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Recital
Global warming is a scientific fact. We are using more resources than the Earth 
can provide and at the same time we are emitting huge amounts of green-
house gasses that already impact the natural state of ecosystems. Built envi-
ronment is the largest single resource user in the world and one of the largest 
energy users. To keep the Earth livable in the future we have to radically re-
think how we live, eat and use our dwindling resources.

This paper is a tool to reflect different aspects of sustainable development 
of built environment in local context. The paper states that all thinking must 
change and we have to include environmental goals to every level of our 
decision making. To meet the emission targets of the international agreements 
we have to cut down our current greenhouse gas emissions by 80-90 %.  At the 
same time we need to cut down our increasing use of resources, especially 
our use of non-renewable resources. 

In the context of the built environment these ambitious goals can be achieved 
by applying many different methods depending on the scale and site of the 
project. This paper seeks both theoretical and comprehensive solutions and 
studies their implementation in an example area – in this case the new village 
of Dalby on the island of Orust in Western Sweden. 

The first part of the paper collects different theories, methods and examples 
for effective and sustainable resource use and lower carbon footprint. The 
most effective methods and theories are collected into a checklist in easily 
reachable format for municipal planners. In the second part some of these 
theoretical methods are used to make overall plan for a new ecologically 
sustainable neighbourhood in Dalby. 
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Planning a rural ecological village or  
neighbourhood
It is challenging to determine what is ecological or sustainable, the concepts 
are complicated and ambiguous. Do we state that in order to define some-
thing as ecological, we need to minimize damage to ecosystems or do we 
actually try to recover already destroyed natural systems with our planning? 
What do we consider an acceptable level of damage or emissions?

The European Union, the United Nations, Sweden and Orust all have their own 
goals and interpretations of what they consider to be ecological. As Orust has 
ambitiously set their goals to reach “climate and energy neutrality”, the goals 
and viewpoints of this paper are set in an equally ambitious way.

Environmental goals and targets
In this paper, environmental aspects and sustainability are analysed from three 
different points of view. All solutions and theories introduced in this paper sig-
nificantly improve current practises in at least one of these three areas, pref-
erably in several. The first viewpoint is the evaluation of the greenhouse gas 
emissions that different building solutions and our current lifestyle are causing. 
The second is the analysis of the ecological footprint, and the third is the use 
of harmful and non-renewable materials.

To reach a sustainable level of greenhouse gas emissions in the long run we 
need to cut the emissions dramatically. Johan Rockström (2017) states that we 
need to cut down emissions by 50 % every decade from now on and be totally 
carbon free in 2050. According to the European Commission (2011) we need 
to cut down our emissions before 2050 by 80 % compared with the emissions 
of the year 1990.

To reach Paris agreement’s goal to limit global warming under 2°C we need to 
cut CO2 emissions by 50 % every decade. Source: Rockström, 2017
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Ecological footprint, the land that is needed to support our current lifestyle, is 
currently 1.6 times the area of the Earth. It means that it takes over 18 months 
for Earth to produce our resource usage and to absorb our waste. The current 
ecological footprint for a Swedish person is 7.25 global hectares (gha). A glob-
al hectare is a unit that represents the biological productivity of an area per 
year. The average global biocapacity (nature’s capability to produce) is 1.73 
gha. It means that if the world’s population lived like the Swedes, we would 
need 4.2 Earths. (Global Footprint Network 2017)

The third factor we are analyzing is the use of harmful- and non-renewable 
materials. Like the name of these resources implies they are limited and using 
them is only pushing the problem further. In his master’s thesis Lars-Erik Mattila 
(2014, p. 21) divides materials in three categories. The first category includes 
renewable materials like wood and natural fibers, which are natural and safe 
if they end up in nature. The second category contains harmless non-renewa-
ble materials like stone and clay. The third category encompasses non-renew-
ables like plastics that are toxic or harmful if they end up in nature.

In his four laws of ecology, Barry Commoner (1971), states that everything is 
connected and our human civilization is not a separated system from nature. 
Therefore in this paper the natural flows and circulation of materials are em-
phasised.

The four laws of ecology

1.	 Everything is connected to everything else. There is one ecosphere for all living 
organisms and what affects one affects all.

2.	 Everything must go somewhere. There is no “waste” in nature and there is no 
“away” to which it can be thrown.

3.	 Nature knows best. The absence of a particular substance from nature is often 
a sign that it is incompatible with the chemistry of life.

4.	 Nothing comes from nothing. Exploitation of nature always carries ecological 
costs and these costs are significant.

Barry Commoner, The Closing Circle, 1971

The World’s overshoot day represents the date when our use of resourc-
es exceeds the world’s capability to regenerate those resources that year.  
Source: Global Footprint Network, 2017  
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Different planning scales
Areal planning of urban and rural areas differ a lot, which is why different plan-
ning methods and emphases are needed. To achieve a sustainable end result 
the different levels have to function together. That is why it is very important to 
define goals carefully and throughout the entire process check if the chosen 
methods work with the goals.

No single planning level alone can make a difference. The purpose of imple-
menting comprehensive planning levels is to enable sustainable solutions with 
suitable land use and transportation network. These along with the supported 
energy solutions are the most effective ways to cut down emissions in general 
planning level. (Nysted, Sepponen, Virtanen 2012, p. 3)

According to a publication by Aalto University about environmental detail 
planning (Lylykangas, Lahti, Vainio 2013, p. 17), the detail serves the purpose 
of making a sustainable lifestyle possible. Large scale planning should not be 
an extension of building regulations but a document to support the existing 
characteristics of an area and to combine them with future needs. The best 
end result is achieved when all different planning levels from comprehensive 
planning to building phase and end use consistently execute mutual environ-
mental goals.

The best effectiveness is achieved when the environmental decisions are tak-
en on all levels of planning and executing. The common goal is manda-
tory to pass on from planning level to another to gain maximum benefits.  
Source: Lylykangas, Lahti, Vainio, 2013
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Elements of eco village
There are many different ways of achieving a more ecological end result. In 
his master’s thesis House 540, architect Pekka Hänninen (2016) studies different 
ways of limiting the greenhouse gas emissions of a one family house to under 
540 kg CO2e / year per person. In the thesis he compares different methods 
and states that the site and materials available for each project are very es-
sential factors when planning eco-friendly buildings.

In larger scale like in towns or villages, there are even more methods to eco-
logical planning. The key factor is to identify natural characteristics of an area 
and find the most effective solutions to that specific area.

According to a study by VTT Technical Research Centre of Finland called De-
sign principles for rural eco districts (Nysted, Sepponen, Virtanen 2012, p. 13), 
the basic elements of an ecological rural area are a dense town structure, sus-
tainable energy production, consumption and transportation methods and 
ecological water and waste treatment. The study states that each of these 
aspects have to be carefully planned with consideration of all other aspects 
at the same time. This paper uses elements that are based on the ideas of 
the aforementioned study but adopted on Orust. The VTT study concentrates 
especially on energy efficiency and since this paper defines ecological plan-
ning more broadly, the focus is on the use of materials and local agriculture.

Next, the different elements that need to be considered when planning an 
ecological village, are discussed. In the next part there are comparisons, the-
ories and various examples that cover different aspects of ecological rural 
planning.

Typology and building patterns 
Land use changes 
Building patterns and placement 
Building orientation 
Volume and size

Materials, technology and building techniques 
Ground conditions and foundation techniques 
Material emissions & stored carbon 
Use of renewable and non-renewable materials 
Lifespan and technology dependency

Energy 
Energy efficiency 
Energy production

Food production and local agriculture 
Carbon smart agriculture 
Permaculture

Different element in this paper are:
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Typology and building patterns
Effective land use is always a landowner’s priority. Both in urban 
and rural areas the current detail plan is a powerful tool to guide 

building patterns and typology towards more sustainable solutions. Neverthe-
less, it is often in the power of the builder and the end user to make sustainable 
decisions. That is why it is important to carefully separate building regulations 
from planning ordinance (Rodriguez-Gabriel 2016).

According to Rodriguez-Gabriel (2016) the detail plan is more of an enabling 
than directive tool what comes to sustainable solutions. A plan can either en-
able better and more sustainable solutions or make them impossible to im-
plement on site. To reach ambitious goals effective building regulations and 
legislations, not to mention careful and responsible execution, are needed to 
support good detail plan.

Land use changes
One of the large causes for increases in greenhouse gas emissions are the 
changes in land use. Nature can function as either a carbon sink or a carbon 
dioxide emitter depending on the vegetation. For example, growing forests 
function as carbon sinks. Thus, every time the forest is cut down, it has an effect 
on Earth’s capability to handle carbon dioxide. 

Globally most of the land use changes are caused by cutting down forests 
and turning the land into fields. The emissions caused by arable land can be 
reduced with the right kind of farming techniques. These measures are fur-
ther discussed in chapter “Carbon smart agriculture” (Mattila, 2017). Land use 
changes need to be included in total emission calculations when building 
new areas (Lylykangas, Lahti, Vainio 2013, 29).

In Finland the new fields are usually created by cutting down forests and burning the 
remainings. This technique grants lots of nutrients to plants but it causes lots of emis-
sions as well. Picture: Finnish forest association.
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Building patterns and placement
Microclimate, or local climate conditions on the building site, have significant 
effect to a building’s sustainability through the energy use, need of main-
tenance, lifespan and impact on surrounding nature. With careful building 
placement the microclimate can be used as a resource. Building placement 
can also be an effective way of protecting the building from extreme weather 
and make it more durable.

When lowering energy consumption the maximization of sunlight is one of the 
key factors. Nysted, Sepponen and Virtanen (2012, 18) mention the passive 
sunlight use as a principle for energy efficient construction. To take full advan-
tage of the sun the houses need to be placed far enough from each other 
so that sun beams can touch them for as many hours per day as possible. This 
is especially important during winter months when the sun shines from lower 
angles and the heating requirements are higher. From the effective land use 
perspective especially southern slopes are good for this because they enable 
denser building patterns than flat surfaces, while maximizing the amount of 
sunlight. Straight sun beams and sufficient space between buildings also in-
crease the effectiveness of solar energy production. More about passive and 
active solar energy use can be found in chapters on Building orientation (p. 
14) and Energy (p. 23).

Constructing loose patterns can also work against the sustainability goals. De-
pending on the selected heating method the more dispersed structure can 
increase the distance that hot water needs to be moved from the heating 
plant to the houses. In larger scale, more dispersed building patterns cause 
increases in emissions by transportation. The transportation in rural areas can 
cause nearly half of the greenhouse gas emissions. The fact is, that the de-
pendency on cars is higher in rural areas. The need for transportation can be 
reduced with zoning services closer to residential areas. (Nysted, Sepponen, 
Virtanen 2012, 13.)

Reduction of insolation energy

Even in Sweden’s lat-
itude the right kind of 
spacing can reduce 
the need of warming 
energy.

This graph shows the 
impact of different 
building placements 
on insolated energy 
caught by the house.

Source: Hans Eek, Passivhus Centrum
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Building orientation
Orientation of buildings makes a significant difference in the energy usage of 
the buildings. According to Lylykangas (2014) a building that is designed to 
use passive solar energy could reduce the need for heating energy up to 31 
% even at Luleå’s latitude. This requires careful planning throughout the whole 
project. One effective way to include passive solar energy use is to control 
building orientation and placement through municipal planning, for example 
with detail plan.

Finnish architect Bruno Erat built his own house, Villa Solbrante, in 1970s in Es-
poo, southern Finland. Erat was ahead of his time with his solutions like thicker 
insulation and use of passive and active solar energy. The house is orientated 
so that the longer edge is towards the sun and most of the windows are on the 
southern side of the house. Active and passive solar energy is stored in the 10 
cubic meters of warm water in the bearing wall of the house. Living spaces are 
on the southern side of the bearing wall and other spaces function as buffer 
zones that can be heated if necessary. Villa Solbrante needs to buy only one 
fifth of the energy bought by an average house of the same era. (Erat 2016.)

Passive solar energy can also be a problem if overheating is not taken into 
account in planning. Overheating during summer time can be avoided with 
proper eaves that shade southern windows from high angle sun beams (Ly-
lykangas 2016). Another effective way that could also support the idea of lo-
cal farming is to use broadleaf trees in front of the southern facade. Trees drop 
their leaves before winter when passive solar energy is needed and shade 
during summer when overheating is a problem. (Hänninen 2016, 43.)

Villa Solbrante’s windows face mainly south and the house uses passive and active 
solar energy for general heating and heating the service water. Picture: Bruno Erat. 
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Proper eaves reduce the need for cooling during summer time. In this example sun 
rays of angles larger than 40° are blocked. The example on the right lets in even more 
low angle insolation. Picture: Lylykangas, 2016

Lylykangas (2014) has calculated heating energy in different orientation cases for 
solar houses compared to regular house (lower picture). Difference between solar 
house and regular house is only the window orientation (upper picture).
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Volume and size
Construction always starts, or it should, from the demand. To make housing 
sustainable it needs to be something that the people feel connection to and 
are ready to commit to. That is why it is hard to say if certain house types are 
better than others. Planning should be started by discovering the local needs 
and characteristics and after that keeping the sustainable goals through the 
entire process.

Architect Hänninen (2016) states in his master’s thesis that sustainable low car-
bon housing can be achieved with single family housing even though it is of-
ten considered less sustainable than large and dense housing units. However, 
Hänninen mentions that regardless of housing type, considering the size of the 
apartment or house is crucial. Less heating energy and building materials are 
needed if we live in smaller homes and share more spaces with other inhab-
itants.

To a certain limit larger buildings are more energy efficient than smaller 
ones. One way to compare energy efficiency of same sized buildings is the  
form factor. Form factor can be calculated by dividing the building envelope 
by usable area or building volume: the smaller the number, the more effective 
form. Even more accurate comparison is achieved by weighted form factor, 
in which the area of the building’s envelope is multiplied with the U-values of 
different structure types (walls, roofs, windows etc.).

In the Nordic countries, where energy efficiency is a carefully monitored factor 
in the building process, the efficiency rate is measured by dividing the total 
energy use of the house by its total floor area. The result is a comparable unit 
which does not correlate with the efficient use of space and might actually 
encourage to build bigger buildings in which the lower energy consumption 
per square meter is often easier to achieve than in small buildings. Unnec-
essary large buildings have higher energy and resource usage than smaller 
buildings despite the fact that they could have better energy efficiency rate.

Form factors of different one storey buildings. Form factors in the upper row are calcu-
lated by dividing the building envelope by the building volume. In the lower row the 
divisor is the usable area. Source: Lylykangas, 2016. 
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In Helsinki, VTT Technical Research Centre of Finland has researched the carbon diox-
ide emissions of different materials by building two identical multi-storey houses, one 
with concrete frame and th other with wooden frame. The wooden house had 75 
% smaller carbon footprint than the concrete house. (Loukkaanhuhta, 2017) Picture: 
Press photo by Markku Rantala, Yle, Finland

Materials, technology and building 
techniques

The building phase has the largest impact on energy and resource use as well 
as greenhouse gas emissions. In comprehensive and detail plans the possibil-
ities for good construction are created but lots of important decisions are still 
left to the developer and the architect. This chapter introduces ways to mini-
mize non-renewable and toxic resource usage and promotes better construc-
tion techniques that for example create longer lifespan for buildings.

Ground and foundation techniques
Ground conditions on the site can have a significant effect on the CO2 emis-
sions of the entire building project. Both the choices of materials and foun-
dation techniques have an impact on total emissions. For example the CO2 
emissions caused by pile-driving in a clay ground were 41 % of  the total con-
struction and material emissions in Suurpelto day care center According to VTT 
sustainable building case study (Vares, Häkkinen, Shemeikka 2011, 46). 

Material emissions & stored carbon
A significant part of the emissions of the built environment are produced in 
the construction phase and by manufacturing building materials. Extracting 
different materials has very different environmental impacts from oil drilling to 
heavy mining. Also, many materials require huge amounts of energy in their 
manufacturing processes.

A good way to validate material choices is to calculate carbon footprint for 
a building material and thus compare the impact of different structures. Cal-
culating the required material volumes and then using the emission factors of 
different materials is a rather simple way of getting a grip of the advantages 
and disadvantages of different materials. 
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In his master’s thesis Hänninen (2016, p. 49) calculated building and material 
emissions of his 120 m² one family house with different structure types. He used 
the materials of a common Finnish one family house, a passive house and an 
eco-house and compared them with each other. The materials of the passive 
house had over three times larger carbon footprint than the materials of the 
eco-house. The difference between them was the equivalent to 35 years of 
heating emissions in a house with geothermal heating and solar panels.

Many renewable materials, like wood, store carbon with photosynthesis when 
they grow. When these materials are used in construction, the carbon stored 
in them exits the natural carbon cycle and stays outside for as long as the 
building is standing. Therefore, it is possible to calculate a carbon storage val-
ue for wooden buildings and subtract that from the material emissions. In a 
massive wood house the stored carbon can be equivalent to the emissions of 
heating the house for a decade (Hänninen 2016, p. 48).

It is, however, important to notice that smaller carbon footprint is not necessar-
ily equal to a more sustainable end result. Material emission calculations make 
difference only if the basic factors like usage of renewable materials are taken 
into account. In his master’s thesis Mattila (2014, 51) shows how looking only at 
the emissions of materials can mislead us to use non-renewable materials over 
renewable ones. In the example, lighter plastic insulation material had smaller 
carbon footprint than denser and heavier cellulose fibre.

Hänninen calculated the total material emissions for his plan of a 120 m² one fami-
ly house using existing structures of three different Finnish one family houses. The first 
from the left is Rannanpientalo in central Finland (eco-house), in the middle standard 
passive house in southern Finland and on the right common Finnish one family house 
from 2016. The passive house had a much larger carbon footprint than the stand-
ard or eco-house. In the eco-house the stored carbon exceeds its material emissions. 
Source: Hänninen, 2016. 

kg CO2e CO2 / m² kg CO2e CO2 / m² kg CO2e CO2 / m²
Roof 1085 10 1426 13 1026 9
Exterior walls 1110 10 11283 103 1675 15
Windows 1411 13 1411 13 962 9
Intermediate floor 216 2 6509 59 216 2
Partition walls 855 8 1100 10 855 8
Base floor 537 5 3312 30 5335 49
Foundations, cellar 520 5 4930 45 4930 45
Chimney, natrual ventilation pipes 2574 23 663 6 663 32
House technique 377 3 1014 9 1014 1
Others 579 3 847 5 797 5
Total emissions 9264 84 32496 295 17474 159
Carbon storage 21791 2562 11170
Balanced emissions -12528 29934 6303

2 1,8
25 22,5

Common Finnish one 
family house

Standard passive 
houseEco-house

Rannanpeltotalo Lahnajärvellä luo hyvät puitteet 
ekologisesti kestävämmälle asumiselle: talo on 
energiapihi, ja vähä tarvittava energia tuotetaan 
uusiutuvilla energiamuodoilla. Kompostikäymälä 
ei tuota likavesiä ja suuri kasvimaa ja lähitienoon 
metsät tarjoavat antejaan ruokapöytään. Puura-
kenteet varastoivat hiiltä suurin piirtein saman 
verran kuin talon käyttö aiheuttaa hiilidioksidi-
päästöjä eli asuminen voidaan tulkita hiilineut-
raaliksi.

kennallisesti tuottaa noin 5000 kWh sähköä 
vuodessa. Tavoitteena on päästä nollaenergia-
tasoon (66).

Energiakriisin päätyttyä hyvin käynnisty-
nyt energiatehokas rakentaminen tyrehtyi 20 
vuodeksi.

2000-lukua lähestyttäessä yleinen havah-
tuminen ilmastonmuutokseen herätti kiin-
nostuksen energiatehokkaaseen ja uusiutuvia 
energiamuotoja hyödyntävään rakentamiseen 
uudelleen. Rannanpeltotalo on VTT:n tutkija 
Pekka Leppäsen itselleen 1997 Suomusjär-
velle suunnittelema ja toteuttama puuraken-
teinen matalaenergiatalo. Rakennuspuut kaa-
dettiin ja sahattiin tontilla. Seinissä on 300 mm 
ja katossa 450 mm selluvillaeriste ilman muo-
vista höyrynsulkua. Luonnonmukaisuus oli 
talon tavoitteita. Talo lepää kevyillä leca-hark-
kopilareilla, jolla pyrittiin tietoisesti alhaiseen 
rakennusvaiheen energiankulutukseen ja hiili-
jalanjälkeen. (67)

Solakka rakennus sijaitsee etelään viettä-

24

vässä rinteessä hyödyntäen aurinkoenergiaa 
passiivisesti: lähes kaikki talon ikkunat avau-
tuvat etelään. Puu on päälämmitysmuoto, ja 
polttopuu saadaan lähimetsistä. Tulisija ja 
aurinkokeräin (7m2) on yhdistetty lämmön-
varaajaan. Auringolla lämmitetään käyttövesi 
lämmityskauden ulkopuolella. Rakennuksessa 
on koneellinen ilmanvaihto melko tehok-
kaalla lämmön talteenotolla. (68) Talo toimii 
myös ilman sähköä: talvimyrsky katkaisi säh-
köt kymmeneksi vuorokaudeksi talvella 2011, 
jonka ajan lämmitysjärjestelmä toimi ilman 
pumppuja fysiikan lakeja noudatellen (69).

Rannanpeltotalossa kuluu ostosähköä 
3600–4800 kWh ja polttopuita 8–10 pinokuu-
tiota vuodessa. Energiankulutusta on mitattu 
17 vuotta, ja kokonaisenergiankulutus on vaih-
dellut 84–100 kWh/m2 välillä.(70) Merkkejä 
puurungon ravistumisesta ja ilman- ja läm-
mönpitävyyden heikkenemisestä ei ole – sei-
nissä vilistävistä hiiristä huolimatta (71). 

Rakennuksessa on kompostikäymälä ja 
harmaat vedet käsitellään omassa puhdista-

mossa. Tontilla on suuri kasvimaa. Läheiset 
metsät tarjoavat hyvät sieni- ja marja-apajat. 
Polttopuu saadaan tontilta ja lähimetsistä. Talo 
suokin hyvät puitteet kestävään asumiseen 
maaseutuympäristössä. Valitettavasti palve-
lut ovat pikku hiljaa kaikonneet lähikylästä. (72) 

Suomen ensimmäinen passiivitalo val-
mistui Vantaan Tikkurilaan 2009. Nyt, seitse-
män vuotta myöhemmin, niitä on valmistunut 
Suomeen jo satoja. Keski-Euroopassa passii-
vitaloja on yli 10 000, ja muun muassa Frank-
furtin kaupunki toteuttaa kaikki uudis- ja kor-
jausrakennushankkeensa passiivitalokonsep-
tilla näiden pienempien elinkaarikustannusten 
johdosta (73).

Aalto-yliopiston opiskelijoiden suunnitte-
lema ja toteuttama Luukku-talo on ensimmäi-
nen Suomessa toteutettu nollaenergiatalo. Se 
on puurakenteinen vapaa-ajantalo ja valmis-
tui Mäntyharjun loma-asuntomessuille 2009. 
Siinä on hengittävät rakenteet ja koneellinen 
ilmanvaihto tehokkaalla lämmöntalteenotolla 

varustettuna. 60 m² aurinkosähköpaneelit ja 5 
m² aurinkokeräin tuottavat vuositasolla yhtä 
paljon energiaa (8700 kWh) kuin mitä raken-
nus kuluttaa. (74)

Luukku-talo on  puurakenteinen ja siirrettävä. 
Se osallistui eurooppalaisten korkeakoulujen 
ekotehokkaan rakentamisen kymmenotteluun, 
Solar Decathlon Europe 2010 -kilpailuun 
Madridissa. Luukku-talo voitti kilpailussa ark-
kitehtuurin osakilpailun ja sijoittui kokonais-
kilpailussa viidenneksi. Talo toimii Suomen 
olosuhteissa nollaenergiatalona ja Madridissa 
plusenergiatalona. (75)

Aurinkoenergian hyödyntäminen ja toi-
saalta liialta auringon paahteelta suojautumi-
nen näkyvät Luukku-talon arkkitehtuurissa: 
kattomuoto on optimoitu aurinkosähkön 
tuottamiseen Madridissa ja päätyjen puusäl-
eiköt estävät matalalta paistavaa kesäistä ilta-
aurinkoa korventamasta sisätiloja. 

Energiatekniikan lisäksi rakennuksessa 
on kiinnitetty huomiota muihinkin kestävän 

Suomen ensimmäinen passiivitalo Vantaan 
Tikkurilassa. 
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mat mahdollisuudet uusiutuvien energiamuo-
tojen hyödyntämiseen (56), ja asumisen hiilidi-
oksidipäästöt jäävät niissä pienemmiksi suh-
teessa kulutetun energian määrään. 

Olemassa olevien pientalojen energianku-
lutusta ja hiilidioksidipäästöjä voidaan vähen-
tää monella tapaa. Enete -tutkimuksen loppu-
raportin mukaan esimerkiksi sähkölämmittei-
sen pientalon sähkönkulutusta voidaan leikata 
jopa 70 % (57). Nykyisten rakennusten ener-
giatehokkuuden parantaminen ja siirtyminen 
uusiutuvan energian käyttöön ovat tärkeitä 
edellytyksiä valtakunnallisten päästövähen-
nystavoitteiden saavuttamisessa.

Ekologisista tavoitteista tyypillinen suomalai-
nen pientalo on kuitenkin vielä kaukana. Ener-
giatehokkuus on rakentamisen normiohjauk-
sen ansiosta parantunut huomattavastikin ja 
useimmilla talovalmistajilla on tarjolla pas-
siivitalovaihtoehto, mutta energiatehokkuu-
desta saatu hyöty on usein menetetty asunto-
jen pinta-alan kasvaessa (58). 

KAAVIO: 122 m2  passiivitalon, matalaenergia-
talon  ja tyypillisen 1985–2003 valmistuneen 
pientalon energiankulutuksen jakautuminen 
50 vuoden tarkastelussa. Energiatehokkuuden 
parantuessa, sähkön, lämpimän käyttöveden 
ja rakentamisvaiheen suhteelliset osuudet 
kasvavat. Lähde Matalaenergiarakentaminen, RIL 
249-2009 s 93. 

Tyypillinen uusi pientalo on 144 m2, puurun-
koinen ja kuluttaa 20 000 kWh energiaa 
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Asuntojen lämmitettävän pinta-alan jous-
taminen perhekoon muutoksiin, aurinkoener-
gian passiivinen ja aktiivinen hyödyntäminen 
saati kestävän elämäntavan huomioiminen 
eivät näy pientalojen asuntoarkkitehtuurissa. 
Myöskään materiaalitehokkuus tai rakentei-
den ja asumisen hiilijalanjäljen pienentäminen 
eivät ole olleet tyypillisten pientalojen suunnit-
telun lähtökohtia. Talopakettien mallit sovel-
tuvat usein suurille tonteille, mutta eivät tiivi-
seen kaupunkiympäristöön.

Tilausta ekologisesti kestävämmälle pien-
taloasumiselle kuitenkin olisi – suomalaisten 
asumismieltymyksiä mittaavan ympäristömi-
nisteriön kyselyn vastaajista 86 % pitäisi asu-
misen ympäristöystävällisyyttä tärkeänä asun-
non ja asuinalueen valinnassa, jos olisi nyt 
muuttamassa. (59)
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Examples of carbon dioxide emissions and carbon storages of different materials.  The 
column on the left represents the materials’ emissions per kilogram and the middle 
column shows their emissions per cubic metre. Differences  between materials are 
significant. Source:  Nissinen & Rantala, SYNERGIA material emission tool instructions

Massive wood like CLT stores carbon. Picture: Press photo by Yle, Finland

Using recycled materials or surplus materials like straw can lower the carbon footprint 
of a house. Pictures: Ben Graham, Green Building Advisor

Material CO2 emissions
g CO2e / kg

CO2 emissions
kg CO2e / m³

CO2 storage 
g CO2e / m³

Aluminium profile 3640 9828
Mineral wool 990 148,5
Roof plates 880 6908
Welded steel beam 780 6123
Glass 660 1650
Glue laminated timber 330 145,2 768
Burnt clay brick 220 286
Concrete 200 480
Eco wool 180 7,2
Plastering clay 130 234
Timber 70 33,6 768
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Use of renewable and non-renewable materials
According to Holger Wallbaum (2017) the building industry uses 50 % of raw 
materials and causes 60 % of land harvesting globally. Because of the massive 
resource usage we can make enormous difference with our choices of ma-
terials.

Since the beginning of the industrial revolution our entire economy and there-
fore also the building industry have been based on the usage of non-renew-
able materials and energy sources. We as a human race know that we are 
overusing natural resources and fossil fuels but we are avoiding the confron-
tation of the problem. Non-renewable resources are, like their name implies, 
limited. Sooner or later we will run out of them. Therefore, to build in a truly 
sustainable way it is really hard to justify the usage of any of these materials.

With our current building standards it would be nearly impossible to avoid cer-
tain non-renewable materials. There are lots of researches and new exper-
imental projects that try to find ways to avoid the usage of non-renewable 
materials. In his master’s thesis Löfroos (2013, 49) has limited the use of these 
materials very carefully in his definition of an ecologically sustainable house. 
Löfroos says that non-renewable materials may be used only if the material is 
possible to reus or return to manufacturing without quality losses. 

Mattila (2014, 10) says that the idea of a closed material circulation is a beau-
tiful thought but not a realistic one. No matter how carefully we plan the cir-
culation there is always a small amount of materials escaping the planned 
material flow. That is why Mattila suggests us to use only the materials that are 
not toxic or harmful if they end up in nature. In his plan of a multi-storey house 
of the future he refuses to use materials like plastics (pvc, polystyrene), con-
crete, glue laminated wood, oil and acrylic paints and composite materials.

Architecture office Livady is planning a house that has no harmful materials like plas-
tics or concrete. The basic structure is of massive wood and the chimneys for natural 
ventilation are made of burnt bricks. Picture: Architecture office Livady, 2017. 
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Material comparison between Mattila’s Multi-storey house of the future and standard  
Finnish wooden multi-storey house. According to Mattila, we should stop using toxic 
and harmful building materials. Source: Mattila 2014 p. 50.

Woodcube is designed by a German architectural office, Architekturagentur, in 2013. 
It is based on Holz100 -massive wood elements that are totally glueless as well as metal 
and plastic free. Source: Arch Daily, Pictures: Martin Kunze
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Lifespan and technology dependency
The economics of the building industry, like many other industries, is based on 
the growth of consumption. Since the birth of element building techniques our 
way of construction has moved towards shorter building lifespans. New houses 
are not expected to last for generations but they are planned to last a certain 
amount of time, usually 50 years, and to be replaced after that. In Finland the 
one family house has an average lifespan of only 64 years. A good example of 
this disposable building culture is J-P Ristmeri’s century house project (Granath 
2016) in Finland. He wanted to build a house to last for at least a century, but 
when he called all Finnish package-house factories, none of them promised 
their house to last for that long.

According to Mattila (2014; 11, 15) the current building legislation leads us to 
use complicated structures that are impossible to maintain by their user. Our 
buildings are  becoming more complicated technologically. The functionality 
of today’s multi-level structures is hard to estimate in the long term use, and 
the structures are impossible to repair or replace without deconstructing the 
entire structure. In addition, these solutions are very vulnerable to building er-
rors and failures of technical equipment during power outages. 

In their master’s theses both Mattila (2014) and Hänninen (2016) emphasize the 
use of natural low tech building techniques like natural ventilation and simpler 
structures. Mattila promotes the use of glueless massive wood and traditional 
log building techniques. Also Ristimeri (Granath 2016) uses simple structures in 
his attempt to build a house to last for a century.

Old log houses have lasted much longer than modern houses are planned to last. 
Simple structure makes them easy to maintain or even move to another location if 
needed. Picture: Pasi Peiponen, Yle
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Energy
Energy production is the largest emitter globally. Most of our enor-
mous energy needs are fulfilled by burning different things, mostly 

fossil fuels. To maintain our civilization we need to find ways to lower our ener-
gy needs and to produce energy with less resources and emissions.

Orust has its own very ambitious goal of becoming energy neutral before 2020. 
Orust considers energy neutrality as a mean to be self-sufficient with energy 
production. This could be achieved in electricity production with significant in-
vestments, but without total change in infrastructure and transportation habits 
abandonment of oil and other export fuels will be difficult. This paper con-
centrates on low emission energy production in buildings in newly developed 
areas instead of trying to solve energy production questions of existing infra-
structure.

Energy is linked to our capacity to store it and the emissions and resource use 
when producing it. This chapter covers ways to cut down energy usage in 
buildings and how to produce energy in a rural environment.

Energy efficiency
To be able to cut down emissions and non-renewable resource usage we 
need to be more efficient with our energy use, but energy efficiency has to 
have a goal or otherwise it will not serve any purpose. That has happened al-
ready in many industries including the building industry. According to Larsson 
(2017), Sweden’s emissions have not declined although the energy efficiency 
has nearly doubled in 20 years. This shows exactly what we as humans have 
done since we learned how to sow: Increased efficiency gives us tools and a 
reason to produce more instead of decreasing. How many car factories plan 
their assembly lines to be more efficient to be able to sell less cars?

It is naive to think that we can solve our problems with emissions by making 
things more efficient. Energy efficiency serves a purpose but it has to be linked 
straight to emissions or resource use. We need to stop seeing energy efficiency 
values and U-values as an indicator of sustainable development. 

We currently measure the energy efficiency of buildings by the energy need-
ed to warm a square meter. Finland’s energy certificate takes into account 
the used energy per area (kWh/m²) and multiplies it by emission factors. To 
calculate emission factors is a good start but currently our way of measuring 
energy efficiency does not encourage us to aim for a lower total energy con-
sumption. In larger buildings it is easier to get smaller energy efficiency rating. 
Hänninen (2016, 40) says that our living space has doubled since 1970 even 
though our energy efficiency per area has increased. 
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So instead of only concentrating on making things more efficient we should 
seek for means to use less. Our living, transportation and consumption hab-
its have to change radically to allow cutting down our energy demand. We 
need to adopt a culture where we find meaning in our lives without the need 
of consuming more. Even now the studies indicate that there is no link be-
tween happiness and greenhouse gas emissions (Larsson 2017).

In the future we should examine total emissions of a building during its entire 
lifespan. In this kind of calculation we quickly see that the energy consump-
tion plays a much smaller role than our choice for energy source. We should 
also monitor the means to greater energy efficiency. Building more complex 
structures that need fixing or replacing and using more materials we could 
cause more emissions than we save during the entire lifespan of a building. 
Therefore, energy efficiency should be achieved with simple maintainable 
structures and technical solutions.

Energy production
The way we produce our energy is critical from the point of view of material 
usage and emissions. Different production methods work in rural context and 
in the city. 

When distances between households grow larger, the energy losses and re-
quired infrastructure to move hot water or electricity from a power plant to 
each house grow. At the same time the system becomes more inefficient, 
expensive and vulnerable. That is why decentralized energy production has 
many benefits in rural context.

Decentralized energy production means that each household or community 
produces the energy they need instead of buying it from elsewhere. Produc-
ing energy locally can reduce the need for heavy infrastructure and it makes 
energy distribution networks more resilient to errors. Energy saving in house-
holds becomes much more concrete when energy is produced by its users.

In their research about designing rural eco-districts Nysted, Sepponen and Vir-
tanen (2012, 29-34) compare the benefits and disbenefits of off-grid solutions. 
Off-grid means that the local network or individual houses are separated from 
the municipal network. According to the research, separation needs to be 
planned carefully and matters like energy storage need to be taken care of. 
Research says that regardless of grid system, the possibilities of local produc-
tion should be investigated.

Energy production emissions by source. Table: Electricity emission by European Envi-
ronment Agency, other emissions by Hänninen, 2016. Picture: Kaija Kervinen, Yle

Power type g CO2e / kWh

Electricity (Swedish average) 128
Wood, pellet 30-100
Solar heat 20
Solar electricity 40
Wind power 20

Svenska energi, Hänninen 2016

Electricity source TWh (2014) % of total

Hydro power 64,2 42%
Wind power 11,5 8%
Nuclear power 62,2 41%
Solar power 0,08 0,06%
Other thermal energy 13,3 9%

CHP, industry 5,9 4%
CHP, district heating 6,9 5%
Conventional power 0,5 ..
Gas turbines etc. 0,01 ..

Total 151,2 100%
Electricity usage within the country 135,60
Network losses 10,20
Import 16,90
Export -32,50
Net exchange import-export -15,60
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These renewable heating and electricity production methods should be con-
sidered when building ecological rural districts.  
(Comparison: Nysted, Sepponen, Virtanen 2012, p. 34)

Geothermal or ground heating is an efficient and cheap way to produce heat 
in rural area. Ground heat requires area so it is not as effective in dense ar-
eas. It also requires ground with enough moisture to be able to conduct the 
warmth. Drilling a hole into bedrock is more expensive and it is not allowed in 
groundwater areas. The strength of geo-warmth is that the system works dur-
ing day and night year round.

Burning wood or pellet is very popular in rural areas like Orust. It is considered 
cleaner than burning fossil fuels but it actually creates a lot of small particle 
emissions as well as carbon dioxide emissions. Fireplace or boiler is still an ef-
fective back up heating system. 

Solar heat and electricity are clean during usage but require an unshaded 
site. Solar PVs (photovoltaic panels that produce electricity) require pi and 
other minerals, so from the point of resource usage it is not as clean as so-
lar heat that uses simpler technology. Prizes for solar systems are declining. In 
Sweden the solar energy is efficient only from spring to autumn, so the system 
needs to be combined with another heating system.

Wind power is a clean way of producing energy but it requires large invest-
ments and a good place to be productive. The weakness of wind power is its 
inconsistency: power is created only when it is windy.

Air heating is a very cheap and simple method to supplement other heating 
systems. They are rarely powerful enough to be the only heating method. Air 
heating systems do not have a very long lifespan so from the resource point of 
view it is not the most ecological solution.

Electrical heating with water circulation or electrical radiators is an efficient 
heating method. In Sweden, where the average electricity has a small carbon 
footprint, electrical heating is rather clean. It could significantly cut emissions 
in areas where a lot of wood is burned.

Electricity production distribution by energy source in Sweden in 2014. Source: Byman, 
2016 
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Food production and local agriculture
More important than the actual area for farming is the way we use 
our arable land. Local agriculture is a way to cut down emissions 

caused by transportation and to make a place more self-sufficient. According 
to Larsson (2017) the emissions caused by food production for an average cit-
izen of Gothenburg are 1,3 t CO2e, one fifth of the total emissions. Especially 
animal production has a significantly large carbon and ecological footprint. 
Globally 25 % of all land is used for animal pasture or animal fodder production 
(Climate guide 2010). Agriculture is also one of the main reasons for cutting 
down forests and rainforests globally.

There are still lots of possibilities in agriculture if we take ecological values into 
account more thoroughly. We can move from damaging processes to regen-
erative processes where instead of lowering the impact of human actions we 
generate more than we consume. This chapter introduces an idea of carbon 
smart agriculture and permaculture as ways of future food production.

Carbon smart agriculture
The large amount of emissions caused by agriculture comes from the energy 
used for actual farming and animal care. Ruminants like cows and sheep also 
produce significant amounts of methane (Climate guide 2010). Changes in 
land use are also a huge factor. Farmlands are typically emitters themselves, 
and the fields are usually created by cutting down the forests that function as 
carbon sinks.

To change this agriculture needs to shift from carbon sources into carbon sink. 
According to Tuomas Mattila (2017) this can be done simply by minimizing the 
time the farmland is without vegetation. Plants used during off season need 
to be able to both sequester carbon from the air and store it in the ground 
for longer periods of time. For example rye is this kind of a collector plant. In 
addition to environmental benefits this also raises the productivity of the field.

At Kilpelä’s organic ranch in southern Finland fields have vegetation during  off season 
as well. Maintainig vegetation on fields transforms them from carbon sources into car-
bon sinks. Picture: Press photo, magazine Maaseudun tulevaisuus. 
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Mark Shepard’s 100-acre permaculture farm. Picture: Permaculture Apprentice

Permaculture
Permaculture is a sustainable way of increasing the productivity of farmlands. 
The basic idea behind permaculture farming is to turn agriculture into a circu-
lar and regenerative process instead of a wearing process. A permaculture 
farm does not concentrate on producing only one or two species of plants, 
but it mixes as many as possible. This is a way of mimicking natural environ-
ments where different types of plants live in the same area. With permaculture 
the productivity of a certain area can be increased. The larger biodiversity 
also reduces erosion and strengthens the farm’s resilience towards changes in 
environment. Rotational cropping can also increase productivity of farmland. 

Permaculture farm in temperate climates like in Sweden is a mosaic of fields, 
forests, hedgerows and orchards. Treelines and fields need to be orientated 
in a way in which the trees shade the fields as little as possible. In Sweden’s 
latitudes where sun shines from low angles especially the southern slopes are 
very good places for permaculture farms. Permaculture farm is also arranged 
so that the most labour intensive plants are grown nearest to the dwellings.  
(Millison, 2016)
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Typology and building patterns
Land use changes 
Avoid building on naturally delicate land or on land that has forest 
or other natural carbon sinks. Do as little changes on natural state 
of site as possible and try to increase its biodiversity rahter than limit 
it. (page 12) 

Building density 
Build as dense as possible but make sure that each building  
receives sunlight to reduce the need for heating. (page 13)

Building orientation 
Orientate buildings so that the longer edge faces south to take 
advantage of passive solar energy. (page 14)

Building shape and volume 
Design houses with as few corners as possible. Compare different 
building shapes by using form factors. (page 16)

Principles for ecological planning in rural context

Materials, technology and building techniques
Ground conditions 
Check the ground conditions on site. If possible, found buildings 
without piling or heavy foundations and do not build cellars.  
(page 17)

Material source 
Make a comparison between use of renewable and non-renewa-
ble materials. Avoid all materials that you would not throw into na-
ture.  If they are not healthy for nature, how could they be healthy 
for humans? (page 20-21)

Material emissions 
Use materials with small carbon footprint or carbon storage capa-
bilities. Make calculation of emissions of the main structures.  
(page 17-19)

Building techniques 
Use simple and easily maintained solutions. Make sure materials 
and layers are repairable and easy to separate from one another.  
Always consider total lifespan of a certain solution. (page 22)
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Energy
Energy efficiency 
Limit unnecessary energy usage with passive and active methods 
like using proper insulation or building smaller houses. Instead of 
calculating U-values or energy usage per square meter always 
measure the total consumption. (page 23-24)

Energy production 
Concentrate rather on energy source than energy efficiency. 
Measure different energy solutions by their emissions instead of 
actual energy usage. (page 24-25)

Food production and local agriculture

Carbon smart agriculture 
Turn fields into carbon sinks by having vegetation on them all year 
round. Use collector plants that can store carbon into the ground. 
(page 26)

Diverse farmlands 
Mix different species on fields to make farms more resilient. Adapt 
rotational cropping with mixture of species to increase productivity 
of arable land. (page 27)





Part 2:  
Plan for new Dalby village
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Planning an eco-village on Orust 
Orust has ambitiously set the goal for the municipality to be “climate and en-
ergy neutral in 2020”. Climate and energy neutrality are abstract concepts 
and hard to measure. This paper and the plan for New Dalby village values 
different planning solutions with the tools described on pages 8 and 9. For the 
actual village plan in Dalby the new and more precise objectives were set. 

The New Dalby village plan is a concept plan for the specific location but the 
ideas behind the plan can be implemented on different sites either on Orust 
or in other rural areas in nordic climate. More than architectural design it is a 
tool to describe the focus points that can actually make a great difference.

The plan starts with an analysis that specifies area microclimate and natural 
conditions as well as the current land use and building stock. After the analy-
sis the plan is presented using the same structure that the theory part has. All 
planning solutions are justified with calculation or theories described on the 
first chapter. The map of the site can be found with the summary of the plan 
on pages 48 and 49.

Objectives for the New Dalby village
•	 All building frames and structures last at least for a hundred 

years.
•	 The future emission targets for housing (cutting down 80% of 

CO2e) are met.
•	 Carbon stored in structures is larger than emissions caused 

making them.
•	 Materials used are natural and local.
•	 Safe and traditional building solutions grant functionality in 

all conditions.
•	 Life in the village without your own car is practical.
•	 Significant percentage of the food eaten in the village is 

locally produced.
•	 Heating energy and electricity used in the village are pro-

duced there.
•	 The village offers also reasonably priced high quality rental 

housing.
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Dalby - Site analysis
The site for New Dalby village is on the west side of Henån, approximately two 
kilometers from its center. The size of the site is approximately 27 hectares. 
Currently the area is used for farming and as a pasture for animals. There are 
a couple of one family houses around the fields. The planning site lies in be-
tween steep rocky hills on both east and west side of the site. The sea lies also 
very close and the shore protection area starts directly from the northern bor-
der of the site.

The site has a lot of potential for an eco-village because its closeness to Henån 
makes it possible to live in Dalby without owning a car. The orientation of hills 
and flat area offer good ground for local agriculture. There are no forests on 
site so no cutting is needed when constructing new buildings.

Sweden

Orust

Dalby site 1:10 000

North

Henån

Dalby

Orust

Henån

Dalby

Orust
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Land use & land ownership
The land used for agriculture is mostly owned by Orust municipality and it is 
rented for farmers to use. Therefore it is easier to plan and control the devel-
opment of New Dalby village. Arable land is used for growing crops and also 
grass for animals. Housing is mainly located near hills on the western and east-
ern sides of the site.

Conclusion: The easiest way to control the building process is to build on mu-
nicipal land. To leave the maximum amount of land for cultivation the recom-
mended place for settlements is on the western side of the site.

Most of the land on Dalby site is currently used for agriculture.

Land ownership 1: 7000

Existing buildings

Existing roads

Land owned by 
Orust municipality
Shore protection 
area
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Typology & ground type
The site is a plain between rocky hills. On hillsides the bedrock is seen but the 
arable land is mainly fine sand. On eastern part of the site there are clay areas 
as well. Bedrock close to surface and fine sand are good materials for found-
ing buildings because no piles are needed and the ground takes loads very 
well. Lighter foundations lower CO2 emissions and expenses.

All slopes dip towards the sea but despite the flatness of arable land it is cov-
ered from most of the floods since it is at least 6 meters above sea level. A small 
ditch runs through the site towards the sea as well.

Conclusion: The best ground types to build are on the western side of the site. 
Clay on the east makes foundations much more difficult and expensive.

Section A-A’ 1:2500

Section B-B’ 1:4000

Road

Arable landArable land

Arable land

Rocky hill

Site border

Road DitchRoad

Road

Arable landArable land

Arable land

Rocky hill

Site border

Road DitchRoad

Bedrock

Post-glacial fine 
sand

Post-glacial clay

Post-glacial 
coarse clay 

A

B

B’

A’

Ground types 1:7000
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Climate conditions
Climate conditions in Dalby are good for eco-village. On the west coast of 
Sweden the wind blows mostly from west and south-west. Because Dalby is in 
the northern part the island blocks most of the wind from that direction. Hills 
around the site can also help block the unwanted wind.

During summertime Dalby gets a lot of sunlight and sun rises up to 57°. From 
spring to autumn the solar panels are an effective way to produce electricity 
and service water. During winter months the sun barely rises above horizon 
and the day length is only 6 hours. Solar energy cannot be made profitable 
even with good placement.

Conclusion: The best place to build is in the northern part of the site. There is 
nothing to block the sunlight and because of the slope towards the south the 
houses can be placed in denser formation.

Yearly wind speeds and direction

Source: Swedish Hydrological and Meteorological Institute (SHMI)

Source: Time and Date association

N

S

EW

N

S

EW

>=13,5

Yearly wind 
during rain

Yearly wind 
(all weathers)

Wind speed

7,5 - 13,5

3,5 - 7,5

0,5 - 3,5

Sunrise Sunset Daylength Solar noon

Spring equinox - 20.3.
06:13

89°

18:26

272°
12:12 12:19

32°

Midsummer - 21.6.
04:11

40°

22:16

320°
18:05 13:13

56°

Autumn equinox - 22.9.
06:57

88°

19:11

271°
12:14 13:04

32°

Winter solstice - 21.12.
08:54

136°

15:26

224°
06:32 12:10

9°
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Transportation
The closeness to Henån makes moving from New Dalby village to services very 
easy. The site lies approximately two kilometers from Henån and by walking it 
is possible to take a shortcut to Henån school and industrial area.

The roads on the site are rather narrow and do not encourage to ride a bike 
or to walk. Because of the current road layout the north-east part of the site is 
much furher away from Henån than the parts on the southern side of that field.

Conclusion: The most ecological place from transportations point of view is 
the eastern part closest to Henån.

Routes to different destinations 1:7000

Travel times to the closest services

Travel times: Google maps

Destination

Henån center grocery
5 min
2,0 km

0,32 kg CO2e

9 min
2,0 km

0 kg CO2e

25 min
2,0 km

0 kg CO2e

Henån school
8 min
2,5 km

0,43 kg CO2e

12 min
2,5 km

0 kg CO2e

22 min
1,8 km

0 kg CO2e

To Henån

To boat harbor

To Henån 
school

To Bön & 
Dandalen
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Existing buildings
Existing buildings are mainly villas and barns with one or two storeys. Appear-
ance and age of different houses varies a lot.
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Buildings and placement
According to the analysis, the best place to locate the village is on the north-
ern slope of the site. Ground and microclimate conditions are the best and 
the land is mainly owned by the municipality. To preserve as much arable land 
as possible, and to strengthen social contacts, the village is built on a relatively 
small area.

The basic idea behind the current layout is to maximise sunlight and save land 
for gardening and local agriculture. Buildings are set up in four groups that 
formulate small hubs. In the middle of each hub there is a pond to gather 
rainwater and around it there is room for outside activities and playgrounds.

Between these hubs there are lots of trees and places for gardening and small 
scale food production. Diverse nature can surround the houses and contin-
ue even under them. The goal is to make as little impact on ecosystems as 
possible. All parking spaces are along the road and moving inside the village 
happens by foot or bike.

One goal of the New Dalby village is to mix both owner occupied houses with 
apartments with rental apartments. The village consists of one family houses, 

The amount and distribution of different house 
and apartment types.

semi-detached houses and small blocks of 
flats that mimic the existing building typol-
ogy on Orust in a modern way.Village site

Building placement in the village 1:2500

House type Number of 
houses

Apartments
per type

One family house 6 6

Semi-detached house 15 30

Small block of flats 6 24

Total 27 60

One family house

Semi-detached house

Small block of flats
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All buildings receive sunlight

Houses are orientated so that they receive a maximum 
amount of sunlight year round. To maximize solar energy 
production and insolation energy the long wall of each 
house is facing south with a maximum tilt of 40°. Win-
dows face mainly south with the same ratio or area as in 
the solar house example on page 15.

Most of the windows are 
on southern facade. 

Spring (and autumn) equinox 08:00

Spring (and autumn) equinox 12:00

Spring (and autumn) equinox 16:00

Midsummer 08:00

Midsummer 12:00

Midsummer 16:00

Shadow study of a hub

Illustration of a hub
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Standardized houses
To be able to calculate the impact caused to nature the planning is done 
with three standard houses. Because the goal is to build both owner-occupied 
houses and rentals the New Dalby village has both traditional one family hous-
es and apartments. To match existing building scale of the Henån area the 
maximum height of all houses is two floors. To keep the greenhouse gas emis-
sions on a reasonable level the living areas are kept reasonable even in villas. 

The buildings in the New Dalby village are designed to last for at least a cen-
tury but if they are maintained correctly they can last much longer than that. 
To guarantee long lifespan all houses are extremely simple in structure and 
therefore easy to maintain and repair. Houses do not depend on any electri-
cal equipment to stay healthy.

Each building works with natural ventilation. Long chimneys and high attics 
ensure the required pressure difference that is needed for natural ventilation. 
Steep roof keeps structures dry and snowless and offers good angle for solar 
panels. Each house is founded on pillars to make the base floor wooden and 
to keep it dry in all conditions.

One family house

Floors: 2

Livable area: 110 m² / apartment

Apartments: 1

Measures: W 9 m / L 7 m / H 10 m

Semi-detached house

Floors: 1

Livable area: 54 m² / apartment (total 108 m²)

Apartments: 2

Measures: W 15 m / L 9 m / H 8 m

Small block of flats

Floors: 2

Livable area: 54 m² / apartment (total 216 m²)

Apartments: 4

Measures: W 9 m / L 15 m / H 10,5 m
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Materials
New Dalby village uses renewable or natural and 
non-toxic materials. The only exception to this is the 
foundations that are pillars made of blocks of light-
weight aggregate concrete (see the material palette 
below). The walls are made of glueless massive wood 
and insulated with cellulose fibre wool (structure sec-
tion on the right). All intermediate and base floors are 
made of glueless massive wood as well. In the small 
block of flats the soundproof and burn refractory are 
handled with a layer of unburnt clay.

Material palettes of each builfing type

Structure section of the 
exterior walls.

Material emissions and stored carbon for each house type.

Material CO2e emissions are slightly larger than emissions of the example eco-
house on page 18. This is mainly because in Dalby the structures are so much 
more massive than in the eco-house. Total material usage is larger than in a 
normal one family house but more than 80 % of all used materials are renew-
able. The amount of carbon stored in structures is nearly ten times larger than 
in the example eco-house. In all houses the stored carbon is approximately 
seven times more than the material emissions.

kg 
CO2e CO2 / m² kg 

CO2e CO2 / m² kg 
CO2e CO2 / m²

Roof 2 337 21 4 843 45 4 843 22
Exterior walls 5 165 47 4 042 37 7 425 34
Windows 1 361 12 1 411 13 2 822 13
Intermediate floor 1 024 9 0 0 2 306 11
Partition walls 1 714 16 1 152 11 2 304 11
Base floor 1 169 11 2 423 22 2 423 11
Foundations 187 2 249 2 249 1
Chimney, natrual ventilation pipes 1 227 11 753 7 1 840 9
House technique 100 1 120 1 240 1
Total emissions 14 284 130 14 993 295 24 453 159
Carbon storage 96 174 109 004 164 679
Balanced emissions -81 890 -94 011 -140 226

15 % 14 % 15 %
6,73296439 7,270144314 6,734541398

One family house
(2 floors)

Semi-detached house 
(1 floor)

Small block of flats 
(2 floors)

Massive Wood
Other wood products
Cellulose fibre wool

Renewable materials Natural non-renewable materials Other materials
Burn Clay bricks
Glass
Unburnt clay

Lightweight 
aggregate 
concrete

One family house
(2 floors)

Semi-detached 
house (1 floor)

Small block of flats
 (2 floors)

Total mass:
72 tonnes

Total mass:
82 tonnes

Total mass:
131 tonnes
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Energy solutions
Energy consumption is often considered to measure whether a house is eco-
logical or not. In the New Dalby village, energy consumptions are not com-
pared. Instead, the focus is on the emissions caused by the energy produc-
tion.. Basic structures and volumes of each house type are used to calculate 
consumption for each house and this is multiplied by emissions of each energy 
source (Table on page 24).

Sweden’s electricity production emissions are relatively small because of the 
huge amount of nuclear and hydro power. Despite this, greenhouse gas emis-
sions can be cut down significantly by producing energy and heating service 
water with solar panels. The emissions caused by building solar panels are in-
cluded on their production as well as the need to replace them a couple of 
times during the building’s lifespan.

Energy emission comparison is done with three different methods that are 
available and suitable in Dalby area: electric and geothermal heating and 
burning wood. The comparison (below) shows how self-provided electricity 
production combined with geothermal energy has the lowest carbon foot-
print. The site in Dalby is on fine sand so the pipes for geothermal power are 
easy and cheap to install. 

New Dalby village uses geothermal power combined with solar panels on the 
roofs. The roof area is not filled with solar panels, so more panels can be add-
ed later.

Emission comparison for energy production for each building type with three different 
energy sources available on site in Dalby, with and without solar energy solutions. Solar 
heating panels produce nearly all hot service water in three buildings and solar PVs 
(p. 25) produce electricity to cut down the amount of bought in energy. Sizes of solar 
panels are in the table below. Calculation is done by using Jarek Kurnitski’s calculation 
tool designed to calculate the energy consumption of one family house.

*According to Hänninen (2016) the emissions for burning wood are 30-100 g CO2e /kWh so this calculation 
uses its average 65 g CO2e / kWh. 

kg CO2e / 
house, year

kg CO2e / 
resident, year

kg CO2e / 
house, year

kg CO2e / 
resident, year

kg CO2e / 
house, year

kg CO2e / 
resident, year

Electric heating 2380 793 2568 642 4786 598
+ Solar heating panel 1898 633 2111 528 4147 518
+ Solar PV 974 325 1856 464 3838 480

Geothermal heating 1070 357 1138 285 2189 274 bought in 25077,7
+ Solar heating panel 898 299 972 243 1958 245 heat 4901,664
+ Solar PV 735 245 718 180 1649 206 PVs 6646,56

Burning wood* 1559 520 1689 422 3142 393
+ Solar heating panel 1262 421 1394 349 2743 343
+ Solar PV 966 322 959 240 1761 220

Solar heating panels
Solar PV

153 159 149
Kulutus - geo 59 62 64 Solar heating
Kulutus - puu 167 179 179
Kulutus - sähkö 130 140 139
Kulutus - geo 76 78 75 Ilman paneelia
Kulutus - puu 218 228 212
Kulutus - sähkö 169 176 164

One family house Semi-detached house Small block of flats 

One family house
(2 floors)

Semi-detached house 
(1 floor)

Small block of flats 
(2 floors)

12 m² 12 m² 16 m²

18 m² 28 m² 34 m²

One family house Semi-detached 
house 

Small block of 
flats 

Southern roof 56 m² 102 m² 102 m²
Solar heating panels 12 m² 12 m² 16 m²
Solar PV 18 m² 28 m² 34 m²

68% 36625,92 Roof area with panels 54% 39% 49%
13% 31724,26

18% 25077,7

Chart Title

1 2 3 4
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Source: Evaluating Sweden’s emissions: at 
home and abroad, Stockholm Environment 
institute

Source : Suomen ympäristön mittarit 2011, 
Finnish Environment Institute

Because of the extremely low carbon dioxide emissions of the building materials in 
New Dalby village, the materials have a much smaller role than the energy produc-
tion during the 100-year lifespan. If we manage to stop using fossil and non-renewa-
ble fuels the energy production emissions per year will drop during house’s lifespan. 
One more reason to concentrate on building materials is the fact that their emissions 
are produced now when fossil fuels are still used for most material production pro-
cesses.

Total carbon footprint of housing
The New Dalby village has an extremely low carbon footprint due to its eco-
logical material and energy solutions. Because of the used calculation tools 
these CO2 emission comparisons do not include the energy savings created 
by consistent use of solar energy. According to Lylykangas (2014) these can 
be up to 22 % of annual heating energy usage in a normally insulated house. 
New Dalby village’s closeness to Henån makes a very low-carbon lifestyle pos-
sible since it is possible to live in the village without owning own car.

Total housing emissions for a New Dalby village dweller are 241 kg CO2e per 
year. This is calculated using a lifespan expectancy of 100 years. Houses are 
not depending on any technological equipment and they are easily kept dry 
so the actual lifespan can be much longer than the 100 years. 

Because of the usage of huge massive wood elements the structure’s carbon 
storage is significant. If the total carbon storage is divided annually in a time 
period of 100 years, it will still be greater than the annual total emissions of one 
family house and semi-detached house.

New Dalby village:

241  
kg CO2e /  

resident per year

New Dalby village:

199  
kg CO2e /  

resident per year

Average Finland:

2730  
kg CO2e /  

resident per year

Average Sweden:

1580 
kg CO2e /  

resident per year

Emissions caused by housing energy 
use and production

Emissions caused by housing 
(all combined)

Total CO2e emissions for different house types

kg CO2e / 
house, year

kg CO2e / 
resident, year

kg CO2e / 
house, year

kg CO2e / 
resident, year

kg CO2e / 
house, year

kg CO2e / 
resident, year

Building and material 
emissions 143 48 150 37 245 31

Energy production
(Geothermal + solar heat 
& electricity)

735 245 718 180 1649 206

Demolition phase 28 9 27 7 34 4

Total emissions 906 302 895 224 1928 241

Total carbon storage 962 321 1090 273 1647 206

3 4 8

One family house Semi-detached house Small block of flats 
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Local agriculture
Fields around the New Dalby village are used for local food production. Ideas 
of carbon smart agriculture and permaculture are applied and most of the 
arable land is preserved. The loss of field under the new village are compen-
sated with more productive farming methods.

Gardens in the village are used for small scale food production and all trees 
produce fruits and nuts for the people. Leaf trees in the village are used to 
shade houses during summer. The most labour intensive plants are grown in 
the village near houses and larger scale production is done on the fields.

The slope dipping toward south is used to grant lots of sun to all plants in and 
around the village. Gardens in the village collect rainwater into small pools, 
and the water is then used to water plants.

The fields are divided to smaller sec-
tions and rows of productive trees and 
bushes to bring diversity and reduce 
erosion. Treelines are planned to grant 
as much sunlight to the fields as possi-
ble.

The fields have vegetation on them all 
year round turning them into carbon 
sinks. The ditch is surrounded by trees 
and bushes to prevent nutrients enter-
ing the sea.

Instead of growing grass the fields are used for more natural and effective local food 
production.

Fields are located on the southern side of 
the site. 
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New Dalby field layout 1:5000

Local farming in the village 1:2500
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Plan for New Dalby village 1:2000

North
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New Dalby village - Summary
New Dalby village is an ambitious eco-village plan. The plan combines tech-
nologies and planning methods of both future and past to lower the impact 
caused to nature. New Dalby village has a significantly lower carbon footprint 
and harmful material usage than average housing today. It creates possibili-
ties for truly sustainable lifestyle.

Basic facts
•	 New Dalby site: 27 hectares
•	 Village site: 3 hectars
•	 Arable land: 11 hectars + gardens in the village
•	 New buildings in the village: 27
•	 Apartments: 60
•	 New inhabitants: 126

House type Number of 
houses

Apartments
per type

One family house 6 6

Semi-detached house 15 30

Small block of flats 6 24

Total 27 60
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Material usage
New Dalby village uses renewable 
or natural and non-toxic materials. 
The walls are made of glueless mas-
sive wood and insulated with cel-
lulose fibre wool. Foundations are 
made of pillars made of blocks of 
lightweight concrete. Lightweight 
concrete and solar PVs on roof-
tops are the only things containing 
harmful, non-natural materials but 
their amount is very small.

Energy solutions
All houses in the New Dalby village 
use geothermal power combined 
with own solar panels. Bought elec-
tricity is renewable and the use of 
geothermal heat cuts down emis-
sions and grants better functionality 
in all weather conditions than solar 
or wind power.

Carbon dioxide emissions
The New Dalby village has extremely low carbon footprint due to its ecolog-
ical material and energy solutions. Because of the usage of huge massive 
wood elements the structure’s carbon storage is significant. New Dalby vil-
lage’s closeness to Henån makes a very low-carbon lifestyle possible since it is 
possible to live in the village without owning a car.

New Dalby village:

241  
kg CO2e /  

resident per year

Harmful 
non-renewable

1%
15 tonnes

Renewable

83%
2045 tonnes

Bought  
electricity

49,6%
268 MWh

Own energy  
production

50,4%
290 MWh

26,5 %  
Geothermal

14,6 % 
Solar heat

9,3 % 
Solar electricity

Total housing energy 
usage in the village

577 MWh

Natural 
non-renewable

16%
384 tonnes

Average Finland:

2730  
kg CO2e /  

resident per year

Emissions caused by housing  
Materials + building + energy use  
+ demolition

Material usage emissions 
compared to carbon storage

Carbon
storage:

254
kg CO2 / 

resident per year

Material 
emissions:

36
kg CO2e / 

resident per year
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