical help for city planners in
assessing the energy efficiency of detailed city plans in the design phase. The tool
enables a fast and easy way to compare different alternatives of city plans and rank
them with regard to energy efficiency. It needs to be highlighted though that the tool
does not take into account the location of the district and thus not be used to assess
the overall energy efficiency of living in the district. Another tool or guidelines is
needed to assess where to place residential districts in order to avoid transport de-
mand and urban sprawl.

When analysing the impact of different choices made in the detailed city planning
phase, it can be concluded that the choice of energy system has a significant impact
on the overall energy efficiency. However, the importance of well insulated and air-
tight buildings should also be emphasised. Heating systems can be changed at later
stages of the building’s lifecycle more easily than the energy efficiency of the house
can be improved. A major part of the energy use in the district is in the end influ-
enced by the actions of the people living there.

The developed tool evaluates the environmental sustainability of a district by ana-
lysing its primary energy demand. The tool guides on cutting the primary energy
demand of the area, when targeting to get better classification from the tool. This
primary energy demand evaluation includes the energy demand of buildings and
transportation as well as the energy system and source used. Even though the tool
itself does not estimate CO, emissions from the area, it still contributes towards this
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goal. Firstly, if the energy demand of buildings is reduced, it similarly reduces the
emissions from energy production caused to cover the demand. Similarly, emis-
sions reduction results from the energy demand of transportation, as its energy ef-
ficiency can be improved or transport needs cut. Furthermore, the primary energy
analysis tool takes into account the energy source used via Finnish energy conver-
sion factors, which are valued partly based on their environmental impacts.

5.4 District level energy efficiency analyses

The district heating network has a great potential for improving the energy efficiency,
because there are many heat losses in the heating network at the present day when
analysing the case in Moscow. One important renovation target is to install com-
pletely automatic individual substations in every building and so move from the old
four-pipe to new two-pipe district heating systems (Eliseev, 2011) with heat ex-
changers enabling control of heat distribution into buildings and apartments based
on the actual heat demand. On the building level, the air-tightness of the structures
is one key issue that needs to be addressed in the retrofit solutions. Based on this
study, the building level energy savings potential for the heating energy is up to 68%
and for the electrical energy up to 30%. In addition, the CO2-equivalent greenhouse
gases may be reduced by up to 65%. To achieve a universally efficient energy so-
lution in Moscow, the entire energy chain needs to be analysed and improvements
made bearing in mind the whole energy chain. The results of the study in Article Il
showed that improved indoor conditions and reduced heating consumption often
lead to increased electricity consumption. This is due to the fact that improved insu-
lation and airtightness which lowers heat demand and reduces draft, often is done
together with the installation of mechanical ventilation to ensure a proper ventilation
of the building. The ventilation system increases the electricity use. By analysing
the energy efficiency of indoor conditions and the building overall energy efficiency
instead of energy consumption, the issue of increased electricity consumption is put
in the correct context and the improved “output” of the consumed energy is properly
considered.

5.5 District level energy system analyses

At the district level, different improvement scenarios in terms of energy demand,
energy production and emissions were analysed using a case district in Moscow as
a case study. Different scenarios were developed and analysed. The analyses
showed that great energy savings could be achieved in a district through different
modernisation scenarios. The basic district concept showed a total annual electricity
demand reduction of 24%, and a total reduction in heating demand of 42%. The
improved scenarios gave results like 33% and 55% reductions for electricity and
heat. The most advanced scenario reached a heating demand reduction of 72%,
while the electricity reduction stayed at 34%. One reason for this is that electricity
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usage of residential districts is greatly influenced by people’s behaviours while heat-
ing demand can more easily be influenced by technical measures.

The importance of analysing the whole energy chain became evident in the anal-
yses when looking at cases where heat losses in the heat distribution network were
very large and heat exchangers were lacking between networks and the buildings,
as is often the case in Russia. This leads to a solution where the reduced energy
demand in a building does not lead to savings at the beginning of the energy chain,
but might instead even lead to overheating of the building.

The emission analyses showed that the amount of each emission type produced
might depend on different factors. As for CO; equivalents, changing fuels from nat-
ural to biogas would be an efficient choice of reduction. The same also goes for
TOPP equivalents, where it can be noted that changing fuel type would result in a
greater reduction than implementing more advanced renovation solutions. How-
ever, doing so would on the other hand also result in twice the amount of produced
SO, equivalents and particulates. To conclude, producing energy from other renew-
able technologies than biogas, such as ground source heat pumps, solar panels,
solar collectors or wind turbines, would be a better solution than switching to biogas
when it comes to reduced SO; particulates emission levels.

5.6 Concept for ecological city planning

The criteria list for an EcoGrad area was made based on the findings from the dis-
cussions with the local city planners, the residents survey done and the develop-
ment of pilots. It included aspects from the international LEED and BREEAM criteria
and national Finnish criteria (LEED, 2011, BREEAM, 2012). These findings are dis-
cussed below.

The criteria list is divided into the following sectors: the structure of the area and
land usage, landscape, buildings, energy, transportation, waste and water solutions.
There are three categories in the criteria list: general level criterion, details and
specifications of the criterion and special notices from St Petersburg. Here the dif-
ferences between Finnish and Russian criteria were addressed.

Less focus can be put on the placement of services due to the fact that the norms
already require that the services are placed close by. The need for cycle routes is
included, despite the fact that cycles are seldom used. To support the use of cycles,
security issues should be highlighted, both in terms of traffic security meaning sep-
arated lanes for cycles and in terms of safe parking solutions to prevent the cycles
from being stolen.
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The criteria setting includes that renewable energy sources should be examined. It
has, however, become clear, that the development of renewable energy systems is
not that common yet in Russia. One aspect was that the buffer zones for bio energy
plants were not known by Russian partners. It was also a little unclear whether en-
ergy wells could be drilled for the use of heat pumps according to the local legisla-
tion.

The passive house solutions need to be highlighted here. An important part of the
passive house concept is the mechanical ventilation with efficient heat recovery. It
needs to be emphasized that buildings cannot be built airtight and well insulated
unless the ventilation is in order.

Generally speaking, it seems that passive solutions that are not that technology
dependent are valued higher in Russia. Technological solutions are not considered
to be ecological, but on the contrary they are seen as potential additional electricity
consumers, mechanical ventilation being one example of this. Smart metering sys-
tems for electricity use were of interest but still considered with some scepticism.

As an example of the energy system, calculations of one pilot are briefly introduced
below. The planned number of inhabitants in the area is 20,000. The residential
area is 30 m? per inhabitant, which means in total 600,000 m? floor area. There are
five different building type areas: dense, low and dense, detached houses and villas.
The occupation is densest in the centre of the area, which is really close to services
and railway connection to the centre of St Petersburg.

The energy consumption has been calculated in three different scenarios: base
case, low energy and passive building levels. The results can be seen from Figure
13. Most significant improvements are related to cutting the heat consumption of
buildings, and especially the heat consumption of space heating. It is more difficult
to affect the electricity or hot water consumption, because they depend more on the
habits of the residents.
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Figure 13. Energy consumption of the pilot area in different scenarios.

Next, different energy production options were studied. The first option was quite
extreme with the target of using only renewable energy sources and achieving as
low an emission level as possible. That meant ground heat pumps, building-inte-
grated solar panels and wind power.

Heat collection pipes could be mounted on the golf court located close to the pilot
area. It was assumed that the COP of the heat pumps is 3, and the heat yield is 35
kWh/m?/a. One of the challenges was the fact that heat pumps consume electricity,
which is also supposed to be produced within the area. If was further assumed that
the entire area of roofs could be utilized with building-integrated solar panels. It was
calculated that the yield of the solar panels would be 17,700 MWh/a. This means
that there should also be a Iot of wind energy: in a base case 28,804 MWh/a (the
power capacity being 14.4 MW), low energy building level 20,200 MWh/a (with the
power capacity of 10.1 MW) and passive building level 17,796 MWh/a (with the
power capacity 8.9 MW). The power levels of wind power are calculated with a ca-
pacity factor of 23%. In this option the target was to produce as much energy as is
consumed in the area, but it is assumed that the area is connected to the national
electricity grid, which evens out the differences between the production and con-
sumption continuously.

The second option was a combined heat and power production (CHP) plant fuelled
with woodchips. The third option was also a CHP plant, but fuelled with biogas pro-
duced from the wastes. It was assumed that the CHP plant is operated according
to the heat demand in the area, as usual. In addition, it was assumed that the plant
produces 80% of annual heat consumption, and the rest of the heat demand is cov-
ered with reserve plants, for example a natural gas boiler. The CHP processes used
were calculated with information from real existing plants from the database of the
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GEMIS software. The plant using wood as a fuel produced 2 MWh of heat per 1
MWh of electricity, with an electrical efficiency of 27.5 % and operating time of 6000
h/a. The biogas CHP plant produced 1.5 MWh of heat per 1 MWh of electricity, and
the efficiency and operating time were the same as the woodchip CHP plant.

The greenhouse gas emissions of these different energy production options are
shown in Figure 14. The emission calculations include the emissions produced dur-
ing the entire life cycle of their processes (including, for example, construction and
transportation). These results were also compared to the base case, which repre-
sents the current situation in Russia. According to IEA, in Russia buildings are
heated most commonly with district heating, in which the heat is produced from
natural gas. The emissions of base case electricity are calculated with GEMIS from
the base data of IEA (IEA, 2008).
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Figure 14. Greenhouse gas emission from different energy production options in the
first pilot case. (LE = low energy buildings, Passive = Passive buildings, HP = heat
pump, BIPV = building integrated solar panels, CHP, wood = CHP plant that uses
woodchips, CHP, biogas = CHP plant that uses biogas.)

5.7 Summary of findings

Energy efficient districts is a wide research topic. The topic has been analysed in
the journal and conference papers mentioned earlier. The analyses consisted of
questionnaires, surveys, energy analyses, tool development and the development
of an EcoCity concept. The main findings of the analyses relevant for this thesis are
summarised in Table 5.
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Table 5. Summary of main findings from the analyses.

Topic

Main findings

Questionnaire and resi-
dents survey

City planning professionals experience a lack of
knowhow about energy-efficiency and renewable
energy systems. Supportive tools and guidelines
are needed.

Green areas are valued and safety is considered
a problem. Residents in St Petersburg, Russia
don’t value renewable energy very highly and are
not willing to invest in that. In order to push renew-
able energy and energy efficiency other than vol-
untary market based action is needed.

Detailed energy system
analysis

Heat trading could be a functional way to develop
decentralised energy systems. There is a potential
advantage to be utilised when buildings with con-
sumption profiles different in shape and/or timing,
are connected through a district heating network.
Holistic approach to energy system planning is
needed to achieve these benefits.

Energy efficiency rating
of districts

Energy efficiency of districts can be improved by
changes made in the detailed city plan. The as-
sessment tool developed helps the city planners
improve the energy efficiency.

District level energy effi-
ciency analysis

District level energy sys-
tem analyses

To achieve a universally efficient energy solution,
the entire energy chain needs to be analysed and
improvements made bearing in mind the whole
energy chain.

Concept for ecological
city planning

Concept can be based on general global concepts
but have to always be localised. Analysis of en-
ergy systems is a key factor in order to find the
best solutions for an ecological district.
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6. Discussion

The research question was whether energy efficient urban planning can be sup-
ported by a higher degree of regulations. The main research question was analysed
by analysing whether a holistic approach to energy system planning could be ben-
eficial in this aspect, leading to the question whether a regulative approach is
needed to achieve a holistic approach. The role of tools and guidelines steering the
regulations in the right direction was the follow up question.

In this chapter these questions are discussed based on the findings from the anal-
yses described earlier, following the life cycle of the urban planning process from
regional planning phase to renovation of existing districts.

Different stages of the urban planning process can determine different aspects re-
lated to energy efficiency and sustainability. Below these phases are discussed from
a Finnish perspective (summarised in Table 6) with some further discussion looking
at the topic in a wider, international context. It should be noted that urban planning
processes differ from country to country. In general, the planning is done on different
levels with more national level decisions being made in general plans and the deci-
sions moving down to the community and even individual level when the scope nar-
rows to city plans, detailed city plans and plans of blocks and houses.

6.1 Regional planning phase

In the regional plan, decisions are made related to major infrastructures on a re-
gional level and some base principles related to placement of daily services, for
example the decision on whether the city is allowed to plan big food markets outside
the city centre. This is an example of a decision that, when being made looking at
the cities short term economic benefits, might lead to a non-sustainable solution in
the long term. Therefore, it is positive that such decisions are made on a regional
level and are not being steered by a city’s short term interests. Major transportation-
related decisions are made in this phase also as are decisions related to railways
and other regional logistics infrastructure. These are all aspects that have a major
influence on the mobility of people and have a great effect on emissions and energy
efficiency. In recent years there have been examples of regional plans that better
take sustainability into account, one example being a stricter approach to daily ser-
vices being placed outside of city centres. There are, however, still improvements
to be made in this; the interpretation of the legislation in these aspects can vary a
great deal among planners. Assessment tools for assessing the impacts of different
planning decisions are needed in order for the effects on sustainability to be more
easily known and therefore the decisions being more accepted also at the city level.
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When assessment can be made more precise with agreed objective tools and meth-
ods, the legislation can also be more detailed and will be less dependent on individ-
ual planners’ interpretations and mind-sets.

6.2 Master planning phase

The master planning is done within the community. It draws on the main principles
of a chosen area regarding what type of use the area shall be put to, also called
zoning. The master plan draws up the plans related to public transportation. In re-
gard to energy systems, decisions on building a district heating network for a district
are taken in the master planning phase.

Regarding transportation, the main principle in the master planning phase should
always be to have public transportation, cycle routes and pedestrians as first prior-
ities. Infrastructure for private cars should be planned as the “second or third” option
only. In the city of Porvoo in southern Finland, the master plan of the area Skaftkarr
is a good example of where this thinking has been realised. Even though the area
is —6 km outside of the city centre, the master plan was prepared based on bus
transportation and good cycle routes. In the first realised detailed plan in this area,
the master plan principle was followed by planning the fastest and most direct rout-
ing for the public transportation and cycles only. Private cars were directed to an-
other route. This was, however, not a simple process. The shift from a master plan
decision to detailed plan realisation was not clear to decision makers. The same
decision makers that had approved the master plan were opposing the detailed plan
even when the detailed plan was only realising the master plan. This is an example
showing that more guidelines and tools are needed to show the impact of decisions.
Ways to show what master plan level decisions mean in practice on a detailed plan
level are also needed. In the Porvoo case, this was not clear for all. Most decision
makers agreed on the overall principle but could not understand the practical impli-
cations. This is, of course, natural since decision makers are not experts in city
planning.

The energy systems are to some extent being addressed in the master planning
phase. Details are left for the detailed planning, but the main principles can be laid
down already in the master plan. The district heating network is often addressed in
this phase. As discussed in Articles I, lll and IV, the more holistically the energy
systems are planned, the more likely they are to achieve efficient solutions. The
collaboration between energy utilities and city planners could often be closer in this
phase. In order for the city planners to assess the efficiency of different planning
options, they need input from the energy utilities, for example when assessing the
transmission losses of the network. The energy utilities might benefit if the collabo-
ration could lead to planning of a type that is most beneficial for the installation of
the heating network. It should also be noted that district heating should not be con-
sidered automatically to be the best solution; other options should naturally also be
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considered. The local energy utility could also play a role in other options by devel-
oping their service and business concepts.

Through innovative business models, renewable energy can also be promoted. For
example, in that the local energy utility invests in local renewable electricity produc-
tion installed in buildings. A model worth considering could be that the energy utility
rents the roof space of the buildings and owns the photovoltaic panels and handles
everything regarding electricity production. The business model could be further
elaborated; for example, the rent of the roof could be covered with a specific amount
of electricity. One issue to discuss is whether a highly regulated environment gives
enough freedom for developing such new ways of doing business? When applied
wisely, the regulative approach could even support the creation of new business
models, but most likely in a certain direction chosen by the regulating actor. This in
itself is an obstacle to really new and innovative solutions. These aspects were
partly analysed in Article |, where the heat trading concept of small scaled heat
producers being able to sell their excess heat to the district heating network was
analysed.

In regard to zoning more mixed zoning would be positive while that supports the
development of more daily services available and workplaces being closer to resi-
dential areas. It could be stated in the regulations that the number of workplaces
should be a certain minimum percentage of the number of residents estimated in
the district. This raises the question about how to define a “workplace”? If the plan
includes offices meant for remote workers, are these considered to be workplaces
even if there is no guarantee of the plan being implemented? There is a risk of such
lots being left empty, which does not serve anybody and only makes energy effi-
ciency worse due to less density in the plan. On the master plan level, some zoning
of activities enabling workplaces should at least be targeted. The details are moved
on to the next planning phase, the detailed planning. The impact of workplaces and
daily services on a districts energy efficiency were analysed in Articles Il and V. In
Article 1, an energy efficiency rating tool is described and in Article V, a criteria
setting for EcoCities in St Petersburg, Russia is analysed.

6.3 Detailed planning phase

In the detailed planning phase, the detailed energy use of the buildings can to some
extent be influenced and some measures can be taken to enhance energy efficiency
in living habits. In Finland, ways of regulating such choices are rather limited. The
city plan can today enable renewable electricity production but cannot enforce it.
Ways for enabling it are, for example, to direct houses optimally in regard to the
solar energy production potential, i.e. roofs tilted towards the south with an optimal
angle. In addition, the shading of the roof surfaces from other buildings and trees
can be minimised. Small-scale wind power can be promoted by mentioning in the
plan that it is allowed to place small wind turbines on the roofs or on the lot. By an
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efficient placement of the lots and the buildings on the lots, transmission losses of
district heating can be reduced. All these actions are, however, voluntary for the city
planners. There could be regulations stating that the planners must take these as-
pects into account, that they must enable renewable energy. This would, however,
require support for the city planners in terms of tools, guidelines and a closer col-
laboration with energy utilities. With tools like the one shown in Article Il, a tighter
regulation could be steered towards more energy efficient solutions.

Taking the regulation to a level where it would be strictly regulated to choose certain
energy systems might not be wise. Innovative solutions might not be found if the
choice of energy systems is regulated too much. There is also a risk of such a reg-
ulation being heavily influenced by politics, ending up with regulations supporting
non optimal solutions. Another thing to remember is that there is no single optimal
solution, but the optimum is always dependent on the location, the buildings and the
available resources. Article IV, which analysed energy system renovations in dis-
tricts in Moscow, concluded that analysis of emissions and impacts of different en-
ergy solutions is not straightforward and simple, but analyses must take different
impacts into account and make an overall assessment based on local preferences.
Therefore, it would not be possible to regulate the choice of a specific system. How-
ever, it should be regulated that options need to be analysed and that sustainability
should be taken into account when choosing energy solutions.

The density level of the urban structure can influence the energy-efficiency of a
district as was found in Article Il where an energy efficiency rating tool was de-
scribed. Dense city structure is considered an indicator of good planning, leading to
higher energy efficiency and sustainability due to services being close and public
transportation systems being profitable and well working. An interesting aspect in
this regard is whether there is a limit to how dense the urban structure can get before
the quality of life starts to decrease. Or will the decrease in quality of life happen
only if the densification has not evolved in a regulated manner as is the case in
Alexandria, Egypt. The urban structure is very dense, which should mean very well-
functioning public transportation, but due to a very low level of regulations or en-
forcement of regulation, the end result is poor in terms of mobility and air quality.
When applied to a well regulated environment, is there a point of density where the
eco-efficiency starts to decrease?

6.4 Construction, usage and renovation phase

In the construction phase, the inspection of construction can take an active part in
promoting renewable energy technologies and energy-efficient construction tech-
nologies. In order for the city planner and the inspection of construction to enable
as much as possible and support the individual builders, they need to know what to
promote. The questionnaire done for urban planners and construction inspectors
showed a lack of knowhow and need for tools and support. When having easy-to-
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use tools that show what kind of energy solutions would lead to the overall most
energy efficient solutions, they can take those solutions into account in their work.
How much the construction inspectors can influence energy efficiency is today de-
pendent only on the activity of the inspectors. The city can be active and train the
inspectors to promote energy efficiency. The City of Oulu in Finland has for many
years been an example of a city in which the building inspection has been promoting
energy efficiency very actively. Some other cities have followed this example, but
the majority of cities still much to improve in this respect. It could easily be regulated
for cities to follow the example of Oulu. It should, however, be noted that cities have
been given increasingly more tasks by the state with less and less money to carry
out the tasks. It needs to be shown that the city will gain from the development and
that it does not require much investment in terms of time and money. This is the
case especially for smaller cities.

When considering the energy efficiency of districts, emphasis is also needed to be
placed on increasing people’s awareness of their living habits and their impact on
energy efficiency. These are, however, things that are not very easily achieved
through the city planning. Availability of daily services and public transportation are
the obvious issues that can be influenced as discussed in Articles Il and V. In Article
I, an energy efficiency rating tool is described and in Article V, a criteria setting for
EcoCities in St Petersburg, Russia is analysed. Domestic electricity use is more
difficult to influence. The city plan can encourage people to install smart electricity
meter devices that, in turn, enable a better awareness of electricity use. The utility
company can, based on the real time energy data, provide different services to the
consumers supporting more energy-aware habits.

Also, renovation activities need to be considered when discussing energy-efficient
districts and city planning. As is clear, the pre-existing buildings consume most of
the energy used by the built environment. There is a huge building stock reaching
a state when major renovations are needed. Nowadays, renovations are most often
done individually for each building, and its more seldom that a holistic approach is
used where whole districts are considered and where energy efficiency improve-
ment is not a key factor in the renovations. By planning renovations holistically and
also taking the energy systems into account a better end result would often be
achieved as was concluded in Articles Il and IV where analyses of district level
renovation concepts developed for conditions in Moscow, Russia, were performed
with focus on energy efficiency and emissions. The challenge in such major reno-
vation project is to get the different stakeholders to work together and to divide the
costs and benefits among the stakeholders. The city planning could be the right
actor to facilitate and promote such a process.
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Table 6. Summary of findings, with a Finnish perspective.
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6.5 The role and importance of regulations

Highly regulated energy markets can be both a positive and a negative thing in
terms of development. Low regulations have a positive impact on market forces.
Enabling free business within energy market can have a positive effect on the im-
plementation on renewable decentralised energy systems and other sustainable so-
lutions. However, a regulative approach is beneficial when long-term solutions are
sought, that does not bring short-term economic benefits, but serves society well in
a longer time perspective. The challenge is to have regulation on a level that both
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steers the development towards the overall optimised solutions without hindering
new innovative solutions from being found.

One development that has been slowed down because of a highly monopolised
market is the heat trading concept that was analysed in Article I. The concept would
allow small-scale heat producers to use the district heating network to sell their ex-
cess heat. The concept has not developed very quickly, one reason being that the
district heating market is quite regulated and investment-intensive, most often dom-
inated by one single actor on a local level. The energy companies have not seen as
being to their benefit to allow small producers to use their networks to do business
of their own. However, the concept enables a more efficient use of the building-
scale production units and, when used on a wider scale, can have an impact on the
sizing of the centralised heat producing units, which would also benefit the energy
companies. Micro CHP units and solar heat are the most probable heating units that
face the situation of excess heat production. In recent times, there have been some
positive signals of the concept being slowly accepted, and we might see this suc-
ceeding in the future.

The key to developing sustainable city plans is for different disciplines to work
closely together throughout the whole planning process. Transportation planning,
planning of buildings and planning of energy systems needs to be done in a holistic
way, working together. This is not to ignore water and waste management planning,
which are not in the scope of this thesis. One example is a district level energy
production system, such as a small-scale CHP plant. It requires a lot assigned to
energy production and possibly needs storage spaces for fuel. In this example, a
close collaboration between the city planning and the local energy utility makes sure
that these are being taken into account in the plan. Proper tools are needed to allow
the choices made to be holistically the most optimal. Otherwise, there is a risk of
the decisions being made only being good for the energy utility and not for society
as a whole and the people living there.

One important aspect when discussing regulative issues is the enforcement of the
regulations. It is not enough to create good city plans and building regulations if
there is no system that makes sure the plans are followed. In Alexandria, Egypt, the
regulations and city plans are not followed fully, and there are seldom any sanctions
for this. The result is a city where there are many buildings that do not officially exist,
where no regulations have been followed. The quality of these buildings is often
very poor and some buildings have even collapsed. Another end result of this is that
the transportation system in the city has not been following the heavily increase of
inhabitants. The public transportation system cannot cover the demand, and there
is not enough room for the cars on the streets. The individual building owners have
naturally not been able to see the holistic impacts of their individual actions; they
have acted according to what is best for them on a short-term perspective. This is
the way people tend to act when there is no societal pressure to steer them into
acting in ways that is good for society as a whole.
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To involve inhabitants and other stakeholders more in the city planning process has
been an objective in the Finnish city planning process for some time now. New
methods are continuously sought for engaging different stakeholders including res-
idents as much as possible throughout the planning process. This is a good devel-
opment which leads to both a higher acceptance of the plans, which in turns allows
the plans to be more regulative. People tend to accept regulations and rules if they
have been involved in their development. Also, for the purpose of engaging people
in the planning process, tools can be of great value. To be able to show the energy
efficiency impact of different planning solutions gives a much stronger base for the
discussions than the aspects only being addressed in general terms.

When proposing a higher level of regulation to enhance a more energy-efficient built
environment some caution needs to be taken due to the political factor. There is a
risk that such regulations might not in the end be striving for the best technical so-
lutions, but for the solutions that are considered the best politically. In this respect,
there might be lots of lobbying from different sectors that are in a competing situa-
tion. This might be the case with different energy system solutions. The case with
the primary energy factors used in calculating the E-numbers of the buildings is an
example of this. The factors do not show the technically correct primary energy us-
age. It is an end result of lobbying and political compromises.

6.6 Further research

This thesis addresses only the energy efficiency of the built environment. It is clear
that the scope needs to be extended to cover the sustainability of the built environ-
ment. It is of the greatest importance to include economic aspects in order to create
solutions and processes that are realisable. How to weigh individuals’ economic
interests and the economic interests of society and how to weigh short-term and
long-term economic implications are challenging issues to consider in developing
any regulations impacting planning.

Social well-being is the third main aspect besides environmental and economic
ones that need to be addressed when enlarging the scope from energy efficiency to
sustainability. In general, it is likely that an increased level of regulation would re-
duce social well-being due to fewer possibilities of affecting choices related to peo-
ple’s own houses and ways of living. On the other hand, if social aspects are taken
into account well when setting the regulative boundaries, this might be overcome,
and we might end up with solutions that increase social well-being compared to the
situation today. This would require that the supportive tools take into account all
three corner stones of sustainability in the assessment of different solutions. In that
way, the planners could regulate solutions that are sustainable overall. It is chal-
lenging to include social aspects into such tools, since those factors are difficult to
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turn into numbers. This is a topic where a great deal of further research is still
needed.

A broader internationalisation of the results would be of benefit. Urban planning
processes differ from country to country. A general guideline that could be easily
adapted to local conditions could be of great benefit to achieve a wider impact of
the results. The local conditions also differ in terms of the existing energy infrastruc-
ture. Whether there exist district heating networks or gas networks impact the pos-
sible energy solutions at hand. Also the primary energy factors of the district heating
and electricity are local factors to take into account. An analysis of how these factors
impact the overall energy efficiency and optimal energy solutions would be benefi-
cial.

Primary energy factors used in this research are the ones that in Finland have been
politically chosen to be used within the energy rating system. These are a mix of
actual primary energy factors and a lobbying process from different interest groups.
| would be of great benefit to decision makers if it could be shown how the factors
impact the overall energy efficiency of districts. A sensitivity analysis showing the
overall energy efficiency of districts with differing primary energy factors would give
input to this discussion.
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7. Conclusions

The topic of energy efficiency in city planning can be divided into three main areas:
the urban planning process, transportation solutions and energy systems covering
demand, the transmission and production of energy. The field is broad and the chal-
lenge is to combine the different aspects into a holistic approach.

The objective of this thesis was to analyse the role and impact of regulation in the
development of energy efficient districts.

The journal articles (Articles I-1V) concluded the following:

e A holistic approach and enabling new heat trading models in district heat-
ing systems enable a district’s self-sufficiency in terms of energy. These
support more sustainable energy solutions in districts. (Article I.)

o Tools to assess energy efficiency of districts enable city planners to easily
compare detailed city plans. This enables energy-efficient solutions to be
selected if a regulative approach is chosen. (Article 11.)

e To achieve a universally efficient energy solution, the entire energy chain
needs to be analysed and improvements made, bearing in mind the whole
energy chain. Such analyses can only be done with a top-down approach.
(Article IIl.)

e The interpretation of the analysis of emissions of different energy choices
can be complex. In order for a city planner to assess these impacts, sup-
portive tools and guidelines are needed. It was also shown that quality of
life is often improved through large renovation activities, which often can-
not be performed without a regulative holistic approach due to the eco-
nomic constraints of individual apartment owners. (Article IV.)

For city planners to be able to take holistically sustainable decisions, support is
needed. The challenge of combining different disciplines into a holistic approach
leads to the need for both easy-to-use tools, guidelines and above all a planning
process that brings the different disciplines together. Without a holistic approach,
the end result is easily a sub-optimised solution.

It is important to understand the different planning phases and what decisions are
made at which stage. The impacts of decisions made in the different planning phase
are important to show to decision makers. Also, it is important to understand how
the decisions taken in one planning phase influences the following planning level
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and this needs to be clearly shown to decision makers. Today, there is a lot to be
improved in this respect.

Based on findings in Articles Il, lll, IV and V, it can be concluded that there are many
ways for the city planners to take energy-efficiency into account and to enable re-
newable energy sources and sustainable transportation solutions. However, all
these measures are today voluntary for the city planners. There is no obligation for
them to do their best in achieving energy-efficient city plans.

It is recommended that the city planning process should be regulated to demand
that city planners and energy systems planners address energy efficiency by the
following means:

e Mixed zoning should always be considered. It should be stated in the reg-
ulations that the number of workplaces should be a certain minimum per-
centage of the number of residents estimated in the district. Also different
residential housing types rather than the typical one family house districts
should be considered in order to achieve higher density. The tool de-
scribed in Article 1l shows the impact of workplaces on the districts energy
efficiency.

o The energy efficiency of a city plan should always have to be assessed, and
the efficiency classes of different planning options should be disseminated to
decision makers and other stakeholders before approving the plan.

e In urban settlements, it should be obligatory to include in the city plan daily
services at a walking distance from residential buildings. If this is not eco-
nomically feasible, it should be ensured that public transportation is available
for reaching the services. The availability should include a good level of ser-
vice of the public transportation system. The tool described in Article Il shows
the impact of daily services on the districts energy efficiency.

o Transportation should always be planned with public transport and cycle
and pedestrian routes as first preference. Centralised parking outside of a
residential district should be considered. The availability of charging poles
for electrical cars should be included in the centralised parking places.
Parking place costs should not be allowed to be included in the price of
apartments or houses, but should be always an extra cost paid only by
those who use the parking place service. With the tool described in Article
11, parking solutions impact on a districts overall energy efficiency can be
assessed. As discussed in Article V, transportation solutions are key fac-
tors in an EcoCity concept.
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e  When placing buildings and setting boundaries for the roofs, in the detailed
planning phase, maximum solar utilisation should always be considered. It
should be noted that this planning should be done together with planning
the whole energy system in the district. If the district has a common energy
distribution system, an overall optimal solution might be achieved by plac-
ing some buildings towards the east, some towards the south and some
towards the west, in order to achieve an overall maximum solar utilisation.
Such solutions can only be found if the system is planned holistically as in
the next bullet point.

e Energy systems should always be considered holistically in the master
plan phase as well as in the detailed planning phase. The aim should be
to analyse which energy system is the most feasible in the specific loca-
tion. A close collaboration between the energy utility and the city planners
should be obligatory.

e  The municipalities building instructors should be obliged to follow the ex-
ample of the City of Oulu, increase their knowhow and take an active ap-
proach in supporting builders to achieve better energy efficiency. A na-
tional education module should be developed and carried out for this im-
portant group of experts. The questionnaire showed a need for further sup-
port for this group.

e As discussed in Articles Il and IV, the municipality should have a coordi-
nating and leading role in any major renovation actions (meaning more
than a single family home renovation project) to enable a holistic approach
in the renovation enabling energy efficiency improvement potential to be
realised. The energy utility should be involved in this process as well.

To conclude, it should be noted that, even though the recommendations listed
above might feel too regulative and like reducing the individual’s right to live their
lives as they please, their overall aim is to increase the quality of life and to increase
the welfare of society as a whole. Allowing stakeholders to plan solutions based
only on their own interests leads to sub-optimised solutions. Energy-efficiency is a
multidimensional issue which can seldom be achieved by such sub-optimised solu-
tions. Our society is facing such tough times in terms of energy usage and emissions
that a stricter more regulative approach to planning is needed.
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Abstract

This study examined the decentralisation of energy production with possibilities of trading not only electricity but also
heat. This was carried out with a limited population of buildings connected to the district heating network in a small town
in Finland.

The study examined whether a buildings community could be self sufficient with respect to heat by using small CHP
plants, and explored the consequences of such an energy system. It also aimed to find an optimal solution. Therefore,
it searched in what type of buildings should the micro-CHP plants be installed and with what kind of strategy should they
be operated in order for the community to be energetically self sufficient without producing lots of excess heat.
© 2006 Elsevier Ltd. All rights reserved.

Keywords: Decentralised energy systems; Heat trading; Micro-CHP; Fuel cell

1. Introduction

In centralised energy systems electricity is produced in large power plants and delivered to the consumer
through the grid. Combined heat and power generation (CHP) used in large power stations is a process where
heat, generated as a side product of electricity production, is captured and delivered by means of district heat-
ing network to buildings.

Decentralisation of energy production means generation of energy close to, or at the consumption site. Dis-
tributed energy systems enable the use of a lighter infrastructure; the transfer capacity does not need to bear as
high loads as with centralised energy production. This might lead to lower cost investments.

Decentralised power production has already reached the level of an individual building. We use the term
“micro-CHP”” when referring to a combined heat and power generation plant installed in a building. Accord-
ing to a recent study [1] fuel cells technology is one of the most interesting technologies for applications in
CHP plants in buildings. Fuel cells can perform well at part load and can operate with different fuels, the most
common being natural gas. While operating on pure hydrogen there are no polluting emissions at all.
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However, according to a recent study [2] this is an expensive technology which is still in its developing phase.
Market competitiveness of fuel cells could be improved when they are used in systems where there is energy
trading.

Long lasting power blackouts have become more common, especially in the USA. It has been forecasted
that these kinds of power blackouts will become more common in the future due to aged and overloaded
transmission systems and an increase of electricity demand. Therefore, a vision of energetically self-sufficient
buildings becomes more interesting with such forecasts. Using micro-CHP plants is one way of providing ener-
getically self sufficient buildings.

When a micro-CHP plant produces electricity, it also produces heat that can be regarded as a “‘side-prod-
uct”. This heat can be used to cover the buildings heat demand. If more heat is produced than demanded, the
excess heat could be sold to the district heating network. If more electricity is produced than demanded, it
could also be sold to the electrical network. However, this study focuses on heat trading.

2. Methodology

A simple computer program was developed to calculate the heat and electricity demand and production for
a group of buildings for each hour of the year. Seven different building types with different consumption pro-
files were included in the study (detached houses, terrace houses, apartment buildings, hospitals, educational
buildings, offices, assembly buildings). For the residential and the office buildings, both new and old buildings
were included in the study. Table 1 shows all the different types of building that were considered in the
simulations.

The cases that have been studied are listed in Table 2. In this paper the letters of Table 2 will be used to
describe the different cases.

There was a central CHP plant connected to the network and it was assumed that each building could be
equipped with an individual micro-CHP plant, which provided heat (and electricity) to satisfy the demand of
the building itself or was sold.

Table 1

Buildings of the case community considered in the simulations

Building type m? % of total
Commercial building 5160 2
New office 17 320 7
Old office 20 780 9
Old apartment building 71 240 29
New apartment building 30 680 13
Hospital 5340 2
Educational building 7370 3
Assembly building 13 650 6
Old detached house 44 030 18
New detached house 18 870 8
Old terrace house 5200 2
New terrace house 2600 1
Table 2

Cases used in the study

100% degree of decentralisation

75% degree of decentralisation

50% degree of decentralisation

25% degree of decentralisation

“Optimal solution”

CHP in all except detached and terrace houses

CHP only in residential buildings

CHP only in residential buildings, constant production strategy

TQTmEmgaw»>
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For the micro-CHP plants it was assumed that for each kW h of electricity produced, there were also
2 kW h of heat.

2.1. Cogeneration operating strategies
The following cogeneration strategies, based on a previous study [3], were considered:

o Electrical load tracking strategy: the micro-CHP plant has an electrical capacity that exceeds the minimum
electrical requirement for the facility. The micro-CHP plant power output changes in response to the needs
of the facility.

o Thermal load tracking strategy: the system is designed to follow the thermal load of the facility. The power
generated during the supply of the thermal load is used to replace purchased electricity. The excess power
can often be sold to the utility company.

o Electrical base load strategy: the micro-CHP plant is designed to supply the minimum amount of power
required by the facility. Therefore, the micro-CHP plant can operate continuously at peak power output.

o Thermal base load strategy: the system is designed to meet the minimum thermal load. Thermal energy to
meet peak loads is provided by an auxiliary heat source, such as a boiler. Power is purchased from or sold
to the grid to balance the electricity demand of the facility with power supplied by a fuel cell system.

3. Results

The case town has both residential and non residential buildings. It is estimated that 70% of the residential
buildings are old while 30% are new. The age of the buildings affects the energy demand curves. Simulations
answered the question whether the town could be self-sufficient in terms of heat or electricity production. It
also answered whether the community could sell some heat or electricity and whether it needed to buy from
the centralised energy production.

At first, three cases — most relevant for this study — are presented in more detail. Subsequently, the other
cases are included in comparison and discussion of annual results.

3.1. Case A: 100% decentralisation

As a base case, the degree of decentralisation was set to be 100%, which means that all the buildings have
their own micro-CHP plants. The plants followed an electrical load tracking strategy. In this base case, the
town was completely self-sufficient with respect to heat from June to September (see Fig. 1). During these

Case A

Monthly average values for each hour of a day for three different months
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Fig. 1. Amount of decentralised heat production in Case A relative to heat demand.
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Fig. 2. Amount of decentralised heat production in Case F relative to heat demand.

months heat could be sold to the district heating network. Further analysis showed that when the degree of
decentralisation was lower, the system naturally needed more heat from centralised production. The results are
calculated as monthly average values for each hour during the day.

3.2. Case F: Decentralised production in other than small detached and terrace houses

Another case was when micro-CHP plants are installed in all building types except for small detached and
terrace houses. This means that all of the buildings, except detached and terrace houses have a micro-CHP
plant. The micro-CHP plants followed an electric load strategy. In this case the whole community is self-suf-
ficient with respect to heat from June to September. The excess heat from the buildings which have a micro-
CHP plant covers the heat demand of the small detached and terrace houses. During these months, there is
excess heat production up to 250% of the total heat demand (see Fig. 2). Here, a question to consider is
whether there is enough capacity in the district heating network for this excess heat production and whether
there are buyers for this heat.

3.3. Case E: Optimal solution

An optimal solution was empirically searched for. By optimal we mean that the shared distributed energy
production should be close to 100% at all times, i.e. centralised heat production would not be needed at all and
the excess decentralised heat production would be zero. The community would, in other words, be self-suffi-
cient and not have excess heat production. The closest we got to this optimal case was a solution where the
share of distributed energy production varied between 55% and 200% of the total demand, the 200% being just
a peak at around 16 h (see Fig. 3).

This solution was found by modifying Case F so as to allow different operation strategies for CHP plants in
summer and in winter in all but the apartment houses. The seasonal switch changes were not made in the
apartment buildings since it was assumed that they have more seldom professionals handling their technical
service systems. In winter, the micro-CHP plants were set to constantly produce 125% of the maximum elec-
tricity demand, this figure being only 25% in summer. In the apartment buildings, the micro-CHP plants fol-
lowed an electric load strategy all the time. In this case, considerable amount of electricity was being sold
during winter, while in summer electricity was needed from the centralised unit. Since prices are higher in win-
ter than in summer, this was advantageous for the producer.



3656 A Nystedt et al. | Energy Conversion and Management 47 (2006) 3652-3658

Case E
Monthly average values for each hour of a day for three different months

250

200 -
S
~ 150 - —%¢— January
c .
i) —a—April
© 100 - —a—July
£

1 3 5 7 9 11 13 15 17 19 21 23

Hour

Fig. 3. Amount of decentralised heat production in Case E relative to heat demand.

3.4. Comparing different cases

Fig. 4 shows the need for centralised heat production for five different cases. Four cases had micro-CHP
plants in all types of building, the first case having them in 100% of all buildings (case A), the second in
75% (case B), the third in 50% (case C) and the fourth in only 25% (case D). The fifth case is the “optimal
solution” described earlier (case E). As can be seen, when the degree of decentralisation is lower than 50%,
centralised heat production is needed even in summer months. In the optimal solutions curve it is clearly
shown that the parameters for the micro-CHP plants are changed in May and September. In this case, the
community produces some excessive heat during summer, early spring and late autumn. However, the exces-
sive production is not as great as in the case of 100% decentralisation.

In Fig. 5, we see that the amount of heat needed from the centralised production varies between approxi-
mately 0.5 and 8.6 GW h/year, the total yearly heat demand of the community being 10.7 GW h. The worst
case is with a decentralisation degree of only 25%. The best case is with micro-CHP plants in residential build-
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Fig. 4. The need for centralised heat production in a number of selected cases.
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Fig. 5. Net heat from centralised production, decentralised production and excessive heat production in different cases.
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Fig. 6. Centralised electricity production for selected cases.

ings running with constant production. This case, however, produces a lot of excessive heat which the optimal
case, case E does not as much.

Fig. 6 shows centralised electricity production for selected cases. When micro-CHP plants are installed only
in residential buildings and operating with constant electricity production (case H), the community has a lot of
excessive electricity production. When the case is the same but the plants have an electric load tracking strat-
egy (case G) there is constantly a need for centralised electricity production. We get approximately the same
result from the case where plants are installed in all other building types than detached and terrace houses
(case F). In the “optimal case” (case E) there is excessive electricity production from October to April. In
the summer centralised electricity production is needed. Since electricity prices tend to be higher in winter,
when the overall demand is higher in Finland, it is good to sell electricity in winter and buy it in summer.

4. Discussion

Our limited simulations showed that heat trading could be a functional way to develop decentralised energy
systems. There is a potential advantage when buildings, with consumption profiles that are different in shape
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and/or timing, are connected through a district heating network. However, it is unlikely that this potential
could be utilised by simply providing a micro-CHP plant to every building. A holistic approach to dimensioning
and control strategies in different buildings will be needed as well as a smart mix of buildings with and without
CHP plants. A possibility to use thermally activated cooling in the district heating network could be considered
as a supplementary measure for use of the excess heat in summer.

Theoretically, heat trading could be a functional way to improve the financial prospect of micro-CHP
plants. Having a way to sell the excess heat production improves the cost-effectiveness. However, there are
obstacles since the heat market is not yet a free market but is still a regulated one which is a major threshold
for a functional heat trading.

The emissions trade would also apply to small producers since it is stated that if the network has a capacity
higher than 20 MW all producers in the network are concerned by the emissions trading. This is a regulation
meant to forbid centralised production to split up its units to avoid the emissions trade. By using fuel cells
operating with hydrogen we do not need to be concerned about this since there are no CO, emissions. Having
a plant with no CO, emissions also gives the opportunity to sell emissions quota. This is, however, one kind of
a micro-CHP technology which has still many obstacles.

If heat trading would be a reality there would be a need for some party to manage the whole trading system.
The energy companies seem naturally suited for this since they have the know-how about the district heating
networks and their functionality. Today it seems as they see the heat trading concept as a competition to their
business.

One serious possible obstacle for a widely spread heat trading is that micro-CHP plant often uses natural
gas as a fuel, which means that it most often has to be connected to a natural gas network. At the same time,
the building has to be connected to a district heating network in order to sell out its excessive heat. It is quite
rare in Finland (but not e.g., in Central Europe) that we have both a natural gas network and a district heating
network at the same location.

5. Conclusions

Our limited simulations showed that heat trading could be a functional way to develop decentralised energy
systems. There is a potential advantage to be utilised when buildings, with consumption profiles different in
shape and/or timing, are connected through a district heating network.

Economic aspects were left outside the scope of this study. This is an area where further research is needed
in order to understand better the possibilities of heat trading. Technical demand on the district heating net-
work is another aspect that has not yet been taken into account in the study. The promising perspectives
of the heat trading concept will be further investigated in the near future.
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There is an increasing political pressure on the city planning to create more energy efficient city plans.
Not only do the city plans have to enable and promote energy efficient solutions, but it also needs to be
clearly assessed how energy efficient the plans are. City planners often have no or poor know how about
energy efficiency and building technologies which makes it difficult for them to answer to this need
without new guidelines and tools. An easy to use tool for the assessment of the energy efficiency of
detailed city plans was developed. The aim of the tool is for city planners to easily be able to assess the
energy efficiency of the proposed detailed city plan and to be able to compare the impacts of changes in
the plan. The tool is designed to be used with no in-depth knowledge about energy or building
technology. With a wide use of the tool many missed opportunities for improving energy efficiency can
be avoided. It will provide better opportunities for sustainable solutions leading to less harmful

environmental impact and reduced emissions.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

The buildings sector has been recognized as a key sector of the
economy in improving sustainability. The United Nations panel on
climate change IPCC has estimated that the greatest greenhouse
gas reduction potentials are available in buildings (IPCC, 2007).
Concerning Finland, it has been estimated that a few percent
higher investment in energy efficient construction and renovation
can decrease total primary energy consumption of the country
4-5% by 2020 and 5-7% by 2050 (Tuominen et al., 2013).

Various environmental assessment tools have been developed
for the building sector to improve sustainability and support
decision making during the past few decades. Recently the focus
of assessing energy efficiency and sustainability of built environ-
ment has expanded from single building level into neighbour-
hoods, district and even city level assessments (Haapio, 2012).
There are already lots of different assessment tools for evaluating
energy efficiency and sustainability, such as internationally well

* Corresponding author. Tel.: +358 40 5703798; fax: +358 20 7227001.
E-mail address: Asa.Hedman@vtt.fi (A. Hedman).
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known LEED for Neighbourhood Development (LEED, 2011),
BREEAM Communities (BREEAM, 2012) as well as CASBEE for
Urban Development (CASBEE, 2007) and CASBEE for Cities
(CASBEE, 2011). In addition, national assessment tools and frame-
works for sustainable built environment are developed in specific
projects in Finland. Lahti et al. (2010) developed a tool for
evaluating eco efficiency of areas in the city of Helsinki.

Energy efficiency is one of the key targets for city planning, but
at least among Finnish city planners, there is a lack of tools for
evaluating the energy efficiency of districts. Especially support is
needed when estimating the effects of different decisions and
actions within a district. Feedback from city planners has shown
that the existing tools are rather complicated to use and take too
much time. A need for an easy and fast tool was expressed in the
feedback. To fulfil this need, a tool for rating energy efficiency of
Finnish districts was developed in Ekotaajama project between
2010 and 2012.

The target was to provide a quick and easy-to-use tool for
evaluating energy efficiency of districts for city planners, focusing
on aspects that can be influenced on a detailed city planning level.
Energy efficiency rating is based on primary energy use, in order to
take into account both the energy demand and the energy source.
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It is possible to evaluate different areas, for example with
centralised energy production systems, such as district heating,
but also distributed energy production and separate energy
production systems of buildings. Energy demand is being assessed
mainly through the energy classification rating system taking the
heating and electricity demand of buildings into account.

The decision to use primary energy as the indicator was done
because of many reasons. The tool was to indicate energy efficiency,
not low emissions. The use of primary energy supports the energy
efficiency rating taking the whole energy chain into account. If
emissions were to be used, it should be assessed which emissions to
take into account and with what weighting factor. The common way
to use only CO, eqv as indicator was dismissed because of many other
emissions also having an important role. One example is particle
emissions. In rural areas small scaled wood heating is common and
can create lots of particle emissions which can have negative impacts
on the local air quality. The tool was based on the energy classification
rating systems which are based on primary energy demand; this was
another reason for choosing primary energy and using the same
primary energy conversion factors as in the energy classification rating
system. The energy classification rating was in turn chosen because it
enables city planners to easily evaluate the energy demand of the
buildings without having building physics knowhow.

1.1. Finnish city planning processes

To better understand the use of the tool, a short description of
the city planning process in Finland is given below.

The Land use- and Construction Law (LCL), that contains rules
for both land use planning and instructions for constructing, was
founded for the purpose of creating a healthy, safe and comfor-
table living environment where the needs of different population
groups are taken into account. The purpose of the law is to:

® organize land use and constructing objectives to provide for
good living environment,

® promote development in terms of ecological-, economical-,
social- and cultural sustainability, and

® secure the possibility of individuals to take part in preparation of
matters, quality of planning and interactivity, versatility of exper-
tise and open publicity (Ministry of the Environment, 2012b).

Fig. 1 illustrates the hierarchy chain of urban planning in
Finland. The Finnish Ministry of the Environment elaborates the
Nationwide Objectives for Land Use (NOLU) based on the Land
use- and Construction Law, international agreements and EU
directives. The NOLU is for balancing the development of regions
and therefore also dictating all of urban planning in the country. It
contains strategic decisions on higher level such as those con-
cerning nationwide road- or rail networks and harbours. Based on
the NOLU regional councils prepare their regional plans which are
to be approved by the Ministry of the Environment (FINLEX, 1999).

Each regional council prepares a land use plan for their own region
which usually involves several municipalities. The regional plans in
turn serve as a frame for urban planning in the municipalities. Urban
planning on a municipal level is about bringing forth a master plan, a
town- or detailed plan and in some municipalities also a shore plan.

The master plan is made to direct the development and land
use for the municipality as a whole, while a detailed plan is more
specific and concerns certain areas of the municipality. The master
plan forms in that sense a bigger picture that detail plans must fit
into. The shore plan on the other hand dictates the use of shore-
land (often for vacation settlement) (FINLEX, 1999).

An important issue is that all municipalities do not have equal
resources allocated to urban planning. Larger municipalities or cities
have in general more resources than smaller municipalities, usually

Land use-and
Construction Law (LCL)

$--

Nationwide Objectives
for Land Use (NOLU)

b _____________________

Ministry of the
Environment

Regional Plan (RP) Regional council

_____________________ TL

Master Plan (MP)

Municipality

Shore Plan (SP)

Fig. 1. The hierarchy chain of urban planning in Finland (FINLEX, 1999).

they have an own city- or urban planning department for developing
both the master- and detailed plans. Urban planning departments
mainly consist of architects and might often include land surveyors as
well. Smaller municipalities may not have a department for urban
planning and might therefore outsource some of the tasks to compa-
nies or consultants. Also, the responsibility of urban planning belongs
to the head of urban planning department in larger municipalities,
while in smaller municipalities it might be appointed as one of the
tasks of a head engineer or technical manager. This further underlines
the unequal prerequisites for urban planning between municipalities
in Finland (Loytonen, 2011; Simons, 2011; Tommila, 2011).

The master plan is as earlier mentioned a general plan for
directing the societal structure and land use of a municipality in its
entirety. Existing social structures, economic- and ecological sus-
tainability and natural values are to be paid attention to when a
master plan is being developed. It also has to secure the inhabitants
accessibility to social infrastructure and services such as water
supply and sewage, energy- and waste management and roads.

A master plan could also be made for only a part of a municipality
(partial-master plan) or jointly made by several municipalities
(jointly drafted plan) (Ministry of the Environment, 2012b). The
objectives and restrictions of a master plan are to be considered for
the preparing of detailed plans. The detailed plan in turn defines the
land use and construction of certain areas by taking into account
local circumstances, city and scenery picture, and good construction
methods (FINLEX, 1999).

A detailed plan includes a map where borders are declared for
the planned areas. The map also contains information about what
purposes different areas are going to be used for, the level of
construction and principles regarding the localization and size of
the building and also the method of construction when needed.
Both the master and detailed plan are approved by the municipal
council. According to the land-use and construction law, those
people who are affected by the plans are also given the right to
influence them (FINLEX, 1999).

Once a detailed plan is approved, it is the task of the building
inspector to follow up on its implementation. The building inspector
is responsible for ensuring that all construction is following plans
and regulations, and that the built environment is safe and sustain-
able. They also grant building rights, offer counselling when needed,
and decide in the end when a building can be brought into service
(Ministry of the Environment, 2012b).

In the development of this energy efficiency rating tool, detailed
city planning areas are considered as districts. One detailed city plan
being one district. In the development project, Ekotaajama, five
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districts were analysed. The districts were small with a resident
number varying between 85 and 180. The considered districts were
all in rural areas in the Jyvdskyld region and consisted mainly of
residential one family houses. Two case areas also included also
industrial buildings. However, the developed tool can be used for
larger districts as well, and it can also include high rise buildings and
other than residential buildings. The analysed cases are representing a
very common residential district type in rural Finland. In this article a
brief comparison of the different case districts are presented and one
case district has been chosen for more in-depth sensitivity analysis.

2. Methodology for developing the energy efficiency rating
tool for districts
The aim was to develop an energy efficiency rating tool for

districts. The main target group of the tool users were city planning
professionals. They may not be familiar with construction and

District level energy classification

energy production technologies. This fact was taken into account
in the tool development. In practise, the tool had to be easy and
quick to use. The rating tool is spreadsheet based, and is freely
available in the internet (Jyvdskyld Innovation, 2012). The input
section of the tool is presented in Fig. 2.

An example of the results provided by the district energy rating
tool is presented in Fig. 3. The format of the rating resembles the
energy rating of buildings used in Finland.

Energy efficiency rating is based on primary energy consump-
tion, in order to take into account both energy demand and used
energy source. The tool is designed to compare different solutions
within one district; therefore results comparing different districts
are not comparable with each other. In order to get a good
understanding about the expectations for the tool discussions
were held with city planners from the five case cities in the
Ekotaajama project. Additional to these interviews the results from
a questionnaire that was done for city planners in another project,
Ensio, was used.

Surface area of the district 0.06|km?
Total floor area of buildings 5350|m?
Number of residents 156
Number of apartments 39
Area density 0.089 (Ratio of total floor area and districts’ surface area)
1. Buildings
Electrical sauna
Detached buildings, Energy Efficiency class under 110 kWh/m2 B (151-170) | under 110 kWhl%
Share of total floor area %,_100 % 100 % 0% | 0% O
District heat [] Renewable
Building-specific energy production Renewable Renewable | Heat pump |
Row houses, Energy Efficiency class G (over 280) C(121-140) | C(121-140) |
Share of total floor area % 0% 100 % 0% | 0% | ]
District heat [] District heating
Building-specific energy production Renewable Fossil | Fossil |
Apartment buildings, Energy Efficiency class G (over 280) F (231-280) | E (181-230) Building sauna
Share of total floor area % 0% 100 % 0% | 0% O O
District heat [] Heat pump
Building-specific energy production Electricity Renewable [ Renewable
Industrial buildings, Energy Efficiency class* 160 160 I 160 Jkwhim2a
Share of total floor area %[ 0% 100 % 0% | 0%
District heat [] Renewable
Building-specific energy production Renewable Renewable | Renewable
Services buildings, Energy Efficiency class under 100 kWh/m2 [ G (over 440) [ under 100 kWhl%
Share of total floor area %[ 0% 100 % 0% | 0%
District heat [ Fossil
Building-specific energy production Renewable Renewable | Fossil |
Office buildings, Energy Efficiency class E (171-230) F (231-320) | under 70 kWh/m2_|
Share of total floor area % 0% 100 % 0% | 0% |
District heat [] Renewable
Building-specific energy production Renewable Renewable [ Fossil |

2. Electricity production in the district
From renewable energy sources

Share of electricity produced from RES

3. Transportation solutions
Centralized parking at district's edge
Public transport stops

Bicycle routes

Bike storage/parking places

OrEO

Designed to promote cycling: smooth and pleasant experience

Secure and easy to use

4. Distances to everyday services

Grocery store

Health center/clinic

School

N Y N N

Daycare

km
km

km

5. Work places
Remote work stations
Workplaces within the district

pcs
pcs

Fig. 2. The input and results sections of the rating tool.
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Fig. 3. The result diagram of the district energy rating tool.
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Fig. 4. Results of the questionnaires question “How familiar are the following energy systems?”

2.1. Questionnaire to city planners

A web-based questionnaire study was performed during
January 2012 regarding the city planners and building inspectors
views on energy related questions in the city planning process.
The aim was to find out the level of knowhow and the need for
supporting tools and guidelines. The questionnaire was sent to 100
city planners and 350 building inspectors covering all of Finland.
There were 92 respondents, 58 from the building inspection and
32 from the city planning. There are 320 cities and communities in
Finland (Kuntaliitto, 2013). The questionnaire was sent to over 300
cities and communities in Finland, answers received were 92. This
represents about one third of the cities in Finland, which can be
regarded as good hit rate and the results can be considered
representative for the cities in general.

One of the results was that the term primary energy was rather
unknown. Only 53% of the building inspectors and 63% of city
planners answered that the term was familiar. This might be an

issue to take into account when distributing the tool, since the
calculations are based on the energy conversion factors and that
needs to be clarified for the users.

The familiarity of different energy systems was also surveyed
(see Fig. 4). District heating was very familiar solution, as could be
expected since it is very commonly used in Finland. Surprising was
that CHP (combined heat and power production) was unknown,
70% of the respondents didn't know at all what CHP is. This shows
that the terminology used with energy experts and city planner
experts is not always common. Most of the common renewable
energy systems were rather well known. Solar energy systems
received unexpectedly some “not known at all” answers.

The questionnaire also showed that it is felt as challenging to
compare different energy systems and only a small portion of the
respondents knew how they could improve the usage of renew-
able energy through the city planning.

Other challenges were the communication with decision makers,
lack of resources and the information being to spread out and not
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enough processed. These are aspects that can be eased by the tool
developed while it easily compares different alternatives and shows
the energy efficiency rating of the district in a clear and under-
standable form.

2.2. Energy demand of buildings

City planners often have no building technology background. In
order for them to be able to assess the energy demand of buildings,
the energy labels assigned by energy certificates were used. The
energy label rating system of each specific building type, such as
detached building, has an individual scale of energy consumption for
the labels from A to G. In Finland, current building regulations
require that for each building the energy class (E-number) has to be
calculated. Therefore it is an easy way to steer energy efficiency by
demanding tighter E-numbers in the city plan or in the plot assign-
ment stipulations. The plot assignment stipulations is an instrument
used by the local authority to give detailed binding instructions
about building and the use of the environment for private devel-
opers, in case the local authority as a landowner assigns (sells) the
plot to a private developer for building, or the issue is agreed on in
the land use agreement.

The Finnish E-number describing the total energy demand of the
building was used as basis for the rating. It entails all energy use in
building, including electricity, heating energy, and cooling energy
demands. In addition, the energy source used is also taken into
account in the E-number of the building by multiplying the energy
demands with energy conversion factors of used energy sources. The
number is a theoretical value, whereas the actual realised energy
demand is naturally dependent on the inhabitants' behaviour and
the sizes of the families living in the houses. It needs to be clearly
stated that more specific energy calculations need to be done before
making any investment decisions regarding the energy systems of a
district (Ministry of Environment, 2009, 2012a).

For some building types there is no E-number system, (industrial
buildings, churches etc.). For these kinds of buildings, a classification
value was given in the tool to give estimates what is “normal energy
demand level” and “low energy demand level”, which were based on
the estimations provided by a Finnish construction element manu-
facturer (SP Elements, 2010).

Even though the tool does not go into details concerning electrical
appliances in houses, saunas in buildings are still considered. This is
because an electrical sauna has a significant effect on the electricity
demand of a building, and especially on the maximum power peak
load of the building. The power demand of a sauna oven is normally
6 kW. Using a sauna 3 times a week, one hour at a time, which is
rather common in Finland, causes a yearly consumption of over
900 kW h per household. The tool has options for electrical or wooden
heated sauna. In multi apartment buildings it can be chosen whether
all the apartments have their own saunas or if the apartment has one
common sauna. Saunas are culturally very important for the Finnish
people. Even in new small city apartments small saunas are common.
In one family houses and terraced houses close to 100% of the
apartments have saunas. It is therefore very unlikely that we will
see city plans in Finland forbidding saunas, at least in one family
houses. There are, however, ways to increase the energy efficiency of
saunas by decreasing the numbers and the usage of the individual
saunas by offering a nice commonly used sauna in the district.
Planning a nice and luxurious common wooden heated sauna in the
area, for instance by a lake's shore, can be a better alternative than the
own electrical small saunas in each building.

2.3. Analysis of energy production, distribution and source

To ensure the simple usage of the rating tool, the heating energy
source is chosen based on the heat production systems, which were

divided to renewable energy systems, heat pumps, fossil fuels and
electricity. Similar classification of used energy sources and their
energy conversion factors are used in the Finnish building regula-
tions from 2012 (Ministry of Environment, 2012a). Used energy
sources and their energy conversion factors are presented in Table 1.
These energy conversion factors aim to represent the primary energy
consumption of different energy sources in Finland. The Finnish
electricity production mix is presented in Fig. 5. Additional to this
139TWh (16.5% of the total demand) was imported in 2011
(Statistics Finland, 2011).

For each building type, the user of the tool has the possibility to
select three different heat production systems. This is convenient
especially when larger districts are analysed and buildings might
not have uniform heating systems.

For ground heat pumps an estimation of yearly Coefficiency of
Performance (COP) of 2.5 is used in the rating tool. This COP factor is
set in the Finnish building regulations for the calculation of energy
consumption of building, if better performance of heat pump cannot
be proven (Ministry of Environment, 2007 D5). The electricity that the
heat pump uses is converted to primary energy with the factor
1.7 according to Table 1. The heat distribution losses of district heating
network are analysed on a rough level. This was done by analysing the
statistic of all Finnish district heating network statistics provided by
the Finnish Energy Industries (2009). The statistics have data about all
Finnish district heating systems, including the length of the district
heating networks, the total energy consumption in a certain district
heating network and the heat distribution losses of the district heating
networks (as relative to energy production). Analysis was done firstly
by the calculating the key ratio of heat consumption density (MW h/
m) by dividing in the total heat consumption per year (MW h) with
the total length (m) of the network. This heat consumption density is

Table 1
Energy conversion factors in Finland (Ministry of Environment, 2012a).

Energy conversion factor (used in
calculating of Finnish E-number)

Electricity 1.7
District heating 0.7
District cooling 0.4
Fossil energy sources 1
Renewable energy sources (including 0.5
wood and wood based and other
biofuels)
Other energy

sources \
1% il

s

Other fossil fuels
1%

Wind power
1%

Other renewables _/

1% Other wood fuels
7%

Fig. 5. The Finnish electricity production mix. Additional to this 13.9 TW h (16.5%
of the total demand) was imported in 2011 (Satistics Finland, 2011).
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mapped to the relative heat distribution losses of the distribution
network, as presented in Fig. 6.

As a result of this analysis it seems that heat distribution losses
from the distribution network tend to decrease when the density
of the built area increases, as presented in Fig. 6. This is due to the
increased energy consumption per distance of district heating
network. This dependency was taken into account in the tool. The
estimation of heat distribution losses was added to the total
energy demand, if a district heating system was chosen as the
used energy system in the tool. The calculated estimations of heat
distribution losses are presented in Fig. 6.

The consumption density of majority of district heating networks
is between 1 and 3 MW h/m. The variation in the relative losses
presented in Fig. 6 on this range can be explained by the large
number of different types of district heating networks as in such
large array there is variation on the qualities and properties of the
district heating networks. As Fig. 6 illustrates, the distribution losses
may provide a substantial addition to the total energy consumption
of the district. Thus, a correlation between the density of energy
consumption (and thus, the density of the built area) in the district
and the share of heat distribution losses from district heating from
the energy consumption of the buildings was made. The share of
losses relative to area density is presented in Table 2.

In addition to renewable heat sources, also renewable electricity
production was taken into account. An input value in the tool is the
percentage value of how much of the district's electricity need is
produced in the district from renewable energy sources. The approx-
imate electricity demand of the buildings can be derived from the E-
number. A guideline is needed for city planners to assess how much of
the electricity need of a district can be covered locally in the district
with different installations of photovoltaic panels or wind turbines. For
getting actually realistic and accurate energy production potentials,
simulations would be needed. There are, however, no suitable
simulation tools for the city planners for this purpose yet, and they

0.7

0.6 *

Relative heat losses of distribution
network [-]

Consumption density [MWh/m]

Fig. 6. The estimated ratio of the density of energy consumption and the relative
heat distribution losses (which are relative to the total energy production) of
district heating networks in Finnish cities (calculations based on data from Finnish
Energy Industries (2009)).

Table 2

Heat distribution losses relative to the density of the area

(ea)-
e, (Floor area/total area) (%)
under 0.1 25.0
0.1-0.3 15.6
0.3-0.5 9.8
0.5-1.0 59
1.0-2.0 2.8
Over 2.0 2.0

might lack the knowledge to make such simulations. Moreover, the
target of the rating tool is to give quickly and easily an estimate about
the overall energy efficiency in the initial planning phase of a district.
In order for the city planners to get the more precise production
potential, they would need to order these simulations from consul-
tants. This might in smaller cities be a cost that they might not be able
to cover, and therefore a general estimation of the energy production
potential is needed in order to get some indication of the production
potential. There are several tools to assess the renewable energy
generation potential. The tools can be found online, as browser based
applications, but there are also tools for offline use. A tool to assess the
photovoltaic electricity generation potential is developed by the Joint
Research Centre (JRC) of the European Commission (JRC, 2012). A
simple to use offline tool is the free version of IDA ESBO, which can be
used to assess the potential of solar thermal energy generation, for
example (ESBO, 2011). Finnish Wind Atlas is a simple tool to estimate
wind power production in Finland (Wind Atlas, 2009). The planner
could use these tools to estimate the influence of local measures to the
electricity mix and the results obtained from these tools could also be
used as an input for the energy rating tool.

The realisation of local electricity production in the area cannot be
forced directly through the detailed city plan, since it is not legally
possible to force building owners to invest in photovoltaic panels or
wind turbines. However, the utilisation of the renewable energy
sources can be recommended in the plan. Furthermore, it can also
be supported by the inspection of construction, which can take an
active part with promoting renewable energy technologies. One
possibility is also that the local energy utility invests in local renewable
electricity production. A model worth considering could be that the
energy utility rents the roof space of the residential buildings and
owns the photovoltaic panels and handles everything regarding the
electricity production. The business model could be further elaborated,
for example the rent of the roof could be covered with a specific
amount of electricity.

The city plan can enable renewable electricity production but
cannot force it. Ways for enabling it is to direct houses optimally in
regards to the solar energy production potential, i.e. roofs tilted
towards the south with an angle of 40-45 degrees dependent on
the latitude (Hoang, 2012). In addition, the shading of these roof
surfaces from other buildings and trees should be minimised.
Small scaled wind power can be promoted by mentioning in the
plan that it is allowed to place small wind turbines on the roofs or
on the lot. District level energy production systems, such as small
scaled CHP plants or require a lot assigned for energy production
and possibly needs storage spaces for fuel.

An obstacle for building specific renewable electricity genera-
tion is the lack of feed-in tariffs and immaturity of the Finnish
transmission companies to receive and compensate for the fed in
electricity. The bureaucracy is heavy and complicated and eco-
nomic compensation is low (Marja-aho, 2011; Bionova, 2012).

2.4. Transport

Transport can in some districts account for up to 50% of the total
energy demand of the district (Rajala et al, 2010). Therefore it is
important to take into account solutions targeting to decrease the
need of transportation, as well as increasing the energy efficiency of
the transport, e.g. by affecting to the use of private cars. In this tool,
energy use caused by transport was considered only in regards to
transport performances that can be influenced by the detailed city
plan, which means that the focus was on the transport inside of the
district. Studied solutions in the detailed plans are: centralised parking
in the outskirts of the district, bus stops, proper and separate ways for
walking or bicycling and storage spaces for bicycles. The impact
of local transport planning measures to the modal split of the district
and was estimated to match the Finnish spatial setting. While the



414 A. Hedman et al. / Energy Policy 65 (2014) 408-418

estimations were formed, studies on the effect of urban structure to
the travel behaviour were used to assess the estimates (Naess, 2003).

The distance to daily services influence the transport demand
significantly. In the tool the distance to the following services were
inputs: grocery store, day care for small children, school and health
care centre. An assumption was made that each service was visited
five days a week per household except for the health care centre
which was visited once a month per household. The relation between
distance to services and the usage of private car was estimated on the
basis of a study conducted by Jantunen et al. (2011) and is shown in
Table 3. The energy consumption of the transportation to the services
was calculated using the average energy consumption of cars in
Finland, 0.68 kW h/km (LIPASTO, 2009).

The number of workplaces in the district also influences to the
transport need. An average daily distance of 26 km to workplace per
commuter was used to calculate the daily work transport of the
area. This represents the Finnish average distance to workplace
(Findikaattori, 2010). Each household was also assumed to have two
commuters within them, which might be an optimistic assumption
since many households have two cars, especially in the rural areas.
The energy rating tool allows insertion of the estimated number of
workplaces within the district as well as an estimation of teleworking
possibilities with the district. The sum of these two is then reduced
from the total number of commuting made from the district. It is to be
noted that there are many possible awareness raising actions to take
to reduce the use of private cars, these are however not actions that
can be taken within the detailed city planning and are therefore left
out of the scope in this study.

2.5. Calculation principles of the primary energy efficiency
of the district

The energy efficiency rating was calculated by multiplying the
energy consumption of the buildings and possible distribution losses
of district heating system with the energy conversion factor of used
energy sources and adding to it the primary energy demand of the
traffic. That results the total primary energy demand of the district.
The calculation procedure is presented in Eq. (1).

Zi(Econs,i - prod.i)fi +Etmns

E — number =
AHE[

Q)]

where, i=energy source, E,n,s=energy consumption [kW h],
Eproa=energy production [KW h], f=energy conversion factor,
Eans=energy consumption of transportation [kW h], A,..=net floor
area of the building [m?].

The rating of the district is made based on a comparison between
the performance of best and worst scenarios. The classification scale
is similar to the building energy certificate in Finland (Ministry of
environment, 2012a,b). By putting input values describing the best
available solution in terms of energy efficiency we define this as the
A-class, the worst case scenarios values gives us the G class. The
classification is then linearly divided between these.

Table 3
Share of trips made by private car relative to distance. (Jantunen et al., 2011).

Share of trips made by car relative to distance

30% 75% 90%
Grocery store Less than 0.9 km 0.9-1.5 km Over 1.5 km
Day-care Less than 0.9 km 0.9-1.5 km Over 1.5 km
School Less than 1.6 km 1.6-3 km Over 3 km
Health care centre Less than 0.9 km 0.9-1.5 km Over 1.5 km

3. Results

The calculations of the five different cases used in the project,
are shown in Table 4. The values inserted in the tool are
representing most realistic values. It shall be noted that the energy
efficiency class of the houses in Kannonkoski are poor (class C) due
to the fact of them being log houses which are less energy
efficient. Log houses have less strict energy efficiency demands
in the building regulations due to technical difficulties in achieving
high energy efficiency level. The district in Kannonkoski is a resort
area where log houses are preferred due to cultural reasons. In the
district in Petdjdvesi heat pumps were not an option for heating
source due to the fact that the district was an area with ground
water. Often Finnish municipalities and regulators do not allow
installing ground heat pumps to ground water areas due to the
possible risks in contaminating the ground water when drilling
the bore holes or in case of broken pipes.

Additionally the case area of Sdynadtsalo in the city of Jyvaskyld
is analysed more in-depth to analyse the impact of different
choices on the overall energy efficiency.

The basic info about the district Sdyndtsalo and its detailed city
plan is presented in Table 5. Basic information includes the floor
area and number of residents of each of building types in the plan.
The map of the Sdyndtsalo districts is presented in Fig. 7.

The case district only had residential buildings. In the designing
phase of the detailed city plan, different plans were considered,
such as containing only one family houses, or terraced houses, and
one plan containing also a multi-story building.

As energy source it was most likely to have district heating in
the area due to local circumstances. In specific Sdyndtsalo area
district heating is produced mainly with bioenergy sources for the
local wood residues.

In order to show the impact of different choices the following
aspects of the city plan and its impact on the energy efficiency was
analysed:

Energy system (fossil, renewable, ground heat)

Heat distribution (district heating network or building specific
systems)

Energy efficiency of buildings (different scenarios: energy
classifications B, A, <A)

Electrical sauna (yes/no)

Local renewable electricity production (0-100% of household
electricity demand)

® Transport:

Distance to daily services (0, 3 or 20 km)

o Public transport and bicycle lanes taken into account in the
plan (yes/no)

Work places in the area (0 or 50 work places)

o

]

In order to assess the impact of the listed aspects sensitivity
analyses were performed were one variable at the time was
changed, the rest being kept static.

3.1. Energy system

As building type one family houses were chosen. All buildings
were of energy class A. No saunas were assumed in these
calculations. Distance to daily services was 0 km, public transport
and bicycle lanes were considered in the plan, and there were 50
working places in the district for all cases. Results of the energy
system comparison calculations are seen in Table 6.

Rows 1 and 2 show that the primary energy factor raises
significantly when the energy source is changed from renewable
to fossil fuel. Comparing rows 3 and 4 shows that electric heating
is consuming more primary energy than fossil fuel systems, which
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Comparison of cases and calculation of energy class with the tool.

Basic info Sdyndtsalo Kannonkoski Jamsd Petdjdvesi Toivakka
Districts total area [km?] 0.06 0.0466 0,616 0.66 0.05
Total floor area [m?] 5350 4004 39095 12650 2615
Numer of residents 156 156 150 200 85
Number of apartments 39 26 45 50 22
Density (floor area/total area) 0.9 0.09 0.06 0.02 0.05
Type and energ class of buildings
One family houses [%, class] 80% A 100% C 70% A 100% A 100% A
Detached houses [%, class] 10% A
High rise buildings [%, class] 10% A
Industrial buildings [%, kW h/m? a] 30% 160
Electrical saunas in individual buildings? Yes Yes Yes Yes Yes
Heat transmission
Local heat network X X
No network, building specific heating systems X X X
Energy source
Electrical heating 50%
Fossil fuel
Renewable sources 100% 100% 50% 50%
Heat pumps 100% 50%
Renwable electricity 10% 30% 10% 10% 10%
Transport
Centralised parking No Yes No No No
Bus stops Yes Yes Yes No Yes
Bicycle lanes Yes Yes Yes No yes
Parking place for bicycles No No No No No
Distance to service
Grocery store 3 km 10 km 1 km 5 km 1 km
Health service 5 km 10 km 1 km 5 km 1 km
School 3 km 10 km 1 km 3 km 1 km
Day care 3 km 10 km 1km 3 km 1 km
Working places
Remote points 0 0 0 0 0
Working places 0 0 20 0 0
Result
Primary energy 199 263 164 230 200
Energy class B D C C B
Table 5 As can be seen when comparing rows 1-4 in Table 7, the
General information about Sdynétsalo district. impact of the energy class is much higher when the heating
» system is electricity based. This is because of the higher primary
Districts total area 0.06 km energy factor of electricity compared to renewable sources. The
Total floor area 5350 m . . .
Numer of residents 156 1r.r1pa.ct of the electric sauna is seen on rows 5 and 6. It shall be
Number of apartments 39 highlighted that even though the yearly primary energy demand
Density of the district 0.089 Floor area/total area does not differ too much, the impact on the electricity peaks can

also can be easily seen from the primary energy factors in Table 1.
The impact of renewable electricity production is seen on rows
5-9. Interesting is to see that the same total primary energy factor
is achieved by having no renewable electricity production but heat
the houses with renewable energy (row 9) and by having fossil
fuel heating and 100% renewable electricity production (row 3). It
is more cost effective to reach this level of primary energy demand
by heating the houses with renewable energy sources than to
produce all electricity with for instance solar panels. Comparing
rows 2 and 3 shows the impact of transmission losses in the heat
distribution system when having a local district heating system.

3.2. Energy efficiency of buildings

In the following analysis different aspects affecting the energy
demand of the buildings have been changed. In all calculations
there were building specific heating systems, distance to daily
services were 0km, public transport and bicycle lanes were
considered in the plan, and there were 50 working places in the
district for all cases. Results from the calculations are seen in
Table 7.

be significant and affects the whole energy system when saunas
are used widely and during same time periods, as is the case
typically in Finland. Comparing rows 7 and 5 show the impact of
building high rise buildings instead of one family houses. The
difference is high since high rise buildings consume less heating
energy per residential square meter.

3.3. Transport

In the following analysis different aspects affecting the trans-
port demand have been changed. In all calculations buildings were
one family houses, without saunas. In order to show the impact of
solutions affecting transport demand, the building type was kept
static in the different cases. One family houses were chosen since
they are the most common type in rural districts in Finland. In
reality the building types do influence the transport demand since
availability of services are dependent on the residential density.
This issue was however overseen since the services available were
a variable input in this analysis.

All had building specific heating systems with renewable
sources and 100% of the electricity demand was produced on site
with renewable sources. Results from the calculations are seen in
Table 8.
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Planned new one
family houses

Existing
buildings

Fig. 7. Draft of the detailed plan of the Sdyndtsalo district (City of Jyvaskyld, 2010).

Table 6
Energy system analysis.

Local heat Heat Renewable Total primary energy Total
network  source electricity need [kW h/m?] rating
production (%)

1 Yes Renewable 100 105 A

2 Yes Fossil 100 168 A

3 No Fossil 100 143 A

4 No Electricity 100 213 C

5 No Renewable 100 93 A

6 No Renewable 75 105 A

7 No Renewable 50 17 A

8 No Renewable 25 129 A

9 No Renewable 0 142 A

Comparing rows 1 and 2 in Table 8 shows the impact of taking
public transportation and bicycle lanes into account in the plans.
The difference is not very big. Rows 2 and 3 show the influence of
reducing commuting to work. The case with 50 workplaces in the
district would mean that almost all working people would have a
job in the district. This is not realistic but is used as a best case
scenario. Influence of this is rather high. The impact of the distance
to daily services is seen when comparing rows 3, 4 and 5. Row
5 shows that when the distance grows up to 20 km it has a
significant effect on the districts total energy efficiency. Rows
6 and 7 represent “best and worst case scenarios” in regards to
transport solutions.

Table 7
Buildings energy demand analysis.
Building Buildings Heat Sauna? Total primary Total
type energy class source energy need rating
1 One A Renewable No 142 A
family
2 One B Renewable No 152 A
family
3 One A Electricity No 262 D
family
4 One B Electricity No 296 D
family
5 One A Renewable No 142 A
family
6 One A Renewable Yes 153 A
family
7 Highrise A Renewable No 117 A
Table 8
Transport analysis.
Distance to Public transport and Working Total primary Total
daily services bicycle lanes in the plan places energy need  rating
10 Yes 0 124 A
20 No 0 135 A
30 No 50 96 A
4 3km No 50 109 A
5 20km No 50 181 C
60 Yes 50 93 A
7 20km No 0 219 C
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4. Discussion and conclusions

The tool developed is a simplified tool that gives practical help
for city planners to assess the energy efficiency of detailed city
plans in the design phase. The tool enables a fast and easy way to
compare different alternatives of city plans and rank them in
regards to energy efficiency. It needs to be highlighted though that
the tool does not take into account the location of the district and
can thus not be used to assess the overall energy efficiency of
living in the district. Another tool or guidelines are needed to
assess where to place residential districts in order to avoid
transport demand and urban sprawl.

When analysing the impact of different choices made in the
detailed city planning phase, it can be concluded that the choice of
energy system has a significant impact on the overall energy
efficiency. However, the importance of well insulated and airtight
buildings shall also be highlighted. Heating systems can be changed
in later stages of the buildings life cycle more easily than the energy
efficiency of the house can be improved. A big part of the energy use
in the district is at the end influenced by the actions of the people
living there. Emphasise should be put on increasing people's aware-
ness about their living habits and its impact on the energy efficiency.
These are, however, aspects that are not very easily done through the
city planning. Availability of daily services and public transportation
are the obvious issues that can be influenced. Domestic electricity
use is more difficult to influence.

A more precise calculation method for assessing the transmis-
sion losses dependences on the city plans is needed and is a topic
for further research.

It needs to be noted that the tool is to be used for assessing
different choices within a district and compare their effects on the
districts energy efficiency. It is not suitable for comparing different
districts with each other.

A limitation of the tool is that regarding transport, the tool only
assesses decisions made within the area and its impact on the
transport need, it does not take into account the transport need to
and from the district. It therefore needs to be clearly stated when
taking the tool into use that in the previous planning stage, where
the placement of new residential districts is decided, other tools
and methods need to be used in order to plan wisely and not plan
districts that make the urban sprawl effect worse, leading to
highly car dependent neighbourhoods.

A limitation of the tool is that it only assesses the energy
efficiency from the technical point of view, not taking socio-
economic aspects into account. The addition of these aspects is a
topic for further research and development. Including socio-
economic assessment of different solutions makes the tool more
usable for decision making support.

The developed tool evaluates environmental sustainability of a
district via analysing its primary energy demand. The tool guides
towards decreasing the primary energy demand of the area, when
targeting to get better classification from the tool. This primary
energy demand evaluation includes energy demand of buildings and
transportation as well as used energy system and source. Even
though the tool itself does not estimate CO, emission from the area,
it still contributes towards this goal. Firstly, if energy demand of
buildings is decreased, it decreases similarly the emissions from
energy production caused to cover the demand. Similarly emission
reduction results the energy demand of transportation, it its energy
efficiency can be improved or transport needs decreased. Further-
more, the primary energy analysis tool takes into account the used
energy source via Finnish energy conversion factors (see Table 1),
which are valued partly based on their environmental impacts. These
energy conversion factors are more judgemental for electricity (with
1.7 factor), and support utilisation of renewable energy (0.4 factor) as
well as district heating (0.7) and district cooling (0.4). Even though

these relationships are not directly same than CO, emission rates,
they do support targets to decrease CO, emissions.

The question of whether more tight regulations in city planning
leads to a more sustainable built environment is a topic of discussion
on many levels. With tools like the presented in this paper a tighter
regulation could be steered towards more sustainable solutions. Today
the city planners don't have the possibility to decide and rule about
what energy source people choose for their houses or whether they
take into use energy monitoring technologies. If they would have
better opportunities to regulate what is being built and how people
are living, tools help to lead to the environmental corner-stone of
sustainability being improved. The social wellbeing corner stone
would however probably decrease due to less possibilities for affecting
choices related to peoples own houses and ways of living. The
economic part is dependent on the solutions chosen. This contra-
diction could be overcome by developing a tool that would take into
account all three corner stones of sustainability in the assessment of
different solutions. That way the planners could regulate solutions that
are overall sustainable.
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This study estimates the energy savings potentials of Moscow apartment buildings through different
renovations concepts. Also the reductions of the district level energy demands resulting from the possible
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Most of the apartment buildings in the Soviet Union were constructed between 1960 and 1985, and as
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different renovations concepts were estimated. In addition, non-technical barriers to energy efficient
renovations are discussed.
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1. Introduction

Energy strategy of Russia for the period up to 2030 states that
Russia must improve its energy efficiency and reduce energy inten-
sity of its economy to the level of countries with similar climatic
conditions such as Canada and the Scandinavian countries [1]. In
addition, it is required that Russia’s living standards must corre-
spond with those of the developed countries.

According to national statistics service the share of dilapidated
and emergency-state housing is around 3% of the total area of
the Russian housing stock [2]. However, it is estimated that more
than 290 million m2 or 11% of the Russian housing stock needs
urgent renovation and re-equipment, 250 million m? or 9% should
be demolished and reconstructed [3]. Some 58-60% of the coun-
try’s total multi-family apartment buildings are in need of extensive
capital repair [4].

In 2005; the Russian residential, public, and commercial build-
ings were responsible for 144.5 Mtoe (million tonnes of oil
equivalent), i.e. 1680 TWh, of final energy use (34%) and for 360
Mtoe, i.e. 4186 TWh, of primary energy (55% of overall primary
energy consumption). The technical energy efficiency potential of
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the buildings was assessed at 68.6 Mtoe, i.e. 797,820 GWh [5]. Res-
idential buildings are evaluated to have the largest energy savings
potential out of all building types. The largest part (67%) of the
energy savings could be implemented through the more efficient
utilization of district heating in space and water heating. An esti-
mated 60% of the Russian district heating network is in need of
major repair or replacement [6]. The investment needs for rehabil-
itating the district heating systems is Russia are estimated at US$
70 billion by year 2030 [7].

The majority of Moscow housing stock is built after World
War II [2] and need modernization. Sustainability should be taken
to account when renovating these buildings. Thus, energy effi-
ciency of buildings and districts is one of the core issues. Before
deciding any renovation solutions, the energy consumption levels
need to be estimated. After the estimation, different renova-
tion concepts can be compared with the current situation. This
paper describes the principles of the energy analysis process, esti-
mates the present state energy consumptions of a typical Moscow
apartment building and a typical district (neighbourhood), and
then analyses different building level energy renovation con-
cepts.

Often technical solutions exist for energy renovations of build-
ings but other obstacles hinder or delay their realization. These
non-technical barriers to energy efficient renovations of Moscow
residential districts are also described in this paper.
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2. The Moscow housing stock

Construction in Russia [2] state that the total Russian housing
stock in terms of total residential floor area was 3177 million m? in
2009. Total area of the housing stock per capita was 22.4 m?.

According to the statistics from 2004, 95% of the Moscow
dwelling space is built after World War II, from which 52% of the res-
idential buildings were built during 1946-1975 and 43% in 1976 or
later. According to Rosstat 2], there were 39.801 residential build-
ings in Moscow in 2009. The amount of residential buildings equals
3,835,000 apartments and the total floor area of 214 million m2. The
average floor area of an apartment in Moscow was 55.8 m? and the
average number of residents per apartment was 2.8. The figures do
not account for administrative expansion of Moscow implemented
in summer 2012.

2.1. Typical apartment buildings in Moscow

It is important to understand the general situation in the target
place before conducting energy analysis. In 2004 United Nations
published Country Profiles on the Housing Sector Russian Fed-
eration [3], which helps to form an overview of typical building
solutions in Moscow and in Russia. First of all, the industrialization
of construction started in the Soviet Union in the 1950s, after which
the precast concrete large-panel construction developed quickly.
Most of the apartment buildings were constructed between 1960
and 1985, and as a result the urban housing stock today consists
mainly of a few standard building types. 3]

In general, there are three basic categories for residential panel
buildings [3]:

¢ Firstgenerationis five-storey buildings often called khrushchevky.
Khrushchevky have been built between 1959 and 1969 and about
10% of residential buildings belong to this category. Typically
their state is quite poor nowadays and they are situated in fairly
attractive areas, not far from city centres.

Second generation buildings were constructed between 1961 and
1975. The number of storeys varies but nine-storey buildings are
the most common. The buildings are long and there are usually
five to nine staircases in each. The external walls are different
lightweight concrete structures without separate thermal insu-
lation material. The housing norms of 1963 regulated their design
and construction. The dwellings in this category are more com-
fortable than those in the first-generation buildings.

Third generation buildings were built mainly after 1975 in the
suburbs. Large elements and prefabricated modules were used.
These buildings are nine-storey or higher, tower type blocks of
flats or long, narrow buildings with four to seven staircases.
The external walls are usually 32-35cm thick expanded-clay
lightweight concrete.

Natural ventilation is a typical solution in Russia [8]. District
heating networks supply heat to about 80% of Russian residential
buildings and about 63% of the hot water used by Russia’s popula-
tion [6].

Energy efficiency of these apartment buildings is typically poor.
The thermal insulation of the precast panel walls does not meet
modern standards, and may cause moisture and mould problems.
Moreover, the surroundings like streets, courtyards and parks are
usually poorly maintained. The limited variation in the urban hous-
ing stock results in suburbs of large uniformity, where individual
wishes or needs are rarely met. [3]

There is one more issue that should be considered when study-
ing Russian buildings. It is quite difficult for researchers from
outside of Russia to find and correctly interpret Russian data.
According to Opitz [9], the central government has a desire to

conceal important production and financial facts, which means
that the clarity and consistency in published statistics is often rare,
and a lot of interesting information is simply unavailable to the
general population. Moreover, the statistical reports published in
several forms by Goskomstat (the State Committee on Statistics)
were incomplete and often inconsistent. The accounting methods
and definitions varied among sources and even within the same
source in different years. Opitz [9] states that the data almost seem
designed to confuse. The data used for this paper was gathered from
several sources, and cross-checked when appropriate sources were
found.

2.2. The selected housing district

A typical residential district was selected to be analyzed in the
project. The selected district mostly represents 4-th Microrayon
of Zelenograd, Moscow (longitude 37° east and latitude 55° north).
Zelenograd is located about 35 km to the North-West from Moscow
City centre. The district dimensions are approximately 1 x 0.5 km.
It represents a typical residential district of Moscow and Moscow
region with high-rise apartment buildings constructed for the most
partin 1960s and 1970s. The district is heated with district heating.
Renovation of such buildings and districts may be needed in the
near future.

The apartment buildings in the area can be divided into groups
according to the building series: 11-57, 11-49, AK-1-8, 1I-18 and Mr-
60, which are apartment buildings build between 1966 and 1972.
Each building series represents a specific building design [8]. There
are also other apartment buildings, schools, kindergartens, shops,
a bank in the area, but since this project concentrates on modern-
ization of buildings, these newer buildings from the 90s and from
the beginning of 2000 are excluded from these energy calculations.
The more detailed data about the older apartment buildings is pre-
sented in Table 1 and these buildings were the main target of the
first calculations of this study. After the initial analysis the most
common building type 1I-18 was selected for further analyses.

In total there are approximately 13,800 residents in the build-
ings that are included in the calculations. The total floor area of the
studied buildings is 327,600 m2. The number of residents is esti-
mated based on the assumption that the average occupancy rate
per flat is 2.7 persons [3].

3. Principles of the energy analyses

The main objective for the energy analyses was to form an
overview of average energy consumption, energy production quan-
tities, and energy efficiency in Moscow, Russia. The energy analysis
is important, because it helps to recognize the best ways of how
to improve the energy efficiency of entire districts and energy sys-
tems. The key questions are: “How the energy is currently produced
for buildings and districts?”, “What are the most efficient ways to
reduce energy consumption and how much can it be reduced?”,
“What is the environmental impact of energy production and how
emissions caused by it can be reduced?” and “What are the life cycle
energy costs of different alternatives?”.

The general methodology of energy analyses is presented in
Fig. 1. At first the state of the art was studied for both old apart-
ment buildings and the entire residential district in the Moscow
region. This means that the typical apartment building parame-
ters were identified, and an example district was selected for the
calculations. Most of the buildings in the example district are built
between 1966 and 1972. A few different typical apartment building
types was studied: their monthly energy consumption levels were
calculated, and then from those results the energy demand of the
entire district was calculated including also the energy demands for
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Table 1
Apartment building types and their basic data in the studied district.

Description Long apartment building Long apartment building Higher apartment building Apartment building Apartment building
Series 1-57 11-49 AK-1-8 1-18 Mr-60
Construction year 1967-1968 1966-1969 1971-1972 1965-1966 1967-1968
Number of buildings® 4.6 11 6 10 4

Apartments per building 358 143 102 84 111

Residents per building” 967 386 275 227 300

Floor area (m?) 22,827 8951 7140 4911 8042

Number of floors 9 9 17 12 16

Shape Rectangle Rectangle Rectangle Rectangle Rectangle

X]Y ratio® 0.07 0.16 0.40 0.60 0.38

2 0.6, because there is one smaller similar building.
b Assumption: an average flat has 2.7 residents (United Nations 2004).
¢ Shape of the building: X is width of the building and Y is length of the building.

waste and water management and street lighting. The next step was
to evaluate the energy saving potentials that can be achieved with
renovating these old apartment buildings. This was done by calcu-
lating different scenarios for renovated apartment buildings. As a
result knowledge of total energy consumption levels in different
scenarios in the typical Moscow residential district was achieved.

The last phase of the energy chain analyses is to study the
energy production. This part also starts with the state of the art of
the existing or typical energy production and distribution systems.
Then improvements and renewal of these systems can be identi-
fied. Finally, the life cycle emissions for different energy production
solutions can be calculated.

4. The state-of-the-art energy analyses
4.1. The energy consumption of buildings

The energy consumption of a typical Russian building was esti-
mated by calculating heating of living spaces, heating of domestic
hot water, and the consumption of electricity. First the current
states of the selected building districts, chosen to be renovated
or modernized, were analyzed by means of typical buildings. The
analysis took into account structural solutions, heating, ventilation,
water and drainage, electrical and other technical systems.

The energy consumption of the type buildings was calculated
with WinEtana, which is a building energy analysis tool developed
by VTT Technical Research Centre of Finland. The average monthly
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Fig. 1. The general methodology of the energy analyses.

temperatures in Moscow were adjusted in the calculation tool to
get more accurate results. The temperature data of Moscow region
was retrieved from the website of EnergyPlus Energy Simulation
Software by U.S. Department of Energy [10].

Typical building parameters in Russia and in Moscow were used
in the calculations. We used the value 18°C in our calculations as
the default indoor temperature for living spaces in multi-family
buildings located within the case districts. According to Russian
construction norms on thermal performance of buildings, the value
of building air tightness at 50 Pa pressure difference (n50) must
not exceed 2h~! for mechanical and 4h~! for natural ventila-
tion. However, based on the results of field measurements with
blower door tests [11] for a 9-storey building, which represents
closest to the buildings in the case district - the average values
were 7.5h~1 (vents sealed) and 6 h~! (vents and windows sealed).
In our calculations we used a rather conservative estimate of air
density factor n50, 6.5h~! so that it represented recent improve-
ments in air tightness of windows due to massive installation of
plastic-aluminium windows by residents of apartment buildings in
Russia.

Natural ventilation is a typical ventilation solution in Russia
[8]. Type of base floor in the buildings is assumed to be ground-
supported slab. The typical U-values in Moscow buildings are
approximately 1.1 W/m2C® for wall constructions and 2.9 W/m2C°
for fenestration (converted from transmission R values by Matrosov
et al. [12]). Opitz et al. [8] point out that the design R values differ
minimally among older buildings built between 1954 and 1979,
and they are essentially the same among buildings even with dif-
ferent wall structures (except for recently constructed buildings
with 3-layes panel walls).

Because Estonia was part of the Soviet Union, there still remain
numerous apartment buildings built during the Soviet era. The
typical annual Estonian water consumption is between 180-290
I/capita/day [13]. We estimated that the average water consump-
tion in the selected buildings is 2721/capita/day, of which hot
domestic water consumption is 46%, thus 1261/capita/day). The
hot water consumption is based on expert estimations and average
Finnish water consumption data.

Electricity consumption of the building was estimated based
on the assumed typical electrical equipment and their energy effi-
ciency classes. Itincluded lighting, household electrical equipment:
(laundering, dish washing machine, entertainment, computer,
stove, refrigerator, freezer, and other equipment), as well as outside
lighting, and facility electric consumption (parking slot (preheating
of cars), elevator and pumps). The average energy efficiency class of
electrical equipment was assumed to be class D (typical in Finland).

As for the part of internal heat gains, the following values
were used based on the experiences of Finnish experts [14]:
0.96 kWh/m3/month from domestic hot water (30% of the heat
demand [15] for hot water), 1.42 kWh/m3/month from electrical
equipment and 0.4 kWh/m3/month from people.
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Table 2

Annual energy consumptions per floor area of the type buildings in the selected district.

709

Long apartment Long apartment Higher Apartment building Apartment building
building building apartment
building
Building series 1I-57 11-49 AK-1-8 1I-18 Mr-60
Space heating (kWh/a, m?) 120 126 127 126 123
Hot domestic water (kWh/a, m?) 88 88 88 88 88
Losses (kWh/a, m?) 4 4 4 4 4
Total heating energy consumption (kWh/a, m?) 212 218 219 219 216
Total electricity consumption (kWh/a, m?) 42 45 38 47 39

The calculated energy consumptions per building floor area are
presented in Table 2. According to the calculations the average
heating energy consumption of typical old apartment buildings
in Moscow was 217kWh/m?,a and the average electricity con-
sumption 42 kWh/mZ,a. The result is quite well in line with some
reference studies, e.g. [13]. The differences in energy consumption
calculations may result from the divergence of the base data. Rus-
sian structures and used system solutions of buildings may vary
in different buildings (even within same building series) or even
within single buildings. Moreover, according to the Moscow city
programme [ 16] “Energy Conservation in Construction in the City
of Moscow During 2010-2014 and Until 2020” the thermal insu-
lation of buildings comply with norms only ‘on the paper’, which
may also explain the differences in results. Also the air tightness of
the building has a big significance.

Since the variations of the annual heating and electricity con-
sumptions were small, only the most common building type (I1I-18)
in the district was chosen for the further analyses. A general pic-
ture of the energy flows going in and out of the building II-18 is
presented in Fig. 2.

4.2. The district level energy consumption

The annual heating energy consumption of the most common
building type 1I-18 (Table 2) was 219 kWh/m?,a and the annual
electricity consumption 47 kWh/m?,a, respectively. Heat is dis-
tributed in the district through district heating network. In Russia,
an estimated 20-30% of heat is lost through the heat distribu-
tion network before it reaches the end consumer [6]. So, it was
assumed that the heat distribution loss in the network is 20%. The
transmission losses of electricity are typically approximately 10% in
Russia [17] which was also used in the calculations. Then, the total
annual heating energy consumption of the apartment buildings in
the selected area was 71.8 GWh/a, and the total annual electric-
ity consumption was 15.5 GWh/a. This means that annually the
buildings in the selected district need heating energy production
of 89.8 GWh and electricity production of 17.2 GWh.

Entire building:
Heating energy

Electricity 20,5kWh/a, m®

[Heat gain from people 4,8 kWh/a,m? > consumption —
Netheat | 1055 MWh/a and Ventilation
93e 5 fvzr""g e electricity 22.7 kWh/a, m
S /2,m?, . consumption
of which hot domestic water 232 MWh/a
38.4 kWh/a,m? iy Conduction
40.5 kWh/a, m*

To sewage 13.4 kWh/a, m3 i

Fig. 2. The calculated energy streams of the apartment building II-18.

Energy needed for water purification was estimated to be
7 kWh of heating and 49 kWh of electricity per person in a year,
and respectively 23 kWh of heating and 62 kWh of electricity for
wastewater treatment [18]. Outdoor lighting was estimated to con-
sume 350 kWh per lamp in a year, while a quote of 0,167 lamps per
inhabitant was used [19,20]. Taking these into account the total
annual heating energy demand without distribution losses for the
district is 72.2 GWh and the total annual electricity demand with-
out transmission losses 17.8 GWh, respectively. Adding the losses
mentioned above will result in the total annual heating demand of
90.2 GWh and the total annual electricity demand of 19.5 GWh.

Heating energy in Moscow is up to 70% generated by large scale
combined heat and power (CHP) plants and they are usually using
natural gas [16]. Assuming that the heat and the power for the
examined district are produced by a natural gas CHP plant, the
related annual CO2-equivalents are for the heating 24.3 x 106 kg/a
and for the electricity 9.9 x 106 kg/a (Table 7), respectively. These
equal to the annual total CO,-equivalent of 34.2 x 106 kg/a and
the total per person of 2.5 x 103 kg/a/p.p. As a comparison, the
heating of buildings in Finland accounted for 3.97 x 10° kg of CO,-
equivalents in 2009 which per citizen would correspond to 0.74 kg
in a year. This would be less the than half of the corresponding
values for case district (1.77 kg/a/p.p).

5. The energy analyses of alternative building renovation
concepts

Three alternative renovation concepts were selected for closer
analysis (Table 3). The cases had different values for the follow-
ing characteristic: the U-values of building structures (outer wall,
base floor, roof, windows and doors), ventilation type, air tightness
factor, lighting (indoor), electricity consumption/electrical equip-
ment and water consumption. The renovation cases are adjusted
in such a way that each of them result as an improvement from
a previous one when it comes to the total annual energy con-
sumption. The basic renovation refers to minimum, low-cost or
easy-to-do retrofit measures. The improved renovation solutions
outputs better energy or eco efficiency. The advanced renovation
column suggests the most progressive solutions. If not otherwise
stated, the improved and advanced solutions always include the
solutions mentioned in the previous renovation.

The annual results from the simulations are shown in Table 4,
from which emerges that each case consumes less energy than the
previous one. The same goes also for heat consumption while the
consumption of electricity is higher for the Advanced-case in com-
parison with the former Improved-case. The cause of this was the
change of the ventilation system to a mechanical one consuming
more electricity. However, since the improved ventilation system
recovered 60% of the heat of the exhaust air that otherwise would
have been lost it resulted in energy savings in the end in form of
heat. In Table 5, there are the results presented as percentages by
comparing each value of the cases to the same value of the State of
the art-case (the current case). Table 6 represents the yearly energy
consumption per floor area for each of the cases.



710

Table 3

S. Paiho et al. / Energy and Buildings 66 (2013) 706-713

Building level renovation concepts. If not otherwise stated the improved and advanced concepts always include the solutions mentioned in the previous renovation.

Technology/system

Current status

Basic renovation

Improved renovation

Advanced renovation

Structures: U-values (W/m?2 K)
eOuter walls

eBase floor

eRoof

eWindows and doors
Ventilation

Air tightness factor n50 (1/h)
Electricity consumption/electrical
equipment

Water consumption (1/day/occupant) 272/of which hot water 126

Natural ventilation

6.5

0.5

0.25

1.85

Natural ventilation, repairing
the existing system (ensuring
sufficient air exchange rate)
Installing outdoor valves

4.0

Car parking places (electricity:
max two hour control)
Energy efficient household
appliances

Energy efficient lighting of
staircases and public spaces
Installation of modern fixtures
and appliances (160)

0.32

0.24

1.5

Enhanced mechanical exhaust

2.0
Energy efficient pumps and
fans

Installation of water saving
fixtures and appliances (120)

0.15

0.15

1.0

Mechanical ventilation (supply
and exhaust air) with annual
heat recovery efficiency 60%

Lifts - braking with recovering
energy

Demand based control of
lighting of staircases and
public spaces

Separate metering (100)

Table 4
The annual energy consumptions of the building type II-18 with different renovation cases.
Current Basic Improved Advanced
Total energy 1,308,003 840,731 675,755 518,897
consumption
(kWh)/building,a
Heating 1,076,373 658,288 511,189 348,027
consumption
(kWh)/building,a
Space heating 620,766 (58%) 388,946 (59%) 308,833 (60%) 180,245 (52%)
Domestic hot water 434,076 (40%) 256,176 (39%) 192,132 (38%) 160,104 (46%)
Losses 21,516 (2%) 13,164 (2%) 10,212 (2%) 6,936 (2%)
Electricity 231,630 183,510 172,000 190,460
consumption
(kWh)/building,a
Table 5 ) ) ) characteristic values. The U-values were decreased with 65% for
Energy consumptions of different renovation cases compared to the current. the outer walls, 77% for the roof and 36% for the windows from
Current Basic Improved Advanced the State of the art to the Basic renovation case. The correspond-
H 'O, O O 1
Total energy consumption 100% 64% 52% 40% ing valu.es were 36%, 4% and 19% from the Basic to the Improved
Heating consumption 100% 61% 47% 32% renovation case and 53%, 56% and 33% from the Improved to the
Space heating 100% 63% 50% 29% Advanced renovation case.
Domestic hot water 100% 59% 44% 37%
Electricity consumption 100% 79% 74% 82%

In Fig. 3, there is a chart of the energy consumptions of the
building 11-18 for different renovation cases. The total energy con-
sumption, the heating consumption, the electricity consumption,
the energy consumed for space heating, the energy consumed for
domestic hot water and the energy losses of the building are shown
in the figure. The total energy consumption is composed of the total
heating and electricity consumptions, while the total heating con-
sumption is a sum of the space heating and the domestic water
heating. The losses curve represents efficiency based energy losses
of the heating systems.

All the heating (total heating, domestic hot water, space heat-
ing) curves show a steep decrease from the state of the art to the
Basic renovation-case; this has to do with the proportions in the

Table 6
The annual heating and electricity consumptions per floor area for each renovation
case.

Current Basic Improved Advanced

Heating consumption (kWh/m?,a) 219 134 104 71
Electricity consumption (kWh/m?,a) 47 37 35 39

1400 000
1200 000
1076373
\
1000000 %
\
800 000 Total energy demand (kwh)
K3 = = Heat (kWh)
£
§ - &~ Space heating
600 000 A ~ ~ - Domestic hot water
b ~ . @ wee Heat losses
a Y Wi —— Electricity (kwh)
400000 -~ 2 ~348027
~ S ~
-~ .
s ~ S -
- sl
200 ooynM?‘
183510 172000 190460
0
Current Basic Improved Advanced

Renovation case

Fig. 3. Energy demand graph for the different renovation cases of the building II-18.
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Table 7
CO,-equivalents from natural gas CHP energy generation for different concepts.
Current Basic Improved Advanced
Heat (kg/a) 24,296,019 14,060,219 10,767,202 5,656,596
Electricity (kg/a) 9,913,875 7,811,025 6,851,705 6,144,183
Total (kg/a) 34,209,894 21,871,245 17,618,907 11,800,779
Total per person 2477 1583 1276 854

(kg/a/p.p)

The space heating is showing a steep decrease again between the
Improved- and the Advanced-case, partially because of changes in
the U-value and partially since the losses are being recovered by the
ventilation system (not the same losses as in Fig. 3). However, the
water heating curve between the same cases is behaving oppositely
which results in only a smaller change in the total heat curve.

The heat consumption for domestic water is corresponding
to the amount of water consumed which is decreased with
41%, 25%, and 17% from each case to another (Current, Basic,
Improved, Advanced). The electricity consumption s also the steep-
est between the State of the art and Basic cases, since all household
appliances are changed to more energy efficient ones. Smaller
improvements are being made in the energy consumption of elec-
trical appliances between the Basic and Improved cases. The energy
consumption rises between the Improved and Advanced cases due
to the ventilation system even though some improvements are
being made with the elevator system. However, the electricity con-
sumption in the Advanced case does not surpass the State of the art
case.

Grouping all the energy consumption together the curve is steep
from the Current to the basic case, while the development is less
steep and constant for the rest of the cases. What can be observed
from these results is that space and water heating is consuming
the larger part of the total energy. A considered amount of the
consumption can therefore be reduced through improving insula-
tion (U-values) and reducing water consumption habits. Also, heat
recovery from the exhaust air is proven to be a way of saving energy
significantly but results in increased electricity consumption.

InTable 7, there are listed the CO,-equivalent greenhouse gases
for different renovation concepts assuming that the energy is pro-
duced by natural gas CHP plant. Even the Basic renovation concept
reduces the total CO,-equivalents by 36%. The reduction with the
Improved concept is 48% and with the Advanced concept 66%,
respectively.

6. Non-technical barriers to energy efficient renovations

There are a number of obstacles that prevent Russia from
benefiting from the existing potential of improved eco- and energy-
efficiency in buildings. Common, well-documented ones include
relatively low energy tariffs (e.g., [13,21]), higher up-front invest-
ment costs of implementing renovation solutions, as well as high
interest rates [22].

The most important obstacle in building renovation in Russia is
outdated norms and long permission processes [23]. The norms do
not acknowledge the existence of new efficient technologies and
materials. Even though the systems and materials can be relatively
easily certified, the old norms are used by the authorities when
checking the acceptance of a specific design solution. It may be
very difficult to prove that a new type of heating system will be
able to provide enough heat, or that connection capacity could be
reduced because thermal insulation is improved.

Apartment-specific sub-metering is required in all buildings for
electricity and hot and cold water as well as heating, although with
respect to the latter these requirements have not always been ful-
filled. In existing buildings water meters are not always installed

by residents despite the requirement, even though the meter and
installation usually pays for itself rather quickly, the resistance to
install the meters most likely has to do with lack of information.

In residential buildings mechanical ventilation is neither
allowed nor prohibited, and the officials in charge of issuing build-
ing permits or parties approving renovation plans refrain from
assuming responsibility in the absence or clear official guidance
as to how the connection capacity of space heating system should
be dimensioned and mechanical ventilation systems designed,
installed and maintained, even when there is an understanding that
natural ventilation is less energy-efficient especially in high-rise
residential buildings than a mechanical system with heat recovery.

There are differences in operation practices that should be
considered when implementing an eco-efficient renovation. Often
when remodelling the apartments, the owners introduce signif-
icant changes to buildings’ technical systems, e.g. they seal an
apartment from a ventilation channel, or even block a build-
ing’s ventilation channels, install exhaust ventilation, alter a space
heating system (e.g. connect under-floor heating). These often ille-
gal changes affect the proper functioning of systems during the
building’s operational phase. It is strictly prohibited for a service
company or inspectors to enter the apartments to check whether
this kind of change was made, or even to maintain the system. The
access is only possible with a decision of a court in the case when a
tenant is absent or opposes the entry. A possible solution is to even
at the design stage to try taking the engineering systems out of
the apartments to the extent possible and providing service access
from public areas.

6.1. Political and administrative obstacles

The question of the liability of the state in renovating the pri-
vatized buildings constitutes one of the political obstacles. The
current legislation in this regard is ambiguous: on the one hand,
there is a decision of the High Court confirming the obligation of the
state to implement the repairs and provisions of the Housing Code,
claiming that the residents must jointly take on all the responsi-
bilities concerning their buildings. This question is regularly raised
both by representatives of elected bodies of state power and, at a
broader level, by the community, and is tool of political struggle,
especially so in the election race. When citizens’ law suits are filed
with courts, the latter typically obligates municipal administrations
to conduct the renovation of the apartment building and hence-
society expects that the state will conduct (finance) the renovations
of the formerly privatized apartment buildings [24].

Given the above, it is common for municipal administrations
to conceal information on the actual technical state of residential
buildings in case they are declared as “dilapidated” or “dangerous”
as then the administrations would have to resettle the residents
and provide them with substitute housing of comparable standard
at the expense of a regional budget where funds for this purpose
are typically insufficient. In addition, the quality of information on
the actual technical condition of buildings is typically low: for most
of the buildings technical inspections to assess the actual wear of
individual buildings are not conducted. Typically, the wear is esti-
mated as a total “percentage of worn-out structures”, which does
not provide enough information for decision-making.

The sector of residential construction is highly dependent on
administrative bodies, the system of urban planning and land use
remains the source of administrative rents [22]. Most interna-
tional assessments rank Russia as one of the most corrupt major
economies in the world. According to Transparency International,
public officials and civil servants, including the police, are seen as
belonging to the most corrupt institutions in Russia, followed by
the education system and parliament [25].
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6.2. Social aspects

In the renovation business, social aspects are vital and need to
be considered in advance. The distrust of apartment owners is the
first obstacle an investor will face at the beginning of the project.
A possible solution is to partner with local authorities to keep the
residents informed, similar to the current budget co-funded reno-
vation practice in Moscow and, ideally, involve the residents into
the planning process. This way, different kind of rumours and dis-
information of residents can be efficiently managed, despite the
fact that it is common for Russians not to trust the authorities,
institutions, builders, etc. This distrust is also one of the causes of
passivity on the part of people in joint planning activities (e.g. public
hearings of renovation projects). Therefore, the involvement of resi-
dents, openness, transparency and the possibility of the residents
influencing the decision making is important for success.

In cases where the need for renovation is substantial and
requires a temporary resettlement it may turn into the biggest
obstacle, as agreement with each apartment owner would need to
bereached [26]. Another importantaspectis thatincome levels may
vary among the residents of the same building, which complicates
joint decision making on building renovation.

7. Discussion

The need to modernize and upgrade buildings in Moscow dis-
tricts is evident, because only minor share of residential building
stock aged over 35 years has been renovated to date. Indoor
conditions are poor and the energy losses from buildings are signif-
icant. Energy efficiency improvements should be considered when
upgrading the districts to benefit from opportunities to reduce
energy consumption.

It is evident that there is a need for local knowhow when
analysing the energy efficiency of districts in Moscow. A correct
interpretation of statistics requires knowledge about Russian con-
ditions. The analysis of buildings is eased by the fact that there are
only a few building types, but on the other hand, in reality the used
materials and their parameters can vary significantly also within
the same building series. In this research it also turned out that the
energy performances of the different building types are not differ-
ing significantly, and an adequate analysis can be made even by
using only one building type.

The district heating network has a big potential for improving
the energy efficiency of Moscow, because there are lots of heat
losses in the heating network present day. One important renova-
tion target is to install completely automatic individual substations
in every building and so pass from the old four-pipe to new two-
pipe district heating systems [27] with heat exchangers enabling
control of heat distribution into buildings and apartments based
on the actual heat demand. On the building level, the air tightness
of the structures is one key issue that needs to be addressed in
the retrofit solutions. Based on this study, the building level energy
savings potential for the heating energy is up to 68% and for the
electrical energy up to 30% based on these calculations. In addition,
the CO,-equivalent greenhouse gases may be reduced up to 65%.

To achieve a universally efficient energy solution in Moscow,
the entire energy chain needs to be analyzed and improvements
made bearing in mind the whole energy chain. The results of this
study showed that improved indoor conditions and reduced heat-
ing consumption often lead to increased electricity consumption.
By analysing indoor conditions energy efficiency and the building
overall energy efficiency instead of energy consumption the issue of
increased electricity consumption is put to correct context and the
improved “output” of the consumed energy is considered properly.

The different renovation concepts were not analyzed from the
economical point of view. This should also be done in order to
form an understanding on what renovation solutions are feasible
in Moscow apartment districts. Some solutions may also turn out
unsuitable in practice. In addition, several non-technical barriers
exist for renovations in Moscow. These need to be solved too in
order to get progress.
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Three building level renovation concepts of a typical Moscow residential district are defined and their
energy saving potentials evaluated in a recently published study [1]. This study extends these analyses
and concentrates on energy and emission analyses of different energy renovation solutions and energy
production alternatives at the district level using the same case district as in the previous study [1].

At the district level, four different energy renovation scenarios, called Current, Basic, Improved and
Advanced, were analyzed in terms of energy demand and emissions. Considerable energy savings could
be achieved, up to 34% of the electricity demand and up to 72% of the heating demand, using different
district modernization scenarios.

As for the emission analyses, switching from natural gas to biogas would result in decreasing green-
house gas emissions, but increasing generation of SO,-equivalent and particulate emissions. A better
solution would be to still switch to biogas while maximizing renewable energy production from local
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non-combustion technologies at the same time.
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1. Introduction

In Russia, climate change causes environmental, economic and
social stress, why a future reduction in energy consumption could
benefit the national economy [2]. In an energy-inefficient country
like Russia, there is the potential to weaken the link between GHG
(Greenhouse Gas) emissions and economic growth by improving
energy efficiency [3]. Ever since the year 2000, Russia’s economy
has witnessed an upswing, and the government has started to take
effective measures to curb energy intensity and reduce CO, emis-
sions [4].

Energy efficient renovation increases the value of a building
[5]. Improved cost-effectiveness of energy efficiency measures is
achieved when they are implemented as part of a building ren-
ovation. It is often important to examine the impacts of building
level renovation solutions in a wider perspective, since energy
renovations reduce the energy demand from the grid or network
[6], as well as the primary energy consumption. Greater overall
energy efficiency can often be achieved through a district-scale
building and district infrastructure renovation. The renovation of
buildings should not be separated from the improvement of the
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surrounding environment. If the surrounding environment is
improved, the market value of the land will considerably increase
and the area will become much more attractive to investors. There-
fore, it is clear that the renovation of a neighbourhood should not
be restricted to the renewal of buildings, but should be extended
to the whole region [7].

Some general principles for improving energy-efficiency at the
district level include: improving the energy-efficiency of build-
ings, outdoor lighting, energy networks and grids (especially by
reducing distribution losses), replacing fossil fuels with renew-
able energy sources, improving the energy-efficiency of waste and
water management systems, reduction of emissions (e.g. change
of fuel or flue gas treatment), and energy-efficient transporta-
tion [8]. Modernization must follow the urban structure which
reflects the principles of sustainable development and corresponds
to the quality of life: compactness, multifunctional use of territo-
ries, sustainable transport, ensured public interests and visually
attractive (unpolluted) environment [9]. Outdoor amenities, i.e.
pedestrian and bicycle paths, parking lots, children’s playgrounds,
sports grounds, benches, litterbins, street lamps, etc., should be ren-
ovated and rebuilt because the quality of housing largely depends
on them [7].

Paiho et al. [1] present three different renovation concepts
for apartment buildings in a Moscow residential district. The
energy consumption of a typical Russian apartment building was
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estimated by taking into account heating of living spaces, heating
of domestic hot water, and the electricity consumption. The energy
consumption of the selected building stock was thereafter calcu-
lated based on the estimated consumptions of the type buildings.
First the present state of the district level was studied, including
energy chain analyses. The energy saving potentials for the three
different building level renovations concepts were thereafter esti-
mated. Results from the calculations showed that the building level
energy saving potential could be up to 68% for heating energy and
26% for electricity, respectively.

The energy analyses are continued further in this paper by
looking at three district level energy renovation concepts. In combi-
nation with this, the paper introduces different energy production
scenarios and estimates the annual emissions for each examined
case. The purpose was to assess how low emission values could
be achieved by comparing and combining technologies for energy
generation, and clarify which of the combinations presented would
be better in terms of produced emissions.

This study tested the hypothesis that energy renovations are
more efficientatadistrict level than on a building level, thus includ-
ing the whole energy chain from production to consumption and
taking into consideration not only building scale renovations, but
also improvements on the energy supply systems. Furthermore,
this study aims to explore whether emissions to air correlate with
energy efficiency.

2. Background

It is estimated that more than 290 million m? or 11% of the Rus-
sian housing stock needs urgent renovation and re-equipment, 250
million m? or 9% should be demolished and reconstructed [10].
Some 58-60% of the country’s total multi-family apartment build-
ings are in need of extensive capital repair, rising to 93-95% in those
apartment blocks with an average age of less than 25 years [11].

The energy strategy of Russia for the period up to 2030 [12]
states that one main problem in heat supply is the unsatisfactory
state of heat supply systems characterized by high depreciation of
fixed assets, especially of heat supply networks and boiler rooms,
insufficient reliability of operation, large energy losses and neg-
ative impact onto the environment. The high level of technical
abrasion and a low level of investments into modernization of the
Russian energy industry cause huge energy wastage and carbon
emissions [13]. With the exception of hydropower, Russia’s uti-
lization of renewable energy sources remains low relative to its
consumption of fossil fuels [ 14]. In the absence of a clearly formu-
lated long-term strategy for bioenergy and renewable energy, the
legal and political processes in this field have been fragmented and
weak [15].

2.1. Literature review

Thereis norelevant literature related to the energy consumption
of Russian buildings. Also nothing has been found on the impacts
of different options for energy renovations of residential buildings
or districts in Russia. Furthermore, no studies have been found,
taking into account the different emissions of energy production
types when analysing the whole energy chain from production to
consumption in residential buildings.

Studies on the energy consumption of Russian buildings have
been made in the 1990s by Matrosov et al. in 1994 [16] and Opitz
etal.in1997[17]. More recent studies on energy consumption anal-
yses of buildings elsewhere than Russia have been made by e.g.
Balaras et al. in 2005 [18] (heating energy consumption of Euro-
pean residential buildings); Choi et al. in 2012 [19] (comparison of
energy consumption according to building shape and utilization)

as well as Kyro et al. in 2011 [20] and Kim et al. in 2011 [21] (the
impacts of residents’ behaviour on building’s energy consumption).
Studies on the reduction of buildings’ energy consumption through
renovations have been published by e.g. Tommerup and Svendsen
in 2006 [22] (energy-saving potential of Danish dwellings through
energy-saving renovations), Ouyang et al. in 2009 [23] (life cycle
cost analysis for energy-saving renovations of residential buildings)
and Siller et al. in 2007 [24] (on reducing energy consumption and
greenhouse gas emissions of the building stock through renova-
tions).

The first study on reduction of energy consumption through dis-
trict renovations was published by Oujang et al. in 2008 [25]. This
paper represents the Hot Summer and Cold Winter Region of China
and examines buildings which are at least seven years old and are
becoming dilapidated. Opposite to the study in China, where even
quite new buildings are typically demolished and new constructed
[25]; the situation is different in Russia where the designed life time
of buildings is significantly longer.

2.2. Moscow residential districts

As 0f2012 the need for renovations was estimated at 108 million
m? (over a half of the total floor area) in 26.3 thousands of Moscow
apartment buildings based on their age [26]. From an architectural
perspective, residential areas with typical apartment houses look
monotonous, lack vitality and are less aesthetically pleasing [9].

In the Russian Federation, most of the apartment buildings were
constructed between 1960 and 1985 during the Soviet-era, and
as a result the urban housing stock today consists mainly of a
few standard building types [10]. Each building series represents a
specific building design [9,17,27]. Correspondingly, residential dis-
tricts in Moscow have been built with only a few building types.
Examples of these building types are clearly defined for example
in[1,10,27]. Therefore the energy demand of the whole district can
be estimated by using these building types and multiplying their
performance with the number of buildings in the area.

In these buildings natural ventilation is dominating. Almost
no buildings have mechanical ventilation [28,29]. Changing the
inner layout of panel houses is hardly possible because the spacing
between the external and internal bearing walls is small [7,9].

Energy efficiency of these apartment buildings is typically poor
[10]. The thermal insulation of the precast panel walls does not
meet modern standards. District heating networks supply heat to
about 80% of Russian residential buildings and about 63% of the hot
water used by Russia’s population [30].

2.3. The selected housing district

The selected district mostly represents 4-th Microrayon of
Zelenograd, Moscow (longitude 37° east and latitude 55° north).
Zelenograd is located about 35km to the North-West from
Moscow City centre. The district dimensions are approximately
1km x 0.5 km. It represents a typical residential district of Moscow
and Moscow region with high-rise apartment buildings con-
structed for the most partin 1960’s and 1970’s. The district is heated
with district heating. Renovation of such buildings and districts is
needed in the near future.

The apartment buildings in the area are built between 1966 and
1972. After the initial analysis the most common building type II-
18 was selected to represent the average building in further studies
since a comparison of the demands of the buildings showed only
minor differences [1]. There are also a few other newer buildings
but since these analyses concentrated on modernization of build-
ings, these newer buildings are excluded from the studies.

In total there are approximately 13 800 residents in the build-
ings that are included in the calculations which is about 0.12% of
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Fig. 1. Overview of the energy analysis process in this study (WinEtana is a computer software for making building energy analyses developed by VTT Technical Research

Centre of Finland).

the total population of Moscow. The total floor area of the stud-
ied buildings is 327 600 m? and the total roof area 31,230 m2. The
number of residents is estimated based on the assumption that the
average occupancy rate per flat is 2.7 persons [10].

3. Methodology

The principles of the energy chain analyses used are discussed
in [1]. At first the present state was studied by selecting both a typ-
ical old apartment building and an entire residential district in the
Moscow region for the calculations. The renovation concepts were
assessed from the perspective of energy demand and associated
environmental impacts. The assessment started with development
of a “Current” energy and water demand model of the most com-
mon building type (II-18) which represented an average apartment
building. From this model, other renovation models were gener-
ated. The four models where named according to the concept on
which they were based: Current, Basic, Improved and Advanced.

In this study, the building models were used in the energy
demand analyses of their corresponding district concepts, also
named Current, Basic, Improved and Advanced. Each district con-
cept was further used to examine different scenarios of energy
production and the resulting environmental impacts. See Fig. 1 for
further clarification of the different steps of the energy analysis
process.

The renovation concepts and energy production scenarios were
selected based on expert experience from field studies of energy
efficient renovations in Finland. These were adjusted to Russian
conditions also taken into account the existing Moscow build-
ing codes for new construction. Relevant detailed building codes,

Table 1

standards etc. do not exist for renovation. The opportunity to utilize
renewable energy production was also emphasized.

The scenarios were selected primarily with the view on prac-
tical implementation of building renovations as follows: (i) only
restoration of buildings to initial condition, (ii) restoration of build-
ings using nowadays materials available on the market, which
properties have improved over the past 40 years, (iii) significant
improvement of buildings to meet local requirements to new con-
struction, and (iv) improvement of buildings going beyond the local
requirements to new buildings but being “normal” to renovation
projects in Finland and Northern Europe.

After the energy demands were analyzed, the life cycle emis-
sions for different energy production scenarios were calculated.
CO,-equivalents, SO,-equivalents, TOPP-equivalents (tropospheric
ozone precursor potential) and particulates were selected to
represent the environmental impact of the energy production
alternatives. CO,-equivalent emission is a total measure, in which
the emissions of different greenhouse gases are summed up
according their global warming potential (GWP) factor [31]. SO,-
equivalent signifies the total acidification potential, which is the
result of aggregating acid air emissions [31]. In the calculation
of SO,-equivalent emissions, the utilized software GEMIS (Global
Emission Model for Integrated Systems software) [32] includes SO,
NOy, HF, HCl, H,S and NH3. TOPP-equivalent signifies tropospheric
ozone precursor potential [31]. It is the mass-based equivalent
of the ozone formation rate from precursors, measured as ozone
precursor equivalents. The TOPP represents the potentially forma-
tion of near-ground (tropospheric) O3 which can cause smog. TOPP
includes emissions of NOx, NMVOC (non-methane volatile organic
compounds), CO and CHy [31]. Particulates have a significant effect
on the local air quality level [33].

Corresponding emissions for heat and electricity generation based on the partial substitution method for a 1 heat/0.85 electricity for natural gas CHP plant, a 1.5 heat/1
electricity for biogas CHP plant and a 1 heat/0.345 electricity for waste incineration CHP plant.

Emissions into air Heat for natural gas Electricity for

Heat for biogas

Electricity for Heat for waste Electricity for

CHP (kg/MWh) natural gas CHP CHP (kg/MWh) biogas CHP incineration CHP waste incineration
(kg/MWh) (kg/MWh) (kg/MWh) CHP (kg/MWh)
SO, equivalent 0.59 12 13 2.0 0.4 0.3
TOPP equivalent 13 2.6 0.63 0.97 0.68 0.54
Particulates 0.024 0.047 0.053 0.081 0.006 0.004
Greenhouse gases
CO; equivalent 285 559 26 40 36 29
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3.1. Emissions calculation

The values for emissions per produced energy (kg/MWh) were
retrieved from GEMIS [32] and account for the life cycle of the
facility by which the energy is generated. In all, emission values
were retrieved for electricity bought from the Russian grid, natural
gas combined heat and power plants (CHP), (building integrated)
solar photovoltaic (PV), solar collectors, wind farms (WF), Ground
source heat pumps (GSHP), biogas CHP plants, natural gas boilers
and biogas boilers with flue gas cleaning.

The emission values for the natural gas and biogas CHPs needed
to be divided into the proportions for heat and electricity generated.
This was done by the partial substitution method, where the idea is
to split the emissions into equal parts for the heat/electricity quote
inrelation to the efficiency of the type of energy generated. For this,
the following formulas were used:

Ep
&)= — 1
W=, (1)
g,
hi
Ehi = o X&i (2)
Epi T &
Ee
’
€= e (3)
e
Soi = o X & (4)
&+ &g

In equation 1, &}, denotes the heat energy to efficiency quo-
tient where Ej, is the share of heat generated (in combined heat
and power), and ny, the efficiency of the heat generation. The cor-
responding denotations for electricity generation are shown in Eq.
(3). In Eq. (2), e; represents the partial share of a certain emis-
sion type i per produced heat while ¢; is the reference value for
the same emission type (Table 1). The corresponding value for the
partial fraction of a certain emission type coming from electricity
generation is calculated according to Eq. (4).

The ¢; emission values for natural gas was retrieved for a 1/0.85
(Ep/Ee) heat to electricity quote and 0.9/0.39 (np, /ne ) heat to electric-
ity efficiency CHP plant in GEMIS. The corresponding values were
retrieved for a biogas CHP plant with 1.5/1 (E,/E.) and 0.9/0.39
(np/ne), and for a waste incineration CHP plant 1/0.345 (E,/E.) and
0.9/0.39 (np/ne). The results for the partial fractions of emission
for heat and electricity of both of the CHP plants types can be
found in Table 1. Values for the other energy technologies are found
in Table 2. The emissions were thereby calculated by multiplying
the energy produced by the emission factors of the corresponding
energy system (and the partial share of heat and electricity in cases
for CHP plants) as in (5).

Generated emissions = Amount of energy produced (&)
xemissions per unit of energy for specific energy

production (GEMIS) (5)

4. Energy and emission analyses
4.1. Energy analyses

The energy demands of several renovated district concepts were
analyzed and compared to that of the Current concept. Each of
the proposed Current, Basic, Improved and Advanced districts con-
tained buildings with the corresponding level of renovation and
additionally the improvements suggested in Table 3.

In the Current district, the annual energy demands per floor
area were 219kWh/m2,a and 47.2kWh/m2,a for heating and

Table 2

Emission coefficients according to produced energy for the different types of facilities or technologies.

Boiler Natural gas

Biogas CHP, 1,5

Ground source heat
pump (GSHP), COP

Solar Thermal Heat

(STH)

Wind farm (WF)

Solar photo-voltaic

(PV)

Natural gas CHP
plant, 1 heat/0,85

Russia electricity

0-level; [EA
numbers

Emissions (kg/MWh) [32]

heat/1 electricity

(MWh)

electricity (MWh)

Emissions into air

0.30
0.58

0.18 0.067 0.20 0.015 33
0.18

0.16

1.8
39

3.7

SO,-equivalent (kg/MWh)
TOPP-equivalent (kg/MWh)

Particulates

1.6

0.018

0.090
0.015

23
0.49

0.018

0.13

0.0027

0.041

0.026

0.072

Greenhouse gases

845 110 28 37 4.6 65 387

552

CO,-equivalent (kg/MWh)

405
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District level renovation concepts compared to the current status. If not otherwise stated the improved and advanced solutions always include the solutions mentioned in

the previous renovation.

Technology/system

Current status

Basic renovation Improved renovation

Advanced renovation

Energy production

District heating
network (Heat losses,
substations,
flow/energy
adjustment/control)

Electricity distribution

Lighting (outdoor)

Water purification and
distribution waste
water collection and
treatment

Waste

Flexible/multifunctional
use of spaces

Dense city planning
Transportation

Energy produced in
large-scale plants,
mainly using natural
gas.

Poor controlling High
distribution losses

Electricity distribution
networks design does
not allow to feed
locally produced
electricity to the grid,
one-way flow. In some
cases networks operate
close to their limits,
low power factor
possible, old
equipment (e.g.
transformers)

Drinking water not
safe.

High leakage rate in
water and sewer
networks.
Improvement of
sewage treatment
efficiency where
needed

Mixed waste collection
>60% municipal solid
waste (MSW) landfilled
(27% incinerated, 10%
recycled)

Services are placed in
nearby resident
buildings which
reduces transportation
needs.

City structure is rather
dense.

Reduction of emissions
(e.g. change of fuel, or
flue gas treatments).

Increasing
energy-efficiency of
energy generation
processes

Replacing of
distribution pipes (thus
reducing distribution
losses of district
heating) Adding
building-level
substations and flow
control valves

Replacement of old
equipment and cables,
power factor and
harmonics
compensation where
necessary

Energy-efficient street Street lighting

lighting designed to avoid light
pollution

Improved water

purification

technology.

Refurbishment of
water and sewer
networks

Safe cycle parking
facilities at train and
metro stations.

Cycle lending system
(bike pools)

Improved cycle routes,
separating cycles from
cars and pedestrians.
Improved public
transportation.

Replacing fossil fuels with
renewable energy sources (fuel
cells, photovoltaic panels, heat
pumps, etc.) and/or increasing
plants’ efficiency, e.g.
increasing the share of CHP
plants

Heat generation plant is
capable of adjusting
production according to the
variable heat energy demand.
Heating network able to buy
excess heat production from
buildings, so called heat
trading (for example excess
solar heat production).

The basic scenario & review of
automation systems to allow
for connection of distributed
generation.

Smart metres (in case of
demand response and local
controllable energy
generation)

Smart outdoor lighting (sensor
driven), street lighting
electrified with solar PV’s.

Smart water network

Block scale purification and
treatment (to ensure safe local
potable water and wastewater
treatment)

Increased recycling and energy
utilization: ~22% municipal
solid waste (MSW) landfilled
(24% incinerated, 54% recycled)

Charging points for electrical
vehicles.

Charging points with
embedded PV panels.

electricity, respectively [1]. The heating demand of the buildings
was estimated to be fully covered by district heating with 20% heat
distribution losses [30], while transfer losses of the electrical grid
were estimated to be 10% [34]. Energy needed for water purification
was estimated to be 7 kWh of heating and 49 kWh of electricity per
person in a year, and respectively 23 kWh of heating and 62 kWh
of electricity for wastewater treatment [35]. Outdoor lighting was
estimated to consume 350 kWh per lamp per annum, while a factor
of 0.167 lamps per inhabitant was used [15,36].

The Basic district consisted of buildings where the annual cal-
culated demand of heating was 134kWh/m?, a and of electricity
was 37 kWh/m2,a. Distribution losses of the district heating net-
work were reduced to 15% by system improvements, while transfer
losses of the electrical grid remain the same as in the Current dis-
trict. The energy demand for water and wastewater treatment was

reduced by 36% and outdoor lighting by 50% from the previous
concept.

For the Improved district, each square metre of floor area was
calculated to require 104kWh/m?2,a of heating and 33 kWh/m?,a
of electricity on an annual basis. The losses of the district heating
network and the electrical grid were kept to the same as in the Basic
district. The energy needed for water and wastewater treatment
was 48% less than for the Current district, while the outdoor lighting
electricity demand was reduced by 70%.

The advanced district was not only a further improvement on
the previous district in terms of energy demand. It was further
used in several scenarios for energy generation from various com-
binations of renewable energy sources. These alternatives will be
discussed further in the emission analyses. The annual energy
demands per square metre of floor area in the Advanced district
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Table 4
Resulting annual energy demand for the district concepts (MWh/a).
Current Basic Improved Advanced
Electricity Heat Electricity Heat Electricity Heat Electricity Heat
Buildings 17168 89753 13495 51691 12125 40194 11899 24963
Street lights 806 403 242 242
Water and wastewater treatment 1533 414 981 265 797 215 675 182
Total 19507 90167 14879 51957 13164 40410 12816 25146
Table 5
Analyzed energy production scenarios for the different district concepts.
Current Basic Improved Advanced
CHP natural gas X X X X
CHP biogas X X X X
A3 scenario: solar panels, ground source heat pumps, electricity from grid X
A4 scenario: solar panels, ground source heat pumps, electricity from wind farms X
A5 scenario: solar collectors, solar panels, ground source heat pumps, electricity from wind farms X

were 71 kWh/m2,a and 35kWh/m2,a for heating and electricity,
respectively. An exception of the Advanced district from the others
is that smart metres are used in the buildings, which lowers their
electricity demand by 5% (estimation based on [37]). Distribution
losses of the district heating network were estimated at 7% (which
is a typical level in Nordic countries), while transfer losses of the
electricity grid were reduced to 9%. Energy demand for water purifi-
cation and wastewater treatment is now reduced by 56% from the
Current district, while electricity needed for outdoor lighting was
70% less.

The data for distribution losses of the district heating network
and the transfer losses from the electrical grid used in the models
were derived from [34,38]. Radocha and Baumgartner [36] and Ech-
elon [39] were consulted for estimating electricity consumption of
the different district concepts. Corresponding values for water and
wastewater consumption have been obtained from [27,40].

Calculations show that the energy need is mainly affected in
the Basic and Advanced concepts. This has mostly to do with the
fact that the buildings are accounting for close to all the energy
demand of the case district. The calculation results are shown in
Table 4 where the energy demand of the district has been catego-
rized into buildings, outdoor lighting, and water and wastewater
treatment. Transfer and other losses have been accounted for in
the numbers presented. Looking at electricity and heating demand
separately, it is notable that the potential for reduction is 34% and
72%, respectively.

It has to be noted that transportation or other services resulting
in further energy demand were not accounted for in the district
energy analyses that have been carried out. These usually form a
significant share of the total energy consumption in a district but
were left outside the scope of the analyses where the focus was
on buildings and infrastructure. Also, some of the improvements
presented in Table 3 are directly related to pollution or the comfort
level of the inhabitants, and would not be notable in the results
from the energy.

4.2. Emission analyses

All the concepts presented were further extended with differ-
ent scenarios of how the energy needed is either being acquired
or produced within the area and the amount of emissions that this
would result in. As shown in Fig. 1, altogether 11 district energy
production scenarios were analyzed. All the district concepts had
two scenarios, except the Advanced, which had five in total.

Since almost all energy produced in the Moscow area comes
from natural gas [41], the scenario of heat and energy production

from natural gas (Nat) was created for each district type. To evaluate
the opportunity for using renewable energy, a scenario where natu-
ral gas is being replaced by biogas (Bio) was additionally examined
for each scenario. Table 5 summarizes the scenarios analyzed.

For the Advanced district concept the A3, A4 and A5 scenarios
involving renewable energy were created in addition to the natural
and biogas scenarios. In the A3 scenario, solar panels (PV) mounted
on the roofs of the buildings was calculated to cover 7.5% of the
total electricity demand, while the rest would be bought from the
Moscow grid. All the heating needed would in this scenario be pro-
vided by ground source heat pumps (GSHP), which on the other
hand would consume a considerable amount of electricity. The A4
scenario differed from the A3 in the way that all grid electricity was
bought from a wind farm (WF). In addition to the A4 scenario, 30%
of the energy needed for domestic hot water in the district was pro-
duced by solar thermal collectors (STH) in scenario A5. This would
eventually lead to fewer boreholes and less electricity needed for
ground source heating.

4.2.1. Emissions for the Current district

The reference emissions of the Current district (Moscow Ref.)
were calculated using the equivalent values for the whole Moscow
multiplied by the number of inhabitants in the selected district.
Heating energy in Moscow is up to 70% generated by large scale
combined heat and power (CHP) plants, 5% by small scale CHP
plants and 25% by heat only boilers (HOB) [42]. This corresponds
to 79.290 GWh of heat generated by the large scale CHP plants,
5.664 GWh from the small scale CHP plants and 28.318 GWh from
the heat only boilers. The fuels used in large scale CHP plants are
98% natural gas, 1.4% coal and 0.6% heavy fuel oil. The fuel used in
both small scales CHP plants and HOBs is 100% natural gas [42].
The fuels were in the calculations presumed to be 100% natural
gas since the share of coal and heavy fuel oil was considered to
be insignificantly small in comparison to the total. The total elec-
tricity production corresponding to the consumption in the city'
was split into 45.045 GWh produced at large-scale CHP plants and
3.234 GWh produced at small-scale CHP plants. The emission val-
ues for the Moscow reference case were calculated based on this
data.

Based on the calculated energy demands (Table 4) the emissions
for the Current district were calculated both for the existing natural

1 The City of Moscow is characterized by a surplus electricity balance, i.e. more
electricity is produced than it is consumed and the excess is exported to the sur-
rounding Moscow region.
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C€02-equivalent based on yearly energy demand of district
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Fig. 3. SO,-equivalent emissions of the district energy production scenarios.

gas CHP plant and for an alternative biogas CHP plant. The emission
from all the scenarios are pictured in Figs. 2-5.

4.2.2. Emissions for the Basic and Improved district scenarios

The annual emissions from natural gas CHP energy production
and from biogas CHP energy production for both the Basic dis-
trict scenarios and the Improved district scenarios were calculated
based on the energy demands (Table 4) and corresponding distri-
bution losses. See Figs. 2-5 for results.

4.2.3. Emissions for the Advanced district scenarios

The advanced district scenario is a further improvement of the
Improved district case in terms of energy demand (Table 4). Addi-
tionally, it contains several alternatives for energy generation from
various combinations of renewable energy sources: natural gas
CHP biogas CHP, building integrated solar photovoltaic (BIPV), solar
collectors (STH), ground heat pumps, wind farms and electricity
bought from the grid. The emissions from these can be found in
Figs. 2-5.
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Fig. 4. Particulates of the district energy production scenarios.
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TOPP-equivalent based on yearly energy demand of district
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Fig. 5. TOPP-equivalent emissions of the district energy production scenarios.

For generating energy from solar radiation, the photovoltaic
potential estimation utility Photovoltaic Geographical Information
System (PVGIS) was used for estimating solar irradiation in Moscow
[43]. According to this, the average yearly solar radiation on a hori-
zontally inclined surface is 1.154 kWh/m? for an optimal surface in
Moscow that has an inclination angle of 39° and south-orientation.

The annual electricity generation of the solar photovoltaic (PV)
system was calculated as follows. Using CIS technology based
solar panels (copper-indium-selenium) would give an annual gen-
eration of 1.060 kWh/kW,;, (temperature and reflectance losses
included) which means that for every kW-peak power installed
we get a 1.060 kWh of electricity in a year. Further losses (wiring,
inverter, array mismatch and distribution) of the PV system were
estimated to be a total 20% of the whole production [43,44]. The
peak power per square metre ratio for the system was presumed
to be 0.125kWp/m? [45]. The same number was multiplied with
half of the roof surface of the buildings in the district for estimat-
ing the total annual electricity generation. Half of the roof area of
the district was accounted for installing solar panels, and further
that the roofs were horizontal which meant that solar panels could
be oriented and inclined for optimal solar gain. The total annual
production from the PV system is 1.655 MWh.

Solar collectors are estimated to cover for 30% of the energy for
heating of domestic water which is a rough estimation based on
the results of a pilot project in Helsinki in Finland [46]. The per-
formance of solar thermal heat (STH) systems that were installed
on multi-storey buildings was evaluated in the report. However,
the saving potential of STH varies with solar radiation availability,
system efficiency, outside temperature and utilization of heat col-
lected which all complicates any accurate prediction. By accounting
for solar thermal energy, the yearly demand for domestic water
heating for an Advanced building will decrease from 32 kWh/m?
to 23 kWh/m? resulting into a total heat demand of 61 kWh/m?2.
This means that the total heating energy needed for the buildings
in the Advanced district will become 20.011 MWh/a which is over
14% overall decrease when including solar thermal heating. One
collector square metre produces annually 200-400 kWh for differ-
ent types of systems and locations in Finland [47], and 450 kWh
in Germany [48]. Results from PVGIS shows that the potential in
Moscow is closer to that of Berlin than Helsinki. The value 400 kWh
was used meaning that the total needed surface area needed for
the solar collectors would be 8.011 m2. The solar collectors might
be roof-installed or placed on an open field and thereafter inter-
connected to form a large scale solar thermal heating system. The
solar panels would occupy around 50% of the roof total roof area of
the buildings and the collectors around 30% in case they were to be
roof-top mounted.

The ground source heat pumps (GSHP) were decided to have a
coefficient of performance (COP) value of 3, which means that each
unit of electricity put in will generate three units of heat. Depend-
ing on how much heating is required there will be a certain amount
of vertical boreholes needed for the ground source heating pumps.
The amount of boreholes was calculated by calculating the total
pipe length needed and dividing this with twice the maximum
depth of a vertical borehole (200 m). Based on the demanded heat-
ing energy Dy, the length L of the pipe is calculated by

1= 067 [49] (6)

The term G denotes the extractable amount of energy from
ground which depends on the type of soil. In this study, the soil
was assumed to be clay with the amount of extractable energy of
55 kWh/m3. The value 0.67 in formula 1 comes from the ration of
heat production for a GSHP with a COP value of 3. The pipe length
can be twice the depth of a vertical borehole since it makes a loop
in the end and return back to the surface again. This means that the
total amount of vertical boreholes was calculated by dividing the
total pipe-length for the whole district by 400.

Boreholes are to be placed 15m from each other [49], which
means that one borehole occupies at most 177 m? of ground sur-
face. It has been considered that each II-18 building has a total
floor area of 4.911 m? while the total floor area of the district is
327.581 m2. The district scenarios in this study were considered to
contain solely of 1I-18 buildings which means that the number of
buildings in each scenario is 67. This number was later used for
calculating how large area is required around each building for the
installation of the boreholes.

In the alternative 3, 7.5% of the total electricity demand is gener-
ated by building integrated solar panels (BIPV), a total of 15 600 m2
of panels, while the rest is bought from the grid. These would
occupy half of the roof area as earlier mentioned. The heating
demand is covered by ground source heat pumps (GSHPs) which
in turn demand a considerable amount of electricity (included in
the total demand). This alternative would require 556 boreholes
and the ratio between the floor area and area needed for GSHP is
1/0.382. The energy demand and generation for this alternative are
shown in Table 6 and the generated emissions in Table 7.

Alternative 4 is similar from the previous alternative except from
the part that the additional electricity from the grid will be bought
from wind farms (WF) located elsewhere. The energy demand and
generation for this alternative are shown in Table 8 and the emis-
sions in Table 9. The solar photovoltaic efficiency, and amount of
boreholes and the area required for these are the same as in Alter-
native 3.
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Energy demand and generation for the advanced district alternative 3.

Annual energy demand (MWh/a)

Annual energy generation (MWh/a)

Type Heat Electricity Type Heat Electricity

Buildings 23379 9943 BIPV 1655

Water and wastewater treatment 182 675 GSHP 23561

Street lights 242 Electricity from the grid 17057

GSHP 7854

Total 23561 18712 Total 23561 18712
Table 7

The emissions for the Advanced district scenario alternative 3 (A3: PV +GSHP +bought. . .).

BIPV (kg/a) GSHP (kg/a) Grid (kg/a) Waste incineration (kg/a) Total (kg/a) Total per person
(kg/a/p.p)

Emissions into air
SOz-equivalent 291 293 59378 2494 62456 4.5
TOPP-equivalent 265 363 37260 4613 42500 3.1
Particulates 43 54 7794 38 7929 0.57
Greenhouse gases
CO;-equivalent 181817 90342 8792514 244317 9308990 674

Table 8

Energy demand and generation for the advanced district alternative 4.
Annual energy demand (MWh/a) Annual energy generation (MWh/a)
Type Heat Electricity Type Heat Electricity
Buildings 23379 9943 BIPV 1655
Water and wastewater treatment 182 675 GSHP 23561
Street lights 242 WF 17057
GSHP 7854
Total 23561 18712 Total 23561 18712

In the alternative 5, solar collectors (STH) are producing 30%
(8000 m?) of the heating energy needed for the domestic hot water.
The rest of the heat demand is covered by ground heat pumps
(GSHP) which use also electricity for operation. Solar panels (PV)
are producing the same amount of electricity as in alternatives
3 and 4 while the rest of the electricity demand is generated by
wind farms (WF). The total amount of boreholes in this case is 458
which is less than for the precious cases since a share of the heat-
ing demand is covered by solar collectors. The ratio between the
floor area and area needed for GSHP is thereby 1/0.314. The energy

Table 9
The emissions for the Advanced district scenario alternative 4 (A4: PV + GSHP + WF).

demand and generation for this alternative are shown in Table 10
and the emissions in Table 11.

4.2.4. Comparison of the different district cases

Generated emissions from the different scenarios are compared
to each other and the value for the Moscow area (Moscow ref.)
in Fig. 2 (CO,-equivalent emissions), in Fig. 3 (SO,-equivalent
emissions), in Fig. 4 (particulates), and Fig. 5 (TOPP-equivalent
emissions). The Moscow reference values are average emission val-
ues from energy production for the whole of Moscow. In order to

BIPV (kg/a) GSHP (kg/a) Wind farms (kg/a) Waste incineration (kg/a) Total (kg/a) Total per person
(kg/a/p.p)

Emissions into air
SO,-equivalent 291 293 1073 2494 4151 0.30
TOPP-equivalent 265 363 1436 4613 6677 0.48
Particulates 43 54 241 38 376 0.027
Greenhouse gases
CO,-equivalent 181817 90342 448794 244317 965270 70

Table 10
Energy demand and generation for the advanced district alternative 5.

Annual energy demand (MWh/a)

Annual energy generation (MWh/a)

Type Heat Electricity Type Heat Electricity
Buildings 23379 9943 BIPV 1655
Water and wastewater treatment 182 675 GSHP 20356

Street lights 242 STH 3205

GSHP 6785 WF 15989
Total 23561 17644 Total 23561 17644
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Table 11

The emissions for the Advanced district scenario alternative 5 (A5: STH + PV + GSHP + WF).

BIPV (kg/a) GSHP (kg/a) Wind farms STH (kg/a) Waste incineration Total (kg/a) Total per person
(kg/a) (kg/a) (kg/a/p.p)

Emissions into air
SO,-equivalent 291 246 1001 636 2494 4667 0.34
TOPP-equivalent 265 304 1340 573 4613 7095 0.52
Particulates 43 45 224 132 38 482 0.035
Greenhouse gases
CO,-equivalent 181817 75745 418716 118005 244317 1038600 75

be comparable, these have been converted to emissions per inhab-
itant and thereafter multiplied by the number of inhabitants of the
case district.

Using biogas instead of natural gas would result in larger
reduction of CO,- and TOPP-equivalents but higher levels of SO,-
equivalents and particulates with all examined solutions. The
reduction potential is especially high for CO,-equivalents which
can be reduced to below 10% for each scenario when switching
to biogas. Buying electricity from the grid is not favourable and
would cancel out the effect of using ground source heating pumps
for reducing emissions in alternative 3.

By comparing the emission levels, alternative 4, involving PV,
GSHP and WF, would generate lowest emissions. However alter-
native 5, involving STH, PV, GSHP and WF, was almost as good
alternative because energy produced by a ground source heat pump
is considered to result in fewer emissions than energy produced by
solar collectors due to the fact that the electricity used by the heat
pump was produced by wind energy. Storing excess heat from the
solar collectors in the ground during hot seasons (summer) with
help from GSHPs was not considered. Taking this into account could
possibly have made alternative 5 the winning scenario.

5. Discussion and conclusions
5.1. Conclusions

At the district level, different improvement scenarios in terms
of energy demand, energy production and emissions were ana-
lyzed. The district scenarios, named Current, Basic, Improved and
Advanced, comprise the building renovation cases of the most typ-
ical apartment building type. The improvements accounted for
in the district scenarios were the energy consumption of build-
ings, outdoor lighting, water purification, wastewater treatment,
and transfer losses of district heating and electrical grid, and
energy generation from renewable energy sources. Several studies
[14,15,50-54] show the technical feasibility of renewable energy
solutions in Russia.

Considerable energy savings could be achieved in a district
through different modernization scenarios. Even with the basic dis-
trict concept, the total annual electricity demand would reduce 24%,
and the total annual heating demand 42% according to calculations.
With the improved district concept, the corresponding reductions
would be 33% and 55%. With the advanced district concept, poten-
tial reductions would be 34% for electricity demand and 72% for
heating demand. It is clearly seen that savings in heat demand are
easier to achieve than savings in electricity demand. One reason
for this is that electricity demand is more connected to people’s
behaviours than the heat demand and is therefore harder to cal-
culate and forecast. Almost all renovation activities also improve
the quality of living, one such is the instalment of mechanical ven-
tilation which often lower heat demand but increases electricity
demand. It needs to be understood that a holistic approach to the
analysis of the renovation activities is essential to draw the right
conclusions.

The importance of analyzing the whole energy chain becomes
evident when looking at cases where heat losses in the heat dis-
tribution network are very big and heat exchangers are lacking
between networks and the buildings (as is the case in Russia).
This leads to a situation where the reduced energy demand in a
building does not lead to savings in the beginning of the energy
chain but may instead even lead to overheating of the building. The
energy saving investments might then be beneficial for the build-
ing occupants (if the investments also include control devices), but
looking at the total benefits for the society such renovations would
not bring such benefits as reducing air pollution, global warm-
ing, unnecessary investments into utility-level energy (and water)
infrastructure etc.

The emission analyses show that the amount of each emis-
sion type produced might depend on different factors. As for
CO,-equivalents, changing fuels from natural to biogas would be
an efficient choice of reduction. The same also goes for TOPP-
equivalents, where it can be noted that changing fuel type would
result in further reduction than implementing the next standard
(e.g. Current to Basic) renovation. However, doing so would on
the other hand also result in twice the amount of produced SO,-
equivalents and particulates. Concluding, producing energy from
other renewable technologies than biogas, such as ground source
heat pumps, solar panels, solar collectors or wind turbines, would
be a better solution than switching to biogas when it comes to
reduced SO, particulates emission levels compared to the current
situation.

It can be concluded that there is no straight forward answer to
which scenario is the best one, not even in terms of reduced emis-
sions. Looking at CO, and TOPP emissions gives another conclusion
than looking at SO, and particulates emissions. It needs to be clear
what the objectives of the improvements are in order to make the
right decisions in choosing the most efficient improvement sce-
nario.

6. Discussion

There is no relevant scientific literature related to energy ren-
ovations of Russian residential districts, this study can be seen as
a pioneer and forerunner in this sector. Even though the district
examinations were made to one pilot area, their results can be gen-
eralized to other similar residential areas existing in Moscow as
well as in other parts of Russia. The energy renovation of such dis-
tricts requires often improvements to the whole energy chain while
many building level renovations would only improve the energy-
efficiency of the building itself. This means that if the same amount
of energy is supplied to the building through uncontrollable dis-
trict heating, the building energy consumption and emissions do
not reduce.

The performed analysis highlights also the issue of a wide vari-
ety of stakeholders being involved in such renovation activities. City
planning aspects need to be considered for example when consid-
ering the need for land use for bore holes or local heating plants.
The roof top solar installations’ inclination angles influence the
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solar energy production etc. Energy companies naturally have a big
role in the infrastructural renovations of the energy infrastructure
both considering production plants and the transmission lines and
pipes. Ownership and management questions regarding ownership
of energy plants, transmission networks and the buildings play a
role in making the concepts realized.

Business models for carrying out such large scale renovation
activities need to further investigated. The benefits of the different
stakeholders, the incentives for realizing energy efficient district
renovation concepts need to be elaborated. If energy is being sub-
sidized the economic incentives might be lacking. If investments
are paid by other stakeholders than the ones getting the benefits
there is a barrier for executing the concepts. Public authorities need
to have a clear role and strong will to make the concepts become
reality.

Based on the result of this study it can be concluded that the
renovation of a neighbourhood should not be restricted to the
renewal of houses, but should be extended to the whole territory
and whole energy chain in order to achieve the holistically best
results. Furthermore, this study has shown (see Figs. 2-4) that the
emissions to air correlate not only with energy efficiency, but are
also highly dependent on the source of energy. For certain types of
emissions (e.g. particulates) the effect of energy source is especially
pronounced.
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Abstract: The aim of the research project, EcoGrad, was to develop a concept for ecological housing areas that
would fit in St Petersburg. A criteria list for ecological residential areas was developed together with local
partners. Some differing aspects between Finnish and Russian criteria are pointed out in this paper. These are
among others the attitude towards high-tech solutions, the norms regarding placement of services, and the lack of
well functioning service concepts for facilities. Three pilot cases were also studied. A rough plan was made for
the pilot areas including placement of buildings and services and transport solutions. Energy systems were
modeled and compared, and emissions were calculated. One of the pilot cases is shortly described in this paper.
A questionnaire that was made to inhabitants showed a poor willingness to pay for renewable energy and good
indoor air. Safety issues were highlighted, a majority does not feel safe in their living area.

Keywords: City planning, Russia, Energy-efficiency

1. Introduction

In Russia the ecological planning is still in the early stage of development. Energy production
based on renewable energy sources is also a quite unknown solution. However, there are
already some regulations that support the guidelines of ecological urban planning. One of
these is the regulation that orders maximum allowed distance from residences to the daily
used services, such as day care centre, school, shops and health care centre.

The aim of the research project, EcoGrad, was to develop a concept for ecological housing
areas that would fit in St Petersburg. The project started in the beginning of 2010 and lasted
until the end of the year 2010. The objective of this paper is to present the development
process used in the project and highlight some specific differences in ecological city concepts
developed for Russia compared to Finland.

As partner on the Russian side was the Coordination Center for International Scientific-
Technology and Education Programmes. The most important reason for having a Russian
partner was to develop the contacts to the local government. Another reason was to get help
with collecting necessary basic data.

One of the guiding principles in the planning process of this project was the GOLD principle,
which stands for “Globally Optimized, Locally Designed”. Practically this means that the
local conditions are taken into consideration, when applying global optimized solutions into
the EcoGrad concept.

The project included three pilot residential areas locating in St Petersburg. A rough city plan
was drawn and different energy systems were modeled and calculated.

Based on findings from the pilot studies and negotiations with the local authorities, a criteria
list for an ecological city plan was made, presented, and iterated.
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2. Methodology

2.1. Progress and collecting data

The approach was in the beginning to collect basic data and directly create concepts for pilot
areas. The general data needed was the energy efficiency level of houses being built today,
ventilation systems normally used, energy prices and tariff systems, building norms, city
planning process description, other relevant local regulations (such as distances to the daily
services) etc. Case specific data needed was: existing transport solutions, maps of the areas,
city planning situation, expected amount of inhabitants, etc. However, it turned out to be more
difficult and time consuming to get reliable base data. Therefore the approach was changed.
First a basic concept, based on Finnish base data, was developed. It was presented to the local
authorities and adjustments were made based on the feedback received. The concept was
made in more detail by adjusting it to three different pilot cases. The detailed concepts were
again presented to locals and adjusted. The development process could be called an iteration
process.

A student from Saint-Petersburg State University of Architecture and Civil Engineering made
a one month visit to VIT in order to help with data collection. A rough examination of the
Russian building norms was made.

2.2. Questionnaire study for residents in Russia

Together with Finec, the StPetersburg state university of Economics and Finance,
a questionnaire for residents was made. The questions were made by VTT, and the
questionnaire was performed by Finec. The questionnaire had 750 answers, 600 per email and
150 per telephone interview and face-to-face interviews. The survey was devoted to the living
area conditions opinions, which included answers regarding the housing, buildings and living
areas, transport etc.

The main finding was that almost all respondents (92 %) said that it is of no value for them to
have their house heated with renewable energy. Less than half of the respondents (40 %) are
willing to pay extra for good indoor quality, even though 80 % answered that they consider
good indoor quality important. Security issues could also be highlighted, 72 % said that they
do not feel safe in their neighborhood, which can be compared to a study made in Finland that
showed that 81 % of Finnish people living in urban areas felt really or quite safe [1]. The
respondents want big apartments, over 100 m2, and they want to want to see parks, green
areas and water when they look from their window. What also can be noted was that a rather
big part, 44 % of the respondents do not own a car, mainly due to economical reasons.

2.3. Modeling of pilots

For each pilot case, a plan of the area was done, including the structure of the area, building
types and location of services as well as transportation solutions. Different energy systems
were modeled and compared. At first step, the base data was collected and a plan of the area
was done. Number of inhabitants, buildings and necessary service spaces were settled.

At the second step, energy consumption of the entire area was calculated in different
scenarios: base case scenario, low energy building and/or passive house level. The
consumption level of base case scenario was assumed to correspond to the energy
consumption level of Finnish building regulations in 2008, because reliable sources about
Russian consumption levels were not available. Consumption level of low energy and passive
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houses were also based on Finnish definitions [2; 3]. The energy consumption was calculated
using the WinEtana program which has been developed by VTT.

Different options for energy production, based on renewable energy sources, were studied.
Different suitable production technologies were recognized, and then emissions produced
during the entire lifecycle of the energy production process were calculated and compared
with each other. In addition, the distribution losses were also included in the calculations.
According to IEA electricity transmission losses are 10,3 % and heat distribution losses 7 %
[4]. The emissions from the energy production were calculated using the GEMIS tool (Global
Emission Model for Integrated Systems), developed by The Oko-Institut e.V.

One pilot was a residential area for 20 000 inhabitants. It was developed together with Poyry
Oy. The plan included different building types: one family houses, row houses and high rise
buildings. The second pilot was a residential area for 10 000 inhabitants, all residential houses
were high rise buildings. It was developed with a local building company. One starting point
for the plan was to develop an ecological city plan without creating any extra investment
costs. Focus was therefore put on non-technical solutions. The third pilot was a smaller one,
including only a few blocks. In that pilot focus was put on the development of public-private
partnership business models.

3. Results

3.1. The EcoGrad concept

The target of the EcoGrad concept is an ecological urban planning process, which takes into
account local Russian operational environment. A result of this process is to achieve an urban
area, which is as eco efficient, functional and comfortable place to live, as possible.

One of the key issues of EcoGrad concept is an integrated planning process. This means that
all urban planning fields are taken into consideration together already from the beginning of
the planning process. In other words, the continuous co-operation of experts of different fields
is really important. Then it is possible to find the solutions that are best for the entire system
both environmentally and economically as well as functionally.

The fields that are included in the EcoGrad concept are: dense structure of the urban area,
local environment and basis, energy efficient buildings, energy production mainly from
renewable energy sources, sustainable transportation solutions, waste and water management
and social issues.

In an energy system of the EcoGrad concept, the primary aim is to minimize the total energy
consumption of the area. The main focus has to be concentrated on the energy usage of
buildings as well as transportation, which are the most significant energy consumers. The
energy consumption of buildings can be remarkably reduced with low energy and passive
building technologies. On the other hand, the energy that is really needed in the area should
be produced mainly from renewable energy sources. The optimization of the entire energy
system, including heating, cooling, and electricity consumption and production, is important.

3.1.1. Factors affecting to the implementation of projects in Russia

The Russian building regulations can be found from the SNIP documents. SNIP is a set of
regulations in the field of construction, enacted by executive state authorities, which contain
obligatory requirements. SNiPs set general provisions, design requirements, rules of carrying
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out works and work acceptance, cost estimate guidelines. There are a large number of SNIPs,
and each of them concentrates on one specific field. However, according to the Russian
partners, the building regulations are currently under development process and the aim is to
develop regulations toward European standards. In Russia, it is critical for all operations and
projects to have sufficient amount of knowledge about Russian building codes and operation
models.

Nowadays it is quite to arrange the maintenances services of residential buildings in
StPetersburg. This is due to unclear ownership and management structures of facilities, as
well as a poor level of the feature information of real estates and poor supply of services.. It
is unclear who should pay for the service and that often leads to the situation that the service
is neglected. This needs to be taken into account when presenting solutions that include
technical aspects. This is one of the drivers (even though not the only one) that increase the
interest for various Public Private Partnership business models.

Some solutions of EcoGrad concept are so multifaceted that it is necessary to have a private
partner for maintaining and operating those. Without skilled private operator it cannot be
assured that technical solutions operate efficient and ecologically enough, as planned. This is
due to the fact that most of the solutions need special know-how and maintenance also after
the construction phase. Depending on the used public private partnership model, private
partner can also be responsible for financing, investing, designing, building, and owning of
services or necessary facilities. When designing and choosing suitable business model, it is
important to consider money flows, responsibility areas of each party and ownerships really
carefully. It has to be clear, who pays to whom and for what duty.

3.2. The Criteria list for ecological urban planning in StPetersburg

The criteria list for an EcoGrad area was made based on the findings from the discussions
with the local city planners and the development of pilots. It included aspects from the
international LEED and BREEAM criteria and national Finnish criteria.

The criteria list is divided into following sectors: the structure of the area and land usage,
landscape, buildings, energy, transportation, waste and water solutions. There are three
categories in the criteria list: general level criterion, details and specifications of the criterion
and special notices from StPetersburg. Here we will address differences between Finnish and
Russian criteria.

Less focus can be put on the placement of services due to the fact that the norms already
require that the services are placed close by. The need for bicycle routes is included despite
the fact that bicycles are seldom used. To support the use of bicycles, security issues should
be highlighted, both in terms of traffic security meaning separated lanes for bicycles and in
terms of safe parking solutions to prevent the bicycles from being stolen.

The criteria setting includes that renewable energy sources should be examined. It has,
however, become clear, that the development of renewable energy systems is not that
common yet in Russia. One aspect was that the buffer zones for bio energy plants were not
known by Russian partners. It was also a bit unclear whether energy wells could be drilled for
the use of heat pumps according to the local legislation.

The passive house solutions need to be highlighted here. An important part of the passive
house concept is the mechanical ventilation with efficient heat recovery. It needs to be
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emphasized that buildings can’t be built airtight and well insulated unless the ventilation is in
order.

Generally speaking it seems that passive solutions that aren’t that technology dependent are
valued higher in Russia. Technological solutions are not considered ecological, but contrary
they are seen as potential additional electricity consumers, the mechanical ventilation being
one example of this. Smart metering systems for electricity use was of interest but still
considered with a bit of skepticism.

3.3. The concepts for the pilot cases

During the EcoGrad project three pilot areas were also studied. Comparing calculations of
different energy system scenarios and emission models were made for each pilot model. In
addition, in each pilot the focus was in some special aspect of the model. In the first pilot the
focus was on the factors that affected to the eco efficiency of the area (such as public
transportation as well as walking and bicycling, green corridors, different building type areas,
cultivation plots, placement of services and the entire area etc). The special character of the
second pilot was the requirement of not allowing any extra costs. In the third pilot, the public
private partnership business models were investigated.

As an example the energy system, calculations of the first pilot are briefly introduced below.
The plan of the first pilot area and the volumes are presented in the Figure 1. The planned
number of inhabitants in the area is 20 000. The residential area is 30 m’ per inhabitant, which
means in total 600 000 m” floor area. There are five different building type areas: dense, low
and dense, detached houses and villas. The inhabitation is most dense in the center of the area,
which is really close to services and railway connection to the centre of StPetersburg.

¥ 1 Services: - Municipal services
i - Cornrercial centre
- Parking facilities: cars, bikes

2 Dense urhan form:
168 D00 m?, 5 600 inhabitants

Low and dense, townhouses:
246 D00 m?, 8 200 inhabitants

4 Low and dense, semi-detatched:
95 000 m?, 3160 inhabitants

| 9 Detached houses:
50 000 m?, 1 670 inhabitants

6 Villas and allotments:
41 000 m?, 1 370 inhabitants

7 Parks, Leisure Activities, Allotments

& 8 Infill Housing

adense

b low and dense

demolition or repair: case by case)

| Total residential floor area: 600 000 m®
- includes kitchens and service rooms
- 30 m? per inhabitant

Population: 20000 inhabitants

Fig. 1.Plan of the first pilot

The energy consumption has been calculated in three different scenarios: base case, low
energy and passive building levels. The results can be seen from the Figure 2. Most
significant improvements are related to decreasing the heat consumption of buildings, and
especially the heat consumption of space heating. It is more difficult to affect to the electricity
or hot water consumption, because they depend more on the habits of the residents.



World Renewable Energy Congress 2011 — Sweden Bioenergy Technology (BE)
8-11 May 2011, Linkoping, Sweden

Energy consumption scenarios

@ Heat energy consumption MWh/a

B Electricity consumption MWh/a

MWh/a

Base case Low energy Passive houses
building

Fig. 2. Energy consumption of the pilot area in different scenarios

Next, different energy production options were studied. First option was quite ultimate with
the target of using only renewable energy sources and achieving as low emission level as
possible. That meant ground heat pumps, building integrated solar panels and wind power.

Heat collection pipes could be mounted on the golf court locating close to the pilot area. It
was assumed that the COP of the heat pumps is 3, and the heat yield is 35 kWh/m2/a. One of
the challenges was the fact that heat pumps consume electricity, which is also supposed to be
produced within the area. If was further assumed that the entire area of roofs could be utilized
with building integrated solar panels. It was calculated that the yield of solar panels would be
17 700 MWh/a. This means that there should also be a lot of wind energy: in a base case
28 804 MWh/a (the power capacity being 14,4 MW), low energy building level 20 200
MWh/a (with the power capacity of 10,1 MW) and passive building level 17 796 MWh/a
(with the power capacity 8,9 MW). Power levels of wind power are calculated with a capacity
factor 23%. In this option the target was to produce as much energy as is consumed in the
area, but it is assumed that the area is connected to the national electricity grid, which
smoothes the differences between the production and consumption continuously.

The second option was combined heat and power production (CHP) plant that is fuelled with
woodchips. The third option was also a CHP plant, but it was fuelled with biogas produced
from the wastes. It was assumed that the CHP plant is operated according to the heat demand
in the area, as usual. In addition, it was assumed that the plant produces 80 % of yearly heat
consumption, and the rest of the heat demand is covered with reserve plants, for example
natural gas boiler. The used CHP processes were calculated with the information of real
existing plants from the database of the GEMIS software. The plant using wood as a fuel
produced 2 MWh of heat per 1 MWh of electricity, with the electrical efficiency of 27,5 %
and operating time of 6000 h/a. The biogas CHP plant produced 1,5 MWh of heat per 1 MWh
of electricity, and the efficiency and operating time were the same as the woodchip CHP
plant.
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The green house gas emissions of these different energy production options are presented in
Fig. 3. The emission calculations include the emissions produced during the entire life cycle
of their processes (including for example construction and transportation). These results were
also compared to the base case, which represents the current situation in Russia. According to
IEA, in Russia buildings are heated most commonly with district heating, in which the heat is
produced from natural gas. The emissions of base case electricity are calculated with GEMIS
from the base data of IEA [4].

CO2-equivalent kg/a
30 000 000 -
25 000 000 +— | @CO2-equivalent kg/a ’7
20 000 000 1
15 000 000 +—
10 000 000 +— ] ]
5000 000 +— — _’»
0 [ |
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Fig. 3. Green house gas emission from different energy production options in the first pilot case. (LE
= low energy buildings, Passive = Passive buildings, HP = heat pump, BIPV = building integrated
solar panels, CHP, wood = CHP plant that uses woodchips, CHP, biogas =CHP plant that uses
biogas)

In the second pilot study, the same options were studied as in the first pilot. But moreover, it
was also studied what could be done, if no extra investment costs are allowed. That means
that electricity is bought from the national grid. The most promising for heat production in the
area was district heating with woodchip boiler.

The third pilot, which was the smallest and had only less than 2000 resident, is located by the
coast, on the Vasili island, in central St Petersburg. Therefore, the water heat pump solution
was considered interesting. And besides heating, heat pump could also be utilised for space
cooling. The electricity could be produced with building integrated solar panels as well as
with small building integrated wind turbines. This solution produces all the heat and cooling
energy consumption of the area, but still 71 % (in passive building level) and 79 % (in base
case) of the electricity consumed in the area should be bought from the national grid. In
addition, a heat supply system with solar collectors was modelled.

4. Conclusions

One conclusion of the project was that it is of great importance to have an active local partner
in this type of development project. The local partners need to have their own funding for the
project to ensure that the work is being prioritized.



World Renewable Energy Congress 2011 — Sweden Bioenergy Technology (BE)
8-11 May 2011, Linkoping, Sweden

Taking the criteria developed in this project into the planning process is the next step in the
development of new ecological areas. There seems to be a difference in the mindset of the
Russian people compared to Finnish people. More effort should be put on understanding the
needs of the inhabitants. The end-user should be included more in the planning process.

There seems to be a lack of knowledge regarding renewable energy systems and technologies
for building energy efficient houses. Efforts should be put on exporting knowledge and best
practices about these issues. With an increase of knowledge the local norms can be developed
in a sustainable way and it will also support the development of the city planning process.
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Appendix B. Description of research projects

HETRA - Technical features for heat trade in distributed energy
generation

The aim of the project was to develop a concept for heat trading and
analyse its potential and impact.

Liberated heat market works mainly like a liberated electric market in
Nordic countries with the exception that heat market works within a local
district heating network. There are producers, customers, a network
operator and a system operator as there exist in the electric market.
Physical actors are the traditional large scale producers that sell heat to
customers connected to the district heating network, and the end users,
that would also be small-scale producers using a micro-CHP or a boiler.
They would buy heat from other producers or sell heat to customers
through the network. The liberated heat energy market will also need the
transmission network company that takes care of the temperatures,
pressures and hydraulic balance of the heating network. A balance-sheet
operator is also needed to coordinate the heat contracts between
producers and customers as well as to take care of reserve capacity, spot
and future markets and billing.

The requirements for the district heating network design in the heat
trading context are an aspect that still requires further attention. Our
simulations showed that temperature changes were occasionally quite
rapid in some parts of the network. They were caused by stagnation of
flow in some loops of the network, where flows come from different
directions. Small producers seem to bring more time-varying factors into
the system. This might lead to a new district heating network design
approach where temperature variations can be minimized. The four
different physical connection types for the small scale producer in the
building side were studied and the recommended connection version was
found. The recommended connection version is type 3, in which the small



scale producer is connected to the DH-network via heat exchanger. This
connection has advantages compared to the other versions: it does not
bring any changes to the standard modular substation unit in buildings, it
is a safe solution to the user (no water leaks) and to the DH network (no
gas leak problems), it is easy to control, it is suitable for new installations
and renovations, and maintenance of the CHP unit does not cause any
problems to the DH operation. In general, we found out that the physical
connection will need standardized rules, in which the quality and the
performance of the connection unit are unambiguously defined, same way
as the current Finnish Energy Industries/District Heating Departments’
(earlier Finnish District Heating Association) guidelines do for the district
heating substations. However, these new building level guidelines of the
small scale producer were not defined in this study. Real option analysis
is adopted to evaluate the risks of investment when electricity price and
heat price are uncertain.

Results from the project are published in the online publication:

http://www.vtt.fi/inf/pdf/tiedotteet/2005/T2305.pdf




Ekotaajama

The main objective of the Ekotaajama project was to develop a district
level energy rating classification system and to develop a tool for city
planners for assessing the energy efficiency of detailed city plans. In
addition several district level energy analyses were done in the 5 case
districts comparing different energy solutions for the districts and
analysing their impacts on emissions. The project was funded by Sitra,
Tekes and the Finnish cities Jyvaskyld, Toivakka, Multia, Petajavesi, Jdmsa
and Kannonkoski.

A district’s energy efficiency is mainly influenced by the buildings energy
consumption, energy production methods and traffic. Inhabitant’s
behaviour also influences the energy consumption significantly. This
project focused on design solutions that can be influenced through the
detailed city plan. A significant limitation of the work was focusing only
on solutions made within the district. This leaves out most of the impacts
of traffic since most of the traffic is to and from the districts because of
their nature being smaller rural districts. It needs to be emphasized that
the placement has a significant impact on the overall energy efficiency of
the districts. The traffic can be minimised by the detailed city plan by
providing daily services close to the residents. This can, however, be
challenging in the rural areas with no dense city structure.

The energy classification system is a way to influence the buildings energy
demand in the city plans. Tighter energy classifications than what the law
requires can be set in the plans. The building inspectors have an important
role in advising house builders in building energy efficient and high quality
houses. Many things influence the choosing of the energy system. In the
city plan it can be decided to connect to the district heating system. Other
energy systems can be only recommended, not enforced. The building
instructors can actively recommend the possibilities of renewable energy
systems.

Atool for assessing the energy efficiency of a district was developed within
the Ekotaajama project. The tool helps with comparing the impacts on



energy efficiency by different choices made in the city plans. The purpose
of the tool is to compare solutions made within districts, not to compare
districts with each other. The Ekotaajama district are rural and typically
consist of one family houses. People on the countryside want to live in one
family houses not too close to each other. The sparsely structure adds to
the need of using private cars for moving around. These are aspects that
need to be accepted. This rules out some of the principles of EcoCity
planning, but still there are many things that can be done in order to create
nice and energy-efficient living conditions.

The projects final report (in Finnish):
http://www.vtt.fi/inf/pdf/technology/2012/T24.pdf




ModernMoscow

The project was carried out during 2011-2014 and was funded by the
Ministry for Foreign Affairs of Finland. The aim of the project was to
prepare a wide feasibility study for the energy-efficient and sustainable
renovation and modernization of a selected district in Moscow, Russia.

The emphasis is on technical solutions and their energy-saving potentials
and possible reduction in emissions. District heating is mainly used for
space heating in Russian apartment buildings. Due to the technical
structure of the district heating used in Russia, energy renovations of
single buildings seldom lead to reduced energy production. Energy
production demands are reduced only if the residential districts and their
various utilities and networks are renovated holistically.

During building renovation, existing and future criteria for sustainability
should be taken into account. Sustainability criteria for energy-efficient
renovations of Moscow apartment buildings and districts were developed
based on criteria developed for new residential districts in Saint
Petersburg. The criteria setting includes criteria for planning
structure/functional planning, the surrounding terrain, buildings,
transport solutions, waste disposal and energy supply. A typical Moscow
residential district was selected for analysis. First, a state-of-the-art was
produced of energy performance, and water and waste management of
the buildings and of the district. Then alternative energy renovation
concepts reducing the environmental impacts of the buildings and the
district were developed and analysed.

The building renovation concepts, named Basic, Improved and Advanced,
were adjusted in such a way that each of them becomes an improvement
on a previous one as regards the total annual energy demand. The basic
concept refers to minimum, low-cost or easy-to-do renovation measures.
The improved renovation concept outputs better energy or eco-efficiency.
The advanced renovation concept suggested the most progressive
solutions. Based on the calculations, the building level energy saving
potential was up to 68% for heating energy and 26% for electricity.



At the district level, different energy renovation scenarios were analysed
in terms of energy demand and emissions. The district scenarios were also
called Current, Basic, Improved and Advanced. Considerable energy
savings could be achieved in the district considered using different district
modernization scenarios, of up to 34% of the electricity demand and up to
72% of the heating demand.

The different renovation concepts were also analysed from an economic
point of view. All the building level packages covered improvements of
external walls, windows and doors, upper ceiling, basement, ventilation,
heating system, water and wastewater, electricity, gas, metering, and
other improvements and costs but the selected products and solutions
varied from basic through improved to advanced ones.

The district renovation concepts were aligned with the building renovation
packages, and the costs of building renovations were included in the costs
of improving district energy and water infrastructure in the pilot Moscow
district.

Financing renovations is often a major barrier in any country. This topic
was also addressed in the project. Most of the housing units in apartment
buildings are privately owned due to the free privatization after the Soviet
collapse. However, no sustainable form of self-financing apartment
renovations has existed, and former lessors of residential units still have
the obligation to carry out capital repairs.

Existing and new financing mechanisms, including public-private-
partnership (PPP), are introduced in the results. Regional and local budgets
are still the main financing mechanisms for capital repairs in Russia.

The project also examined possible business models for energy-efficient
renovations of residential districts in Russia. An important part of this is
the stakeholder analysis carried out by the relevant actors involved in
district renovations in Russia.



Projects results have been published in the following online publications:

http://www.vtt.fi/inf/pdf/technology/2013/T82.pdf

http://www.vtt.fi/inf/pdf/technology/2014/T154.pdf




EcoGrad - Ecological City Planning Concept for St Petersburg, Russia

The EcoGrad project was carried out 2010. The project was financed by
the Ministry of Foreign Affairs of Finland. The objective of the EcoGrad
project was to develop a design concept of eco-efficient districts in the city
of St. Petersburg. Emphasis was put on taking local conditions into account
while applying globally optimized solutions. The EcoGrad concept includes
dense city development, a minimal need for travel, a maximum use of
public transportation and light vehicles, minimum power consumption,
the maximum use of renewable energy sources and ecologically stable
solutions concerning waste disposal and sewerage. Social and cultural
aspects must also be taken into account.

In Russia, the creation of energy efficient sites is still in its early stages.
Power supply systems based on renewable energy sources are also hardly
known. On the other hand, the Russians are well skilled in placing offices
and consumer services next to residencies. Regulations dictate the
maximum allowable distances between residential buildings and such
services as infant-care groups, kindergartens, schools, ambulatory clinics
and stores, fully conforming to the principles of designing ecoefficient city
districts.

While the project was being implemented, residents were polled. The polls
revealed that the absolute majority of them (92%) did not consider the use
of renewable energy sources important. Most of them (80%) had not
heard of mechanical ventilation. Fresh air is considered important yet less
than half of all respondents (40%) are prepared to pay for it. Involving
residents in the development process, that is, the so-called LivingLab
action is an important component of designing eco-efficient residential
areas. In Russia, the participation of residents should be further extended
and made a part of the design work.

The project concerned three pilot territories for which residential designs
were made. The designs included estimates of power consumption and a



study of the distribution of emissions when using various energy supply
systems suitable for local conditions. Besides, a design providing for better
ecology without any greater investment was made for one of the pilot
sites. The PPP (Public-Private-Partnership) pilot project involved the
development of practical models of project implementation.

While this work continued, seven meetings with representatives of St.
Petersburg administration were held. During these meetings, a
presentation of the components of this concept was made and opinions
heard as to how its various sections would suit local conditions. These
opinions were put in the basis of the list of the criteria of designing
environmentally clean areas presented in the projects final report. Local
designers may use this list while searching for answers as to requirements
to city designs which need to be met in order to make residential areas
eco-effective.

Projects results have been published in the following online publication
(available also in Russian and Finnish):
http://www.vtt.fi/inf/pdf/tiedotteet/2010/T2566.pdf




Appendix C. Questionnaire for Finnish city planners and
Housing and living area survey in St Petersburg

1. Questionnaire for Finnish city planners

The objective was to perform a questionnaire that had a relevant set of
questions which would make it easy for the respondents to understand
and answer. The expert groups chosen to participate in the survey were
urban planners and building inspectors. The urban planners make plans
while the building inspectors see through that the plans are being
followed.

The questionnaire form was created on an internet based application
Digium Enterprise which was provided by the Questback Company. A link
to the questionnaire form was thereafter sent to around one hundred
urban planners and three hundred and fifty building inspectors in different
municipalities of Finland. Each building inspector represented one of the
municipalities of Finland. The urban planners were those who are involved
in detailed planning from municipalities that have a department for urban
planning of their own. The questionnaire was performed in 2012.

Below the questions and the replies are shown. Open replies have been
left out in this summary.



70

60 I work in... N=92

50

40

30 -

20 -

10

0 T T T ]
Urban planning Building Energy utility Other

inspection

Figure 1. Role of respondent

18
16 " :
1 | Question for urban planners: my profession
12 A
10 -
8 -4
6 4
4 4
2 4
0 - . . L
Architect Engineer Superviser or Other Other
chief responsible
person

Figure 2. Specifying question for urban planners.
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Figure 3. Question: Is the term "primary energy" familiar to you?, N= 92
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Figure 4. Result of the question “How familiar are the following energy
systems”?



Set the following urban planning issues in
importance order, 1=most important, N=92
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Figure 5. Set the following urban planning issues in importance order,
1=most important, N=92
Rate emissions in order of importance (1=most important),
N=70
ml
Odours "2
Contamination of water bodys 3
[ ]

TOPP (cause smog)

Fine particles m4

Heavy metals

Sulphur- and Nitro oxides
Carbon dioxide e

m5

0% 20% 40% 60% 80% 100% 7

Figure 6. Rate emissions in order of importance (1=most important), N=
70
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Figure 7. Rate following economic aspects in order of importance (1=
most important)
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Figure 8. How challenging do you find the following issues related to
local decision making? N=92



What challenges do you experience in your work?,
N=89
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Figure 9. What challenges do you experience in your work? N=89
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Figure 10. Elaborate on "difficult to get needed help and information"
N=26



Elaborate on "lack of resources"”, N=44
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Figure 11. Elaborate on "lack of resources” N=44

Choose one claim that you agree most with, N=92
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Figure 12. Choose one claim that you agree most with. N=92




In case the opportunities for utilizing solar energy would be
considered during the planning phase, lower investment costs
and optimal production-conditions for solar energy systems
could be achieved. How often has this being regarded in your
work?

The production of solar energy is
always considered in the urban...

Solar energy production has in some
occasions been considered in my work

I have no experience from solar energy
from my work

Figure 13. Solar energy being considered in the work.

Do you know what factors might affect the potential
solar energy utilization

I know about the needed conditions for
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Figure 14. Knowledge about factors affecting solar energy potential.
N=92




Would you be interested in more information about how
to improve solar energy utilization in urban planning?

Yes. | support the idea of considering
the opportunities for utilizing solar
energy in urban planning and would
like to implement it in my work.

Maybe, in case the information
becomes necessary

No

Figure 15. Interest of more information.
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order of importance 1= most important)
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Figure 16. Requirements for solar energy becoming more regarded in
urban planning.



2. Housing and living area survey in St Petersburg
Authors: Asa Nystedt and Mari Sepponen, VTT, Maria Apresyan, Finec

As part of the EcoGrad project, which was financed by the Ministry for
Foreign Affairs of Finland, a housing and living area survey was conducted.
It was done together with Finec, St Petersburg state university of
economics and finance. The content of the survey was done by VTT and
the survey was conducted by Finec.

The survey was conducted by 30 Finec Master students in the period of
20/10/2010-15/11/2010. The task was to poll at least 20 persons via e-
mail/phone and at least 5 persons via in-depth interview. The students
were very concrete and we got exactly 750 answers — 600 e-polls and 150
in-depth interviews.

The survey was devoted to the living area conditions opinions, which
included answers regarding the housing, buildings and living areas,
transport etc.

The results were used in the development work of the ecological city
criteria. For future development work the survey could be deeper and also
take into account other parts of Russia than St Petersburg. Analysing
differences in different regions could be highly interesting.

2.1 The survey

Basic information:
Gender

Age

Size of family
Education level
Income level

Living conditions now:



apartment/one family house/row house/other?

Own apartment/house, rental...other?

Questions:

e About the house/apartment

O
@]

How big apartment is desired, m? and number of rooms
Is thermal comfort considered important? (draft? too
cold/too hot? ).
= Have you in your home had problems with this?
= Are you willing to pay money for increase
thermal comfort? How much?
= |sitimportant to be able to adjust the
temperature
Is fresh air inside important?
= Willing to pay money for better indoor air
quality?
Have you heard about mechanical ventilation systems?
= Any opinions about such systems?
Is a balcony important?
= Willing to pay more if an apartment has a
balcony? How much?
Is a garden lot important?
= Willing to pay more if an apartment/a house has
a garden lot? How much?
Do you consider it important to measure your electricity
and heat use?
= Why? Why not?
Interest of having real time monitoring of electricity and
heat?
= Willing to pay for this? How much?
Do you consider water saving important?
Do you consider electricity or heat energy saving
important?
=  Why? (economical/environmental reasons/other
reasons?)?
Metering of water use important? Do you see any
advantage of this?



Would it be a value for you if your house was heated
with renewable, “green” energy?

=  Willing top pay for this? How much more than

normal heating fee (in %)?

Would it be a value for you if your electricity was
produced with renewable, “green” energy?

= Willing to pay for this? How much more than

normal electricity fee (in %)?

What is the most important factors for you when buying
a house/apartment?
What is the most important factors for you when renting
a house/apartment?
When you are buying electrical equipment, do you pay
attention to its energy efficiency? Are your ready to pay
more to get energy efficient equipment? How much
more?
If you live in an one-family-house, are you ready to use
your time and effort to take care of the heating system
of your house? How much? Do something everyday?
Once a week? Once a month?

e About the residential district

(¢]

What is important to have close to your house? (green
areas? playground? shops? other services? public
transportation? water (like a river or sea...)? etc... in
importance order.
What do you want to see when you look out from your
window?
Do you own a car?
Do you have public transportation close to you?
= Do you think the public transportation is
cheap/expensive?
= How much do you think a daily/monthly fee for
public transportation within the city should cost?

If yes:
= Do you use your car instead of public transport in
daily life? If yes, why?



= How close to your home do you feel that you
need to have a parking place?

= How close to your house do you feel that you
want to have a station for the public
transportation?

= How much longer time can your daily trip (to
work/school) take with public transportation
than with car, for you to still consider the public
transportation?

If no car:
=  Whydon’t you have a car? (economical reasons?
ecological reasons? no need for a car? other?)

Do you feel safe in your living area?

Is safety issues important when considering a new living
area?
= How does this come into practice? What makes
an area safe?

Do you use bicycle, or do you walk your daily rout? How
long distances are you ready to cycle or walk? How often
(every day/weekly/monthly/in the summer...)

Do you recycle your waste?
= [f yes, what materials (paper, plastic, metal)?
= If no, why not (not possible, too difficult, recycle
bins too far away, not interested, don’t know
why it should be done...?)



2.2

Results

Basic information
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Figure 17. Gender of respondents
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Figure 19. Education level of respondents
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Figure 20. Income level of respondents
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e Most of the people desire apartments > 100 m2, 3-5
rooms.

e It turned out that 92% of people have no problems with
thermal comfort in their houses and suppose that the
temperature. For the respondents thermal comfort
considered important, but just a few of them are willing
to pay for it.

e For most of the people (80%) also is important to be
able to adjust the temperature and to have a fresh air
inside.

e Just 40% are willing to pay money for better indoor air
quality.

e About 80% of respondents have never heard about
mechanical ventilation systems.

e For most of the respondents Balcony has a meaning (for
balcony main reasons smoking place or storage
facilities), but not all of them are ready to pay for it.

e For 36% of people a garden lot is important.

e All of the respondents said that it was important to
measure their electricity and heat use, because it helps
save natural resources and it helps economise on bills.

e Most of the respondents (92%) said that it wouldn’t be
a value for them if their house was heated with
renewable, “green” energy.

About the residential district

e The most important factors for people when buying or
renting a house/apartment is location, then follows
planning and price. People prefer to have green areas,



shops, public transportation and also water next to their
houses. About 72% of people want to see parks, green
areas and water when they look from their window. For
others the view in not so important.

56% of respondents own a car, because they appreciate
comfort. Other 44% don’t have a car because of
economic reasons, because they don’t need and 4% are
afraid to drive a car. People who have a car usually use
their car instead of public transport in daily life, because
it’s more convenient.

76% have a public transportation next to their houses.
Most of the people consider public transport expensive.
The answers about cost are very different (500 RUB, 80
EUR, 30 EUR, 1000 RUB, 550 RUB, 60-70EUR, etc.).

Most of the people (72%) don’t feel safe in their living
area. But for everybody safety issues are important
when considering a new living area. Buying an
apartment in a safe place with security systems, video
cameras, expensive restaurants or hotels nearby can
make an area safe.

Just few respondents use bicycle, because their homes
are too far from universities/work. People usually use
their cars or public transport.

Nobody recycles their waste due to the lack of facilities



This thesis focuses on energy-efficient
urban planning and the role of legislation
within that context. The objective of the
thesis is to analyse if energy-efficiency of
districts is improved by a regulative
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energy efficient built environment.
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is amultidimensional issue which seldom
can be achieved by sub optimisation. Our
society is facing such tough times in terms of
energy usage and emissions that a stricter
more regulative approach to planning is
needed.
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