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This thesis topic is chosen according to the demand of the author’s employer
company which holds a renovation project related to this field of work. It is
done with the help of a university lecturer as supervisor - Olli llveskoski.

The main objectives of this thesis is to examine whether ArchiCAD software
energy evaluation system is functional or practical and to what extent can this
system provide help in a real renovation/construction project. In addition, sug-
gestions are made for possible future improvements of the system.

Theoretical parts of this thesis are mainly related to the building’s thermal prob-
lems. Most of the formulas are based on the EU's recast Energy Performance of
Buildings Directive and the National Building Code of Finland.

Research methods include using ArchiCAD software to create a BIM model of
the object building and utilize the energy evaluation add-on to simulate and
calculate the energy consumption of the building as well as its maintenance.
Comparison is made between ArchiCAD data and real energy data from inhab-
itants.

The conclusion of this thesis indicates that ArchiCAD energy evaluation add-
on is very helpful and it makes it easy to calculate the data which can be essen-
tial for improving the building’s energy-efficiency, but its lack of ability to take
more complicated situations into consideration may lead to inaccuracy of the
results and final report to some extent.

The length of the abstract is 1 page.

energy evaluation, comparison data

30 p. + appendices 11 p.
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1

INTRODUCTION

1.1 Background

The topic of this thesis is based on a real project which is located in Viipu-
rinpuisto, Hameenlinna. Six of the 2-3 storied buildings are built in the 1970s.
After more than 40 years the buildings need to be renovated and the habitants
demand less energy cost including district heat and electricity.

Figurel The dutlook of te roject buildings

Since the rapid development of society, the demands for energy are increasing
dramatically every year. And most of the energy comes from fossil fuels which
will not be sustainable in the long term. The pressure and urge have forced
society not only to find new, renewable, replaceable and clear energy, but also
to improve the efficiency of current energy usage.

According to the Finnish Ministry of the Environment, there is in process an
Environmental Decree on improving energy performance in connection with
renovation and alteration, and of the promotion of systematic building manage-
ment supporting the improvement. The objective of this decree is to reduce en-
ergy consumption and carbon dioxide emissions of the existing buildings by
approximately 25% and 45%, respectively, by 2050. Savings are gained, for
example, by reducing heat losses, by adopting more efficient heat recovery sys-
tems, by more efficient use of electricity, and by increasing the use of renewa-
ble energy sources, such as ground-source heat. A more short-term objective is
to reduce the energy consumption of existing buildings in the building stock by
approximately 6% by 2020 (Kauppinen, Ministry of the Environment
Memorandum, 2013).
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Therefore software related to calculating the energy consumption based on the
latest regulations has been carried out. Above all these, ArchiCAD software
draws most interests for the writer. Not only is it the first software that allows
the combination of 3D-modeling and energy evaluation at the same time, but
also entirely new technology which allows architects to perform reliable dy-
namic energy evaluation of their BIM model within ArchiCAD, relying on BIM
geometry analysis and accurate hour-by-hour online weather data of the build-
ing’s location.

1.2 Objectives

The primary objective of this thesis is to finish the 3D-BIM of these project
buildings and produce an energy-consumption report based on a 3D model to
the supporting company. This will be checked by studying the EU's recast En-
ergy Performance of Buildings Directive and the use of previous experiences.
Another main objective is to test the usability and liability of the ArchiCAD
energy evaluation tool by comparison with real energy consumption data.

The scope of the thesis is limited in the following way:

1. Only the situation in Finland is taken into consideration, so other countries
and circumstances are out of the study.

2. Only the renovation situation is considered, new projects with brand new
3D-design are not included.

3. Only one software is used in the thesis, no parallel comparison with other
similar software.

1.3 Process and Content

First of all, the thesis objectives are defined by the supervisor and supporting
company. Then the thesis plan is carried out.

Data needed for 3D-modeling the building was provided by a company with
hand-draft drawings, including a section plan, floor plan for six buildings sep-
arately. Later the hand-draft papers (more than 100 pages) were scanned and
converted to PDF for a more convenient check. Another important demanded
data was acquired by inhabitants who live in the buildings, concerning the
amount of hot water and electricity used from 2006 to 2008 every month, also
the local price of these two energies respectively. In addition, several visit tours
were held by inhabitants to the inside of the houses and basements for measur-
ing and checking the data. Material properties and environment data were ex-
tracted from official company websites.
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Based on the data collected and studied, first the ArchiCAD 3D BIM was cre-
ated by using the company hand-draft papers. Next step was to send the mod-
eling profile to the supervisor to be checked and re correction started by visiting
the site.
The third step was putting the material properties and environment data into the
software model, as well as calculating, following the Finnish regulation. Finally
an energy consumption report was created which led to the main part of the
thesis: comparison with real data. At the very end of the stage, a conclusion
was reached to indicate the advantages and disadvantages of this ArchiCAD
energy-consumption tool. Advices and suggestions are carried out for this soft-
ware for further improvement and research.

1.4 Supporting Company

A-Insinodrit is a skilled, growing and internationally operating professional in
construction management and design. Customer needs are their first priority.
Their references prove that they succeed in even the most demanding projects
by combining fifty years of solid experience with the most up-to-date expertise.
The company’s fields include infrastructure design, Structural design services
for residential buildings, schools and educational institutions, hospitals, com-
mercial structures, offices, logistic centers, as well as industrial facilities and
structures, Development during all project stages by designing the working pro-
gress more smoothly flowing and cost-effectively.

A-Insinoorit is one of Finland’s leading experts in the construction industry. In
recent years they have helped implement, the Port of VVuosaari, the Helsinki-
Vantaa Non-Schengen Terminal, several power stations, the Helsinki Metro,
and many other projects. (A-Insindorit)

A-Insinoorit solves the customers'
most challenging problems with
400 skilled professionals.

Figure 2 company front page
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2 ARCHICAD MODELLING

First of all, the software ArchiCAD is one of the major BIM software in the
world that has been widely applied. BIM refers to Building Information Mod-
eling , a process involving the generation and management of digital represen-
tations of physical and functional characteristics of places. BIMs make possible
for designer and engineering technician work together and give answers for
problems which appeared in BIMs, given a solid foundation for cooperation
between design, construct and management. In addition, BIMs improves profi-
ciency dramatically and reduces risks during whole building construction pro-
Cess.

In general, BIM is a 3D building model with detail information data which is a
reliable basis for decisions during its life-cycle; defined as existing from earli-
est conception to demolition. It has been widely used by individual businesses
and government agencies who plan, design, construct, operate and maintain di-
verse physical infrastructures, from water, wastewater, electricity, gas, refuse
and communication utilities to roads, bridges and ports, from houses, apart-
ments, schools and shops to offices, factories, warehouses and prisons.

The concept of BIMs started from the 1970s, while ArchiCAD was created by
the Graphisoft company in 1982 as the first 3D-Virtual Building design idea
software in the world. For the professionals involved in a project, BIM enables
a virtual information model to be handed from the design team (architects, sur-
veyors, civil, structural and building services engineers, etc.) to the main con-
tractor and subcontractors and then on to the owner/operator; each professional
adds discipline-specific data to the single shared model. This reduces infor-
mation losses that traditionally occurred when a new team takes ‘ownership' of
the project, and provides more extensive information to owners of complex
structures. (Building information modeling, 2014)



http://en.wikipedia.org/wiki/Graphisoft
http://en.wikipedia.org/wiki/Architect
http://en.wikipedia.org/wiki/Surveying
http://en.wikipedia.org/wiki/Surveying
http://en.wikipedia.org/wiki/Civil_engineering
http://en.wikipedia.org/wiki/Structural_engineering
http://en.wikipedia.org/wiki/Building_services
http://en.wikipedia.org/wiki/Engineer
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2.1 Modeling Process

As a renovation project, the target buildings were built in the 1970-1974 period.
During the time when no computer science or any digital data can be applied,
the designer made 2D drawings including a floor plan, site plan, elevation plan,
basement plan, foundation plan, plumbing plan, ventilation plan on papers by
using only simple drawing tools.

Figure 4 example of one elevation plan
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Based on more than 200 pages of these 2D drawings, the Modeling started. In
ArchiCAD software, instead of 2D lines the operating subjects are changing
into walls, doors, windows, columns, beams, slabs and other building compo-
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Figure 6 example of parameterization of one component(external waII) that is referenced

As the Figure 6 indicated, components are controlled by parameters. Their pa-
rameters are connected to a 3D model in both directions in two way, with some
extent of intellectualization. For example, the windows are attached to the wall
automatically; column cut overlapping wall automatically. The whole design-
ing process is done by a parameterization method.

The most difficult part to model in ArchiCAD is that even when the software
gives a 2D paper as a platform, it is not a real 2D paper that just draws a line
on the X or Y coordinates without taking the height (the Z coordinate) of all
components into account. Every component in this platform must need to put
the parameter of height into consideration, even for something as simple as a
wall, the height of a wall as a parameter needs to be specified. Windows need
to settle the width, length, height, window/wall thickness ratio and the window
frame separation parameter, rotation rate, style and more physical characteris-
tics.
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Therefore, in this case, one building that has 3 stories including a roof and a
basement and a foundation layer may create thousands of individual compo-
nents. Every single one of them needed to be specified with unique data. The
amount of work is tremendous and it requires no small amount of sensibility
and caution, since one mistake would have led to structure failure and human
lives involved.

BIM allows the designer to process traditional 2D screen indication and 3D-
visualization indication or even dynamic indication at the same time. Different
2D indications from floor plan to elevation plan remains highly relative and
consistent. When the model needs to be changed or fixed, all means of indica-
tion will be updated and synchronized with high accuracy.

] |
[T == O

——

o e = w T

s

Figure 7 example of elevation indication

Figure 8 example of visualized indication
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The core value of BIMs is the information data, all the data can be collected
and reported both completely and systematically, for example, project amount
list, window and door list, area statistics, facility chosen list, estimation of
budget. Any changes to the model will lead to updates of these reports and list

simultaneously with accuracy.
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Figure 9 example of wall list

Figure 9 indicates part of wall characteristics including thickness, height, U-
value, and so on. If any of these walls need to be changed as the client required,
the material list or wall list will automatically react at the same time.

However, the depths of statistics are related to the depth of the model itself.
Take the column for example, usually columns which take the load from floors
have reinforcement steel bars inside, and in this software, reinforcement steel
bar parameter is not included, cause the lists for columns are only limited to the
size or volume as general statistics, therefore it couldn’t replace real engineer-
ing statistics, but just for basic reference data.

Most of BIMs can cooperate with other software like Revit or Tekla. And by
cooperation, BIMs can transfer profiles to IFC mode (industry foundation clas-
ses) which can be recognized by other software. Most of the data can be re-
served during the transfer, but some data will be missed mainly from the un-
standard components like the customized wall.
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Figure 10 example of final 3D-visual drawing

2.2 Calculation example

The Ministry of the Environment Decree on improving the energy performance
of buildings undergoing renovation or alteration provides three options by
which compliance of renovation or alteration work with the provisions on im-
provement of the energy performance of a building can be demonstrated. The
options are as follows:

1. Improvement of the thermal resistance of building elements.

2. Reduction of the calculated energy use in the building to below a specific
limit value specified by building category. Calculation instructions for new
buildings can be applied for the calculation. Calculation is based on stand-
ardised use. The limit values for energy use are specified as calculated an-
nual energy use per net heated area (KWh/(m2a)).

3. Improvement of the calculated overall energy use in the building. The limit
values per building-category are specified as a relative change compared to
the calculated overall energy use in the original building or, if the intended
use of the building has changed, to the calculated overall energy use in the
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building at the time of the latest change in the intended use. The same cal-
culation tools and instructions as for new buildings can be applied for the
calculation. The overall energy use limit values are specified as calculated
annual energy use per net heated area (kWh/(m2a)). The energy carrier fac-
tors are issued separately by government decree, and are the same as for
new buildings.

If the technical systems are updated, replaced or otherwise renovated, the limit
values specified in the Decree should be followed irrespective of the options 1
to 3 selected.

The indoor temperature conditions in the summer must not be impaired as a
result of the renovation or alteration. When the improvement of the energy per-
formance of the building is planned, adoption of passive means to prevent over-
heating of spaces in the summer can be counted as a gain which reduces the
energy need for cooling (Kauppinen, Annex to the explanatory memorandum
for the Ministryof the Environment, 2013).

In this example only option 1 is considered.

For wall( oma US407-kantava betonisein+mineraalivilla+betonikuori)
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Figure 11 example of wall U-value

The concept of improving thermal resistance is to improve the material used in
the composite wall. Different materials have different characteristics for ther-
mal conductivity which is the property of a material to conduct heat and also
the thickness.

Heat transfer occurs at a higher rate across materials of high thermal conduc-
tivity than across materials of low thermal conductivity. Correspondingly ma-
terials of high thermal conductivity are widely used in heat sink applications
and materials of low thermal conductivity are used as thermal insulation. Ther-
mal conductivity of materials is temperature dependent. The reciprocal of ther-
mal conductivity is called thermal resistivity.



http://en.wikipedia.org/wiki/Heat_sink
http://en.wikipedia.org/wiki/Thermal_insulation
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This wall has three composite skins - reinforced concrete, mineral wool, rein-
forced concrete.

Table 1 external composite wall layers

Layer material Thickness(m) Thermal Conductiv-
ity(W/mK)

Reinforced Concrete | 0.08 2.3

Mineral Wool 0.12 0.033

Reinforced Concrete | 0.15 2.3

External heat transfer coefficient: 24 W/m2K
Internal heat transfer coefficient: 8 W/m?K

U-value is reciprocal of all the resistance instead of a sum of all conductance
because interaction of building element to outside environments is measured in
terms of surface resistance, so for consistency, the behaviour of the built ele-
ments are also expressed in terms of resistances.

1

Ru+Rx+R:+Ri+ R+ R+ R

R«- thermal resistance of internal surface
Rso. thermal resistance of outside surface
R. - thermal resistance of unvented air cavities
R: « -themmal resistances of building components

Units - W/m°'K

Figure 12 example of formula

And the thermal bridge effect in Finland is estimated as 0.11 W/m?K
So the final U-value for this external wall is 0.37 W/m?K
This is only an example of simple calculation related to the thermal energy

consumption. Other methods are including window and door U value calcula-
tion and district heat transfer rate or ventilation system effect.




Renovation and Energy Evaluation
- -

2.3 Energy Data Input

The built-in Energy Evaluation functionality of ArchiCAD 16 is similar to the
former standalone EcoDesigner™ product, but is based on entirely new tech-
nology which allows architects to perform reliable dynamic energy evaluation
of their BIM model within ArchiCAD, relying on BIM geometry analysis and
accurate hour-by-hour online weather data of the building’s location.(
ARCHICAD WIKI)

Since the project building model has been created. Area tool has been selected
for the whole building in this case. Although the area tool can be selected to a

smaller area, for instance, a single apartment if the client demands.
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Figure 13 Components data related to thermal calculation

Figure 13 displays the analysis of the visible structures and openings according
to their orientations and positions relative to zones and generates the space
boundaries for them. (Space boundaries describe the building’s geometry in a
format that works for energy simulation input.)

It populates the space boundary lists. Structures and Openings are automati-
cally listed with their properties that are relevant for the energy evaluation.

The calculation of energy used for heat leaking into spaces is based on the air
tightness of the building or building unit, expressed as air leakage rate.




Renovation and Energy Evaluation

The air leakage flow is calculated from the building envelope air leakage rate
050 as specified in Section D3 of the National Building Code. The air leakage
rate 50 (m3/(h m2)) means the average air leakage flow of the building enve-
lope per hour with a 50-Pa pressure difference per the overall building envelope
area determined according to the overall inner dimensions.

The building envelope air leakage rate is determined by measuring or from the
plans or up-to-date building documents.

If the building envelope air leakage rate cannot be determined with the methods
referred to above, it must be determined by using the values provided in Table
4. The table also includes building air leakage rates n50, because that method
has been previously used for indicating the air tightness.

The building envelope air leakage rate (q50) can be calculated from the build-
ing air leakage rate (n50) with equation:

Rsg -
9s0 = 7 J
< *wvaippa
where
g50 - building envelope air leakage rate with a 50-Pa pressure difference,
m3/(h m2)
n50 - building air leakage rate with a 50-Pa pressure difference, 1/h
\Y - air volume of the building, m3
A - envelope building envelope area (including floor), m2
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Figure 14 Components(openings) data related to thermal calculation

For all the openings including doors and windows, the characteristic data has
been extracted from one manufacturing company called Fenestra which is one
of the most common companies in Finland.

Total solar transmittance (TST): The percentage of incident solar radiation
transmitted by an object which includes the Direct Solar Transmission plus the
part of the Solar Absorption reradiated inward. TST divided by 100 equals Solar
Heat Gain Coefficient (SHGC) or g-value.
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23.1

In addition, for openings, A Psi-value is mainly a value of adjustment during
the calculation of energy loss of building surfaces. It quantifies the additional
energy loss per degree Kelvin and linear meters which wasn't taken into account
with the simplified approach of the energy loss calculation using U-values and
areas.

The calculation of the Psi-value therefore depends strongly on the calculation
method of the simplified approach. These are defined in international and na-
tional standards. (Air Infiltration Rates of New Housing, 2006)

Environmental Setting

The most interesting part of this ArchiCAD energy evaluation tool is not only
calculating the materials themselves based on their characteristic data, but also
the addition data which includes surrounding environmental data, which makes
the final report more accurate and referenceable.
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The first additional data is related to surrounding environment. The location of
the project is shown as latitude and longitude data. The reason for this is that
the location of the project will affect the sun position accordingly. There is no
doubt that solar energy absorbed by the building is taken into account, also the
colour and material of the external wall and roof affect this.

Figure 15 Environmental Setting

And for the soil type in Finland the geological position represents that after the
small ice age and the glacier fade away left soil into gravel rather than rock or
sand. The type of soil also affects the heat transfer speed by these factors: ther-
mal conductivity, density and heat capacity.
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From gravel type of soil, the thermal conductivity is 1.4 W/mK, comparing
with reinforced concrete (with steel rebars inside) is 2.3 W/mK. Which means
gravel is even a better material than reinforced concrete in an insulation aspect.
This is because the reinforced steel bar in the concrete acts like a thermal con-
ductor with a thermal conductivity around 50 W/mK, placed through the con-

crete layer.

The last consideration is surroundings, whether the building is located in a big
city or near water or besides forest has a tremendous impact on the heat transfer.
Since in the city, average temperature is higher due to the urban heat island
effect. And near water, the temperature is lower while garden temperature (for-

est area) stays between it.
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Figure 16 Climate Data

First of all, the climate data was extracted from Strusoft Climate Server which
is updating the climate data all around the world with accuracy. And this annual
data is based on 2013 statistics.

Secondly, the climate type in Finland is dry, even though the humidity rate is
quite high, but the common temperature is below zero which leads to the dry
air and powder snow.

Basically there are four data types that have been considered: Air temperature,
Relative temperature, solar radiation and Wind speed. Due to the theory that
the bigger the difference in external and internal temperature, the quicker the
heat transfers, air temperature becomes an important factor. As well as the wind
speed, the wind helps air to carry the heat away faster. And also it is essential
to know in which direction comes the maximum wind velocity.
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2.3.3 Operation Profile
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Figure 17 Operation Profile

The Operation Profile is the most difficult part to estimate and calculate. As in
Finland, for the residential buildings built in the 1970s, during the Cold-war,
the threat of an attack by bombing has influenced the design of the building.
When it comes to this case, the original designer of these buildings designed
multi-use basements for preparation in case of war. This leads to extreme com-
plexity in order to determine the percentages between primary building func-
tions and additional functions.

Since the basement is only used for garage and storage - both 10 percent
equally, and for residential purposes - only 80 percent. For the interior lighting,
suggestion from the supervisor is 1W/m?. For the human heat gain, service hot
water load and humidity load are 10W/capita, 6.8L/day, 2L/day respectively.
All data has been approved by the supervisor.

Lastly, the daily schedules separate working days and weekends, when people
stay at home, it is consuming more energy, although the tool didn’t take into
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account the much longer amount of holidays in Finland compared to other
countries.

The net heated area of the building is determined from up-to-date building doc-
uments, such as drawings or information models, or estimated on-site with suf-
ficient accuracy. If no up-to-date documents are available, or estimating
through measurement proves problematic, the net heated area of the building
can be estimated to be 90% of the gross heated area. If the gross area of the
building is unknown, this can be estimated from the building's outer dimensions
and its number of storeys. The gross heated area is deter-mined by subtracting
the area of unheated space from the gross area.

Semi-warm spaces, such as attics and other storage areas in the building, are
considered as heated space. Unheated spaces are not within the scope of the
assessment and their areas should be excluded from the calculation
(Kauppinen, Ministry of the Environment Memorandum, 2013)

Within this case, the confusion appears at whether the storage room can be rec-
ognized as semi-warm spaces or unheated spaces.

Another problem is that only lightning has been taken into account as energy
consumption.
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2.3.4 Building Systems
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Figure 18 Building System

The building System indicates what kind of energy input and output system
were implemented. In this project, the building is heated by district heated wa-
ter and electricity. The hot water is used both for services and heating. Effi-
ciency of the heating type can be recognized as 89%*85%, result is 75%, since
during the transportation the water pipe is covered by 400mm thickness insula-
tion material. But inside of the apartment the pipe is not insulated.
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Table 2 Finland hot water distribution efficiency

Domestic hot water distribution efficiency, N, transter

No circulation

Building type Circula- insulat- | | lat
insulat-
tion non- in a housing ed, ed
insulated ipe basic ’
pip y | better”
level
Detached houses and terraced and other at-
0.96 0.75 0.85 0.89 0.92]
tached houses

Table 3 Guideline values for annual efficiency of heat distribution and heat emission and for
electricity consumption of auxiliary devices.

Annual efficiency | Electric e yaces
Heating solution T spaces
i kWh/(m? a)

Water radiator 45/35 2C

insulated distribution pipes 0.90

non-insulated distribution pipes 0.85

Water radiator 70/40 2C

insulated distribution pipes 0.9

non-insulated distribution pipes 0.8

Water radiator 90/70 2C

insulated distribution pipes 0.85

non-insulated distribution pipes 0.80

The energy sources that are used to conduct hot-water are Natural gas, coal and
Electricity by 40%, 40% and 20% respectively.

Cooling type for residential area is Mechanical, however, for the basement in
the storage room the cooling is done by air conditioner that uses electricity.

Service hot-water is 60 degree Celsius while cold water is 10 degree Celsius.

Ventilation type is supply and exhaust, air change factor is 1/day, approved by

supervisor.

As for the energy source factors, it indicates for different raw resources, it con-
duct different amount of CO., one of the main substances that leads to the

global warming effect.
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While in Finland, although the Finnish environmental administration puts all
effect to improve the atmosphere and reduce the CO2 emissions. It is said: The
production of electricity in Finland amounted to 67.7 TWh in 2012. The pro-
duction went down by four per cent from the previous year. The production of
district heat grew by eight per cent and that of industrial heat remained on level
with the previous year. Forty-six per cent of the production of electricity
and heat was covered by renewable energy sources. The amounts of elec-
tricity and heat produced with renewable energy sources grew from the previ-
ous year. The use of fossil fuels and peat decreased as in the year before
(Production of electricity and heat, 2013)

However, the text above, which mentions about renewable energy, only indi-
cates mixed fuel (divided into renewable and fossil fuels in ratio to the fossil
and biodegradable coal contained in them), but it is still the same old method
to use this source, which produces the same amount of CO;.

Table 4 Electricity and heat production by production mode and fuel in 2012

Electricity, | District |Industrial |Fuels Fuels
GWh heat, heat, used, used,
GWh GWh GWh TJ

Combined il 178 125 1173 1898 6 831
heat and
power Hard coal 4 061 7 445 764 14433 51960
production 5/ | Natural gas 6460| 5586 5032 20078| 72282

Other fossil 2)

3) 220 560 678 1834 6 603

Peat 2727 5 069 3126| 13 296| 47 865

Black liquor

and other

concentrated

liguors 4 825 185 23814 36590| 131725

Other wood

fuels 4142 6 726 8321 23441 84 389

Other

renewables 2)

4) 359 BAT 704 2 049 7377

Other energy

sources 2/ 4| 214 1273| 2263 8146

Total 23286 26 458 44 885 | 115 882 | 417 176

As the table indicated, coal or liquor and natural gas emit massive amounts of
COz from the energy source factors.
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Valuuttayksikke: ELR.

Sydta energian hankintahinta:

Hinta keikk
0,07
| 0,15 EUR/ kih

Figure 19 Energy Price Factor

Table 5 Consumer prices of heating energy in January 2013

Energy source 1) Price Annual

£IMWh change-%
Light fuel (VAT 24%) 1115 2.2
Household electricity, K2 (VAT 24%) 154.7 0.0
Wood pellet (VAT 24%) 56.2 -01
District heat, terraced house / low-rise block of flats
(VAT 24%) 74.31 8.7

From the table above, it can be seen that the data input for price in this tool is
not accurate enough since it only accounts the number two decimal after the
dot. Therefore the price here is a bit lower than in reality. (Prices of heating and
transport fuels increased, 2013)

2.4 Result Sheet

Finally, after all the additional data input is finished, the system tool will start
to generate the final report. The built-in, certified VIP-Core engine executes the
dynamic energy simulation that calculates the building's hourly energy balance
and outputs a Building Energy Evaluation Report. The report contains infor-
mation such as the project's energy-related structural performance, yearly en-
ergy consumption, monthly energy balance and carbon footprint.

The Building Shell Performance Data section displays overall Air Leakage in
the air change per hour (also called air exchange rate - the number of interior
volume air changes that occur per hour in 1/h). Outer heat capacity (measures
the capacity of building structures to store heat against changing outside air
temperature) is also an important building envelope performance metric.

Also in the Key Values section, the minimum and maximum values of the Cal-
culated heat transfer coefficients are listed for the entire building, for every
Building structure group and for the openings on the building shell. (Energy
Evaluation Workflow: Overview, 2014)




Renovation and Energy Evaluation

Energiatehokkuusarvio
101 AS OY VIIPURINPUISTO

Perustiedot

Projektin tiedot Lammonsiirtokertoimet U-arvo [Wim?2K]
Projektin nimi: AS OY VIIPURINPUISTO  Vaippa keskimaarin: 1.10
Sijainti: Lattiat: -
limastotietojen lahde Strusoft-palvelin Ulkoinen: 0.40 - 0.40
Arvicintipaiva: 26.3.2014 0:48:21 Maanalainen: -
Aukot: 2.39-259
Rakennuksen geometria
Brutto lattiapinta-ala 367,62 me Lammitysenergia (netto): 373.70 kKWh/m?2v
Lattiapinta-ala: 328,87 m? Jaéhdytysenergia (netto): 37.39 kWh/m?v
Ulkovaipan pinta-ala: 907,76 me Energia yhteensa: 411.09 kKWh/m?2v
limanvaihtotilavuus: 3749,15 m Energiankulutus: 497.71 KWh/m?v
Lasitus: 23 % Polttoaineen kulutus: 497.711 kWh/m?v
Primaarienergia: 492.30 kKWh/m?2v
Ulkovaipan ominaisuudet Polttoainekustannus: 46.03 €/m?v
limavuodot 50Pa: 4.03 h CO,-paastd: 99.43 kg/m?v
Ulkop. lampdkapasiteetti: 829.49 Jim2K
Energiankulutus lahteittain
Energia CO,-péasto
Lihteen tyyppi Lihteen nimi Maara Prima&ari Kustannus
KWhiv kWh/v €fv kglv
Sekundaari . Sahkd S 5257 15773 525 1135
. Kaukolampd 146129 146129 14612 31563
(] Ei maaritelty 12206 — - =
Yhteensa: 163683 161902 15138 32699*
Energia Madra Primaari Energia

g 3 10

- [

C
, v
14

89

Lahteen mazr: () HEEEEES
Lahteen -
[kWh/v]0 163683

Figure 20 Energy Evaluation Report
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Figure 21 Energy Evaluation Report

The primary energy value is the 'common denominator' among different energy
sources consumption types, when determining the building's total energy con-
sumption. Not only does it indicate the net energy source consumed, but it also
incorporates the energy needed for the manufacturing, transportation and the
raw material processing of the energy source, as well as its transportation to the
place of use. Minimizing the specific primary energy demand is a great way to
improve the designed buildings' overall performance.

The primary energy factors assigned to the energy sources differ according to
the building location.

The Monthly Energy Balance bar chart is a graphical display of the amount of
energy the building emits (bottom part of the chart), as well as the building's
Supplied energy: the amount of energy it absorbs from the environment and its
own internal heat sources (top part of chart), by month.
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3 COMPARISON DATA

Data from ArchiCAD energy evaluation report

Energiankulutus kohteittain

Energia COo;
Kohteen nimi Maara Primaari Kustannus Paasto

kWhiv kWhiv €N kgiv
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. Valaistus ja laitteet 2520 7562 252 544
Yhteensa: 163683 161902 15138 32699
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Figure 22  Energy Evaluation Report (partly)

Data from other energy company in 2010

Figure 23  Energy Evaluation Report (company enermix,2013 ,partly)
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To start with, the company report is correct and accurate and the data has been
approved by the supervisor and also all the data and information that the com-
pany got is directly from a habitant whose responsibility is to record the district
heat amount and water supply amount monthly for all six buildings.

There is no doubt that in this project, the Enermix company data profile is used
as reference information to evaluate the functionality of the ArchiCAD energy
evaluation tool.

And from ArchiCAD tool, total annual consumption is now about 160 MWh,
so is 50 kWh/m3. The volume for this 3-stories + basement building is 3500
m3. And 120MWh of energy is consumed for 2-stories+basement building.

For the project, six buildings are included:
Two 3-stories buildings and four 2-stories buildings

For total energy consumption of all six buildings
160 + 160 + 120 +120 + 120+120= 800 MWh

The result is quite close to the measured 720 MWh, from the reference data of
all six buildings, which considered as tolerable and understandable outcome.
However, the difference remains at 80 MWh, after an inside visit of site build-
ings, it becomes clear what some of the main reasons for this difference are:

a. In every single building’s basement, there are sauna rooms for the
habitants to use. When a sauna room starts working, usually the tem-
perature inside of it has been heated up to around 85-95 degree Cel-
sius, which requires massive amounts of energy including district
heat, electricity and coal or wood. Since every habitant has booked
a different time to use this room, basically the room has been under
use for 12 hours per day and 365 day per year which the ArchiCAD
tool is not capable to take into account.

b. As mentioned before, these building were designed during the time
of the cold-war. During that time most of the habitants were using
the cooling storage room to store food including potatoes or even
water for the time of need. And they still do, except when the stor-
age room is inside of the building, heated to 18-24 degree Celsius
(internal room temperature), installation of air cooling conditioner
had implemented to make the storage room stay at 5-10 degrees Cel-
sius, plus the insulation between the storage room and other room is
not well functional after 40 years of use, it creates extra burden and
consumption for the heating system of the building, and in Ar-
chiCAD, the storage room is counted as a semi-warm area, while in
this case it should be counted as a cold area.

c. In the basement of building B, there is a swimming pool, which is
occupying 30% of the basement area. Maintaining the swimming
pool water at a normal temperature all year around also demands
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tremendous amounts of energy input, which the ArchiCAD tool is
not capable to take into account.

Although when comparing with the two bar charts of reports, they are quite
similar, while indicating similar energy consumption for each month, both
charts hit the lowest point from June to August, and reach a peak in January or
February.

4 CONLUSION

4.1 Assessment of the ArchiCAD energy evaluation tool

Nowadays Directive 2002/91/EC of the European Parliament and of the Coun-
cil on the energy performance of buildings issued on 16 December 2002 are in
action. The original directive required setting minimum energy performance
requirements for new buildings and large (over 1,000 m2) existing buildings
that are subject to major renovation among other things. The directive also re-
quired energy certificates and obligations concerning inspections to assess en-
ergy efficiency of the cooling equipment used in air-conditioning systems in
buildings.

In 2008, the strategic objective set by the Finnish Government in the national
climate and energy strategy entailed halting and reversing the growth in final
energy consumption so that, in 2020, final energy consumption will be approx-
imately 310 TWh. In 2011, final consumption was 386 TWh.

Table 6 Finland Building Permit Changes
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it Building permit pending in year
-1969 ‘ 1969- | 1976 | 1978- | 1985- ‘ 10/2003- ‘ 2008- | 2010- ‘ 2012-
Heated spaces
External wall 0.81 0.81 0.40 0.35 0.28 0.25 0.24 0.17 0.17
Ground-supported floor 0.47 0.47 0.40 0.40 0.36 0.25 0.24 0.16 0.16
Floor with crawl space 0.47 0.47 0.40 0.40 0.40 0.20 0.20 0.17 0.17
Floor butting against out- 0.35 0.35 0.35 0.29 0.22 0.16 0.16 0.09 0.09
door air
Roof 0.47 0.47 0.35 0.29 0.22 0.16 0.15 0.09 0.09
Door 2.2 2.2 14 1.4 1.4 1.4 1.4 1.0 1.0
Window 2.8 2.8 2.1 2.1 2.1 1.4 1.4 1.0 1.0
Semi-warm spaces

External wall 0.81 0.81 0.70 0.60 0.45 0.40 0.38 0.26 0.26
Ground-supported floor 0.60 0.60 0.60 0.60 0.45 0.36 0.34 0.24 0.24
Floor with crawl space 0.60 0.60 0.60 0.60 0.40 0.30 0.28 0.26 0.26
Floor butting against out- 0.60 0.60 0.60 0.60 0.45 0.30 0.28 0.14 0.14
door air
Roof 0.60 0.60 0.60 0.60 0.45 0.30 0.28 0.14 0.14

From the table above, it is clear that the Finnish government is raising the reg-
ulation year by year with more restricting rules. And this is the reason for the
creation of many energy consulting companies in Finland. Circumstances
forced the owner or the designer of the building to hire these companies for
calculating the energy impact and consumption.

4.1.1 Advantages

a. Generally, the most important advantage above all others is the combination
of designation and energy evaluation simultaneously. For the design com-
panies which are using ArchiCAD as their BIMs modelling software, they
can design the building in a way which already fits the regulation laws of
energy limitation at draft building stage. If any data is over the limitation,
the changes can be done immediately in the designing stage, instead of mas-
sive amounts of work after the building is constructed on site.

b. Since, with more upcoming updates, the localization of the ArchiCAD
makes it cooperate better with domestic companies which manufacture win-
dows, doors and insulations, there are data profiles on their website which
can be downloaded and used by ArchiCAD, extracted their products char-
acteristics directly to the energy evaluation tool, which saves a lot of time
to modify it by designer.

c. Energy evaluation report indicates detailed information, when expressing
the consumption of energy, it separates the energy which is used and which
is wasted during the using period.
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4.1.2 Disadvantages

a. Firstly, the addition data for this energy evaluation is not covered enough
by the information which is required. For a complete evaluation, it demands
more specific information, including more options about the heating system.
The building can be heated by ground heat, water heat, or air conditioner
heat, not just districted heat. In addition, the type of use of area is not ex-
plained, despite many different types of area use options, no information
about what factors are changing, which makes impossible to customize the
area use. For example, in this case, where garage takes 10% of the area,
while there is no more specific information related to what kind of garage
it is. Garages can vary a lot from different types by different energy con-
sumption values.

b. Secondly, there is no doubt that the original purpose of this ArchiCAD en-
ergy evaluation report is meant to be as brief as it can for the costumer to
understand more easily. However, for professionals in this field, it still
gives the same roughly-made report (in a professional’s aspect). There is
no calculation or formula shown in the report to be checked by them. As a
consequence, it makes it more difficult for engineers to fix values or super-
vise mistakes when something goes wrong.

c. Thirdly, to use this energy evaluation tool correctly is difficult to some ex-
tent. Especially when facing some complex buildings, not structural com-
plex but functionally complicated. Again in this project, there are a sauna
room and a swimming pool inside of the building, and ArchiCAD could not
optimize part of the room to be 90 degree Celsius or even take water into
consideration. And to get a precise result, plumbing needs to also be taken
into consideration, and by doing that, it requires another add-on down-
loaded as a Cadimage, for plumbing design, for which the author does not
have expertise. The cooperation within team work is also needed.

d. The Auxiliaries that have been calculated are only lights and others which
cannot show what exactly are. Plus optimization of the number or kind of
auxiliaries is not available.

4.2  Further Development/Improvement

Basically, this is the first version of energy evaluation tool whose main aim
is to assess the functionality. Therefore, a test run with a real project is done
in this thesis to examine the extent of completion.

Improvement can be done in the following steps:

1. Localization still needs to be enhanced, by cooperating with more com-
ponent manufacturing companies with release free download of the
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product data for ArchiCAD, which gives more alternatives for the de-
signer to determine which material or product is best both economically
and environmentally.

2. More specific information is needed to be shown and optimized for the
designer to make the report as accurate as possible. Including the multi-
functional area optimization, auxiliary numbering, methods of heating
and so on. To allow this tool to deal with more complicated circum-
stances both structural and multi-functional.

3. Add a specific, detailed report only for professionals or designers them-
selves to check and compare the data. Including all the calculation pro-
cesses, formulas and local legislation building code (in this case Euro-
code).

And a comparison can be made between the final result and the local
building code requirement, which makes it much easier for the designer
to understand what and where to modify.

This thesis has given the writer a lot of skills related to design the building
structures and has inspired the thought to make the building environmental
friendly. Undeniably, energy saving is the trend for future building design
and may become a priority problem. Therefore, this ArchiCAD energy
evaluation system has a lot of potential in it and it deserves a better use and
serves the society well. The knowledge gained in the process will be utilized
in the future daily working life. Hopefully this thesis will be a good start
for the better improvement of this energy evaluation tool and its future de-
velopment.
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ArchiCAD report

Energiatehokkuusarvio
101 AS OY VIIPURINPUISTO

Perustiedot

Projektin tiedot
Projektin nimi:
Sijainti:
limastotietojen lahde
Arvicintipaiva:

Rakennuksen geometria
Brutto lattiapinta-ala
Lattiapinta-ala:
Ulkovaipan pinta-ala:
limanvaihtotilavuus:
Lasitus:

Ulkovaipan ominaisuudet
limavuodot 50Pa:
Ulkop. lampdkapasiteetti:

AS OY VIIPURINPUISTO

Strusoft-palvelin
26.3.2014 0:48:21

367,62 m?
328,87 m?
907,76 m?
3749,15 m?
23 %
4.03 I'h
829.49 Jim?K

Lamméonsiirtokertoimet
Vaippa keskimaarin:
Lattiat:

Ulkoinen:

Maanalainen:

Aukot:

Lammitysenergia (netto):
Jaadhdytysenergia (netto):

Energia yhteensa:
Energiankulutus:
Polttoaineen kulutus:
Primaéarienergia:
Polttoainekustannus:
CO,-paasto:

U-arvo
1.10

0.40 - 0.40

2.39-2.59

373.70
37.39
411.09
497.7
497.71
492.30
46.03
99.43

Appendix 2/8

W/m?K]

KWh/m?v
KWh/m?v
KWh/m?v
KWh/m?v
KWh/m?v
KWh/m?v
€m?v
kg/m?v

Energiankulutus lahteittain

Energia CO,-pédstd
Léhteen tyyppi Léhteen nimi Maara Primaari Kustannus
KWhiv kWh/v € kgfv
Sekundaari B sihko - 5257 15773 525 1135
. Kaukolampd 146129 146129 14612 31563
(] Ei maaritelty 12296 — - =
Yhteensa: 163683 161902 15138 32699*

Energia Maara

Prim&ari Energia

Lahteen maara: ()
Lahteen -

[kWh/v]0

163683
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Appendix 2/9

Energiatehokkuusarvio
101 AS OY VIIPURINPUISTO

Energia Kustannus CO, Paasto Energiankohteet

B Limmitys
. Lémmin kayttdvesi LAmmitys
@ Jashdytys
limanvaihto
@ Valaistus

- Laite

Energiankulutus kohteittain

Energia CO,
Kohteen nimi Maara Primaari Kustannus Pdasto

KWhiv kWh/v €v kgiv
_. Lammitys 122900 122900 12290 26546
. Jaahdytys 12296 0 0 0
. Lammin kayttovesi 23228 23228 2322 5017
limanvaihto 2736 8210 273 591
. Valaistus ja laitteet 2520 7562 252 544
Yhteensa: 163683 161902 15138 32699

Energia Maara Prim&ari Energia

[kWh/v]0 163683

Kohteen maara:
Kohteen
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Energiatehokkuusarvio
101 AS OY VIIPURINPUISTO

Energianldhteet

Energia Kustannus CO,-péaastdo

Sekundéaari

B sihks

@ Kaukolamps
() Eimaaritelty

Projektin energiatase

Saatu energia kuukaudessa O Valaistus ja laitteet
o |30 2520.8 MWh/a
— Ihmisten tuottama 1ampd
- . 4802.5 MWh/a
o B — — =120 Kayttdwveden lammitys
== o _ = —— @ sovwne
- Auringonsaéteily
o _l_ . _-_._l_l_‘m 69293.5 MWh/a
Lammitys
. - e L0 @ 220005 uwna
tam hel maa huh tou kes hei elo syy Ilok mar jou [MWh]
. Johtuminen
1252542 MWh/a
limavuodot
406512 MWh/a
limanvaihto
21320.7 MWh/a
Jatevesi
- . 23228 9 MWh/a
Kéytetty energia kuukaudessa Jaahdytys
ytetty 9 . 12296 2 MWh/a
Termodynaamiset tilat
Termodynaaminen tila Vy&hykkeet Kayttotarkoitus Brutto lattia-ala Ll
Asetetut m? m?
001 The whole building 4 Residential 367,62 3749,15
Yhteensa: 4 367,62 3749,15
Ymparistovaikutus
I Lihteen nimi Primédarienergia CO,-pédasto
kWhiv kgiv
Sokund s [ ] Sahkd 15773 1135
- Kaukolampd 146129 31563
Yhteensa: 161902 32699
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Energy Evaluation Report, company enermix,2013
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