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Thesis Title

How to increase the energy efficiency in renovation by integrating implemented
passive house technologies

Abstract

The building sector has got a great portion of carbon dioxide gas emission around the world.
Considering the rule that avoids the demolishing old buildings in most of countries, the importance
of renovation comes into account. Although renovation gives a new face to interior space of
buildings and renew them, it improves the energy efficiency of the buildings as well. Energy is
expensive and to have sustainable cities, using high-tech techmigues in renovation is a must to reach
more energy efficient buildings. The aim of this paper is study how to develop the energy
consumption measuring methods as well as implement passive house techniques in renovation, to
find more energy efficient renovation methods.

Introduction

By considering the impacts of climate change and all environmental issues which are happening
around us, the importance of caring about our planet efficiently gets more and clear influence in
decision makers around the world. It becomes a global concern and periodically countries around
the world get to gather to set restricted rules to stop more damages to the environment. Most of
the developing countries should follow sustainable development goals and strategies which are set
by the United Nation organization in Conference Paris 2015 and Conference Bonn 2017. Among the
sustainable development criteria, housing has got a significant role in terms of its environmental
impacts. In the residential building sector, constructing new housings is very less and most of the
considerations are towards to renovate old buildings to emit less carbon dioxide gas and more
energy efficient.
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Thesis Hypothesis

To make renovation more energy efficient, utilizing the high-tech technigues and implementing BIM
into account are in demand. In short term, maybe the cost of executing updated methods seems a
bit high but, less energy consumption and will decrease in long-term undoubtedly. To use energy in
its efficient way, energy consumption monitoring is important, also by modelling the energy saving
patterns with computers and software, it is easier to anticipate the impacts of energy efficient
methods. By implementing techniques which are used in passive housing like sealing the building
thoroughly, using the energy produced by building habitats, utilizing green energies like wind and
solar energies and finally by increasing social awareness of using passive house technigue benefits

in renovation and encouraging people by considering some bonus, mare energy efficient buildings
are achievable.

Another aspect is energy measurement. Obviously as the energy measurement gets more accurate,
finding solutions for avoiding energy waste will be more feasible. By finding ways to measure the
energy consumption more accurate and how to utilize these measurements via software leading to
have more energy efficient renovations is desired.

Methodology

To implement passive house techniques, knowing the concept and methods of building passive
house and utilizing the passive house technology should be done by literature review and studying
academic journals. To have a clear picture of the methods of energy consumption measurement,
studying academic journals related to the matter is in demand. After getting to know the passive
house concept and technigues as well as energy consumption methods in building sector,
implementing the proposed technigues to increase energy efficiency renovation in terms of case
study may provide the desirable results of the article.

Research Questions

1. How to integrate passive house technigues and BIM to implement energy efficient
renovation?

2. How to categorize implementing passive house technigues in renovation with respect to
geographical and climate characteristics of the respective area.

3. How to measure the energy consumption more accurate and how to implement it with
software?

4. How to decrease the essential cost of implementing high tech technigues in renovation to
make buildings more affordable?

5. How to set a plan to increase the social awareness of benefits of utilizing energy efficient
techniques despite their high essential cost?
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Expected Results

Monitoring and controlling energy to minimize the energy consumption needs accuracy and since
BIM in a precise process and to achieve high energy efficiency, high tech, and updated techniques
should utilize. To make more clear renovation techniques and methods, more accurate data and
measurements are desired. Finding accurate ways to measure energy consumption to monitor
whether the proposed renovations methods work out efficiently for respective cases before and
after renovation, is achievable by improving energy measurement. Therefore, finding the answers
of mentioned research questions seems feasible.
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Thesis Title

The assessment of apartment and school building measures to improve
building performance in Finland

Abstract

There are several tasks which are performed by buildings. These are usually referred to as
building functions. The building performance is a characteristic of a structure that
demonstrates how well the construction performs its functions. The efficiency of the
construction method could also be affected (Kirimtat et al., 2019). The building's efficiency
relies on the building's reaction to external loads or shocks. The building performance
measures can be described as energy consumption, CO2 emission, perceived indoor air
quality, renowvation cost, cost of improving indoor air quality, living gquality, and ownership.
Taking the above measures into account, the building performance is greatly influenced by
measures such as energy consumption, CO2 emissions, and perceived indoor air quality.
Thus, building performance can enhance significantly by boosting the three

specified measures.

Introduction

Building performance relates to functionality efficiency and its enwironmental and user

influence. The building performance is mostly influenced by essential elements like the
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engineering and architectural design, building material selection, site environment, energy
consumption, and sustainability (Bardage, 2017). On the other hand, building performance
initiatives aim at enhancing the energy performance of current structures through an

extensive strategy to energy, comfort, and productivity improvement.

Due to the severe climate condition in countries like Finland, the outer layer of the external
wall should be maintained well to avoid damages and to fall apart. Therefore, renovating the
external wall seems the most common stage in the renovation process. Since then, the
thickness of the insulation layer of both case studies will get enhanced based on the
Structural Energy Efficiency in Renovation (Ojanen, Nykanen and Hemmila, 2017), and the
results will be studied in three measures called as energy consumption, CO2 emission, and

perceived indoor air guality.

Thesis Hypothesis

The measures which the building performance could be evaluated are energy consumption,
COZ2 emission, perceived indoor air quality, renovation cost, cost of improving indoor air
quality, living guality, and ownership. The most important measures which the building
performance is significantly getting influenced are energy consumption, CO2 emissions, and
perceived indoor air quality. Therefore, by improving the three specific measures, building

performance can considerably improve.

Studying the impact of improving the extemnal wall insulation layer on the beholding
performance measures such as the energy consumption, COZ2 emission, and perceived

indoor air quality, is providing a comprehensive assessment to the building performance.

Methodology

To reach a certain level of knowledge regarding building performance, several related
scientific articles and related books should have been studied. To perform the energy
simulation in order to obiain precise results, the software called IDA ICE should have been
learned as well. In the process of case study selection, the aim is to cover the most common
building types the residential building and school in Finland. The commonly used step of the
renovation process, which is replacing the insulation layer of the external wall with greater

thickness is taking into consideration as the renovation work.
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Researched Questions

1. What is the comprehensive meaning of the term "building perfformance”?

2. What are the measures, including the building performance? And what are the most
important measures?

3. How improving the thickness of external wall insulation layer in buildings could
affect the building performance?

4. How replacing the insulation layer of the external wall might affect the building

performance measures individually?

Expected Results

Relative reduction of the energy consumption regarding improving the thickness of the
external wall insulation layer and enhancing the U-Value of the eternal wall. Facing
uncertainty regarding the effects of using better insulation layer of the external wall in

measures such as CO2 emission and the perceived indoor air quality.

Reference
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Abstract

There are several tasks which are performed by buildings. These are usually referred
to as building functions. The building performance is a characteristic of a structure that
demonstrates how well the construction performs its functions. The efficiency of the
construction method could also be affected. The building's efficiency relies on the build-

ing's reaction to external loads or shocks.

The building performance measures can be described as energy consumption, CO2
emission, perceived indoor air quality, renovation cost, cost of improving indoor air
quality, living quality, and ownership. Taking the above measures into account, the
building performance is greatly influenced by measures such as energy consumption,
CO2 emissions, and perceived indoor air quality. Thus, building performance can en-

hance significantly by boosting the three specified measures.

The case studied which are discussed in this thesis are a residential building and a
school located in Helsinki. The difference between the three indicated measures such
as energy consumption, CO2 emission, and perceived indoor air quality is argued be-
fore and after renovation. The renovation process is limited only in changing the exter-
nal wall composition of both case studies, which is one of the essential steps in the
renovation. Both cases studies are modeled in IDA ICE software, and discussions are

based on the outcome results of the respective software.

Both building element characteristics of case studies are extracted from the typical
original design values of buildings book in Finland 2018 called as Tyypillisi& olemassa
olevien vanhojen rakennusten alkuperaisia suunnitteluarvoja. The legal requirements
and standards which have to be satisfied after the renovation process are based on

the national building code of Finland.

By improving the external wall insulation layer thickness from 75 mm to 170 mm in the
apartment and 90 mm to 190 mm in the school, the energy consumption decreases by
10.96% in the apartment and 13.34% in the school. Moreover, due to the improvement
of the external wall insulation layer, the external wall U-Value has been reduced for
61.71% and 63.49% respectively in the apartment and the school. However, there is
no significant changes in the CO2 emission and perceived indoor air quality measures
since the airflow influences the mentioned measures which is not studied in this re-

search.
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1 Literature Review

1.1 Energy Performane

Building performance relates to functionality efficiency and its environmental and user
influence. The building performance is mostly influenced by essential elements like the
engineering and architectural design, building material selection, site environment, en-
ergy consumption, and sustainability (Bardage, 2017). On the other hand, building per-
formance initiatives aim at enhancing the energy performance of current structures

through an extensive strategy to energy, comfort, and productivity improvement.

The measures which the building performance could be evaluated are energy con-
sumption, CO2 emission, perceived indoor air quality, renovation cost, cost of improv-
ing indoor air quality, living quality, and ownership. The most important measures
which the building performance is significantly getting influenced are energy consump-
tion, CO2 emissions, and perceived indoor air quality. Therefore, by improving the

three specific measures, building performance can considerably improve.

Depending on the assessment condition of a building which is going to be renovated,
the depth of renovation may get determined. It may be done solely by improving the
insulation layer of external walls, performing deep renovation including the external
wall insulation layer improvement, enhancing the roof and floor insulation layers, utiliz-
ing triple glazing and insulated doors, using shading devices in upper floors, improving

the central heat system, developing more efficient ventilation system, etc.

Due to the severe climate condition in countries like Finland, the outer layer of the
external wall should be maintained well to avoid damages and to fall apart. Therefore,
renovating the external wall seems the most common stage in the renovation process.
Since then, the thickness of the insulation layer of both case studies will get enhanced
based on the Structural Energy Efficiency in Renovation (Ojanen, Nykdnen and Hem-
mild, 2017), and the results will be studied in three measures called as energy con-

sumption, CO2 emission, and perceived indoor air quality.

The simulation process takes place in IDA ICE software. The IFC file of both cases

studies have been imported to the IDA ICE. To avoid repetitive work, the procedure of



importing and adjusting parameters in IDA ICE software have been explained for the
apartment case study (Section 5.1.3), and it is not repeated in the school case study

section.

1.2 Energy Consumption

The construction is one of the leading energy consumers. As stated in the United Na-
tions Environment Programme (UNEP, 2012), the amount of 30 percent to 40 percent
of global energy consumption is accredited for the construction industry, and by taking
into account the construction and demolition, it can reach up to 50 percent. Regarding
the International Energy Agency (IEA, 2018), the amount of energy supplied to the
construction industry in 2010 was proximate to 23,7 PWh, and in 2040, it could touch
38.4 PWh.

Allouhi et al., (2015) also explain that the construction industry is regarded as the most
significant single participant in global energy consumption and a decent perspective of
the energy consumption definition and framework in buildings are therefore vital for
forming appropriate long-term initiatives on energy. Energy consumption is one of the
significant issues in the construction sector, whereas climate change describes a cur-
rent energy consumption and development paradigm. Also, energy is among the most
severe geopolitical and economic concerns. Energy saved is cheaper than every new
production, excluding reliance on energy inputs. Buildings are accountable for the EU's

most significant contributor to energy consumption.

Furthermore, there is a tight connection between energy and economic development,
and hence a proper understanding and constant monitoring of energy consumption are
necessary, which can only be accomplished by quantifying and categorizing it by sec-
tor and the end user also the most significant hurdles of twenty-first-century energy
advancements are undoubtedly guaranteeing energy supply and reducing the impact
on the environment so then assessing previous data and predicting the future energy
consumption patterns are essential steps for supply concerns methods and formulating

future energy production (Allouhi et al., 2015).

(De Silva and Sandanayake, 2012) points out the five most critical factors affecting
building energy consumption under the name of climate, building-related physical



features, occupant-related attributes, building system-related elements, and socio-

economic and legal features.

1.3 Perceived Indoor Air Quality

The indoor air quality is predominant human attention. During a lifetime, more than half
of the needed body’s intake is breathed in indoor spaces. Based on the recent study
by Sarigiannis, Gotti, and Karakitsios (2018), around 90 percent of European citizens
spend indoors, in their residences, working environments, schools and public areas in
modern society. About two-thirds of the mentioned time estimated to be spent at home
(Sarigiannis, Gotti, and Karakitsios, 2018). Among the health threats in households,
mold growth, Indoor Air Quality (IAQ), convenience at home, moisture, noise, climate
indoors, hygiene appliances absence, Volatile Organic Compounds (VOC), and sew-

age equipment are the important ones.

The quality of the construction due to the construction material used and equipment,
the size or the design of a particular residence, are either actively or passively linked
to many health issues (Sarigiannis, Gotti and Karakitsios, 2018). According to (de
Oliveira Fernandes et al., 2008) priorities for poor IAQ diseases were found to be al-
lergic and asthmatic diseases, lung cancer, chronic obstructive pulmonary disease,
respiratory infections in the air, cardiovascular mortality and morbidity, odor and irrita-
tion symptoms. Although the quality of the indoor environments has undeniably im-
proved throughout the last 20 years, many harmful health effects still exist with regard
to these areas. The fact that the health effects of the indoor environment have been
recognized rapidly over the past few years has made this clear.

Debates in the past year concentrated on indoor environmental quality components
(mainly particulate matter, bioaerosols, and chemical products) and comfort indicators
(temperature, airflow, and moisture). Despite scientific advancement in understanding
the difference between the indoor environment and health, however, such attempts
are still categorical, studies often address a small number of potential health pressures
as well as related health problems, along with exposure to VOCs, breathing problems

and illness (Sarigiannis, Gotti and Karakitsios, 2018)



The science community has recently started to consider the link between the built en-
vironment and public health as a complicated relationship among building employees
with a variety of physical, chemical, biological and socio-economic factors (Sarigiannis,
Gotti and Karakitsios, 2018). According to the 40 experts from 18 countries hosted by
international consultation in the World Health Organization in Geneva (WHO, 2012), in
order to help to improved health, and finally to contribute to the development of the
global "healthy housing" guidelines that help to avoid a broad array of illnesses and
unintended injuries, this new embedded view should lead the development of ' primary

preventive ' measures relating to building housing, refurbishment, use and support.

1.4 Indoor Pollutants

Carbon Dioxide (CO2), which comes from human and animal breathing, is by far the
most popular indoor pollutant (Ramalho et al., 2015). It is a colorless gas that also
comes through both the combustion of automobiles from the outside to the inside. The
indoor air quality is a measure of personal comfort. A higher proportion indicates the
defect of adequate fresh air indoor air. Modern construction embedded device has a
CO2 sensor system that allows indoor density to be controlled. The air conditioning
system generally is performed automatically by the sensor data, so that the CO2 ab-
sorption can be moved with fresh air.

Asbestos is commonly utilized in construction materials with thermal strength in devel-
oping counties (Sakhi et al., 2019). The asbestos is widely used in roofs, ceilings, walls,
building insulating parts, friction products, heat resistance fabric, etc. Moreover, the
purification of construction materials can produce asbestos.

Lead is another significant indoor air pollutant. In developing countries, it is generally
utilized in construction materials like wall paints, water pipes, etc. Therefore, it can be
migrated to the human being body from paint, drinking water, food, contaminated soill,
and dust (Tham, 2016).

The other indoor air pollutant is carbon monoxide (CO). It is an odorless substance
which could find in gas and liquid phases. Inside a building, it could exist in unvented

kerosene heaters, wood stoves, fireplaces, gas stoves, or faulty chimneys are



available (Susan A. Rice and Associate, 2004). In general, the combustion of automo-
biles, smoking, etc. also migrate it from outside to inside.

Radon is a tasteless, colorless, odorless, and natural radioactive inert gas (Pampuri,
Caputo and Valsangiacomo, 2018). Its presence is hard to detect. It mostly exists in
materials such as granite, sand, cement, slag, brick, soil, and gypsum in particular
(Pampuri, Caputo and Valsangiacomo, 2018). The rocks also include Radon which
moves upward. Therefore, it might expose to the building and enter internal spaces.
(Pampuri, Caputo and Valsangiacomo, 2018) explains that the natural stone material,
artificial brick, brick and ceramics, concrete and gypsum also release radon natural
stone (Marble, granite).

Benzene is a colorless volatile gas (Aung et al., 2019). It gains a unique aroma that is
mildly water soluble. It is usually used as an organic solvent. Toluene and xylene are
also benzene congeners, which are found in paint, coating, glue, butty, thinner, adhe-
sives, etc. (Aung et al., 2019).

Ammonia exists in the gas phase. It is colorless with a volatile and powerful irritating
aroma and high solubility (Tham, 2016). Ammonia is mostly used in constructing con-
crete walls. It is often added to the concrete as an anti-freezer element in cold climate
counties and in construction works which are held during the winter season. In the
utilization phase, due to internal temperature fluctuation and humidity changes, Am-
monia might be released from the wall. It may lead to increase the Ammonia concen-
tration in internal ambient (Santamouris, 2007).

(Liu, Miao and Li, 2019) notes the formaldehyde as another essential indoor air pollu-
tant. Formaldehyde is the primary source of adhesive. The wide range of glues is made
of formaldehyde, which is often used in wood panels (Liu, Miao and Li, 2019). Formal-
dehyde pollution, therefore, comes from inside decoration panels. Formaldehyde is
also present in the laminated floor, fiberboard of medium density, plywood, blackboard
particles, and other panels (Liu, Miao and Li, 2019).

The primary source of volatile organic compounds (VOC) is the building materials and
furniture (Harb, Locoge and Thevenet, 2018). A significant number of VOCs are also
released into indoor air in wood-based panels. The maximum range of volatile organic
compounds (VOC) has also been emitted from the vinyl and Poly Vinyl Chloride (PVC)
floors. Approximately 200 types of VOCs are found, for instance, aliphatic, aromatic
and halogenated hydrocarbon, etc. (Harb, Locoge and Thevenet, 2018).



(Aung et al., 2019) states that indoor pollution is a common problem with biological
pollutants. Mold, pollen, mites, dust, bacteria, etc. are included. Various sources for
such pollutants are available in dwellings. It also explains that plants cause pollen,
while viruses and bacteria are passed down to humans and animals. Mold, mildew
pollution could be caused by the air conditioning unit. The increased growth of biolog-
ical pollutants can be caused by improper ventilation, poor airtightness, higher relative
humidity, and faulty jointing.

Pesticide products are frequently used as a disinfected insecticide (Thomas et al.,
2019). It is used to regulate various pollutants such as microbes and fungi. It comes in

spray form, liquid, powder, and so on. The product is toxic.

(Santamouris, 2007) points out that the increase in indoor mixtures of CO, VOC, and
Particulate Matter (PM) contributes significantly to indoor smoking. The particular mat-
ter (PM) is the total amount of all liquid and solid particulates, many of which are dan-
gerous suspended in the air. Accordingly, the indoor densities of smoke, ethylbenzene,
toluene, and xylene (BTEX), which are far more critical than the participation from near-
by traffic sources, are dominated by the existence of Secondhand Smoke (SHS). In
addition to SHS, various other indoor sources contribute to an increased risk of cancer.
The median levels of pollutants that are detected both indoor and traffic sources in
European residences (CO, NO2, PM10, and PM2,5) is shown in figure 1 whereas the

average BTEX density in residential buildings in Europe is illustrated in figure 2.
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Fig. 1: The average concentration of CO, NO2, particulate matter (PM)10, and PM2.5 in residential
dwellings in Europe.?
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Fig. 2: Median density in residential residences in Europe of CO, NO2, particulate (PM)10 and PM2.5.2

1 Reference: (Sarigiannis, Gotti and Karakitsios, 2018)
2 Reference: (Sarigiannis, Gotti and Karakitsios, 2018)



1.5 Global Health Influence and Performance

European countries are shifting their demand from traditional to energy-efficient build-
ings. They start paying more attention to the environment and comfort indoors, as they
affect public health and performance. The collaborative council developed a list of sur-
veys that provided an optimum preference for indoor environmental conditions. In
highly energy-efficient residences, Europeans do not accept weak indoor environmen-
tal conditions. Several articles noticed the effects on human health and work perfor-

mance of poor indoor environmental conditions.

(Tham, 2016) argue in such a way that there are four significant criteria indoor envi-
ronments such as thermal comfort, indoor air quality, acoustic and building lighting
system. Thermal comfort is connected directly to the performance of the workers.
Change in a few degrees of air temperature could influence the typing, ability to con-

centrate on people, learning quality, and signal identification (Thomas et al., 2019).

One of the most significant factors for human health is indoor air. Moreover, it has
already demonstrated that there is a close relationship between indoor air quality and
public health. (Sarigiannis, Gotti and Karakitsios, 2018) notes that the indoor air pollu-
tant sources are complex to detect. Prevalent indoor air contaminants include carbon
dioxide, carbon monoxide, total volatile organic compound, ammonia. The increase in
CO2 concentration may result in headache, dizziness, respirability, sweating, difficulty

with vision, coma, vomiting, hearing problems, etc. (Wenden, 1981).

The effect on different concentration levels of carbon monoxide (CO) is different. First,
higher levels of headaches, dizziness, and confusion. Secondly, chest pain and heart
disease are at a low concentration. Last but not least, the average concentration can
reduce vision and brain functions. CO also causes the human body to absorb oxygen
(Harb, Locoge and Thevenet, 2018).

The Volatile Organic Compounds (VOC) are hazardous to the human body. It causes
specific issues such as eye, nose, and throat irritation, liver and kidney damage, etc.
(Liu, Miao and Li, 2019). Cancer in the human body is supposed to be found due to
VOCs. Formaldehyde may cause nose, mouth, throat, skin, and alimentary canal can-
cer (Aung et al., 2019). Low dosage contact can result in chronic respiratory diseases,
syndrome of pregnancy, etc. Headache, dizziness, and vomiting may result from mod-

erate toxicity (Aung et al., 2019).



(Harb, Locoge and Thevenet, 2018) states that alkaline vapors are ammonia. It corro-
sively weakens human organs. For the building of associated disease, molds are re-
sponsible. Some molds produce organic volatility and smell. Exposure to such molds
for along time has a public health impact (Sakhi et al., 2019). Building materials, books,
foods, and towels are also damaged. Between 52 to 58 percent of dwellings have these
kinds of problems in Finland, and sadly, children are the most affected target groups
(Liu, Miao and Li, 2019).

Flaked lighting, blinking, contrast, poor position, etc. can include poor lighting (Kelly
and Fussell, 2019). Because of the weak lighting system, employees feel slow and
fatigued. The precision of the work, production, quality, and quantity are also reduced.
Theoretically, different lights can enhance the performance of the work. After a change
of the lighting system, 6 percent of the efficiency of postal workers increased, even so,
the reading performance of buildings with daylight and a bigger window is improved
from 16 to 26 percent (Kelly and Fussell, 2019). Weak illumination can lead to eye

strain, impaired vision, and headache.

(Ryu and Song, 2019) states that In the open office, noise is by far the most significant
problem. Higher acoustics can increase stress, frustration, disease, and employee
turnover in the open office. It also causes physical problems like headache and heart
disease. (Ryu and Song, 2019) also found that the concentration, memory, and accu-
racy improved as conventional noise is reduced. Moreover, a noisy environment has a

significant impact on the human psychological condition.

1.6 Reason for Investigation

Building performance is an integrative criterion, including specific measures like energy
consumption, CO2 emission, and indoor air quality. The primary reason for this re-
search is the assessment, in order to form its explicit importance, of the particular in-

terventions under the term building performance.

Both apartment building and the school are the typical ordinary buildings in Finland
concerning the year of construction and material composition and characteristics of the
building elements among existing residential and educational buildings. Another rea-

son for the research is to cover more areas of the same Finnish buildings.
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The energy consumption, CO2 emission, and indoor air quality are the most concerned
measures among another measure such as renovation cost, indoor environment qual-
ity cost, living quality, and ownership which are included under the building perfor-
mance. However, from an economic point of view, indeed, the cost of renovation and
improving the indoor environment are one of the primary measures which have to be
concerned. Analyzing the effect of the most three common measures is another reason

for this study to be more comprehensive.

All'in all, this study attempts to address the most prevalent steps that are incorporated
in the construction of most of Finland's present housing and education structures to

widen the vital region of studies.

1.7 Research Objectives

The objectives in any renovation process could be taken into account as sustainability,
legal requirements, economic, trend, keep or increase value, social aspects, technical
goals, religion, etc. Indeed the economic objectives are the most concerned objectives
for the owners or client. Therefore the economic concerns are taken more under dis-

cussion and assessment concerning other objectives.

In this research, the economic, sustainability, and legal requirement objective will be
studied for the two case studies. The energy consumption measure discusses the eco-
nomic objective as well as the legal requirement objective, whereas the perceived in-

door air quality includes the sustainability objective.

The amount of specific U-Value of the external wall which has to be fulfilled after ren-
ovation or the determined amount of energy in terms of KWh/m2 in case of deep reno-
vation including improving ventilation and heating system based on the national build-
ing code of Finland is considered as legal requirements while assessing the energy
consumption measure. Furthermore, the amount of running (operational) CO2 emis-

sion after renovation will be investigated under the CO2 emission measure.
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2 Methodology

2.1 EQUA Simulation AB and IDA ICE

EQUA Simulation AB is a Swedish corporation devoted solely to the growth of state-
of-the-art building and tunnel simulation tools. It was founded in 1995, though it
launched in the middle of 1980s. The firm was headquartered in Stockholm (Sweden).
It delivers its products and services to leading clients internationally (EQUA Simulation
AB, 2019).

(EQUA Simulation Technology Group, 2014) explains that the IDA Indoor Climate and
Energy (IDA ICE) is an energy simulation software and is one of the EQUA Simulation
AB software among IDA ESBO (IDA Early Stage Building Optimization), IDA Tunnel
and IDA RTV (IDA Road Tunnel Ventilation). The IDA Indoor Climate and Energy (IDA
ICE) application is an energy simulation software that is designed and created by the
EQUA simulation AB technology group which has been utilized to analyze the models
in this research (EQUA Simulation AB, 2019).

IDA ICE is a new class of simulation tool which brings building performance to a differ-
ent scale. The building, its systems, and its controllers are precisely designed to en-
sure maximum feasible energy consumption and convenience for occupants and is a
precise and dynamic multi-zone simulation application, which is creative and trustwor-
thy year-round, for indoor thermal testing and energy consumption for the entire build-
ing (EQUA Simulation Technology Group, 2014).

The IDA ICE interface makes it easy to construct and visualize simple and advanced
situations and still offers full versatility for experienced users. The model in each stage
can get improved with 3D graphical and tabular feedback. The IDA ICE accepts all 2D
and 3D prevalent CAD (Computer-Aided Design) files and supports IFC (Industry
Foundation Classes) models, e.g., ArchiCAD, Revit, AutoCAD, and MagiCAD Archi-
tecture (EQUA Simulation AB, 2019).

The detailed building information which is required for the simulation process such as
location, climate, building elements material, site shading and orientation, thermal
bridges, ground properties, infiltration, pressure coefficient, extra energy and losses,

system parameters, etc., will be imported. Then the software will simulate the building
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based on input data and provides the analyzed information like energy calculation and

results, simulation summary, time series diagrams, system energy reports, etc.

Buildings separate the interior from the exterior environment. The difference between
the comfortable condition of the indoor environment and the outdoor environment di-
rectly impacts the amount of energy consumed by the dwelling. Moreover, the climate
has a significant effect on building energy consumption in countries with severe climate

condition such as Finland.

The potential of building elements to minimize thermal exchange between indoor and
outdoor ambiance emerges into the second major factor influencing the building en-
ergy consumption. The energy consumption decreases by mitigating the heat transfer
coefficient of the building elements. The building's heat loss is calculated mainly

through evaluation of thermal conduction, thermal convection, thermal ventilation, etc.

The number of inhabitants, customs, lifestyle, religion, and all aspects that frame hu-
man attributes and morals all directly affect the building energy consumption. These
variables vary by region and therefore need to be taken into account when considering

energy consumption.

The highest percentage of energy being used in a house or building is utilized in indoor
air heating or cooling. Cooking also needs a considerable amount of energy and is a
cost which can not be avoided. Furthermore, homes have several energy-intensive
electrical appliances. Additionally, buildings have several energy-intensive electrical
appliances. Lighting an essential part of any indoor environment is often less energy

consumption than other electrical appliances.

The amount of energy consumption in buildings is also influenced by the economy,
society, and legal requirements in any country. The socio-economic pattern of energy
consumption in society shapes the nation's vogue and affects the amount of energy
consumption directly. Another critical factor in reducing energy consumption is the le-

gal requirements set by governments to mitigate energy consumption.

The renovation process is only concentrated on the improving U-value of external walls
in both case studies. The energy consumption will be compared before and after ren-
ovation in the building and the school. The renovation process takes place by improv-

ing the insulation layer of the external wall composition.
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2.2 Case Study (Apartment)

2.2.1 Location, Typology, and Characteristics

The apartment which is going to be studied is located in Piispantie 5, 00370, Helsinki,
Pitdjanmaki, Finland. In the area of almost 53 m?, there are two bedrooms and a

kitchen as it is shown in figure 3. The building was constructed in 1964.

I\ AUTODESK

f
1
U
i

Autodesk

Project Name
Piispantie 5
Helsinki

Fig. 3: The 3D, plan, and section views of the apartment.?
The apartment is placed on the first floor of a block of apartments, located in the North
West side of Helsinki. It has got three floors, concrete structure, no elevator, and no

laundry rooms as it is illustrated in figure 4.

Fig. 4. Apartment*

3 Referenece: own figure.
4 Referenece: own figure.
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According to table 1, the total number of residential buildings which have been con-
structed in the 1960s is about 42,000. Although, the number of dwellings which re-
ceived the building permit in the next decade is slightly more, since the number of
newly built apartments is close in two neighboring decades, is it reasonable enough to

consider the building as a case study and analyzing the building performance.

Type of building Caonstruction material
Total % Stone % Wood % Otherunknown %
Buildings total 1960 832460 1000 55008 6.6 777 452 934

1970 837948 1000 83125 85 754 823 801
1980 934845 1000 120 608 12,9 814 237 871

1990 1162410 1000 168818 145 956626 823 6966 32
2000 1299624 1000 194725 150 1040189 800 BATID 50
2010 1446096 1000 229311 159 1163138 804 53647 37
Residential 1960 725932 1000 25586 35 700346 965
builings 1970 765204 1000 58287 76 709917 924
1980 842662 1000 89490 106 753172 894
1990 1004809 1000 121291 121 870314 866 13204 13
2000 1120714 1000 138357 123 935928 835 16429 41
2010 1234602 1000 159441 129 1039706 8472 35455 37
Other buildings 1960 106528 1000 29422 276 77106 724
1970 69744 1000 24838 356 44906 644
1980 92183 1000 31118 338 61065 6672
1990 150249 1000 47394 315 82661 550 20194 134
2000 176910 1000 56368 315 104261 583 18281 102
2010 211494 1000 69870 330 123432 584 18182 86

Tab. 1: Number of buildings by construction material 1960-2010.5

The building typology is categorized according to section 4.3.6 of the Tyypillisia ole-
massa olevien vanhojen rakennusten alkuperaisid suunnitteluarvoja which means
“typical original design values for existing old buildings” in English. The building is a

three-story concrete block of apartments (‘Tyypillisia olemassa olevien vanhojen

5 Official Statistics of Finland (OSF): Buildings and free-time residences [e-publication].
ISSN=1798-6796. 2010, Appendix table 4. Number of buildings by construction material 1960-2010 . Helsinki:
Statistics Finland [referred: 13.5.2019]. Access method: http://www.stat.fi/til/rakke/2010/rakke_2010_2011-05-
26_tau_004_en.html
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rakennusten alkuperdai- sia suunnitteluarvoja’, 2018). The element characteristics are

thus shown in Table 2.

Building Element Characteristics
Foundation Reinforced concrete
External Wall Concrete (Thk. 70 mm) + Thermal insulation (Thk. 75 mm) + Concrete
(Thk. 50 mm)
Internal Wall Concrete (Thk. 70 mm)
Floor Concrete slab (Thk. 100 mm) + Thermal insulation (Thk. 50 mm)
Roof Leca crushed stone + load bearing plate (Thk. 190 mm)

Tab. 2: The apartment building elements specifications.®

Since the Tyypillisia olemassa olevien vanhojen rakennusten alkuperaisia suunnit-
teluarvoja does not specify the type of doors and windows, the windows and doors are
assumed the most frequently used ones as two-pane glazing and rendered respec-

tively.

The external wall of the building has been built with sandwich panels. A sandwich panel
is a construction component composed of slender layers of robust material, kept in a
specific form to the form that bread slices shape a filling sandwich (Shaban and
Mazaheri, 2019). They explain that the selection of materials is influenced by weight,
strength, durability, and costs. Sandwich panels are more robust than a single strong
product and withstand pressures with a lower overall weight. The unit resistance
largely relies on the intensity and density of the adhesive bond between the compo-

nents.

These units can be intended for building walls, floors, or roofs of buildings. The outer-
most layers of a sandwich panel are often built of a beach for the construction. The
layers are attached to a core of sandwich panel, which insulates and tightens the
board, with adhesive and strain. Cores consist of a broad range of components. The
core often involves an expands such as polystyrene or polyurethane foam material
(Shaban and Mazaheri, 2019).

6 Reference: Energiatodistusopas 2018 Vanhojen rakennusten tyypillisia suunnitteluarvoja.
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The external wall composition has extracted from the Tyypillisia olemassa olevien
vanhojen rakennusten alkuperaisid suunnitteluarvoja and the structural energy effi-
ciency in the construction report. The thickness of the thermal insulation layer is con-
sidered as 75 mm (Ojanen, Nykanen and Hemmil&, 2017).

Since the apartment is located on the first floor, there are outdoor air and indoor air on
both sides of the floor slab. Therefore, the thermal insolation layer is considered on the
floor. However, in intermediate floors due to avoiding the heat caused by solar radia-
tion, especially in summer condition to get trapped in the floor, there is no thermal

insulation layer considered on the floor.

Moreover, there is no temperature difference between intermediate floors, so there is
no need to insulate them from each other. This may not affect energy consumption but
have a significant influence on the internal temperature. It is, therefore, as it is shown

in figure 2, the upper floor glazings are fully provided by shading devices.

2.2.2 Renovation Objective and Approach

The renovation process aims to lessen the energy consumption by reducing the heat
transfer coefficient (U-value) of structural members through replacing more heat trans-
fer resistant doors and windows as well as adding better insulation layers onto the ex-

terior walls and roof.

The 3D model of the apartment was initially prepared by Autodesk Revit 2018 in order
to access drawings, accurate dimensions and, also the IFC file to feed into the energy
simulation software called IDA Indoor Climate and Energy (IDA ICE) as it is shown in

figure 5.

Among the several objectives of the renovation process, the energy consumption of
the apartment is going to be measured before, and after the rehabilitation. The simple
method of calculation is to compute the U-value of the structural elements before and
after the rehabilitation process and reckon the amount of saved energy by subtracting
before and after renovation energy losses of the apartment. Because many certain
factors are affecting building energy consumption such as indoor and outdoor temper-

ature, climate, daylight, shading, thermal bridges, etc. those are considered by the
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energy simulation software IDA ICE, to achieve more precise results. Therefore, the

model is analyzed in the mentioned software.

Fig. 5: The rendered 3D model of the apartment.”

According to the decree of the Ministry of the Environment on Improving the Energy
Performance of Buildings Undergoing Renovation or Alteration in Finland (Kimmo
Tiilikainen, 2016), an economically feasible solution is a cost-effective alternative
based on examination. For economic feasibility, for residential buildings, the examina-
tion period shall be thirty years, and for other buildings twenty years if the ordinary
building or system life cycle or part shall be as good as that. It also mentioned that a
renovation is significant if the total cost of the renovations for the structure envelops or
technical building systems based on the costs of reconstruction is greater than 25 per-
cent of the building's value, excluding the value of the land on which the building is
located. A renewal of the building is essential.

The decree of the Ministry of the Environment on Improving the Energy Performance

of Buildings Undergoing Renovation or Alteration in Finland (Kiuru and Kauppinen,

7 Reference: own figure.
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2013) points out that The following conditions have to be complied with when an in-
crease in building energy efficiency is scheduled and implemented through the con-
struction component:

1. External walls: The initial U-value into 0.5 but not greater than 0.17 W/(m2 K).
When the desired usage building has altered, 0.60 W/(m2 K) or better is the
original U-value into 0.5.

2. Roofs: The primary U-value into 0.5, but does not exceed 0.09 W/(m2 K). How-
ever, if the expected use of the building is switched, 0.40 W/(m2 K) or better is
the original U-value into 0.5.

3. Floors: As far as feasible, energy efficiency is enhanced.

4. The U-value must be 1.0 W/(m2 K) or higher for the new windows and internal
gates. The thermal resistance should be enhanced as far as feasible when re-

pairing old windows and outside doors.

Considering deep renovation including improving the U-value of building elements,
ventilation system renewal, central heating system improvement, etc., the total energy
efficiency of the apartment building has to be reached t0130 kWh/m2 K (primary en-

ergy).

For two reasons, the renovation of the outside walls is vital. First, because of the severe
weather conditions in Finland they have included the greatest area between building
elements and second, they must be well maintained to protect the building against the
weather to prevent damage from external walls and the facades. Therefore, only the
outside walls of both the residential construction and the school are taken into consid-
eration in this research.

Practically, despite trying to avoid any space between layers of the external wall, while
renovating it, there will be still gaps between layers. The gaps will affect the final U-
value of the external wall. To avoid this in practice, the thickness of the insulation layer
will keep slightly higher than the one, in theory, to compensate for the lack of final U-

value amount in the external wall.
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2.3 Case Study (School)

2.3.1 Location, Typology, and Characteristics

The school which is going to be studied is a typical school building, and it is located in
Helsinki, Finland. It has four stories, and there are twelve rooms, including classrooms,

laboratories, faculty rooms, restrooms, etc. on each floor. The 3D view of the school is

shown in figure 6.

BN

Navigation help

s : renovation: D:\Ed Ger\Co

General Floorpian 3D Simulation Daylight Outiine Summary Detais

Wi e ew

Fig. 6: The 3D view of the school.
The school was built in 1963. Its floor area is 2021 m2, and the volume of the model on

four floors is 6,273.7 m2. The ratio of windows area to the area of the whole envelope
is 11.8 %.
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According to Tyypillisia olemassa olevien vanhojen rakennusten alkuperaisia suunnit-
teluarvoja, which means “typical original design values for existing old buildings” in

English, the building element specifications are explained in table 3.

Building Element Characteristics

Foundation Steel Concrete Slab

External Wall Painted concrete (Thk. 50-70 mm) + Thermal insulation (mineral wool) (Thk.
90 mm) + Concrete (Thk. 70-150 mm) + Screed Coating

Internal Wall Concrete (Thk. 70 mm)

Ground Floor Moisture-insulated reinforced concrete slab (Thk. 50 mm) + Thermal insu-
lation + Plastic insulation plate below the gravel

Roof Crackle + Triple blanket + Concrete (Thk. 50 mm) + Load bearing plate
(Thk. 190 mm)

Tab. 3: The school building elements specifications.8

2.3.2 Renovation Objectives and Approach

The goal of the renovation process is to decline the amount of U-value of the external
walls of the school. However, in the deep renovation process, the windows, doors,
floors, roofs, central heating system, and, the ventilation system may get renovated.
However, since the external wall renovation is the most common economic and effec-
tive way to decrease the energy consumption and leads to fewer energy bills amount,
the objective of this study has been set for renovating external walls only.

The decree of the Ministry of the Environment on Improving the Energy Performance
of Buildings Undergoing Renovation or Alteration in Finland (Kiuru and Kauppinen,
2013) points out that The following conditions have to be complied with when an in-
crease in building energy efficiency is scheduled and implemented through the con-
struction component:

1. External walls: The initial U-value into 0.5 but not greater than 0.17 W/(m2 K).
When the desired usage building has altered, 0.60 W/(m2 K) or better is the
original U-value into 0.5.

2. Roofs: The primary U-value into 0.5, but does not exceed 0.09 W/(m2 K). How-
ever, if the expected use of the building is switched, 0.40 W/(m2 K) or better is
the original U-value into 0.5.

3. Floors: As far as feasible, energy efficiency is enhanced.

8 Reference: Energiatodistusopas 2018 Vanhojen rakennusten tyypillisia suunnitteluarvoja.
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4. The U-value must be 1.0 W/(m2 K) or higher for the new windows and internal
gates. The thermal resistance should be enhanced as far as feasible when re-

pairing old windows and outside doors.

Considering deep renovation including improving the U-value of building elements,
ventilation system renewal, central heating system improvement, etc., the total energy

efficiency of the school have to fulfill 150 kWh/m2K (primary energy).

2.4 Interveiw (Research Method)

(Saunders, Lewis and Thornhill, 1970) points out that the research is described as the
systematic implementation of the family used to provide reliable data on issues while
the educational research is a systematic implementation of the family of techniques

used to provide reliable data about issues of education.

According to (Saunders, Lewis and Thornhill, 1970), qualitative research relies on the
creation by the rich description of meaning and comprehension. It can be a beneficial
strategy for studying instructional issues that need to develop and understand complex
social environments and the significance that individuals bring to their experiences in
these environments (Saunders, Lewis and Thornhill, 1970). It also explores that quan-
titative research generally aims to explain, predict, and study relationships and to de-
scribe present circumstances or to examine potential effects or influences on identified

results.

The research design could be qualitative, quantitative, or a mixed methods design. The
qualitative research differs from qualitative research in several ways as they are men-

tioned in table 4.
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Qualitative Research Quantitative Research
Comprise and consider the human outlook Population characteristics comparison or correla-
tion
Less statement to population groups Generalization to populations
Rich descriptions Numerical summaries
Depth Breadth
Small sample Large sample
Designated methods of trusting the results The recommended validity and reliability process

Tab. 4: The difference between qualitative and quantitative research.®

(Saunders, Lewis and Thornhill, 1970) comments that the interviews may be catego-

rized as follows:

- Structured interviews
- Semi-structured interviews

- Unstructured or in-depth interviews

Structured interviews use a predetermined, ' standardized ' or identical set of issues
and are referred to as interview questionnaires, whereas in semi-structured interviews
the researchers will find a list of subjects and issues to cover, although these can differ
from one interview to the other. While providing a specific organizational framework
about the research subject, some questions may get skipped in particular interviews
(Saunders, Lewis and Thornhill, 1970). It also explains that unstructured interviews are

casual and they are used to explore general areas which the researcher is interested.

2.5 IDA ICE Software General Settings

At the start of the simulation process, the building geometry should be used to enter
the software by either AutoCAD (DWG) file or IFC file. The IFC model file for the Auto-
desk Revit 2018 has supplied to the IDA ICE in this study. In the case of DWG files,
the body of the building should get matched with the geometry of the floor plan.

Defining default construction is one of the main steps in the simulation process. The
EQUA simulation technology group has provided additional data based on the region’s
constructional regulations as an additional plugin into the IDA ICE. Since the building

9 Reference: Saunders
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is located in Helsinki Finland, the Finnish regulation file is installed as well. The addi-

tional file contains the database of construction material used in Finland.

For model attribution in the building interface element, the default building material
should be specified. The process of attribution begins by determining individual build-

ing element types, as shown in figure 7.

[& Apartment(Piispantie 5 Helsinki) before renovation: D:\Education\Fin-Ger\ ConREM\Master Thesis\IDA ICE Mod...

Building defaults g
- Elements of Construction
|’ Concrete wall T0+75+50mm v| ¥
£ [nternal walls |’ Concrete 70mm v|»
B Internal floors [ﬂ Concrete slab 100mm+50mm ||k
Al Roof |’ Concrete main roof w ||
B Extemal floor |’ Concrete floor 250mm ~||»
Il Basement wall lowards around |’ Conerete floor against ground ~ ||k
B stab towards ground Iﬂ Concrete floor against ground 1 ~| b
E] Glazing ||:| 2 pane glazing, clear ||k
X1 Door construction |’ Concrete floor against ground 2 ||k
B Integrated window shading |E © Mo integrated shading |k
[@ construction definition "
v External wall | Concrete wall 70+75+50mm B
Description U-value
Concrete 70, insulation 75, concrete 0:2351 WIm2*K)
= Thickness
0.195 m
Layers

Floor top/Wall inside €3 Delete & @

u Light insulacion, 0.075 m
f) cenerees, 0.05 m

Flaor batlomiWall outside

— Layer data
Materia | Concrete EE
Thickness | 0.07 m
Ok Save as.. Cancel Help

Fig. 7: The external wall building material attribution and construction definition before the renovation
process.
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As illustrated in figure 7, the external wall material construction is defined and based

on the layer by layer material definition, the U-value and thickness will be automatically

calculated. The layers can be added, deleted, or rearranged during the construction

material determination process.

The floor plan must be split into a separate zone to obtain reliable energy simulation

outcomes. Zone templates contain several default settings which automatically get at-

tributed to a new zone. The zones either get specified in the IFC file or are will be set

in IDA ICE software. The minimum and maximum desired temperature along with other

parameters like mechanical supply and return airflow, relative humidity, level of CO2,

daylight at workspace and envelope pressure difference are stated in control setpoints

window as demonstrated in figure 8.

Setpoint collection

Setpoint collection | 1 Apartment- Piispantii 5 Helsinki

- Control Setpoints
Min Max :
= max i '
Temperature |21 | |24 C T \;I | airtemo
Mech_ supply air flow | 0.3 |07 | Usm2) ax P
cooling . :
Mech. return air flow |U_3 | |T | L{(s.m2) bz
| \temp_throttle = 2.0°C
Relative humidity |20 | |30 | % UL
Level of CO2 | 700 | | 1100 | ppm (vol) The control action of heating and cooling depends on
the controller used in the actual device. Defaults are P
Daylight at workplace | 100 | | 10000 | Lux control for radiators and Pl for most other room units.
. = *when both V&Y and other means of cooling have
Pressure diff. envelope | -200 | | -10 | 2 been defined, VAV is used first and setpoints of other
room units are offset by 2.0 *C. (Change globally in
System Parameters)
- Variable Setpoints
Min temperature |‘:“'a|'-'E not set> v| »
Max temperature |<:\‘.a||_|e not sets V‘ »
- Object
MName Apartment- Piispantii 5 Helsinki
Description The Max temperature changed to 24 and Mech. supply aiflow changed to min 0.3 and max
0.7.
Cancel Save as.. Help

Fig. 8: Setpoint Collection window in IDA ICE software.
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The mechanical supply and return airflow is the amount of air which enters and leave
the envelope usually driven by a mechanical source. The relative humidity is defined
as the amount of water vapor in the air, and it depends on the air temperature. As high
as the temperature rises, the amount of water vapor, which can be stored in the air
increases. Filling up the air with the maximum amount of vapor in a specific tempera-
ture raises the relative humidity to 100%, and the dew point will be reached. The water
vapor above 100% relative humidity will not stay inside the air and will condensate into
water droplets.

Zone defaults 5

Settings for new
Zones Use template Apartment i

General l.ﬂxm'ann:ed] Internal gains]

Controller setpoints

|Apartment- Piispantii 5 Helsinki v| » Room height m
- Room units - Air
SelectAHU  |Air Handling Unit v)
¥ Cooling
¥ Heating System type |CA"u" V|

Supply air for CAV Li{s.m2)

r Furniture
Return air for CAV Li{s.m2]
Covered part 0-1
'

of the floor - .

) Displacement 0
Weight / area kgim2 degree for gradient -
with furniture calculation

Ok Save as.. Cancel Help

Fig. 9: Zone specification window.

The covered furniture area of the floor, the weight of the furniture and the height of the
zone are the factors which should be specified in the zone specification window. The
air handling unit has got only one option. The Variable Air Volume (VAV) which varies
the airflow at steady air temperature and the Constant Air Volume (CAV) which pro-
vides constant airflow at various temperatures are is determined in the zone specifica-
tion window. Since the system type has opted as the constant air volume (CAV), then

the amount is defined as 1 L/(s.m?) by default.
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Z20nes Use template Apartment
General | Advanced Intemal gains |
r Internal gains
no./ma Select type and schedule
Occupants | 0.1 | |Li5|htl':,r dressed person, resting v| >
Schedule |@Always present v| 3
Equipment | 0.1 | |@ <Default= v| b
Schedule |© Always on 9C
Enerqy meter |[Default] Equipment, tenant v|
Light 0.1 | |@ <Default=> v| »
Schedule |© Always on T
Energy meter |[Defau|t] Lighting, facility v|
| Ok | Sawve as... Cancel Help

Fig. 10: Internal gains window.

There are two window types called standard window and detailed window and one
opening type in the IDA ICE software. The glazing properties can be set in the glazing
property window, as illustrated in figure 11. The integrated window shading includes
the devices and how to control and schedule them. The characteristics of external win-
dow shading, which is defined as an element which provides shading to the building

such as site fence, drop arm awning, or a balcony will be determined as well.

Regarding the glazings and windows, the following terms and their definition should be

considered:

Shading Coefficient: (Kirimtat et al., 2019) states that the shading coefficient is an in-
dicator of the heat insulation of glass windows or panels. This is especially important
when assessing how well the glass protects the interior of a building from immediate
sunlight. Several variables, including the color, density, and reflection of the glass, af-

fect the measurement of the coefficient.

Solar Heat Gain Coefficient (SHGC): The SHGC is a portion of solar incident radiation

that is entered via a window, which is transported straight and inhaled and then
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discharged inside (KoSir et al., 2018). SHGC expresses itself as a range from 0 to 1.

The less solar heat it transmits, the reduced the solar heat gain coefficient in a window.

Solat transmittance: solar transmission means radiation transmission to an interior
across a window; the Te transmission factor radiation achieves values, from 0 to 1
(Kirimtat et al., 2019).

Window: a window in Apartment(Piispantie 5 Helsinki).Bedroom 2.... E'@

General Geometry

Glazin |[Default] 2 pane glazing, clear v| 3
- Integrated Window Shading
Device |[Default] © Mo integrated shading v| 4
Control |Sun V| 3
Schedule |”-3- | ¥
- External Window Shading
Type |Nu external shading v|
Model |n.a. | B
Control |”-3- | ¥
Schedule |”-3- | ¥
Recess depth [0 o
- Opening Mare.  —
Control |Ne'u'er open v| >
Schedule |”-3- | ¥
- Frame r Skew

Fraction of the 0-1 More...

total window area

U-value Wi(m2 °C) Twist @

- Object
Mame Window

Description &

Tilt

Fig. 11: Glazing property window.
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Visible Transmittance: Visible Transmission (VT) is an optical feature indicating how
much visible light is transferred (KoSir et al., 2018). The VT ranges from 0 to 1 in theory.
The larger the VT, the higher the brightness. To maximize daylight, a large VT is de-

sired.

Emissivity: (Petrichenko, Urge-Vorsatz and Cabeza, 2019) explains that emissivity is
a measure of the infrared power capacity of an object. The energy emitted shows the
object's temperature. The emissivity can be between 0 (glossy mirror) and 1.0 (black-
body).

The ventilation opening can also get controlled and scheduled in the opening section.
The fraction of the total window area and the U-value are specified in the frame part. It
is also possible to change the twist and the tilt of the window and allows the inclusion

of non-vertical windows to vertical facade surfaces.

The software can determine the construction type and the opening schedule of an
opening. The certain amount of leak is always associated with the openings. If an
opening defined to be open in the model, by direction airflow of the modeling can be

calculated, and radiation will also be considered.

IDA ICE provides the possibility to adjust side shading and orientation factors such and
surrounding buildings, wall, trees, and so on. The orientation and location of the build-

ing body could reset according to geographical factors.

Since the apartment locates on the first floor of the building, as it is shown in figure 12,

the only shading element around the apartment are trees opposite to the balcony.

Fig. 12: The shading element(trees) opposite to the balcony.
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The location and climate data are the main parts of the global data for the simulation
model. The location would be uploaded from the database of the software. The addi-
tional local installation file based on each country (in this case, Finland) and climate
data helps to achieve a precise location, and climate condition leads to gain more ac-
curate simulation results. The summer and winter design days data are demonstrated

in the middle of figure 13.

Location

Location |8 Piispantie 5 Helsinki ~|»
r Position
Country [ Finland |
City | Helsinki-Vantaa |

Latitude BO32N | ° Elevation m
Longitude 24 9T E : Time zone 20E h

% Climate description |© FIN_HELSINKI-VANTAA_029740(1W2) <|»

- Design day data

Des=ign data file User-defined
ASHRAE 20131029740 tbl | | designdays
Winter Summer
Dry-bulb min [-22.1 | 151 °C;
Dry-bulb max |-16.2 | |21s °C;
Wet-bulb max |-16.4 | |186 °C
Wind direction 0 | |200 .
Wind speed |28 | |48 | mis
Clearsky  taub [0.323 | 0346 |
optical depth  tau d  [2.403 | 2319 |
- Object
Mame Piispantie 5 Helsinki
Description Data from ASHRAE Fundamentals 2013
] Cancel Save as.. Help

Fig. 13: Location and climate characteristics window.
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During the simulation, the temperature will vary within the minimum and maximum dry-
bulb temperature in a sinus curve. The Dry Bulb temperature generally applies to the
air temperature in the environment. Additionally, the absolute humidity remains con-
stant, whereas the relative humidity varies. The absolute humidity is defined as the
quantity of water vapor in an air unit. The wind direction and wind speed are used to
calculate accurate pressure coefficients, which is defined as the pressure that occurs

on the different surfaces of the building envelope.

For custom or advanced simulation level, the user could specify the synthetic summer
or winter, but for heating and cooling load in low production, the program will automat-
ically utilize the appropriate set. The monthly climate diagram and report of the building

location are shown in figure 14 and 15.

A
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00—

400+

00—+

200+

100+ pit i
| v || ﬂrl /!
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, Jan | Feb  Mar  Apr  May  Jun  Jul | Aug  Sep , Oct  Hov  Dec | >
I I I I I I I I I
0 1000 2000 3000 4000 2000 6000 7000 a0oo
—= Dry-bulb temperature, Deg-C The diagram shows the wheater data adjusted to the
- Rel humidity of air, % R
—#= Direct normal rad, W/m2 The data is shifted to compensate
—o— Diffuse rad on hor suf Wim?2 (1) the difference in longitude between location of

buiding and weather station and
(2] the difference between instantecus measurements
and averages during the previous hour.

Wind speed, x-component, m/s
—#-Wind speed, y-component, m/s
—— Cloudness, %

Fig. 14: The monthly climate diagram of the building location.



Climate file

IDA Indoor Climate and Energy 4.801 License: ICE40X:ICE40XL: 19IMAY/GSLTZ (trial license)
Climate file

Object:

Description:

Date: 2019-01-01 - 2019-12-31

31

Saved: 16/03/2019 23:13:34
Variables
Dry-bulb Rel : Diffuse rad on| Wind speed, Wind speed,
temperature, | humidity of Direct nﬁﬁnal hor surf, X-component, | y-component, Clouc.lfness:
- rad, W/m? - ; , %
Deg-C air, % Wim2 m's m's
Jatary 3.1 804 373 04 1.5 03 7.1
February 4.5 83.7 1.7 246 15 0.8 709
March -14 82.1 127.0 jl6 04 0.1 56.1
Apnil 44 69.0 160.6 g6.7 0.6 04 585
May 10.2 61.1 2182 1135 0.6 03 576
June 144 64.3 212.6 1282 1.5 09 602
July 173 693 2262 1182 1.0 0.1 52.5
August 16.0 734 1586 99.1 08 038 612
September 11.7 783 1291 64.4 0.1 0.2 66.6
October 36 86.6 932 324 0.2 03 T0.8
November 27 826 438 136 12 09 76.3
December 2.1 869 1.0 6.0 12 0.7 178
mean 6.0 772 126.1 62.5 08 03 65.1
mean*hB?EiU_U 524951 676412.5 | 1104803.0 | 3473620 72242 28267 570000.0
fmin 43 61.1 1.0 6.0 0.2 038 52.5
max 173 894 2262 1282 1.5 09 178

Fig. 15: The monthly climate report of the building location.

The Air Handling Unit (AHU) is defined as a device adopted in the heating, ventilation,

and air conditioning system to control and distribute air. There are several prespecified

air handling units included in the software. However, the program will automatically

comprise in the model as a default.

The standard air handling unit contains a heat exchanger, a heating coil, and a cooling

coil, an exhaust fan and, a supply air stream fan, as illustrated in figure 16. In a stand-

ard air handling unit, there are three ways to specify the temperature of supply air

named as constant, schedule, and graph. In the constant method, the permanent tem-

perature of the supply air is determined as 16 ‘C. Nevertheless, there will be a temper-

ature increase due to the fan in the supply air stream. In the schedule method, the
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temperature timetable is determined. In graph method, the supply air temperature is a

function of the climate data, which is determined in the climate file.

Air Handling Unit: the air handling unit in Apartment(Piispantie 5 Helsinki) E'@

Schematic  Qutline

Standard air handling unit

r Setpoint for supply air temperature

Constant vt}—

Constant
temp. [*C]

Heat exchanger operation

Airdi 0 dPmax=500.0 Pa
eta=0.6

dPmax=400.0 Pa

eta=0.6
Results
AHU with (by defautt) unlimited capacity. Supply air
temperature setpoint is either (a) constant, (b) accordingto a ? ’\ @AHU et
time schedule or (c) a function of outside air temperature. E AHU energy
Additional parameters can be s&t by opening AHU components. l\ ’\

Fig. 16: The standard Air Handling Unit (AHU).

If there are several zones with different ventilation strategies, there is a possibility to
specify the number of air handling units. Moreover, the air supply to the zones can be

controlled.

In addition to temperature control, the cooling coil can also be utilized for humidity
control such that it removes the moisture of the air if the surface temperature of the coil

is below the due point temperature of the air which passes over the coil.

Infiltration is defined as the uncontrollable or unintended entry of external air into a

building. Infiltration or the air leakage commonly occurs via cracks in the envelope and
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through openings. There are two methods to calculation infiltration in the software
which named as wind-driven flow and fixed infiltration. In the wind-driven flow method,
the infiltration calculation is based on the wind pressure, whereas, in the fixed infiltra-
tion rate method, the air filtration rate and its unit are fed to the software.

The template of the distributed infiltration air is defined in the zone distribution part as
it is shown in figure 17. As a default, the infiltration is distributed proportionally to the
external surface area. The pressure acting on the building envelope can be specified
in the pressure coefficient window. The pressure coefficients are employed to measure
the wind pressure based on velocity and wind direction on different exterior surfaces
of the envelope. The pressure coefficients depend on the building shape and surround-

ing air dynamic conditions.

Infiltration: object in Apartment(Piispantie 3 Helsinki) E'@
Infiltration
r Method r Zone Distribution

Infiltration units |ACH (building) v| D|str|t}|._|te External surface area v|
proportional to

= Wind driven flow Wind driven flow

Air tightness ACH (building) Airtightness i 940747 Li(s.m2 ext. surf)
Zones

E}ﬁzrreeiscgre Pa at pressure difference 50 Pa

Pressure coefficients

" Fixed infiltration Fixed infiltration

o Fixed flow in
Fl .a. ACH (build Li{s.m2 ext. surf.
ow (buiking) Zones ( )

Building leakage can be modelled either depending on actual wind pressure or as a given fixed infexfittration.
For fixed flow, select Fixed infitration and specify the flow.

For wind dependent infitration, select Wind driven flow, set Air tightness for the building envelope and specify pressure coefficients
for external surfaces. Internal leakage paths must must be defined in parttions between zones. Add doors or leaks in internal walls.

The infitration data iz autematically tranzfered to zones and overwrites present zone "Leak area ..." but does not alter leaks that have
been defined separatety on surfaces.

ACH =Air Changes per Hour

Fig. 17: Infiltration

The thermal bridge is defined as a weak link in the outer shell (roof, facade, or floor) of

the building envelope. It is also named as the cold bridge or heat bridge. It occurred in
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places where the thermal insulation gets discontinued, or the floor slabs do not
smoothly meet up. The thermal bridge causes heat loss and condensation where the

warm indoor air meets the cold surfaces leads to producing odor nuisance and mold.

The different types of thermal bridges are presented in figure 18. The heat loss asso-
ciated with thermal bridges is generally found in W/K (meter joint). The only exception
is the external wall where it is defined as W/K (m2 envelope). Data related to the ther-
mal bridges can be defined in different ways either by moving the slider through good,
typical, poor, and very poor conditions or by directly feeding the data.

Roof / external walls, inner
corner

Total envelope (incl. roof and around)
(aternatively enter W/K/I(m2 floor areal)

y W/KS(m joint)
III W/K/(m? envelope)

NB! When the area definition is changed here, envelope areas and U-values wil also change. Make sure to
wverify, under Loss factor for thermal bridges in the zone form, that the final computation of thermal bridge
losses matches your intentions. The reference construction (construction without thermal bridge losses) is
visible in the 3D view when Wall thickness has been activated.

Thermal bridges: object in Apartment(Piispantie 5 Helsinki) E\@
] | ] 1
Envelope area
definition
€ Internal Qverall & External External incl. Preserve wall
internal floor slab volume
Thermal bridges
Good Typical Poor Very poor
External wall / internal slab ' -0.00234 | W/K/(m joint)* |B:'
External wall / internal wall ' -0.05626 | W/K/(m joint)* @
External wall / external wall ' -0.1258 W/KS(m joint) m
External windows perimeter 0.02 WIK/(m perim) EE
External doors perimeter WIKS(m perim) H
Roof / external walls -0.1081 WKL (m joint)
External slab / external walls ' WIK/(m joint)
Balcony floor / external walls ' W/K/(m joint)
External slab / Internal walls ' -0.05626 | WIK/(m joint)*
Roof { Internal walls ' -0.0634 WIKI(m joint)* TI
External walls, inner cormer ' 0.2058 WIK/(m joint) ﬁ
External slab / external walls L
: K|
inner comer ' 0.1029 W/IKS(m joint) @

=t

* total for both adjacent zones

Fig. 18: The thermal bridge window.
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Once all the thermal bridge data have been defined, the IDA ICE calculated the thermal
bridge loss factor for every zone. The loss factor is a function of the geometry which

has been defined for each zone is shown in figure 19.

Bedroom 1: a zone in Apartment(Piispantie 5 Helsinki) EI@
General Advanced Ouffine Results
General Room height 70
Open Floor Plan Xt % ||yt Y- 2| =
Number of zones of this type ¥ to ceiling m : —
Loss factor for thermal bridaes [4 3813 | Wi € 1o roof l:l m

[ Controller setpoints Office, normal control- Pil~ | » Floor height -

above ground

Room Units
Central Air Handling Unit More... T Ideal cooler
Air Handling Unit v‘ [ Ideal heater
System type CAV 7

Supply air for CAV Li(s.m2)
Retum i for CAV Uls.m2) Internal gains

Displacement degree for
gra;emca\culatign D 0 gLiQhNYdreSSed person, resti
Equipment 1

Leak area 419E4 | m2 g

) Light
Given additional inecitration [0 | Lfs m2 ext. surf) b

< b
(@ surfaces () Windows () Openings () Air handlingunits () Leaks  (J) Roomunits () Internal gains () Internal masses En|

. Layer Layer Layer Layer
Wetted |Connecte| Azimuth,| Slope, |Construct] U-alue, | Thicknes| Layer |, . Layer |, Layer Layer |, .
R Type area, m2| dto Deg Deg ion  |WAmM2K) s, m | material thlckl:]ess material thlck::]ess material th\ckrl;ess material thlck;l]ess m

Bl Floor Bsmt... 9.3%4  Ground 0.0 [Defa.. 03195 0216 ©Chi.. 0016 ©Co.. 01 ©Llig.. 01
[ Cailing Roof 9394  Lewel... 160.0  [Defa.. 04493 035  Comer.. 015 Lighti.. 0.2
W Wall 1 Ext... 3209 Lewel.. 3398 90.0  [Defa.. 04876 012  Comer.. 0.07  Lighti.. 0.0
= Wall 2 Int.wall 8262 Lwing.. 900 900  [Defa. 4738 007 @Co. 007
WWal 3 Ext... 6289 Leel.. 180.0 900  [Defa.. 04876 042  Comer.. 007  Lighti.. 0.05
WWall 4 Ext... 1009 Lewel.. 2700 900  [Defa.. 04876 042  Comcr.. 007  Lighti.. 0.05
< >

Fig. 19: The thermal bridge loss factor in every zone.

Two different materials and soil layers can be specified in the ground properties tab,
as illustrated in figure 20. The ground layers under the basement slab and the ground
layers outside basement walls. The ground layers in both parts can get determined by
opening the definition of material and soil properties. IDA ICE always includes the in-
sulation layer as a default definition in the construction definition window, as shown in
figure 20.
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The ground temperature is related to the climate condition where the ground is located.
The ground temperature profile can be calculated in two ways: the ISO-13370 and the
calculation method, which has been implemented in the IDA ICE version 3.0. If the
annual climate file has not been selected, the ground temperature, which will be used

for the calculation, must be specified by the user.

Ground

Ground properties Describe the material layers below the slab and

outside of the bazsement wall. If the ground medel ISO
13370 s chosen, the program will calculate the heat
resistance of the outermost layer according te this
standard, based on the geometry of the building and

Ground model 150-13370

]

Ground layers under basement slab

the heat conductivity of the outermost laver.

. . b

|@ [Default ground with insulation] v| Hote that the defaull greund model contain an insulation
layir,

Ground layers outside basement walls For the IS0 model, the geometry of all building bodies

|@ [Default ground with insulation] v| | | thatconnect to the ground will be used for the

calculation. Building bodies that are only intended for
shading should hover some distance above the ground.

When a cimate file has been selected, the ground
temperatures iz computed automatically, and the given

Ground temperature when no
whole-year climate file has been

|

selected temparature is disregarded.
[l Construction definition W

b Ground |ﬂ @ [Default ground with insulation] :l 3

Description U-value
0.29 Wi m2*K)
Thickness
1.1 m

Layers

Floor topWall inside i

e [Default ground insulation],
f) © (Defaulr soil], 1.0 m

£% Delete & |9

0.1 m

Floor boftormiWall outside

Layer data
Material & [Default ground insulation] EI »
Thickness 0.1 m

0K Save as... Cancel Help

Fig. 20: Ground properties and construction definition.
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The energy associated with domestic hot water usage is specified as default by litre
per occupant and day, as shown in figure 21. There are also other units which can be
used. In this case study, the number of 4 occupants is assumed, and every occupant

consumes 60 litres of hot water per day.

The distribution system losses can be specified in the extra energy and losses window.
The distribution system losses are associated with the domestic hot water circuit, heat-
ing, cooling, and ventilation. Heating and cooling distribution losses can be determined
into different units either as a percentage of the heat delivered by the plant or W/(m?

floor area).

The distribution system losses can be defined by either moving the slider between
none, good, typical, poor, and very poor indicators or by feeding them directly into the
software. The percentage of the distribution losses associated with zones should be
determined as internal gains. The losses are shared between zones according to the

floor area of the zones.

The plant losses are defined either for the chiller idle consumption or boiler idle con-
sumption. The energy usage of an elevator or external lighting system of the building

can be determined in the additional energy use part of figure 21.
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=R [oR==

Extra energy and losses

r Domestic hot water use

Awerage hot | 0.0 | |Uper occupant and day v|

water use
Number of occupants

[T_DHW = 55°C {incoming 5°C}); find further details in Plant and Boiler;
DHW can, optionally or addttionally, alzo be defined at the zone level]

Distribution of hot water use

[@ Uniform v|»

[The curve is autematically rescaled to render given average
total usage]

r Distribution System Losses

Domestic hot water circuit

1 1 1
Heat to zones

' W/(m2 floor area) % to zones®

1 1 1
Cold to zones

1
Supply air duct losses

None Good Typical Poor Very poor

% of heat delivered by plant x
v (incl_delivered to ideal heaters) % 1o zones
' Wim?2 floor area % to zones™
[ | Wim2 floor area, at dT_duct % to zones™

I _to_zone 7 °C

[*Share of loss deposited in zones
according to floor area]

r Plant Losses

Chiller idle consumption D w Boiler idle consumption D w

Additional Energy Use Add . # Remove
MNominal power, | Mominal power, | Nominal power, Yearly
MName KW Wim? total [KW] Schedule Energy meter total, KWh

Fig. 21: Distribution system losses.

In the IDA ICE software, the simulation is carried out based on the heating load, cooling

load, energy, overheating as well as custom simulation. It is also possible to simulate

the model which has been built at an advanced level as it is shown in figure 22.
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Apartment(Piispantie 5 Helsinki): D:\Education\Fin-Ger\ConREM\Master Thesis\IDA ICE Model\Apartment(Piispantie 5 Helsinki).idm ===
General Floorplan 3D  Simulation Daylight Outline Summary Details

Project name  Apartment(Piispantie 5 Helsinki)

General

Modified:  23/05/2019 06:50:46
EfRequested output Saved: 23/05/2019 22:34:02
B4 Simulation data
Simulation [ All open cases - - -
Simulated: date, time, [duration (s)]
Heating load [3 Setup P Run
Cooling load 3 Setup B Run
Energy 4 Setup £ Run [ Report - 09/05/2019 20:36:04 [79]
Overheating Setup B Run
All (above) [Bp Run
Custom £, Setup P Run
Advanced Level
{14 Build model B Edit T Run

Fig. 22: Simulation window.

Several simulation parameters have to be specified for heating load calculation as it is
illustrated in figure 23. The maximum heat supply or room unit heat can be determined
as the variables for the simulation process. The fan status, whether they are off or they
run according to the schedule, is specified in ventilation mode. The proportion of inter-
nal heat gains, which is considered during the load calculation, should be determined

as well and as a default, the internal heat gain is wholly emitted.

The definition of weather data is defined either by using synthetic weather or a specific
period from the climate file. The synthetic weather option is used in this study, and the
simulation period has set for 15th of February 2019, and the fixed ambient temperature
is specified as -26 C. The exact date of simulation should be determined by the user

due to the sun position and solar radiation.

After specifying all the input data, the simulation run is initiating, and the table of sim-
ulation results appears as is displayed in figure 24. The heat supplied column shows
the overall heating load in each zone, and the room unit heat column points out the
heat that has been provided by the room units.



Heating wizard

Heating load calculation

Variable ‘Max heat supplied

Ventilation

{" Fans off

o Fans according to their schedules, supply
temperatures according to defined AHUs

Internal gains

Percentage of internal gains

Weather

{¥ Use synthetic weather

Clearness number {3olar 0
radiation)

Use fixed ambient 26

temperature

{" Design period using climate file

n.a. A

> Run Close

Fig. 23: Heating load calculation.

Annotations
Simulated - WE
P 15/02/2019, Friday |
From |n.a.
To |n.a.

40
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Apartment(Piispantie 5 Helsinki): D:\Education\Fin-Ger\ConREM\Master Thesis\IDA ICE Model\Apartment(Piispantie 5 Helsinki).idm =2 ==
General Floorplan 3D  Simulation Daylight Oufline Summary Details
® Heating O Energy Details + Multizone... + [#] Report
Zones "] Expand table
— Y —
Zonel Heat Room Op tem Sup Sup Ret  |Other sup|Other su Rel hum
Zone Group |multig| supplied, Time unit heat, [lemp., °C| p N P. aiflow, | aitemp, | aiflow, | aiflow, | aitemp, ’
e W wi 8] e ve| el ve| ue| @ P
[/ Bedroom 1 Bedro... 1 9856  [15Feb17:36 | 9394 1272 1235 952 17.0 -9.663 01428 4403 3686 4
[ Bedroom 2 Bedro... 1 RT61  |16Feb17:38 |6777 1739 1693 5883 170 -5845  TBTE4 1872 2707 4
[ Rest Room Rest .. 1 2390 |16 Feb00:00 | 2499 210 2042 2275 170 2244 00 22119 4
[ Living Area Living ... 1 24640 f15Feb17:38 12526.0 f18.73 18.3 30.41 17.0 -30.23  0.009.. 210 2483 4
< >
Systems enerqy Air handling units Delivered Energy
) ) Peak
Max. kW|  Time AHU Heating, | ginye Codling, Meter | demand,
B 7one heating 4512 [ Air Handling U... 1474.0 16 Feb 00:00:00 0.0 M | ighting, facility 0.0
B AHU heating 1474 M Electric cooling  0.006...
M Dom. hot water  0.595 W HVAC aux 0.07657
Total 6581  16Feb00:00 M Fuel heating 6653
M Domestic hot .. 0.6612
M Equipment, te... 0.0
£ > £ >

Fig. 24: Table of heating load simulation results.

The heating load simulation results in the 3D model are displayed in figure 24. The

heating load visualization of the performance predictions is shown in figure 25.

par iispantie 5 Helinki): fon\Fin-Ger\C Thesis\IDA ICE Model\ ispantie 5 Helsinki)idm ==

General Floorplan 30  Simulation Daylight Outline Summary Details Navigation help

Heat supplied, W

2000

1500

1000

Visualization
X Close

baall bl |1 as| o Show. Lock. [ Animation

Fig. 25: The heating load visualization of the performance predictions.
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To carry out the cooling calculation, several simulation parameters have to be speci-
fied, as is illustrated in figure 23. As a default by the software, all internal heat gains
are included in the calculation. The climate file is used for prediction of the cooling
loads. The simulation period is specified between the 15th to 20th of July 2019.

Cooling wizard by
Cooling load calculation CrE
R IMax heat removed v
Internal gains
Percentage of internal gains 100 %
Weather
{" Use synthetic weather Less : "
- Design conditions
{" Selected months Cumulative frequency for [ 9,
{use hottest month if nothing is selected) dry-bulb max
Jan Apr Jul Oct _ ,
Feb May Aug Nov Dry-bulb min ¢
Mar Jun Sep Dec Dry-bulb max C
_ Wet-bulb max °C
(% Design period using climate file: Wind diraction G
[Default] © FIN_HELSINKIVANTA | » Wind speed m/s
Clearsky ~ faub
From 1500712019, Monday  |[E3 optical depth  tay_d
To 200712019, Saturday [
> Run Close Help

Fig. 26: Cooling load calculation.

After initiating the simulation run, the tabular overview of the cooling load performance
predictions appears as it is shown in figure 26. The heat removed column represents
the heat that has been removed from the zones by the air handling units and the room
units. The room unit cool column indicates the heat that has been removed by only

room units, as illustrated in figure 27.
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par iispantie 5 Helsinki): i Thesis\IDA ICE Model\ ispantie 5 Helsinki).idr
General Floorpian 3D  Simulation Daylight Outine Summary Details

ol ks

®Cooling O Heating O Energy

Details + Multizone . - [ Report

i Expand table

Zonef Heat Room

T Suip | Swp | Rel [OthersuglOthersug oo T Emelope] Inermal [ Window | Wech. [nifvation] o~ o T Loeal | Local
Zone Group | multipd removed Time  Junit cool fTemp. °C - P- | aifow, | aitemp, | aifiow, | aiflow, | aitemp, | op g PPO% | & Wallsand & Solar, | supply | & .. | 0 m:: P | HOMNG. | poating | cooling | Io
[ WAl wi | E el T || T [ Tue | ees | % (PP | her | Mas | air wig [PerisaV mentl) W | uite | unitsW
EfBedoom1  Bedo.. 1 |3418 | 190207 2363 |200 248 940 1723 9476 00416 240 4362 8681 6712 9434 614 2273 744 487 7002 7046 9394 00 23 A
[ Bedroom 2 Bedo . 1 2369 18 Jul 21:10 1742 240 2481 5783 1723 -5643 00 4437 868 5 6652 521 -1078 2384 4763 00 4317 4333 5171 00 -17142 4
[ Rest Room Rest 1 7434 19Jul19:26 | 4629 240 244 2249 1723 2193 0009 240 4483 9977 7614 6934 03903 00 -185 21ME4 2147 2152 2869 00 4626 0
ElvingAea  Lhing.. 1 \g518 J190u1786 \3170 J240 2443 3005 1723 2932 002739 240 4365 7944 7650 1286 2214 455 473 ABAE4 1884 1894 2826 00 370 5

<

>
Building
Systems Air handling units Delivered Energy
— Heating | AU cold[AHU heat] Humid: Peak
Max., K Time AHU WQ* Time = "S- | recovery, | recovery, | fication, | Fans, W Meter demand,
w w W KW
W Zone cooling 07567 E/AirHanding U 5117  15Jul154040 00 00 00 00 7652 | | WLighting faciity 0433
WAHU cooling 04001  Electic cooling 0.3856
Total 1157 190ul 1626 WHVACax 007399

W Fuel heating 6.1E-7
= Domestic hot . 06612
= Equipment, te... 0.3247

Fig. 27: Table of cooling load simulation results.

Figure 28 shows the cooling load visualization of the performance predictions.

i iispantie 5 Helsinki): i -Ger\Ce Thesis\IDA ICE iispantie 5 Helsinki).idr =
pa par P pa
General Floorplan 3D  Simulation Daylight Outiine Summary Details Navigation help
Room unit cool, W
Iauu
250
200
150
100
s
& ®
N
Visualization
x| |% | v+ [ 9= [2¢] |2 Show... Lock, I Animation G

Fig. 28: The cooling load visualization of the performance predictions.

In the IDA ICE software, the energy calculation is always carried out for the entire
year. The percentage of the internal loads such as equipments, occupants, and lights
during the simulation study is specified, and by default, they are considered as 60 per-

cent, as shown in figure 29. In the energy simulation, the climate set is used rather
than synthetic climate data.
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Energy wizard >

Energy calculation

Percentage of internal gains Exceptions i

Equipment oy, Zones Gain, 0-1
N

Climate file

[Default] © FIN_HELSINKI-VANTAA_029740(1W/2) v|[»

Annotations

P Run Close Help

Fig. 29: Energy calculation.

The tabulation results of the energy simulation and energy visualization of the perfor-

mance predictions are shown in figures 30 and 31, respectively.

par iispantie 5 Helsinki): ion Fin-Ger\C: Thesis\IDA ICE Modell iispantie 5 Helsink).idm [ron]
General Floorplan 3D  Simulation Daylight Outine Summary Details
OCooling  OHeating  ® Energy Details - Compare results = Multizone . » 3] Report
zones PlExpandtable|[ A"
Zone Max heat| Room [Max heat| Room [ Dry vent | Max sup| Max itn [Max solar Max AHU heat{AHU cold| Humidi-
Zone Group |mutip|MEEMP, ) Max. tM"“’,!’ QM”",," supplied, |unit heat, |removed, |unit cool,| cool, | aiflow, | ailow, | gain, 1:”’”“ CA” e con AHU Heating, cm:g, recovery, | recovery, | fication, E"V;
g o |1emee |tempsC | temoeSC | Py | i | winz | wied | wikd | Lis )| Us 2y | Wi | MM | e | o | kwn | kwn
[/ Bedroom 1 Bedo.. 1 2055 2402 202 2504 9346 1000 4203 3258 8321 1013 09991 5905 7702 6974 6827 ||| EArHandingU.. 10888 3246 42343 5859 00 6746
EBedoom2  Bedo.. 1 2097 2401 2068 2496 6799 7511 4308 3363 B39 1013 0991 6086 7662 662 6629 Total 10688 3246 42343 6859 00 6746
E'RestRoom  Rest.. 1 210 240 2076 2446 3637 4417 2904 1868 8321 1013 09976 00 9029 6821 7610
BF'Living Area Living... 1 2099 2601 2066 2453 5561 6235 218 119 828 1013 0994 2398 6909 6936 6362
Total
< >
Building
Systems energy Eneray balance (sensible onlv) Di
Wh Envelope| Intemal | Window | Mech. [Infitration| Occu- | Equip- Loc Peak CO2 | Primary
&  |Wallsand & Solar, | supply | &_. | pants, | ment, L‘gh":‘-" heati Meter L“’};“ kPV?l'h'/‘:vz\é demand,| Cost |Emission| energy,
™ Zone heating 83608 Th_loWh[M__kWh| kwh | air_kiWh| kwh | lwn |k uni_i W kg_| kih
W Zone cooling 3263 B Total 048 02 13665 -22130 00 16241 17071 22764 8450 | mmLighting, facilty 22761 47.99 02698
W AHU heating 10888 Duingheating 97072 455 7577 15336 Q.0 12402 13221 17629 9450 | mElectriccooing 2170 4575 0.5301
W AHU cooling 3246 Duingcooling  -3764 636 3180  -3%00 00 2062 (2066 2764 00 | |mHVACaux 6763 1426  0.08211
8 Dom. hot water 52124 Restoftime | 4003 7.9 832 (2894 (00 (1727 1784 (281 |02 | |mFusiheatng  11059.0 12332 5039
Cooling 6509 W Domestic hot .. 57916 1221 06612
Heating 151620 mEquipment te 17072 (360 | 0.1949
Total 217272 4581 6827 00 00 00
< >

Fig. 30: Table of energy simulation results.
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=R

Nawgation help

Room unit heat, W/m2
100

siElziEEE Shan._ Lock. 1 Animaton

Fig. 31: The energy visualization of the performance predictions.

Visualization
X Ciose

An overview table with key variable after the simulation has finished is provided as the

summary of the simulation as it is presented in figure 32. The table shows the actual

maximum values of the variables and not those values that occur in maximum or min-

p {Piispantie 5 Helsinki): in-Ger\Ca Thesis\IDA ICE ModeNAp (Piispantie 5 Helsink).idm =8 e =
General Floorplan 3D  Simulation Daylight Qutiine Summary Details
O Cooling  ® Heating O Energy Details = Multizone. . « [ Report
Zones L7 Expand table
Zone Room St Sup Ret  |Other sup|Other suj Envelope| Internal | Window | Mech. |Infiltration
Zéhe Group | multiplier. H‘eat Time unit |{Temp., °C| Op Eemp, aiflow, | aitemp, | aiflow, | aiflow, | aitemp, el €0 | PPD, % & 'Walls and| & Solar, | supply & O(t:cu- Equip- | Lighting
mcp |supplied Y heatty| 0| %9 | el | o ve | e | % [P | her | Mas G ar @ | wea [Pansment V] W
[EfBedr.. Bedr. 1 9856 16F . 9394 1272 1235 952 170 -9663 01428 4403 3656 4000 100.0 -8340 1238 2963 4892 2933 00 L) 00
[EfBedr.. Bedr. 1 A751 16F. 5777 1739 16.93 5853 17.0 -5845 787E4 1872 2707 4000 9603 2415 6407 2824 2704 0001 00 00 00
[EfLiving... Livin.. 1 24640 16F. 25260 1873 183 3041 17.0 -3023  0009.. 210 2483 4000 8624 22750 1619 27117 6278 002597 00 00 00
[EfRest .. Rest_. 1 2390 16F. 2488 210 2042 2275 170 2244 00 2219 4000 6722 1693 7466 00 <1091 00 00 0.0 00
< >
Building
Systems enerqy Air handling units Delivered Energy
Heatin Cooling, | heatl AHU cold| Humil Peak
Max., kW Time AHU 9. Time 'Y | recovery. | recovery. | ficatio Meter demand,
w w o pr
W 7one heating  4.512 [ Air Handling U 14740 16 Feb 00:00:00 00 9476 0.0 0.0 M Lighting, facility 0.0
B AHU heating 1474 M Electric cooling  0.006...
™ Dom. hot water 0.595 = HVAC aux 0.07657
Total 6.581 16 Feb 00:00 M Fuel heating 6.653
M Domestic hot ... 0.6612
m Equipment, te... 0.0
< >

Fig. 32: The heating load summary table.
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The list and meaning of the heading variables are defined in table 5:

Heading | Unit Explanation

Zone - An enclosed area name with specific characteristics and illustrated in the floor
plan

Group -- The group name (assigned by the user or by the tool that created the model).

Zone M The number of rooms with these conditions. The "Total" row shows (where ap-

Multiplier plicable) the sums over all zones counting with zone multipliers

Heat w Maximal value of the total supplied heating power (both sensible and latent)

supplied delivered to the zone from mechanical and natural ventilation (including leaks

and infiltration) and from local units (both convective and radiative).

Note that this is the actual heat supplied and not that which would be required
to maintain a certain temperature. Make sure that the setpoint temperature has

been fulfilled.
Time The time for the given peak.
Room w Maximal value of the heating power delivered to the zone by room units (both
unit heat convective and radiative). The time for this maximum may be different from the
total peak. The peak time is given as a tooltip.
Temp. C Mean air temperature in the zone at the time of maximal heat supply.
Op temp C The operative temperature at the position of the first occupant at the time of

maximal heat supply. Empty if no occupants in a zone

Sup air- L/s Mechanical air supply flow rate at the time of maximal heat supply.
flow
Sup air- C The temperature of air supplied by mechanical ventilation (mean value in case
temp of multiple supply ducts) at the time of maximal heat supply. Empty if there was
no air supply at that time.

Ret air- L/s Mechanical air return flow rate at the time of maximal heat supply.

flow

Other L/s Air supply flow rate from openings, open windows and doors, leaks, chimneys,
sup air- and infiltration at the time of maximal heat supply.
flow
Other C Air supply flow rate from openings, open windows and doors, leaks, chimneys,
sup air- and infiltration at the time of maximal heat supply.
temp
Rel hum % Relative humidity of the air in the zone at the time of maximal heat supply.
Cco2 ppm | The concentration of CO2 in the zone at the time of maximal heat supply.
(vol)
PPD % Percentage of people dissatisfied at the time of maximal heat supply. Calculated
for all occupants present at that time. Empty if no occupancy at that time
Enve- w Heat gained through external walls, floors, roofs and through thermal bridges at
lope and the time of maximal heat supply in Watt.
Thermal
bridges
Internal w Heat gained through internal walls, floors, ceilings and internal masses at the
wall and time of maximal heat supply in Watt.
Masses

Windows W Net heat gain through external windows, i.e., through long and short wave radi-
and solar ation as well as via transmission trough pane and frame. Advected heat through
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open windows is included in Infiltration and openings. Note that transmission
only is presented in a separate table at the time of maximal heat supply in Watt.

Mech W Sensible heat supplied by mechanical ventilation at the time of maximal heat

supply supply in Watt.

air

Infiltra- W Sensible heat supplied via air from leaks and openings. For systems with only

tion and mechanical exhaust ventilation, all supply air will be accounted for here at the

openings time of maximal heat supply in Watt.

Occu- W Sensible heat from people in the zone, i.e., excluding heat from perspiration, at

pants the time of maximal heat supply in Watt.

Equip- W Heat from equipment in the zone, e.g., computers, etc. at the time of maximal

ment heat supply in Watt.

Lighting W Heat from artificial lighting at the time of maximal heat supply in Watt.

Local W The heat from controlled heating units, e.g., radiators, fan coils etc at the time of

heating maximal heat supply in Watt.

units

Local w Sensible heat from controlled cooling units, e.g., chilled beams, fan coils, etc at

cooling the time of maximal heat supply in Watt.

units

Net W The heat from pipes, ducts, etc., the leakage from which has been defined in

losses Extra energy and losses at the time of maximal heat supply in Watt.

Enve- W/mz2 | Heat gained through external walls, floors, roofs and through thermal bridges at

lope and the time of maximal heat supply in Watt per meter square.

Thermal

bridges

Internal W/m2 | Heat gained through internal walls, floors, ceilings and internal masses at the

Walls time of maximal heat supply in Watt per meter square.

and

Masses

Windows | W/m2 | Net heat gain through external windows, i.e., through long and short wave radi-

and So- ation as well as via transmission trough pane and frame. Advected heat through

lar open windows is included in Infiltration and openings. Note that transmission
only is presented in a separate table at the time of maximal heat supply in Watt
per meter square.

Mech. W/mz2 | Sensible heat supplied by mechanical ventilation at the time of maximal heat

Supply supply in Watt per meter square.

air

Infiltra- W/mz2 | Sensible heat supplied via air from leaks and openings. For systems with only

tion and mechanical exhaust ventilation, all supply air will be accounted for here at the

Open- time of maximal heat supply in Watt per meter square.

ings

Occu- W/m2 | Sensible heat from people in the zone, i.e., excluding heat from perspiration, at

pants the time of maximal heat supply in Watt per meter square.

Equip- W/m2 | Heat from equipment in the zone, e.g., computers, etc. at the time of maximal

ment heat supply in Watt per meter square.

Lighting W/mz2 | Heat from artificial lighting at the time of maximal heat supply in Watt per meter
square.

Local W/m2 | The heat from controlled heating units, e.g., radiators, fan coils etc at the time of

heating maximal heat supply in Watt per meter square.

units
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Local W/m2 | Sensible heat from controlled cooling units, e.g., chilled beams, fan coils etc. at

cooling the time of maximal heat supply in Watt per meter square.

units

Net W/m2 | The heat from pipes, ducts, etc., the leakage from which has been defined in

losses Extra energy and losses at the time of maximal heat supply in Watt per meter
square.

Tab. 5: The explanation of heading variables in figure 32.10

The time series diagrams which are automatically generated by IDA ICE are provided

in the Details tab. As an example, the main temperature in bedroom one is shown in

figure 33. The time series diagram presents both mean air temperature and operative

temperature. The operative temperature is calculated based on the mean temperature

and the mean radiant temperature. The mean radiant temperature is defined as the air

temperature under indoor condition (Walikewitz et al., 2015). The mean radiant tem-

perature is derived from the surface temperatures and the calculation based on the

area weighting.

Main ternperatures: cutput cbject in Apartment(Piispantie 5 Helsinki).Bedroom 1 EI@

Diagram Table
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Fig. 33: The diagram of main temperature in bedroom one.

10 Reference: Tables for heating simulation, IDA ICE.


mk:@MSITStore:C:/Program%20Files%20(x86)/IDA/help/ENGLISH/ida-ICE.chm::/ICE_TEXT_ROOM_COOL_HEAT.html
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IDA ICE presents not only the information as a function of time but also as a function
of absolute values, positive values, negative values, duration, and carpet plot. For in-

stance, the duration curves are presented in figure 34.

Main termperatures: output object in Apartment(Piispantie 3 Helsinki).Bedroom 1 (Duration Diagra... E\@

A
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12,6851

12 60—+

12,55
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12 40—

12,35 =)

—=&— Mean air temperature, Deg-C
—=&— Operative temperature, Deg-C

Fig. 34: The duration diagram.

The duration curve displays how many hours the room is below a specific temperature.
The data associated with the details tab can also get represented in tabular format.
The tabular view of the main temperature in bedroom one is displayed in figure 35. The
mean air temperature and the operative temperature is listed hourly during the day
15th of February 2019.

The presented data in diagram or tabular format can be navigated between different
display periods such as hour, date, week, month, year, last day of simulation and, en-

tire simulation period.
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Main temperatures: output chject in Apartment(Piispantie 3 Helsinki) before renovation.Bedroom 1 EI@

Diagram Table

Air and operative temperatures

IDA Indoor Climate 4 091 1;ence: IDA40ICE40XL-19SEP/GSLTZ (trial license)
and Energy
Object: Bedroom 1 Main temperatures
Svstem: D:'Education'Fin-Ger\ConEEM ' Master Thesis\IDA ICE Model\Apartment
y ' (Piispantie 5 Helsinki) before renovation.idm
Description:
Simulated: 19/06/2019 13:08:17 [77]
Saved: 19/06/2019 13:25:27
Variables
Mean air temperature, Deg-C|Operative temperature, Deg-C
Tanuary 21.0 2086
February 21.0 2086
March 21.0 2091
April 21.01 21.01
May 21.73 219
Tune 2329 236
Tuly 2394 2437
August 2337 2369
September 21.55 21.67
October 21.0 2099
November 21.0 2091
December 21.0 2087
mean 2173 2181
mean*R760.0 h 1905013 1910632
min 21.0 20.86
max 2394 2437
H s b

Fig. 35: The table of main temperature in bedroom one.

The energy reports are accessed in IDA ICE details tab. For instance, the systems
energy report is shown in figure 36.



=

EQUA .
=} > Systems Energy
SIMULATION TECHNGCLOGY GROUP
Project Building
The building is in Pii ie 5 Helsinki, Pitaja Ski. It has got 53.4 m= | Model floor area a7.a m*
area including 2 bedrooms, kitchen, rest room living room and balcony.
Customer Mater Dissertation Model volume 135.3 m*
Created by Hatef Hajian ™Model ground area 51.5 m*
Location Piispantie 5 Helsinki Model envelope 151.0 m*
area
Climate file FIN_HELSINKI-VANTAA_029740(IW2) Window/Envelope a.2 %
Case = C P 5 ki) Average U-wvalue 0.5516 W/
(m® K)
Simulated 26/05/2019 12:11:25 Envelope area per 1.411 m*/m?
Volume
Used energy
kwh (sensible and latent)
Month | Zone heating| Zone cooling | AHU heating | AHU cooling| Dom. hot water
=1 | =] =1 -—1 =
7 0.0 [ £5.4 ©.0 23.1 S5.5
Total 0.0 I 5.2 0.0 23.1 S5.5
KWWh A
180
1601
140
120+
1001
ao—
|01
a0
20
o
T Month
uUtilized free energy
kwh (sensible and latent)
AHU heat | AHU cold | Plant heat | Plant cold | Solar
Month | recovery recovery recovery recovery | heat heat cold heat cold
= = = = = = ]
o &.1 -0.0
Total 6.1 -0.C
[ N
55
5.0
a5+
4.0
3.5
3.0
251+
2.0
1.5
1.0
o5+
o0
7 kionth
Generated electric energy
kwh
Month [Solar (PV) | Wind turbine[cHp|
= = | ==
7= | | |
Total | I I 1
Auxiliary energy
kwh
Month  Humidification ans | Pumps
> is> 0.1
Total 13.2 0.1
kwdh A —
12
11
1T
-4
8
&
a1
s
at
3
2
1
o S
¥ faenth
Distribution Losses
kwh
Domestic hot
l | i . Air ducts™
o 2.3 | o0 | cae | 21 1
[ Totar | 2.3 | 0.0 I 3.0 I 2.1 1
*positive loss when conduit is cooler than b
1A Indoor Chhmate and Energy
Version: 4.801
License: IDA40:ICE40XL: 19MAY/GSL7Z (trial license) .

Fig. 36: The systems energy report.
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3 Results

3.1 Apartment

3.1.1 Energy Consumption before and after Renovatio

The energy consumption will be studied by improving the thickness of the thermal in-

sulation layer of the external walls because of the following reasons:

¢ Renovating external walls is one of the primary steps in the renovation process.

e The external walls are covering a large area of the residential buildings, which
are the barrier between the outdoor and indoor environment.

e The necessity for repairing the outer layer of the external wall (facade) fre-

quently in countries with a severe climate condition like Finland.

The thermal insulation layer before the renovation process is considered as 75 mm,
which is extracted from TyypillisiA olemassa olevien vanhojen rakennusten
alkuperaisia suunnitteluarvoja and the structural energy efficiency in the construction
report. The energy consumption of the apartment before the renovation in IDA ICE
software is shown as a part of the delivered energy report in figure 37. It is noted as
the Fuel heating and mentioned the amount of 6,842 kwh.

The process of the renovation of the insulation layer of the external wall may perform
in two methods. Either by removing the old mineral wool and substituting the new min-
eral wool insulation layer with the desired thickness or by removing the old mineral
wool and replacing it with the Expanded Polystyrene (EPS). The EPS material offers
several advantages as compared to the mineral wool isolation such as more comfort-
able to fit, less weight, quicker to alter, simpler to attach to the next composite external

wall layers.

To replace the new insulation layer, either the mineral wool or EPS, the outer layer of
the external wall should get demolished. After changing the insulation layer, the same
outer layer of the external wall may get replaced, or the outer layer of the external wall
might be built by appending a mesh into the insulation layer and spraying cement which
IS resistant against severe climate condition. In this study, the first method is consid-

ered.
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@ Delivered Energy: output object in Apartment(Piispantie 3 Helsinki) befare renovation E'@

)
EQU A. Delivered Energy

SIMULATION TECHNOLOGY GROUR Repﬂrt

Project Building

The building is located in Piispantie 5 Helsinki, Pitdjdnmaki. It has got 53.4 m2 | Model floor area 47.4 m?

area including 2 bedrooms, kitchen, rest room living room and balcony.

Customer Mater Dissertation Model volume 135.3 m°

Created by Hatef Hajian Model ground area [ 53.4 m®

Location Piispantie 5 Helsinki Model envelope 195.8 m?
area

Climate file FIN_HELSINKI-VANTAS_029740(1W2) Window/Envelope | 4.1 %

Case Lpartment(Pispantie 5 Helsinki) before renovation | Average U-value 0.3691 W/

(m* K)

Simulated 18/06/2019 16:32:52 Envelope area per | 1,447 m¥/m’

Yolume

Building Comfort Reference

Percentage of hours when operative temperature is above 27°C in worst zone | 0%

Percentage of hours when operative temperature is above 27°C in average zone | 0%
Percentage of total occupant hours with thermal dissatisfaction 3%

Delivered Energy Overview

Peak
Purchased energy demand
kWh kWh/m? kw
Lighting, facility 2276 48.0 .26
M | Electric cooling 233 43 0.6
HVAC aux &7 14.3 0.08
Total, Facility electric 3185 §7.2
W | Fuel heating 5842 1443 3.64
OMEeSLIC Not water .
Total, Facility fuel® 12634 266.4
Total 15819 233.6
[] | Equipment, tenant 1707 360 0.19
Total, Tenant electric 1707 36.0
Grand total 17526 369.5

*heating value

Fig. 37: The delivered energy report of the apartment before renovation.

According to (Ojanen, Nykanen and Hemmild, 2017), the thickness of the insulation
layer in the external wall in considered as 170 mm in the renovation process. The
amount of energy consumption is studied after the renovation by changing the thick-
ness of the insulation layer in the external wall from 75 mm to 170 mm. The external

wall composition after the renovation is illustrated in figure 38.



Building defaults

r Elements of Construction

Floor topfiall inside

#f Concrete, 0.07
fl Light insulation, 0.17 m
@ Concrete, 0.05 m

(4 age v fDeete | o 9

I

Floor bottomiall outside

— Layer data
Material & Concrete | ] |
Thickness |'5'-':3'7r m
Ok | | Save as.. | | Cancel | | |

Fig. 38: The external wall building material attribution and construction definition after the renovation

process.

W Exiernai walls| | Concrete wall 70+170+50mm B
= Intemal walls |ﬂ Concrete T0mm v| [
B Intemnal oors |’ Concrete slab 100mm+50mm “|»
4l Roof |' Concrete main roof “ r
[ External floor | Concrete floor 250mm v ¥
B Easement wall towards ground |’ Concrete floor against ground NI
[ 5120 towards ground |' Concrete floor against ground 1 w r
[ clazing |EZ pane glazing, clear B
J Door constryction I’ Concrete floor against ground 2 w| b
B Integrated window shading |El © No integrated shading ~|[»
Construction definition X
b External wall |ff] Concrete wall 704#170+50mm v v
Description U-value
Concrete 70, insulation 170, concrete |U-1451 WilmZ*K)
a0
Thickness
028 m
— Layers
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The fuel heating amount of 6,092 kWh is shown in figure 39, which is driven after en-

hancing the insulation thickness of the external wall from 75 mm to 170 mm.

@ Delivered Energy: output object in Apartment(Piispantie 5 Helsinki) after renovation E@

~
EQU A. Delivered Energy

SIMULATION TECHNOLOGY GROUF Repﬂl't

Project Building

The building is located in Piispantie 5 Helsinki, Pitdjanmaki. It has got 53.4 m2 | Model floor area 47.4 m*

area including 2 bedrooms, kitchen, rest room living room and balcony.

Customer Mater Diszertation Model volume 135.3 m?

Created by Hatef Hajian Model ground area | 55.9 m*

Location Piispantie 5 Helsinki Model envelope 201.7 m
area

Climate file FIN_HELSIMKI-VANTAA_029740(IW2) Window/Envelope 3.9%

Case Apartment(Piispantie 5 Helsinki) after renovation twverage U-value 0.3272 W/

(m® K)

Simulated 18/06/2019 18:03:25 Envelope area per | 1,491 m%/m’*

Volume

Building Comfort Reference

Percentage of hours when operative temperature is above 27°C in worst zone 0%
Percentage of hours when operative temperature is above 27°C in average zone | 0 %
Percentage of total occupant hours with thermal dissatisfaction 30 %

Delivered Energy Overview

Peak
Purchased energy demand
kWh kWh/m? kw
Lighting, facility 7276 48.0 0.26
M | Electnic cooling 237 5.0 0.6
HVAC aux 676 14.3 0.08
Total, Facility electric 3183 67.2
M | Fuel heating £092 128.5 3.46
B | Domestic hot water 5792 122.1 0.68
Total, Facility fuel® 11884 230.6
Total 15073 317.8
[ | Equipment, tenant 1707 36.0 0.19
Total, Tenant electric 1707 36.0
Grand total L8780 3538

*heating value

Fig. 39: The delivered energy report of the apartment after renovation.

3.1.2 Renovation Goals Achievements

According to the Ministry of the Environment degree on improving the energy perfor-
mance of buildings undergoing renovation or alternation (Kimmo Tiilikainen, 2017), in
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case of any renovation on external walls, the U-value after the renovation should be
decreased to half of the external wall U-value before renovation. However, this amount
should not be higher than 0,17 W/m2K.

Construction definition hd

p External wall |l Concrete wall T0+75+50mm

Description L-value
Concrete 70, insulation 75, concrete 0.2351 Wilm2"K)
50
Thickness
0.185 m
Layers
Floor top/Wall inside + Add |+ €& Delete o v
E Concrete, 0.07 m
fl Light insulation, 0.075 m
Jconcrece, 0.05
Floor bottomAall outside
Layer data
Material & Concrete adl s
Thickness 0.03 m
OK Save as.. Cancel Help

Fig. 40: The external wall U-Value of the apartment before renovation.

The external wall U-value before and after the renovation process is expressed as
0,2351 and 0,1451 W/mz2K, respectively, as are shown in above figure 40 and 41. Itis
evident as the amount of external wall U-value after renovation is not met as the half
of the external wall U-value before renovation however the amount of 0,1451 W/m2K

does not exceed 0,17 W/m2K.
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Construction definition -
b External wall |g] Concrete wall 70+170+50mm ~| b
Description J-value
Concrete 70, imnsulation 170, concrete 0.1431 Wilm2"K)
50

0.29 Im

Layers
Floor top/Wall inside + Add | &8 Delete 4

il Concrete, 0.07 m

f] ight insulation, 0.17 m

@ Concrete, 0.05 m
Floor bottomaWall outside
Layer data
Material & Concrete (L
Thickness 0.07 m

] Save as.. Cancel Help

Fig. 41: The external wall U-Value of the apartment after renovation.

3.1.3 CO2 Emission before and after Renovation

The amount of maximum heat supplied, room unit heat, and maximum CO2 per each
zone are expressed in tables 6 and 7 before and after renovation, respectively. As it is
shown in both tables, the amount of CO2 does not change before and after renovation.
The reason is that the maximum CO2 in tables is referred to as the amount of CO2
inside every zone. The amount of CO2 inside every zone changes when the amount
of airflow in the respective zones fluctuates. Since there is no relation between the
changing the insulation layer of the external wall and the amount of airflow inside each

zone, there is no improvement in the maximum amount of CO2.
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Before Renovation
Zone Max heat supplied, Room unit heat, Max CO2,
W/m2 W/m2 ppm (vol)

Bedroom 1 66,54 73,65 682,7
Bedroom 2 50,08 57,21 682,9
Rest Room 8,722 16,53 761
Living Area 29,41 36,15 638,2
Total 154,752 183,54

Tab. 6: The max heat supplied, room unit heat, and Max CO2 for each zone before renovation in the
apartment.

After Renovation

Zone Max heat supplied, Room unit heat, Max CO2,
W/m2 W/m2 ppm (vol)
Bedroom 1 61,75 68,88 682,7
Bedroom 2 48,5 55,63 682,9
Rest Room 3,994 11,8 760,9
Living Area 25,46 32,21 638,2
Total 139,704 168,52

Tab. 7: The max heat supplied, room unit heat, and Max CO2 for each zone after renovation in the
apartment.

However, the maximum heat supplied for all zones before the renovation is 154,752
W/mz2, and after renovation, it has decreased to 139,704 W/m?, which means 9,72% r
reduction. If the primary energy company which supplies the hot air into the district
emits an amount of CO2 gr/Kwh into the environment, then the reduction in maximum

heat supply leads to a reduction of CO2 emission in a primary energy company.

Calculating the amount of CO2 emission is possible in IDA ICE. However, it required
to input the amount of CO2 emission in g/kWh from the energy meters of the apartment
which unfortunately collecting data from energy meters was impossible due to the lo-
cation of the apartment in Finland while the thesis is getting prepared in Germany. The
table which is provided to input the amount of CO2 emission in IDA ICE is shown in

figure 42.
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Apartment(Piispantie 3 Helsink) after renovation: D:\Education’ Fin-Ger\ ConREM\Master Thesis\IDA ICE Model\Apartment(Piispantie 5 Hekinki) after renovation.idm EI@
General Floorplan 3D  Simulation Daylight Outine Summary Details

Project £ Apartment{Piispantie 5 Helsinki) afer renovation B Project data
Global Data HVAC Systems —————— - Energy Meters ————————————— isage—

& Location £ Defaulis 43 AirHandling Unit A Lionting,facilty [

‘Pi\spam\e § Helsinlki V‘ ’ [#7Site shading and orientation @ Plant A Lighing,tenart

) A\ Equipment facity
# Thermal bridges
(Cindle L A\ Equipment tenant

‘@ FIN_HELSINK-VANTAA_029740(W2) v‘ 4 @ Ground properties A\ Electic cooling

* Wind Profile # Iriaton A Fge\coo\ing.

‘@ [Default urban] ‘; 8 Pressure coeffcients A Dititcoing

v
4 c N AddAHU f'\ HVAC aux

[ Holidays Euttaenergy and osses Replace. R SETEC hteatmg

<value not set> M f System parameters Uel heafing

‘ ‘ Supenisorv confrll ——————— f'\ Disticteatng

|<‘1'3‘UE not set V| A Nomasfic hot water v
Details [E]Repot—— [ Expand table
()zones () Zonetotals () Zone setpoints () Surfaces () Windows () Openings () Leaks () Internalgains () Wallconstructions () Time schedules () Materials () Roomunits (8 Energy meters () Air handling units
Primaryj €02
Mame Type Rate plan energy Rale Color
factor § g/kWh

A Lighting, facility  Electrical meter =yalue not set= Faciliy

A Lighting, tenant  Electrical meter value not set= Tenant [

M Equipment faci.. Elecicalmeter  <value not set> Facility [ ]

A Equipment ten... |Electrical meler <yalue not set> Tenant [

A Electric cooling | Electrical meter yalue not set> Faciliy I1

A Fuel cooling Fuel meter value not set= Faciliy [ ]

A Districtcooling  DistrictHeatiCaol... - <value not set> Facilfty [ |

A\ HVAC aux Elecrical mefer  <value not set Facility [ ]

A Electricheaing ' Electrical meter <yalue not set= Faciliy [ ]

A Fuel heating Fuel meter =yalue not set= Faciliy [1

A Districtheating  DistrictHeatiCaol .. <value not set> Facilfty [ |

A\ Domestichotw... Fuel meter <value not set> Facility [ ]

A PV production | Electrical meter <value not set= Produced I1

A Wind turbine pr.. 'Elecirical meter =yalue not set= Produced I1

A CHP production | Electrical meter value not set= Produced I1

Fig. 42: The provided table in IDA ICE to input the amount of CO2 emission from energy meters.

3.1.4 IAQ before and after Renovation

The indoor air quality is measured based on three variables called Air Age, CO2, and
Relative Humidity in IDA ICE software. The air age is defined as when air is born, and
it enters to the same room. If it enters the other room, it is already old. The air age is a
better indicator when compared to Air Change per Hour (ACH) because the air change
per hour treats all air equally, and it does not consider the old and new air. (Hou et al.,
2017) points out that the Air Change per Hour or air change rate is a measure of the
air volume that is added or removed in space (usually in a room or home), divided by
the volume of space. If air is either uniform or perfectly mixed within space, changes

in the air per hour are an indication of the time that the air is replaced in a given space
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(Hou et al., 2017). The higher the air change rate is, the less importance has the wall

insulation layers thickness.

In a well-combined ventilation case, the proper air volume altered will be 63.2% in 1
hour and 1 ACH (Sarigiannis, Gotti and Karakitsios, 2018). One ACH means that the
air in the room is changed one time per hour. However, the ventilation rates are 0.5
ACH in the residential buildings and 2 ACH in schools (Tiilikainen and Outinen, 2016).

The CO2 is expressed as the concentration of CO2 in the zone at the time of maximal
heat supply. Moreover, the relative humidity is defined as the relative humidity of the

air in the zone at the time of maximal heat supply.

All measures which are included in indoor air quality are based on the airflow. Meaning
that if the air flow does not change, there will be no changes in the mentioned
measures. Therefore, as it is shown in figure 43, there is no improvement in the

measures while improving the insulation layer of the external wall.

Indoor Air Quality: cutput object in Apartment(Piispantie 5 Helsinki) before renovation.Bedroom 1 EI@
Diagram Table

Indoor air quality measures: Ac/h, CO2 level, humidity

IDA Indoor Climate
and Energy

Object: Bedroom 1. Indoor Air Quality
D:Education'Fin-Ger'\ConREM ' Master Thesis'\IDA ICE Model\Apartment

4 801 License: IDA4O:ICE40XL:19SEP/G5L7Z (trial license)

System: (Piispantie 5 Helsinki) before renovation. idm
Description:
Simulated: 19/06/2019 13:08:17 [77]
Saved: 18/06/2019 18:47:05
WVariables
Air age, h|{CO2, ppm (vol)[Relative humaidity, %o
January 0.7162 678 8 22 58
February 0.7158 6787 2007
March 0.7162 678 8 228
April 0.717 6792 27.0
May 0.7184 679.7 3257
June 0.7206 6R0.5 3933
TJuly 0.7227 6813 46.49
August 0.7225 6812 4732
September 0.7209 6R0.6 4579
October 0.7188 679.9 36.75
November 0.7175 679 4 2976
December 0.7163 6789 2327
mean 0.7186 679 8 3294
mean*8760.0 h| 62950 59546341 2885139
min 0.7158 6787 207
max 0.7227 6813 47.32
H = |

Fig. 43: The Indoor Air Quality measures before renovation in bedroom 1.
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3.2 School

3.2.1 Energy Consumption before and after Renovation

To avoid repetitive information, since the renovation approach of both case studies is
the same, all IDA ICE settings which have been considered in the IDA ICE Software

General Settings (Section 5.1.3) are kept in the school case study IDA ICE settings.

D Delivered Energy: output object in School before renovation ===
(o)
B @ Delivered Energy
Report
SIMULATION TECHNOLOGY GROUP p
Project Building
Model floor area 2021.0 m*
Customer Mater Dissertation Model volume 6273.7 m’
Created by Hatef Hajian Model ground area 505.7 m*
Location Helsinki Model envelope area | 2284.8 m?
Climate file HKi-Vantaa_Ref 2012 Window/Envelope 11.8 %
Case School before renovation Average U-value 0.4673 W/(m’ K)
Simulated 15/06/2019 18:45:23 Envelope area per 0.3642 m*/m’®
Volume

Building Comfort Reference

Percentage of hours when operative temperature is above 27°C in worst zone |20 %
Percentage of hours when operative temperature is above 27°C in average zone |13 %
Percentage of total occupant hours with thermal dissatisfaction 13 9%

Delivered Energy Overview

Purchased ener Peok Primary ener
ay demand Y 9y
kWh |kWh/m? kW kWh |kwh/m?
Lighting, facility 45602 22.6 21.84 77523 38.¢
M | Electric cooling 0 0.0 0.0 0 0.0
| HVAC aux 12928 6.4 6.82 21978 10.9
Total, Facility electric 58530 29.0 99501 49,2
Fuel heating 162305 80.3 157.8 162305 80.3
| Domestic hot water 24275 12.0 2.76 24275 12.0
Total, Facility fuel® 186580 92.3 186580 92.3
Total 245110 121.3 286081 141.6
[C]| Equipment, tenant 20268 10.0 9.71 34456 17.1
Total, Tenant electric 20268 10.0 34456 17.1
Grand total 265378 121.3 320537 158.6

*heating value

Fig. 44: The delivered energy report of the school before the renovation.
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The thermal insulation layer is 90 mm, obtained from Tyypillisid olemassa olevien

vanhojen rakennusten alkuperéisia suunnitteluarvoja and the thermal energy efficiency

in the construction document before the renovation phase. As a portion of the energy

report provided in figure 44, the energy consumption in the apartment is presented

before the renovation of IDA ICE software. The quantity of heating is observed as the

fuel heating as 162,395 kwh.

The thickness of the insulation layer in the external wall in the renovation phase is

regarded at 190 mm (Ojanen, Nykéanen and Hemmila 2017). After the renovations, the

guantity of energy consumed is researched by altering the layer thickness from 90 mm

to 190 mm in the exterior wall. Figure 45 shows the fuel heating of 140,654 kWh after

the enhancement of the insulation layer thickness of the external wall.

@ Delivered Energy: cutput chject in School after renovation

EQUA. Delivered Energy
Report
SIMULATION TECHNOLOGY GROUP P
Project Building
Model floor area 2021.0 m*
Customer Mater Dissertation Model volume 6273.7 m’
Created by Hatef Hajian Model ground area 505.7 m°
Location Helsinki Model envelope area | 2284.8 m?
Climate file HKi-Vantaa_Ref_2012 Window/Envelope 11.8 %
Case School after renovation Average U-value 0.3709 W/(m® K}
Simulated 19/06/2019 19:48:18 Envelope area per 0.3642 m*/m?
Valume

Building Comfort Reference

Percentage of hours when operative temperature is above 275C in worst zone 22 9%

Percentage of hours when operative temperature is above 27°C in average zone |17 %

Percentage of total occupant hours with thermal dissatisfaction

14 %

Delivered Energy Overview

Purchased ener N Primary ener
gy demand ry ay
kwWh kWh /m? kW KWh |kwh/m?
Lighting, facility 45598 22.6 21.84 77517 B4
M | Electric cooling ] 0.0 0.0 0 0.0
HWVAC aux 12926 6.4 5.82 21974 10.9
Total, Faality electric 58524 5.0 99491 49.2
Fuel heating 140654 £3.6 149.4 140654 £3.6
| Domestic hot water 24275 12.0 2.76 24275 12.0
Total, Facility fuel* 164929 Bl.6 1645829 B1.6
Total 233453 110.6 264420 130.8
1| Equipment, tenant 20265 10.0 971 34450 17.1
Total, Tenant electric 20265 10.0 34450 17.1
Grand total 243718 120.6 298870 147.9

*heating value

Fig. 45: The delivered energy report of the school after renovation.

(o5 s

~



63

3.2.2 Renovation Goals Achievements

In the case of any renovations on external walls, U-value, regarding renovation, should
be reduced to half the external wall U-value, according to the Ministry of the Environ-
ment, which aims at improving the energy performance of buildings undergoing reno-
vation (Kimmo Tiilikainen, 2017). This value should nevertheless not exceed 0,17 W /
m2K.

As shown in figures 46 and 47, the exterior wall U-value, before and after the renova-
tion process, is expressed as 0,2068 and 0,1313 W / m2K. The value of the external

wall U-value does not exceed0,17 W / m2 K as half of the external Wall U-value before

renovation.

Construction definition o
» External wall |@] Concrete wall 60+90+70 L
Description |J-value
Concrete &0, insulationm 90, concrete 0.2065 Wim2*K)
70

Thickness
0.22 m
Layers
Floor top/Wall inside + Add |» &4 Delete o |
iif Concrete, 0.06 m
fl Light insulation, 0.09 m
@ Concrete, 0.07 m
Floor bottom/\Wall outside
Layer data
Material & Concrete M L
Thickness 0.06 m
DK Save as.. Cancel Help

Fig. 46: The external wall U-Value of the school before renovation.
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Construction definition x
b External wall |ff] Concrete wall 60+190+70 v »
Description
Concrete &0, insulation 1%0, concrete
70

Thickness
|D.32 m
— Layers
Floor top/Wall inside + add v €5 Delete &4 @
i} Concrete, 0.06 m
f| Light insulation, 0.1% m
@ Concrete, 0.07 m
Floor bottom/Wall outside
— Layer data
Material & Concrete v b
Thickness 0.06 m
OK Save as... Cancel Help

Fig. 47: The external wall U-Value of the school after renovation.

3.2.3 CO2 Emission before and after Renovation

As it is briefly discussed in the previous part, the amount of maximum COZ2 in zones
does not differ before and after the renovation process due to considering the un-

changed amount of airflow in respective zones.
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3.2.4 1AQ before and after Renovation

The indoor air quality is measured based on three variables called Air Age, CO2, and
Relative Humidity in IDA ICE software. The air age is defined as when air is born, and
it enters to the same room. If it enters the other room, it is already old. The air age is a
better indicator when compared to Air Change per Hour (ACH) because the air change
per hour treats all air equally, and it does not consider the old and new air. (Hou et al.,
2017) points out that the Air Change per Hour or air change rate is a measure of the
air volume that is added or removed in space (usually in a room or home), divided by
the volume of space. If air is either uniform or perfectly mixed within space, changes
in the air per hour are an indication of the time that the air is replaced in a given space
(Hou et al., 2017). The higher the air change rate is, the less importance has the wall
insulation layers thickness.

In a well-combined ventilation case, the proper air volume altered will be 63.2% in 1
hour and 1 ACH (Sarigiannis, Gotti and Karakitsios, 2018). One ACH means that the
air in the room is changed one time per hour. However, the ventilation rates are 0.5
ACH in the residential buildings and 2 ACH in schools (Tiilikainen and Outinen, 2016).

The CO2 is expressed as the concentration of CO2 in the zone at the time of maximal
heat supply. Moreover, the relative humidity is defined as the relative humidity of the

air in the zone at the time of maximal heat supply.

All measures which are included in indoor air quality are based on the airflow. Meaning
that if the air flow does not change, there will be no changes in the mentioned
measures. Therefore, as it is shown in figure 48 and 49, there is no improvement in

the measures while improving the insulation layer of the external wall.



(0] Indoor Air Quality: cutput object in Apartrment{Piispantie 5 Helsinki) before renovation,Bedroom 1
Diagram Table

Indoor air quality measures: Ac/h, CO2 level, humidity

IDA Indoor Climate ) 051 1 ;cence: IDA40.ICE40XL-19SEP/GSLZ (irial license)
and Energy
Ohject: Bedroom 1 Indoor Air Quality
Svstem: D:'Education'Fin-Ger'\ConREM'Master Thesis'\IDA ICE Model\Apartment
- | {Puspantie 5 Helsinki) before renovation.idm
Description:
Simulated: 19/06/2019 13:08:17 [77]
Saved: 18/06/2019 18:47:05
Variables
Air age, hCO2, ppm (vol) Relative humidity, %
January 0.7162 678.8 2258
February 0.7158 678.7 20.7
March 0.7162 6788 22.
April 0.717 679.2 27.0
May 0.7184 679.7 32.57
June 0.7206 680.5 3933
July 0.7227 6813 16 .49
August 0.7225 681.2 47.32
September | 0.7209 680.6 45.79
October 0.7188 679.9 36.75
November | 0.7175 679.4 2976
December | 0.7163 678.9 23.27
mean 0.7186 6798 3294
mean®*8760.0 h| 6295.0 | 39346341 2885139
min 0.7158 678.7 207
max 0.7227 6813 47.32
K & W

Fig. 48: The Indoor Air Quality measures before renovation in bedroom 1.
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D:'Education'\Fin-Ger'\ConREM ' Master Thesis\IDA ICE Model'Apartment

DA Indoor Climate  y o5 1 oo TDA40-TCE40XL - 19SEP/GSLTZ (trial license)
and Energy
Object: Bedroom 1.Indoor Air Quality
System: (Piispantie 5 Helsinki) after renovation idm
Description:
Simulated: 19/06/2019 06:26:58 [76]
Saved: 18/06/2019 18:19:39
Variables
Air age, h|CO2_ ppm (vol)|Relative humidity, %
January 0.7162 6788 2258
February 07158 6787 207
March 0.7162 6788 22.
April 0717 6792 2699
May 07184 6797 3235
June 0.7206 680.5 39.02
July 0.7227 6813 4643
August 0.7226 681.2 46.97
September 0.721 680.6 4534
October 07188 6799 36.72
November | 0.7175 679.4 29.76
December | 0.7163 6789 2327
mean 0.7186 679.8 32.82
mean*8760.0 h| 62931 39546281 287470.7
min 0.7138 678.7 207
max 0.7227 681.3 46.97
H e b

Fig. 49: The Indoor Air Quality measures after renovation in bedroom 1.
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3.3 Interview

This dissertation is designed as a qualitative study. An interview has been conducted
regarding the indoor air quality in dwellings and schools with Dr. Pekka Tuomaala who
is a principal scientist and an expert in indoor air quality research area works at VTT

(Valtion Teknillinen Tutkimuskeskus) or Technical Research Center of Finland.

The interview questions may be classified as four separate parts. Questions one to five
may be categorized as standard data. They are more focused on primary and general
information. Question six is concentrated on indoor air quality in new buildings. Ques-
tions seven to thirteen are concerned about indoor air quality in existing buildings, and
question fourteen and fifteen are more looked into the available opportunities in the

future.
The interview questions summary is as follow:!

1. What does the term “perceived indoor air quality” mean to you? Does it differ
from apartment to school? How?
According to my knowledge, the term "perceived indoor air quality” is NOT ad-
equately defined. To me, it means how occupants experience indoor air, and
there are some sub-classifications (such as stuffiness, freshness, odorless,
moisture, etc.) utilized in different questionnaires. There is no doubt that indoor
air quality differs from housing to schools. Because in residential buildings and
schools, the design of structures, construction methods, utilization type, venti-
lation techniques, occupant types, needs, etc., vary, the requirements of indoor

air quality also vary.

2. How would you rank the perceived indoor air quality among the building perfor-
mance measures(Energy consumption, CO2 emission, Renovation cost, Indoor
air improvement cost, and living quality), and why?

I would like to rank the perceived indoor air quality as the topmost essential
measures because of the more number of hours usually people stay indoors
and the harmful influences on humans due to lack of proper indoor air quality

which results in eye, skin, respiratory, etc. symptoms.

11 The summary has been approved by the interviewee at 15.06.2019.
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. What are the existing Finnish perceived indoor air quality standards and regu-
lations in the apartment and school renovation process?

There seem to be only some limit values for different parameters (CO2, PM,
etc.). In the future, | would like to have some systematic way to summarise a

well-argued total value for indoor air quality.

How is social awareness among Fins regarding the perceived indoor air quality
in apartments and schools?

In general, people are quite worried about indoor air quality issues. It turns to
be more severe in cold climate countries like Finland. However, in many cases,
the solid fact is missing, and therefore, people are most often talking about
FEELINGS and not about facts.

. What is the current perceived indoor air quality condition in Finnish apartments
and schools?

| think situations vary a lot. Moreover, since the facts and systematic classifica-
tion methodology is still missing, we are not able to give any exact data related
to this topic.

. What are the leading indicators (factors) which influence the perceived indoor
air quality in Finnish apartments and schools?

Most often, we are talking about CO2, PM, and VOC:s.

. What are the criteria for perceived indoor air quality in Finnish apartments and
schools which are not renovated?
General classification criteria are missing. Therefore, we are just trying to fulfill

those limit values given in regulations and recommendations.

. What are the most common methods to improve the perceived indoor air quality
during the renovation process in Finnish apartments and schools?
The practical and conventional methods of improving indoor air quality are bal-

ancing ventilation systems and trying to avoid different moisture failures.

. What are the minimum requirements to enhance the perceived indoor air quality

in Finnish apartments and schools?
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The minimum requirements to keep the building in acceptable indoor air quality
condition is balancing ventilation systems and trying to avoid different moisture

failures.

10.What are the common challenges in the perceived indoor air quality improve-
ment process in Finnish apartment and school renovation and the ways to cope
up with them?
The main challenge is to increase public awareness about the importance of
indoor air quality and moreover providing solutions to avoid poor indoor air qual-
ity. Providing economical, practical approaches to boost indoor air quality could
be considered as another challenge. The target values in standards also need

to be improved and more supported.

11.How do the occupants benefit from providing adequate perceived indoor air
quality in apartments and schools?
In dwellings, the general well-being of occupants could be improved. Surely,
adequate indoor air quality defeats occupants against harmful health effects and
symptoms. The proper indoor air quality not only increase the quality of health-

iness of students but also help them to better learning.

12.How does the market reflect the applied charges spent for improving the per-
ceived indoor air quality in the private construction sector?
There seems to be lack of knowledge related to impacts of better indoor air
quality, and therefore, the investment cost is typically minimized.

13.Does the Finnish government consider subsidies for improving the perceived
indoor air quality during the renovation?

Not according to my knowledge.

14. What will be the threats and opportunities towards the perceived indoor air
guality improvements in the future?
Missing indoor air quality classification is a threat because no significant im-

provement will happen. The informative and well-argued indoor air quality
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classification methodology would open new business models when overall op-

timization can supplant partial optimization.

15. What are the research demands regarding the perceived indoor air quality
shortly?
New indoor air quality classification is in high demand. Based on holistic air

quality monitoring and occupant perception data, the methodology is needed.

4 Discussion of Results

Table 8 shows a summary of the impact based on altering the thickness of the insula-
tion layer of the external wall on energy consumption and U-value of the wall. As it is
expressed in the mentioned table, the insulation layer thickness of the external wall
has increased from 75 mm to 170 mm regarding (Ojanen, Nykanen and Hemmila,
2017). Therefore, the amount of energy consumption (kWh and kWh/m2) after the ren-
ovation has decreased by 10,96% concerning its value before renovation. Conse-
quently, the amount of U-value has been dropped off by 61,71% after the renovation
of the external wall. However, the decline in the amount of U-value after renovation
does not fulfill the building code limitations if Finland which states that the amount of
U-value after the external wall renovation should achieve the half of its amount before

renovation.
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Status External Wall Insulation Energy Con- | Energy Con- | U-value
Layers Layer Thick- sumption sumption (W/maK)
(from internal to- ness (kwh) (kWh/m?2)
wards external) (mm)
Before Renova- | Concrete 70 mm
tion Insulation 75 mm 75 6,842 144.3 0.2351

Concrete 50 mm
After Renovation | Concrete 70 mm
Insulation 170 mm 170 6,092 128.5 0.1451
Conceret 50 mm

Decreased Per-
centage after 10.96% 10.96% 61.71%
Renovation

Tab. 8: The summary of altering the external wall insulation layer impact of energy consumption and U-
value of the apartment.

Table 9 summarizes the effect on energy consumption and U-value of the
external wall, depending on modifications in the thickness of the insulation layer of the.
The thickness of the insulation material of the external wall has risen from 90 to 190

mm (Ojanen, Nykanen and Hemmila 2017), as shown in table 9.

The quantity of energy consumption (kWh and kWh/mz?) after renovation, therefore,
dropped by 13.34% in terms of its value before renovation. As a result, after the reno-
vation of the external wall, the U-value decreased by 63.49%. However, following ren-
ovation, the decrease in U-values does not comply with when the building code limit
of Finland says that after renovation, the quantity of U-value should reach half its pre-

renovation value.

Status External Wall Insulation Energy Con- | Energy Con- | U-value
Layers Layer Thick- sumption sumption (W/mzaK)
(from internal to- ness (kWh) (kWh/m?2)
wards external) (mm)
Before Renova- | Concrete 60 mm
tion Insulation 90 mm 90 162,305 80.3 0.2068

Concrete 70 mm
After Renovation | Concrete 60 mm
Insulation 190 mm 190 140,654 69.6 0.1313
Conceret 70 mm

Decreased Per-
centage after 13.34% 13.34% 63.49%
Renovation

Tab. 9: The summary of altering the external wall insulation layer impact of energy consumption and U-
value of the school.
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It is concluded that the improvement in the thickness of the insulation layer of the ex-
ternal wall does not affect the amount of maximum CO2 in all zones. The reason is
that the amount of maximum CO2 in each zone depends on the amount of airflow
which enters and leaves the zone. Since in this study, the ventilation characteristics
remain constant; as a result, there will be no improvement in the amount of maximum

CO2 emission.

There is a considerable reduction in the amount of heat supplied to each zone. If the
provided domestic hot water company in the district emits an amount of CO2 to the
environment for producing energy to heat the domestic water, since the apartment
needs less heat supplied after the renovation, therefore the amount of supplied heat

will decrease as well, and consequently less CO2 will be emitted to the environment.

Furthermore, calculating the amount of CO2 emission by the building is feasible in IDA
ICE. Moreover, it is achieved by entering the amount of CO2 emission of the energy
meters such as lighting facility, electric cooling, fuel cooling, electric heating, district
heating, domestic hot water, etc. which due to the long distance between Germany

and Finland, it was impossible for the author to provide reliable data.

According to (BSI, 2011), the average COZ2e impact of the concrete is approximately
100 kg CO2e per tonne. The amount of 127.8 tonnes of concrete is used for the con-
struction of the apartment, while 2,083.2 tonnes is utilized for building the school.
Therefore according to table 10, the approximate amount of CO2e which has emitted
to the atmosphere to provide adequate concrete to build the apartment and the school
are 12,780 kg and 208,302 kg respectively.

Building Approximate Concrete Approximate CO2e (kg)
Weight (tonne)
Apartment 127.8 12,780
School 2,083.2 208,320

Tab. 10: The utilized amount of concrete weight tonne) and CO2e emitted (kg).

The following points may be labeled with regard to the gathered responses from the

interview:

- The term perceived indoor air quality is not adequately defined to the inter-

viewee. It describes how occupants experience indoor air.
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The indoor air quality surely is placed in topmost building performance
measures due to the significant amount of time that occupants stay indoor and
the harmful impact on humans based on lack of indoor air quality.

According to the interviewee, there are specific values for indoor air quality eval-
uation for different parameters such as CO2 and PM.

People in society are worried about indoor air quality issues. However, in many
cases, solid facts are missing considering concerns about feeling are more than
facts.

The interviewee explains that the systematic classification methodology regard-
ing perceived indoor air quality is missing in Finland.

The leading indicators which influence the perceived indoor air quality are CO2,
PM, and VOCs.

Considering the lack of general classification criteria, experts try to fulfill the lim-
ited values in regulations and recommendations.

Balancing ventilation systems and trying to avoid moisture levels are the most
common methods to improve perceived indoor air quality during the renovation
process.

Considering unknown renovation starting points, and not adequately defined
target values, the common challenges in perceived indoor air quality improve-
ment are not clearly characterized.

The dwelling occupants benefit from the improved indoor air quality by providing
general well-being and avoiding harmful health effects and symptoms, whereas
pupils benefit it in increasing the learning level.

In the private construction sector, due to a lack of knowledge of better indoor air
quality, the investment costs are typically minimized.

According to the interviewee knowledge, there is no considerable subsidiary
strategy of the Finnish government to improve the perceived indoor air quality.

The missing indoor air quality classification is a threat towards the perceived
indoor air quality, and consequently, no significant improvement will occur. The
informative and well-argued indoor air quality classification methodology would
open new business models when overall optimization can supplant partial opti-

mization.
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- The new indoor air quality classification is in high demand, and based on holistic
air quality monitoring and occupant preception data, the methodology is

needed.

Regarding IDA ICE indoor quality measures, since all measures are influenced by the
air flow and in this study, no changing on the ventilation system and consequently the
airflow is studied. Therefore there are no changes in three indoor air quality measures

before and after the renovation either in the apartment and the school.

Moreover, in a well-combined ventilation case, the proper air volume altered will be
63.2% in 1 hour and 1 ACH (Sarigiannis, Gotti and Karakitsios, 2018). One ACH
means that the air in the room is changed one time per hour. However, the ventilation
rates are 0.5 ACH in the residential buildings and 2 ACH in schools (Tiilikainen and
Outinen, 2016). The higher the air change rate is, the less importance has the wall

insulation layers thickness.
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5 Conclusion

This study examines the outcomes of the assessment of the energy consumption,
emissions of CO2, and perceived indoor air quality impacts of the external wall insula-
tion layer on building performance. The U-value of the external wall has also been
researched in addition to energy consumption.

Table 11 summarises the decreased percentage of the energy consumption (kWh and
kwh/m?2) and U-value per (W/m2K) while improving the insulation layer thickness from
75 mm to 170 mm. It shows, by just altering the insulation layer thickness, 10.96% of
the energy consumption before renovation could be saved while 61.71% reduction in

U-Value of the external wall is achieved.

Insulation Layer Energy Con- Energy Con- U-Value
Status Thickness sumption sumption (W/maK)
(mm) (kWh) (kWh/m?2)
Before Renovation
75 6,842 144.3 0.2351
After Renovation
170 6,092 128.5 0.1451
Decreased Percentage
after Renovation 10.96% 10.96% 61.71%

Tab. 11: Enhancing insulation layer thickness of the external wall of the apartment.

There is a slight improvement in the amount of saved energy consumption (kWh and
kwh/m?2) and U-Value in the school case study due to the size of the buildings as they
are shown in table 12. Since the insulation layer thickness changes from 90 mm to 190
mm, 13.34% of the energy consumption has been consumed less, and the U-Value of

the external wall has been improved for 63.49%.

Status Insulation Layer Energy Con- Energy Con- U-Value
Thickness sumption sumption (W/mz2K)
(mm) (kWh) (kWh/m?2)
Before Renovation
90 162,305 80.3 0.2068
After Renovation
190 140,654 69.6 0.1313

Decreased Percentage
after Renovation 13.34% 13.34% 63.49%
Tab. 12: Enhancing insulation layer thickness of the external wall of the school.
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Regarding the CO2 emission, it is found that improvements in the thickness of the
external wall isolation layer do not influence the maximum amount of CO2 in all zones.
The reason is that the maximum amount of CO2 in each zone relies on the airflow in
and out of the zone. Since the characteristics of ventilation remain permanent in this

research, the maximum CO2 emissions are no enhancement.

However, the quantity of heat provided to each zone is significantly reduced. If a sup-
plier of domestic hot water in the district emits CO2 for the energy production to heat
domestic water because the apartment or the school require less heat supplied after
the renovation, the quantity of heat supplied will also reduce, which will emit less CO2

into the atmosphere.

Additionally, IDA ICE can calculate the quantity of CO2 emissions through the building.
Moreover, it is possible to calculate the CO2 emitting quantity by the energy meters
such as lighting facility, electric cooling, fuel cooling, electric heating, district heating,
domestic hot water, etc. which due to the long distance between Germany and Finland,

it was impossible for the author to provide reliable data.

According to (BSI, 2011), the average CO2e impact of the concrete is approximately
100 kg CO2e per tonne. The amount of 127.8 tonnes of concrete is used for the con-
struction of the apartment, while 2,083.2 tonnes is utilized for building the school.
Therefore, the approximate amount of CO2e which has emitted to the atmosphere to
provide adequate concrete to build the apartment and the school are 12,780 kg and

208,302 kg, respectively.

The findings from the interview, which has been conducted in the perceived indoor air

quality are as follows:

- The indoor air quality surely is placed in topmost building performance
measures due to the significant amount of time that occupants stay indoor and
the harmful impact on humans based on lack of indoor air quality.

- There are specific values for indoor air quality evaluation for different parame-
ters such as CO2 and PM.

- The systematic classification methodology regarding perceived indoor air qual-
ity is missing in Finland.

- The leading indicators which influence the perceived indoor air quality are CO2,
PM, and VOCs.
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- Balancing ventilation systems and trying to avoid moisture levels are the most
common methods to improve perceived indoor air quality during the renovation
process.

- Inthe private construction sector, due to a lack of knowledge of better indoor air
quality, the investment costs are typically minimized.

- There is no considerable subsidiary strategy of the Finnish government to im-
prove the perceived indoor air quality.

- The missing indoor air quality classification is a threat towards the perceived
indoor air quality, and consequently, no significant improvement will occur. The
informative and well-argued indoor air quality classification methodology would
open new business models when overall optimization can supplant partial opti-
mization.

- The new indoor air quality classification is in high demand, and based on holistic
air quality monitoring and occupant preception data, the methodology is

needed.

As all measures are influenced by air flow, no changes to the ventilation system are
researched in IDA ICE and the airflow accordingly. The internal performance controls
are affected by airflow. The three indoor air quality measures called Air Age, CO2, and
Relative Humidity do not, therefore, change either in the apartment or school before

and after renovation.

In a well-combined ventilation case, the proper air volume altered will be 63.2% in 1
hour and 1 ACH (Sarigiannis, Gotti and Karakitsios, 2018). One ACH means that the
air in the room is changed one time per hour. However, the ventilation rates are 0.5
ACH in the residential buildings and 2 ACH in schools (Tiilikainen and Outinen, 2016).
The higher the air change rate is, the less importance has the wall insulation layers

thickness.

Regarding the perceived indoor air quality, lack of systematic classification methodol-
ogy and indoor air quality classification may lead to work more in these areas in the
future, which is definitely in demand and will be highly appreciated.
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