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ABSTRACT

In this thesis, the Norwegian Building Regulation TEK17 and the European Daylight Standard
FprEN17037 has been compared considering daylight performance, and the consequences of
implementing their different criteria regarding thermal comfort and energy demand. The thesis

consists of both an abstract and quantified comparison.

For the quantified comparison, a reference building from a construction project for residential
building blocks at Laren in Oslo, called Gartnerkvartalet was used. Two critical rooms were
chosen, regarding daylight and thermal comfort. These zones were then simulated in IDA ICE
with different glazing areas and additional shading possibilities, in order to evaluate and
compare their performance. 45 designs per zone were made, which again was given two
locations, resulting in total 90 different models to simulate. The designs are combinations of
five different glazing alternatives and 8 different additional shadings. The glazing areas are
based on the different requirements in TEK17, FprEN17037 as well as including the glazing as
designed for the project. The additional shadings consist different shading obstructions and
window shadings. In order to create and manage all the different design combinations, a

framework for the case management and simulation process was developed.

Comparing the Norwegian Building Regulations TEK17 and the European Daylight Standard
FprEN17037, there is a difference in scope and approaches for evaluating daylight provision in
buildings. TEK17 uses average daylight factor as a measure, while FprEN17037 uses target
annual illuminance levels or target daylight factors. This results in the need of simulation
software capable annual daylight simulations and more complex management of the daylight
results for FprEN17037 than TEK17.

The results of the quantified comparison of TEK17 and FprEN17037 revealed a difference in
the equivalent values for achieving their respective daylight criteria. This showed that fulfilling
the criteria in FprEN17037 also will fulfil the criteria in TEK17, but not the other way around,
meaning FprEN17037 ensures better daylight provision in buildings. When evaluating the
performance of thermal comfort and energy demand, the results show that achieving the
daylight criteria according to FprEN17037 require a large glazing area, which leads to a more
hours of unacceptable thermal comfort and space heating demand compared to the glazing areas
required in order to fulfill TEK17. Thus, considering thermal comfort and energy demand,
TEKZ17 performs better than FprEN17037.






SAMMENDRAG

| denne masteroppgaven er Norsk Byggteknisk Forskrift TEK17 og den Europeiske Standarden
for Dagslys FprEN17037 blitt sammenlignet med hensyn pa dagslys, samt hvilke konsekvenser
for termisk komfort og energibehov de ulike kriteriene medfarer. Oppgaven bestar bade av en

abstrakt og kvantifisert sammenligning.

For den kvantifiserte sammenligningen ble det benyttet et referansebygg fra et byggeprosjekt
for boligblokker ved Laren i Oslo, kalt Gartnerkvartalet. To kritiske rom ble valgt med hensyn
til dagslys og termisk komfort. Disse sonene ble deretter simulert i IDA ICE med forskjellige
glassarealer og typer solskjerming, for & evaluere og sammenligne deres ytelse. 45 design per
sone ble laget, som igjen ble gitt to lokasjoner, noe som resulterte i totalt 90 forskjellige
modeller & simulere. Designene bestar av kombinasjoner av fem forskjellige alternativer for
glassareal og 8 forskjellige typer for solskjerming. Vinduene er basert pa de ulike kravene i
TEK17, FprEN17037, samt vinduene slik de er designet for prosjektet. Solskjermingen bestar
av skyggende nabobygg med ulik hgyde og vindusskjerming. For & lage og handtere alle
designkombinasjonene, ble det utviklet et rammeverk for filhandtering og

simuleringsprosessen.

Ved & sammenligne Norsk Byggteknisk Forskrift TEK17 og den Europeiske Standarden for
Dagslys FprEN17037, ser man en forskjell i omfang samt metoder for vurdering av
dagslysforhold i bygninger. TEK17 bruker parameteren gjennomsnittlig dagslysfaktor, mens
FprEN17037 benytter antall arlige timer med oppnadde illuminansnivaer eller dagslysfaktorer.
Dette resulterer i et behov for simuleringsprogramvare kapabel til & gjennomfare arlige
dynamiske dagslys-simuleringer og mer kompleks handtering av dagslysresultatene for
FprEN17037 enn TEK17.

Resultatene av den kvantifiserte sammenligningen av TEK17 og FprEN17037 viste en forskjell
i deres ekvivalente verdier for a oppna sine respektive dagslyskriterier. Ved a oppfylle kravene
i FprEN17037, vil man ogsa oppfylle kravene i TEK17, men ikke omvendt. Dette betyr at
FprEN17037 sikrer bedre dagslysforhold i bygninger enn TEK17. Om man vurderer termisk
komfort og energibehov, farer kritereien i FprEN17037 til et stort glassareal, som farer til flere
timer med uakseptabel termisk komfort sant energibehov til oppvarming, sammenlignet med
glassarealet som krever for & oppfylle kriteriene i TEK17. Dette betyr at TEK17 sikrer bedre
bygningsdesign med hensyn pa termisk komfort og energibruk, enn FprEN17037.
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DEFINITIONS

The following terms are rapidly used in this thesis, thus are their definition presented.

Illuminance
“The luminous flux per unit area at any point on a surface exposed to incident light. It is

measured in lux.”” (Dictionary.com, n.d.)

Daylight factor

“’Ratio of the illuminance at a point on a given plane due to the light received directly or
indirectly from a sky of assumed or known luminance distribution, to the illuminance on a
horizontal plane due to an unobstructed hemisphere of the sky, excluding the contribution of
direct sunlight to both illuminances.”” (CEN/TC 169, 2017 p.7)
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1 INTRODUCTION

1.1 BACKGROUND

Daylight is an important factor to good health, as it has shown to have an impact on the circadian
rhythm, mental health, vitamin D production etc.(WHO, n.d.) Good daylight provision often
requires large glazing areas, which might contribute to overheating because of exposure to sun.
It is also identified that overheating during summer for well insulated residential buildings even
occurs in colder climates. (Persson et al., 2006) This means that the combination of large
glazing areas and well insulated buildings may contribute to a poor thermal environment. The
conflicting point of views focusing on good daylight provision and health or on thermal comfort
and energy demand, illustrates the complexity of designing optimal buildings including all point

of views.

As daylight, thermal comfort and energy are disciplines that are closely related and dependent
of each other, it is important to know the extent of their correlation regarding a building’s
performance. Despite this, the trend is that daylight has traditionally been evaluated separately.
With an arising focus on sustainable building design, this trend is changing, making it important

to know their relations.

There are regulations concerning daylight in The Norwegian Building Regulations, but there
has been discussions about a negative development of the criteria the last ten years, as an effect
of other regulations becoming stricter. (RIF, 2017) This reflects the focus on daylight being
down prioritized. In 2018 the first European Daylight Standard was released. Because of its

new release, knowledge of the approach and criteria are still limited.

1.2 PURPOSE

The purpose of this master thesis is to compare the Norwegian Building Regulations (TEK17)
and the European Daylight Standard (FprEN17037) considering daylight, and the consequences
of implementing their different criteria regarding thermal comfort and energy demand.
FprEN17037 is the first European standard for daylight, thus are the experience with the
methods limited. The standard applies measures for adequate daylight conditions which are
different from the ones used in TEK17. Based on this, are the following research questions

formed in order to evaluate the possible differences and consequences of the two:



Review
¢ RQ1: Which one of the standards are easier to implement?
Case Study

e RQ2: What are the equivalent criteria for TEK17 and FprEN17037 according to their
different approaches to daylight measures, and which one of the two provides a better
building design for daylight availability?

e RQ3: What are the consequences of achieving the different levels of daylight,

regarding thermal comfort and energy demand?

1.3 PROCEDURE

This master is divided into four parts, excluding the introduction. The first part is a review of
relevant regulations, standards and papers regarding daylight, which will be used further in the
thesis. This part also includes an overview of simulation software fit to perform daylight

simulations.

The second part presents the method used when developing the thesis, divided in five steps.
The first step is an abstract comparison of TEK17 and FprEN17037 related to the review and
is the material used to answer the first research question. The following steps are related to the
quantified comparison and case study, which explains the creation of cases, models and

framework used to perform simulations.

The third part contains results and discussion. This part is sorted in four parts, according to the
subjects being evaluated. These are lighting performance, thermal performance, indoor comfort
and energy demand. The lighting performance includes all the results and evaluation of the
daylight conditions, which are the material needed to answer the second research question. It
also contains results for the artificial lighting demand and the relation of the two. Thermal
performance presents the results for both thermal comfort and space heating demand. The two
last parts contains the already presented results, processed and put in relation to one another, in

order to being able to answer the third research question.

The final part is the conclusion of the thesis, presenting both the main findings and suggestions

to future work.



2 REVIEW

The following review presents the relevant building codes, standards, theory, publications and
other works used in this thesis. The chapters concerning daylight in the Norwegian Building
Regulations TEK17 and the European Standard FprEN 17037 will be described more detailed,

as these form the base of the thesis’ comparison.

2.1 DAYLIGHT REQUIREMENTS IN NORWEGIAN REGULATIONS AND

STANDARDS

The following Norwegian building regulations and standards are applied and further referred

to in the thesis.

Norwegian Building Regulation - TEK17

The Norwegian Building Regulations consist of technical requirements and minimum
properties a building must have in order to be legally built. The regulations are functional, but
also interpreted to performance requirements, includes a guide with pre-accepted performances
that meets these requirements. (TEK17, 2017a)

The following paragraphs are taken from TEK17 and contain functional requirements and
criteria concerning daylight, with pre-accepted performance on how these can be achieved.

“§ 13-7. Light: (2) Rooms for long term stay must have adequate access to daylight.

“1. Pre-accepted performances:
a. Average daylight factor DF > 2,0% for most critical room regarding adequate daylight. The
calculations must be performed in simulation programs validated according to CIE 171:2006

and with the assumptions given in NS-EN 12464-1:2011 chapter 4.4.

DF = 2,0% [1]

b. For rooms in dwellings, the daylight requirement can alternatively be documented with

the following method:
Ag = 0,07 * Aggy * LT 2]

Ay = area of glass located minimum 0,8 m above the floor

Apra = usable area of the room, included area under overhead balcony



or other protruding building parts
LT = Light transmittance of the glass

6 = 45° maximal shading angle measured from the horizontal plan”

(TEK17, 2017b)
European light standard - NS-EN 12464-1:2011
“’Light and lighting - Lighting of workplaces - Part 1: Indoor work spaces”’

According to TEK17 §13-7, presented earlier in this chapter, should simulations for DF be
performed with the assumptions from NS-EN12464-1:2011 chapter 4.4. These assumptions

describe how grid systems should be created. to form below.
4.4 Tlluminance grid
p = 0259810 and # grid points > d/p [3]

p: max. grid cell size

d:longer dimension of the calculation area

d/p :nearest whole number — number of grid points in d"'

(Standard Norge, 2011)

2.2 INTERNATIONAL REGULATIONS AND STANDARDS
The following international building regulations and standards are applied and further referred

to in the thesis.

European Daylight Standard - FprEN17037:2017
“’Daylight in buildings’’

The European standard for daylight prepared of the Technical Committee CEN/TC 169 “’Light
and Lighting’’. The scope of the standard includes methods for achieving adequate daylight
provision, and view out, as well as recommendations for exposure to sunlight and limit glare.
For all the aspects, defined metrics, calculation methods and verification are given. The criteria
are location specified. (CEN/TC 169, 2017) The following parts of the standard is used further

in the thesis:

“A.2 Recommendations for daylight provision in space



Table A.1 give recommendations for daylight provision in a space. The table include levels of
target illuminance Er (Ix) and target minimum illuminance Ery, (Ix). A target illuminance
E7 level should be achieved across a specified fraction Fyjqnev, 0f the reference plane within a
space. For a space with vertical opening inclined daylight openings(s), a minimum target
illuminance Ery (Ix) should be achieved across the entire (i.e. 95%) fraction Fpianegse.eseisesene..
The recommendations in Table A.1 can be expressed in terms of a daylight factor D. Table A.3
provide the corresponding daylight factor (D) relative to recommended target illuminance E;

(Ix) and target minimum illuminance Ep,, (Ix).” (CEN/TC 169, 2017 p.15)

Table A.1 — Recommendation of daylight provision by daylight openings in vertical and inclined

surface

Level of Target Fraction of | Minimum target Fraction of Fraction of
recommendation for | illuminance space for illuminance space for daylight
vertical and inclined | g; target Emm minimum hours
daylight opening s level Ix targetlevel | g, ...

Fpla:ts.%‘n Fp'.ana,?t'
Minimum 300 50 % 100 95 % 50 %
Medium 500 50 % 300 95 % 50 %
High 750 50 % 500 95 % 50 %
NOTE Table A.3 gives target daylight factor (D1) and minimum target daylight factor (D) corresponding
to target illuminance level and minimum target illuminance, respectively, for the CEN capital cities.

Figure 2-1 Table A.1 from FprEN17037 with recommended values for daylight provision (CEN/TC 169, 2017 p.15)

Table A.3 — Values of D for daylight openings to exceed an illuminance level of 100, 300, 500 or
750 Ix for a fraction of daylight hours Fye s = 50 % for 33 capitals of CEN national members

Nation Capital = Geographi Median
cal latitude | External Dto Dto Dto Dto
@[] Diffuse exceed | exceed | exceed | exceed
Iluminance | 100lx | 3001x | 5001x | 7501x
E'c.d.med
AN
| Norway | Oslo | 59,90 | 12 400 (\ 08% | 24% | )40% | 60% |

Figure 2-2 Table A.3 from FprEN17037 with corresponding values for daylight factor relative to the values given in Table
A.1. (CEN/TC 169, 2017 p.16)



International Standard — 1SO 15469:2004 (CIE S 011/E:2003)
’Spatial distribution of daylight — CIE Standard General Sky’’

“This standard defines a set of outdoor daylight conditions on linking sunlight and skylight for
theoretical and practical purposes.”” (1ISO 15469:2004, n.d.) “’Sets of luminance distributions
defines different skies under a wide range of conditions. The standard can be used to both
classify measured sky distributions and as a method in daylighting design for calculating sky
luminance.”” (CIE TC 3-15 “Sky Luminance Models,”” n.d.)

15 CIE sky types with attributes are presented in Figure B - 1 in Appendix B. CIE sky models.
“’Overcast skies tend to be used for numerical work, which is aimed toward obtaining
unambiguous quantities such as the daylight factor’’(Mardaljevic, 2003) The CIE standard
overcast sky is used for calculating daylight factors. Its luminance changes with altitude, where
the zenith is three times as bright as the horizon. (“Sky Types,” n.d.) See Figure B - 2 in
Appendix B. CIE sky models, for details on this sky type.

International standard — CIE 171:2006

“’Test cases to assess the accuracy of lighting computer programs’’

This standard is referred to in TEK17 §13-7 as well as FprEN17037 chapter B.3. The standard
contains a validation approach and recommendations to test the accuracy of lighting computer
programs. (TC 3-33, n.d.) The standard is not a list over approved software, but an approach to

validate the software using test cases. (Ashdown, 2016)

2.3 BUILDING PERFORMANCE SIMULATION SOFTWARE

A simulation means mimicking an actual real life condition or scenario of assumed
circumstances and factors, in order to find a cause of, or predict future events. (“What is a
simulation,” n.d.) A building performance simulation integrates complex interactions between
disciplines such as physics, mathematics, material science, biophysics, human behavioral,
environmental and computational sciences in order to predict and evaluate the performance of
a building. (Djunaedy et al., 2006) The level of simulation complexity varies, depending on the
amount disciplines and time period evaluated. Simulations can be divided in the following three

methods, dynamic being the most complex:

e Empirical — time frame: year, month

e Static — time frame: month, day



¢ Dynamic — time frame: day, hour, seconds (Haase, 2014)

Both TEK17 and FprEN17037 refers to CIE 171:2006 for software that should be used in

simulations. Some of these are listed in Table 2-1. Two of the software are further presented.

Table 2-1: Simulation software validated according to CIE 171:2006 (Geisler-Moroder and Diir, n.d.)

Program Manufacturer
3ds Max Design Autodesk
APOLUX/LightTools
DIALux/DIAL Eco DIAL GmbH
Tas Daylight EDSL
Radiance LBNL
Agi32/ElumTools Lighting Analysts
Lightscape Lightscape Technologies
mental ray Mental Images
iRay nVidia
SPEOS Optis
Relux Relux
Daylight Visualiser Velux

Radiance

Radiance is a lighting simulation software package that uses ray-tracing techniques to compute
light levels and present the results both numerically and with rendered images. The package
contains programs managing material properties, luminaire data, scene geometry and modeling.
The simulation engine utilizes a hybrid approach of deterministic backward (back to source)

ray tracing and Monte Carlo. (Radsite, 2013).

Relux

“’Relux is a high-performance, intuitively-operated application for simulating artificial light
and daylight.” The software is capable of calculation of absolute values, supports national and
international standards, as well as being compatible with CAD and BIM systems (ReluxNet,
n.d.) The program has a comprehensive library of components used in artificial lighting design,
making it a preferred tool for light designers. A report issued by SINTEF Byggforsk,
investigated the most used simulation tool for daylighting simulations. The report revealed that

Relux was the most widely used by 6 of 7 consulting companies. (Almas et al., 2016)



2.4 RELEVANT WORK

Publications
The following listed publications contain relevant topics to this thesis. As FprEN17037 is the
first European daylight standard and is newly released, there is not performed any comparing

work like in this thesis. This results in the following publications not being used any further.

Publication 1
“’The effect of dynamic solar shading on energy, daylight and thermal comfort in a nearly

zero-energy loft room in Rome and Copenhagen’’ (Skarning et al., 2017)

This paper studied dynamic shading and its effect on the performance of daylight, thermal
comfort and energy demand, by using climate-based daylighting metrics.

Publication 2
“’Impact of facade window design on energy, daylighting and thermal comfort in nearly zero-

energy houses’’ (Vanhoutteghem et al., 2015)

This paper is very relevant, and have investigated some topics similar to this thesis. It has
analyzed window solutions for design of ‘nearly zero-energy’’ buildings in Denmark. The

software EnergyPlus and Daysim was used.

Publication 3
“Thermal and Daylight Evaluation of Building Zones’’ (Altan et al., 2015)

This article analysis thermal balance and daylight in building residential zones, with the focus
on the influence on reduction of solar gains and daylight by of the facade insulation layers and
multi-pane windows. The software DesignBuilder was used. The results contained information

about optimal fagade design for energy efficiency and daylighting.

Publication 4
’Analysis of daylight metrics of side-lit room in Canton, South China: A comparison
between daylight autonomy and daylight factor’” (Bian and Ma, 2017)

This paper compares daylight factor and daylight autonomy using the simulation software
Daysim. Daylight autonomy are based on climate-based-daylight modeling and are similar to

the criteria in FprEN17037. This paper in relevant only for the daylight-part of this thesis.



3 METHODOLOGY

The methodology of this thesis consists of 5 steps, presented in Figure 3-1.

1 Comparing TEK17 and
FprEN17037

2 Defining the Reference
building

€] selecting a Simulation tool

4 Creating the Building models

Developing a Framework for

Case management and
Simulation process

Figure 3-1 Schematic diagram for the Thesis’ methodology

The first step is an abstract comparison of the TEK17 and FprEN17037 related to the review

and is the material used to answer the first research question.

The second step is a presentation of the reference building, being based on a real building

project for residential buildings in Oslo.

The third step presents simulation software relevant for thermal and energy simulations, and in
combination with software suitable for daylight simulations, evaluates which tool should be

used in the thesis.

The fourth step explains how the building model was made, by locating the two most critical

zones regarding daylight and thermal comfort.

The fifth step contains the framework of the thesis. It is explained how the framework is

developed and how it is used to perform the simulations.



3.1 ComMPARING TEK17 AND FPREN17037

The following table Table 3-1 compares the scope, content and relevant methods for evaluating
daylight provision according to TEK17 and FprEN17037. For the quantified comparison on the
theses, only the chapters concerning daylight provision are evaluated, as these have comparable
criteria. For this reason, these are presented in more detail than the other chapters for both
TEK17 and FprEN17037.

TEKZ17 is the Norwegian regulations, thus must be applied and fulfilled in building design.
FprEN17037 is a standard, which makes it optional to use. Still, standards often referred to for

use in many of the regulations. For now, this is not the case in the daylight paragraph in TEK17.

The main difference in the evaluation of daylight provision, are the criteria. Both TEK17 and
FprEN17037 allow two different methods and measures in order to be achieved, which in theory
should be equivalently equal. None of the four criteria are in the same measure, making it

difficult to evaluate which one has the higher requirements, without a quantified comparison.

The parameters in TEK17 are minimum glazing area and average daylight factor DT, presented
as a) and b) in the table. The minimum glazing is a calculated value, including the effect of the
light transmission of the glazing and floor area. DT requires simulation in order to define the
glazing area needed, thus making it a more realistic calculation with additional factors having
an impact on the daylight provision. This evaluation requires a static simulation, as daylight

factor is independent of time.

FprEN17037 uses target and minimum target illuminances E; and Er,,, or target and minimum
target daylight factors, D and Dyy,. The illuminances are values that should be achieved av
fraction of the area for more than 50% of the daylight hours in a year. This requires an annual
dynamic simulation with site specific climate data, in order to perform hourly calculations for
the illuminance. The daylight factors are stated to be the equivalent to the illuminance criteria

and are defined to be achieved in the same fractions of area as the illuminances.

Table 3-2 is a presentation of the different the criteria which given a ‘’glazing alternative’’.
These different glazing alternatives form is the base of the comparison between the different

requirements. The alternatives are further explained in detail in 3.5.
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Table 3-1 Comparing overview of TEK17 and FprEN17037

TEK17 FprEN17037
Type of document Technical Regulations; must follow | Standard; optional, can be used to
document achieved criteria acc. to regul.
Scope e Daylight provision e Daylight provision
e Viewout e Viewout
e Exposure to sun
e  Protection from glare
Minimum Minimum Target Target daylight
average daylight | glazing area: illuminance: factor:
factor:
Er Dy
and and
Measure DF Ay minimum target minimum target
illuminance: daylight factor:
Ery Dry
[%] [m?] [lux] [%]
a) b) Method 1) Method 2)
Criteria o A, Er = 300lux, Dy = 2,4%,
DF > 2% Agra 50% of BRA 50% of BRA
(Choose Z 0,07 *— and and
one of the Ery = 1001ux, Dyp = 0,8%,
two 95% of BRA 95% of BRA
) alternatives) for 50% of daylit
Day!'ght hours per year
provision
- e Shading Include correct space geometry;
obstructions | e  External obstructions
0 <45° e Window shading
e Placement
Boundary height 0,8m | ¢ Moveable
conditions ° Balconies Sha(_jmg
and fixed devices
overhangs; Z\t/:;tecg?/ntro
areas
included in
Appra
Reflection - - Standard values; floor: 0,2; ceiling: 0,7;
factors walls: 0,5
Validation | CIE 171:2006 - CIE 171:2006
Type Static - Annual dynamic Static
Location - e Location Location
Data e Hourly
climate and
weather data
) ) - - Hourly sky and 1SO 15469:2004
Simulation Sky sun conditions Standard overcast
requirements | conditions from site specific | sky (TYPE 1 or
climate data TYPE 16)
NS-EN 12464- -
1:2011 chapter 4.4: p = 0,5 % 5'°8(&)
Calculation | P
grid = 0,2 % 5!08(®
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Table 3-2: Design alternatives for glazing area

Standard Paragraph/chapter Formula/limit Equation Glazing
alternative
§13-7. Light (2) a) Ay = DF = 2% (1) Bl
TEK17
_ Ay = 0,07 AE;A
813-7. Light (2) b) (2) Al
0 <45°
§14-2. Requirements for Ay < 250
energy efficiency BRA (3) A2
(2)(energy measures)
Ay = Dr

Annex A > 2,4%,
Chapter A.2 50% of BRA 4) B2
Table A.3 and

Dry = 0,8%,

95% of BRA

FprEN13037 A, = Er
Annex A > 300lux,
Chapter A.2 50% of BRA - -
Table A.1 and
Ery = 100lux,
95% of BRA
for 50% of
daylight hours
Case project | As designed - - C
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3.2 DEFINING THE REFERENCE BUILDING

The quantified comparison of TEK17 and FprEN17037 will be performed using a case study.
The case is based on an apartment project called Gartnerkvartalet designed by Lillestram
Architects AS and is currently being developed by OBOS and Veidekke ASA. The project
consists of 7 different apartment buildings and is located at Laren in Oslo. In this case study,
building number five will be used. Figure 3-2 presents the location of the project, the layout of
all the buildings, and building five circled in red. The surrounding buildings and their location
included in the study are presented in Figure 3-3, and Figure 3-4 as a 3-D overview of the site.
Building five has 46 apartments spread over 8 floors and is shown in Figure 3-5. Multiconsult
ASA has the planning responsibility for energy and building physics according to TEK10,
revision 2016. Emphasizing changes from TEK10 to TEK17, the results in this thesis won’t
necessarily correspond with the already accepted evaluations. The goal of this thesis is not to
consider whether the project is designed according to the TEK17, but to compare performance.
Thus, will the results be analyzed relatively. The project and its specifications will mainly be

used as a base model, in order to have a realistic project when performing the study.

Kanonhallen e

Peer Gynt-parken g a
/ Lorenparken Q R R
MENY Loren € ~
\

L0 ;
s Q

Lgren(®

Lgren skole §

O
3 ,@*

Okern A\ (
= al
Google My M

Figure 3-2 Location and site layout of Gartnerkvartalet at Laren in Oslo (OBOS, n.d.)
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|

Under
construction

Figure 3-3 Distances between buildings included in the case study

Figure 3-4 Model of project site with building case (wireframe) and neighboring buildings (white) - 3D view in IDA ICE
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a) Realistic illustration of the building (“VR Visning -
Gartnerkvartalet,” n.d.)

b) IFC-model of the building (Lillestram Architects, 2018a)

Figure 3-5 Building 5 from Gartnerkvartalet used in the case study

3.2.1 Reference model

To fit the purpose of this study, the IFC-model presented in Figure 3-5b) has been further

developed from an IDA ICE model created by Vilde Christine Hagen for her thesis

“’Robustness Assessment Methods to Identify High-Performance Building Designs.”” The

reference model is made following the energy measures presented in Table 3-3, and the premise

note for the designed project from Multiconsult. (Multiconsult, 2018).

Table 3-3 Energy measures for apartment building acc. to TEK17 §14-2. (2) (TEK17, 2017d)

Energy measures

Values for apartment building

recovery in ventilation systems

U-value exterior walls <0,18 [W/mZK]
U-value roof <0,13 [W/mz %
U-value floor <0,10 W/ ]
U value windows and doors <0,80 [W/mZK]
Window- and door-share of heated BRA <25 [%]
Annual average temperature efficiency of heat >80 [%]

Specific fan power in the ventilation system (SFP)

<28 1 i

as heated BRA

Air leakage rate per hour at 50 Pa pressure difference <06 [A71]*
(fixed)
Normalized cold bridge value, where m? is specified <0,07 [W/mZK]

*This parameter is set to 0,55 in the premise note from Multiconsult, and is the value used in the models.
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Adaptive thermal comfort approach

The building is designed not to have any mechanical cooling. This requires a strategy to cool
the building naturally, avoiding overheating. The adaptive thermal comfort criteria according
to NS-EN15251:2007+NA:2014 is chosen. The adaptive thermal comfort model is based on the
theory of the adaptive principle: “’if a change occurs such as to produce discomfort, people
react in ways which tend to restore their comfort.”’(Nicol and Humphreys, 2002) People adapt

to the thermal environment in different manners.

Figure 3-6 present the acceptable indoor operative temperatures during summer. The
temperatures ranges apply when the occupants regulate the thermal conditions by opening and
closing windows. (Standard Norge, 2014) The limits and calculation formulas are presented in
Table 3-4, and their definition in Figure 3-7.
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Running mean outdoor temperature 6, °C

Figure 3-6 Acceptable operative temperatures ranges for free-running, naturally conditioned spaces (Dwyer, 2017)

Table 3-4 Categories with temperature ranges used for designing buildings without mechanical cooling (Standard Norge,
2014)

Category Limit Formula
Upper 0; max = 0,33 % 0,,,, + 18,8
I Lower 0; min = 0,33 * 6., + 18,8
Upper 0; max = 0,33 * O, + 18,8 + 3
I Lower 0; min = 0,33 * 6, + 18,8 — 3
Upper 0; max = 0,33 % 0, + 18,8 + 4
m Lower 0; min =0,33%6,,, +188—4
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Category

Explanation

High level of expectation and is recommended for spaces occupied by very sensitive and
fragile persons with special requirements like handicapped, sick, very young children and
elderly persons

Normal level of expectation and should be used for new buildings and renovations

An acceptable, moderate level of expectation and may be used for existing buildings

Values outside the criteria for the above categories. This category should only be
accepted for a limited part of the year

Figure 3-7 Table with description of the applicability of the categorization for indoor environment (Standard Norge,

2014)
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3.3 SELECTING A SIMULATION TOOL
For the comparison of TEK17 and FprEN17037, simulations were performed. The use of

simulations enables a high number of different model designs, thus a greater basis for

comparison.

In order to answer the research questions, outputs within the subjects of daylight, thermal
comfort and energy are needed. An overview of planned simulation outputs is presented in
Table 3-5. The glazing alternatives and case designs will be presented in the chapter 3.4. To get
the wanted outputs, an appropriate simulation software must be chosen. Fit for this thesis, some
simulation programs were considered in addition to the ones validated for daylight simulations

presented in 2.3.

Table 3-5 Setup and explanation of simulation outputs

Daylight Availability Thermal Comfort Annual Energy Demand
Glazing | Addition DF D Dry Tomax Annual hours | Heating Atrtificial
alternative al [%] [%] [96] [°c] in category lighting
shading IV [h] [kWh /mZ] [kWh /mZ]
0 Fraction of Number of
Average area with Maximum hours with
Al . daylight daylight operative unacceptable
A2 . factor factor above | temperature | temperatures | Annual energy demand
B1 . acc. to target and in zone for acc. to for heating and lighting
B2 . evaluate minimum simulated adaptive in simulated zone
C N acc. to daylight year thermal
B TEK17 factor acc. comfort
n FprEN17037 criteria

3.3.1 EnergyPlus

EnergyPlus is a whole building energy simulation program used to model both energy
consumption and water use in buildings as well as thermal calculations. Some of the features
and capabilities also includes illuminance and glare calculations for reporting visual comfort
and driving lighting controls. It is a console-based program and has a simple spreadsheet-like
interface, which makes it not very user friendly. It does have functional Mockup interface for

co-simulation with other engines, for example DIVA-for Rhino. (EnergyPlus, n.d.)
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3.3.2 IDAICE

IDA Indoor Climate and Energy, IDA ICE, is a “’whole-year detailed and dynamic multi-zone
simulation application for study of thermal indoor climate as well as the energy consumption
of an entire building.”’(EQUA, n.d.)

Daylight simulations became possible in version 4.7, as the software implemented Radiance.
The possible outputs are daylight factor and illuminance presented in average, minimum,
maximum and uniformity ratio. The calculations can be performed for zones or user defined
measure planes, where the results can be visualized as percentage of area above or below a
threshold value. IDA ICE does not yet have the function to perform annual (dynamic) daylight
calculations. This will be introduced in the next version of IDA ICE 5.0. (Hellstrom, 2018a)
See Appendix A. Consultation EQUA for forum post and consultation with EQUA concerning
this matter.

DIVA- for-Rhino

“’DIVA-for-Rhino is a highly optimized daylighting and energy modeling plug-in for the
Rhinoceros-NURBS modeler.”” The plug-in performs advanced calculations and simulations
such as radiation maps, renderings, glare analysis, climate-based daylighting metrics and single
thermal zone energy and load calculations. The calculation engines are Radiance and
EnergyPlus, described earlier. (Solemma, n.d.) The Climate-Based Metrics are annual
calculations for recorded climate data which simulates different outputs for daylight
performance, such as autonomy, availability and useful illuminance. (Diva4Rhino., n.d.)

A weakness in DIVA-for-Rhino, is the capability of thermal simulations. The calculations do

not include systems and control strategy and are only performed for one zone.

3.3.3 Choosing the correct simulation tool
Evaluating daylight and thermal comfort, there are several applicable software for this purpose.
Based on this thesis’ focus on daylight, different software for daylight simulations are

investigated. Secondly, are their capability for thermal and energy simulations considered.

Based on the review in 2.3 and the simulation software presented in this chapter, IDA ICE
version 4.8 (later SP1) is chosen as the simulation tool for this thesis’ case study. IDA ICE is a
verified simulations tool for energy and thermal conditions which has a user friendly interface

compared to EnergyPlus. Radiance, presented in 2.3, was implemented in 2016, making it
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possible to perform daylight simulations. For running daylight simulations, the implementation
of Radiance is relatively new. This results in IDA ICE not being the most widely used program
for daylight simulations. DIVA-for Rhino which is capable of performing climate-based-
metrics would have been a better program for running simulations according to FprEN17037.
But because of its limitations regarding thermal comfort, it is not the most suitable for this
study. In addition, does NTNU have license and expertise in IDA ICE, which also is an

important factor in this decision.

3.3.4 Daylight simulations

The daylight simulations in IDA ICE are run in a separate simulation process than for energy
and thermal environment. In the daylight simulation tab, it is possible to perform two types of
simulations; either calculating the daylight factor or the illuminance. This calculation setting is

shown in Figure 3-8 (1).

General Floorplan 3D  Simulation Daylight Outine Summary Details

Calculation settings

 Daylight factor Calculated time points

] & =) ¢ g st m
g 05
4 Simulation with control signal D T e m
0 | N
Optical propertics [ERepot—— 7 Expand table— [ Results
Medag/[ Avg N\ Mn | Ma
Name ‘ Type ‘ Surface qu“a" iy D‘iﬁ“s‘“" S"Ef“‘s” R0 Zo Group dayhg‘t dayhghthayhgm daylic
S\ B TS | Y | Y| factof -4 | factof ¥ fhctof 2%  factof
EILR 41 Floorin._. Intfoorinner . © Gulv 0T 00 00

0.0 0.03 ER41 LR41 365 3908 /09906 11.67

face . 0.7 00 00 0.0 0.03
0.0 0.0 0.0 0.03
0.0 0.0 0.0 0.03
0.0 0.0 0.0 0.03
00 00 0.0 0.03
0.0 0.0 0.0 0.03
0.0 0.0 0.0 0.03
0.0 0.0 0.0 0.03
EILR 41 Wall 6 00 00 0.0 0.03
BR3.Flo 0.0 0.0 0.0 0.03
[E1BR3 Flos efa ace 0. 00 0.0 0.0 0.03
. 0.0 0.0 0.0 0.03
BR3 Wal er efa . 00 00 0.0 0.03
BR3.Wal er efa . 0.0 0.0 0.0 0.03
BR3.Wall 3.In 00 00 0.0 0.03
BR3.Wall 3.0 00 00 0.0 0.03
BR3 Wall 4.In 00 00 0.0 0.03
EILR 41.Wall 5.... 0.0 0.0 0.0 0.03

EILR 41 Ceiling | I
EILR 41.Wall 1.
EILR 41 Wall 21
EILR 41 Wall 3.
EILR 41 Wall 4
EILR 41.Wall 5.
EILR 41 Wall 5.
LR41Wall 6

Figure 3-8 Daylight simulations tab with relevant settings and inputs circled in red

Chosen calculation — Daylight factor

As stated in 3.10, one of the criteria’ for illuminances in FprEN17037 require dynamic
simulations run over a year, with a defined calculation grid and fraction of the room area. IDA
ICE can perform dynamic simulations for average illuminance in a room but does not have the
function to define the calculation planes. This is only possible for a set of chosen calculation
time points. Consulting with Mika Vuolle from EQUA and reading answers in their forum, this

observation was confirmed, thus excluding the illuminance simulations from this thesis. See
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Appendix A. Consultation EQUA for e-mail thread and forum post. The simulations for
daylight factor are static and have a fixed running date and time set to March 21th at 12.00.

Material surfaces

The reflectance of surfaces has an impact on the daylight factor and illuminance in a room. All
the surface reflectances are changed according to standard recommended default values in
FprEN17037 Annex B, and are listed in Table 3-6. The surface-table where these inputs are
changed according to component type is shown in Figure 3-8 (2).

Table 3-6 Reflectance factors for material surfaces

Surface Reflectance factor
Wall 0,5
Ceiling 0,7
Floor 0,2
Outside ground 0,2

Sky type

Weather and climate are important factors in calculating daylight, thus the type of sky model
used in the simulations. As presented in Definitions, daylight factor is calculated with an
overcast sky. Figure 3-8 (3) show “’CIE Overcast sky’” for the setting for type of sky. Appendix
B. CIE sky models, Figure B - 2 is an illustration of this specific sky model, with the

distribution of highest luminance in zenith to lower luminance at the horizon.

Precision level

The precision level for the simulations are set to medium, shown in Figure 3-8 (4). The radiance
parameters for this precision level are shown in Figure 3-9 a). EQUA recommend a precision
level of high or super high in order to get most accurate results. These levels require either a
strong computer or long simulation time. Because of the large number of simulations run for
this thesis in combination with long simulation time, the simulations for daylight were run with
medium precision. The main goal of the thesis is to compare different designs and scenarios,
thus making the precision of each simulation less important, as they all are run with the same

precision.

Weakness and evaluation of precision level in daylight simulations in IDA ICE 4.8
In late November 2018, after all the daylight simulations had been run, EQUA posted a new
update of the program. The new update SP1 (Service Pack 1), included changes of the input

parameters for the daylight simulations. The changes were a result of some cases run with
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“’High precision’” that gave unexpectedly much lower daylight factor than “’Super high
precision’’. Parameter changes were done for all precision levels. The parameter “’Ir’” was
changed to a negative number, and “’lw’’ was set to 1E-6, as shown in Figure 3-9 b) and c).
The changes have the highest impact on the simulations run with “’High precision’’, but will

also have some effect on the simulations with “’Medium precision’’. (Hellstrom, 2018b)

In order to evaluate the effect of the accuracy of the different precision levels, several test where performed. The tests where
run with glazing areas as designed and with site specific neighboring buildings. The simulations were run in both IDA ICE
4.8 and 4.8 SP1, with the precision levels medium and high. The simulation time for super high precision was too long to
perform, and therefore not possible to include in the test.

Table 3-7 contain the results for different precision levels in the two versions of IDA ICE. Two
zones were investigated, one at the ground floor and one at the 8" floor. The changed parameters
give different values for DF, but when only including one decimal all the results are equal, except
for medium precision on the top floor. Comparing the medium level for version 4.8 with high level in
both version 4.8 and 4.8 SP1, the results are the same when only including one decimal. Since the
planned outputs will be evaluated with one decimal and are simulated with version 4.8, this test of the

precision levels supports the validation of the results.

Radiance parameters Radiance parameters Radiance parameters
Radiance parameters {o@ Medium precision Radiance parameters [O© Medium precision Radiance parameters [%® High precision
Radiance parameters Radiance parameters Radiance parameters
Medium precision Medium precision High precision
Parameters Parameters Parameters
Name Value Name Value Name Value
= Direct jittering (dj) 05 M Direct jittering (dj) 0.5 = Direct jittering (dj) 07
' Direct sampling ratio (ds) 0.25 :g”eC: ::m‘:mli r:ttlo (ds) gﬁg = DifQCY sampling ratio (ds) 0.15
= Direct threshold (dt) 0.25 frectithieshold () = Direct threshold (dt) 0.0
= Direct certainty (dc) 05 - ggg':;‘as'e"x‘:;’ e ‘1’ b W Direct certainty (dc) 0.75
W Relays for secondary sourc... 1 4 ry M Relays for secondary sourc... 3
= Secondary source presampl... 256 m Secondary source presampl... 512
M Secondary source presampl... 256 5
M Specular sampling threshold... 0.5 = Specular sampling threshold... 0.15
M Specular sampling threshold... 0.5 : -
= Ambient bounces (ab 5 = Ambient bounces (ab) 5 = Ambient bounces (ab) 7
= Ambient : 02 = Ambient accuracy (aa) 02 = Ambient accuracy (aa) 0.1
TS SRy (aa) = Ambient resolution (ar) 0 = Ambient resolution (ar) 0
- Ambl‘em re.?DFUIlun (an 0 = Ambient divisions (ad) 2048 M Ambient divisions (ad)
= Ambient divisions (ad) 2048 M Ambient super-samples (as) 1024 M Ambient super-samples (as)

= Ambient super samples (as) 4624 = Limit reflections (i) = Limit reflections (Ir)

M Limit reflections (Ir) m Limit weight of each ray (Iw) m Limit weight of each ray (w)

M Limit weight of each ray (lw)

a) Medium precision in version 4.8 b) Medium precision in version 4.8 SP1  c) High precision in version 4.8 SP1

Figure 3-9 Radiance parameters for daylight simulations for two versions and precision levels in IDA ICE
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Table 3-7 Precision test for daylight simulations in IDA ICE — comparing medium and high in version 4.8 and 4.8 SP1

Test zones at IDA ICE version DF [%]
two levels in the Medium Medium High High
case study (1 decimal) (1 decimal)
Ground floor 4.8 1,130 1,1 1,079 1,1
4.8 SP1 1,088 11 1,080 11
Top floor 4.8 3,685 3,7 3,652 3,7
4.8 SP1 3,777 3,8 3,740 3,7

Measuring plane

The input values for the measuring plane used in the calculation of daylight factor is shown in
Figure 3-8 (5). The calculation grid is calculated according to FprEN17037, and set to have a
resolution of 0,5m. Evaluating an example living room in the case study, the maximum grid
size was calculated to be 1,67m with 4 grid points in depth. This evaluation is found in
Appendix C. Calculation grid. For a more accurate representation of the distribution of daylight
in the simulated zones, the resolutions were set to 0,5m, as this also were the default in IDA
ICE. The measuring plane is set to height 0,85m with an excluded band of 0,5m from the walls,
according to FprEn17037 Annex B. Normally this height is 0,8m in Norway. The plane is set

to be 0,5m from the walls, as this is not considered as a useable area.

Extracting results for daylight results

The results needed for this thesis required two types of measures for the daylight factor. An
average daylight factor for the whole zone, and specific daylight factors in grid points, as
represented in Table 3-5. The average daylight factor, DF, was extracted directly from the
results table after each run of daylight simulations, shown in Figure 3-8 (6). After a daylight
simulation has been performed, it is possible to animate the results of the daylight distribution
according to the calculated grid points. This is presented as a color scale on the measuring plane
in the zone. An example of this is shown in Figure 3-10. In order to evaluate the fraction of the
area that has daylight factors above the two measures according to FprEN17037, Dy and Dy,
the daylight factor scale must be handled manually. Figure 3-11 shows an example from a
simulation where the animation of daylight factor has been set to separate the measure plane in
values over and under the two limits. The percentage of the associated area is presented besides

the scale. This operation was performed for all zones in each model if the thesis.

Weakness of using IDA ICE for daylight simulations
It is not possible to incorporate the daylight simulations in the version management where the

other simulations results are extracted (which will be described in 3.5) This is because Radiance

23



Is incorporated as an own tab in IDA ICE, which results in the simulations being run separate.
This makes the process of simulating many cases time consuming and inefficient, as one must

open each model to run the simulations manually.

The only way to extract the results for Dy and Dy, is in the daylight animation in 3D-view.
The reason is that this is the only place where it is possible to view the daylight factors in a
chosen area of the measure plane. In addition to this, the fraction of area viewed on the daylight
factor scale in the animation in 3D-view represents simulated zones. When simulating two
different zones, it is expected different results for the percentage of area with daylight factor
above the set value. This is not the case in 3D-view, as it is not possible to select only one zone
to perform operation on. In order to get valid values for the fraction of areas, daylight
simulations must be run separately per zone simulated. This increases the time needed for each

daylight simulation, since this must be done manually for each zone in each model.

Daylont

'_4 s \ \\‘\7 & —/
|

Figure 3-10 Illustration of how the results for daylight factor is animated in IDA ICE

N

T ——

| |
' \
I]zyTghl factor, % DayllqM factor, %

a)Target DF of 2,4% for 50% of the area (not achieved in pyTarget DF 0f 0,8% for 95% of the area (not achieved in
this case) this case)

Figure 3-11 Illustration of how the fraction of area with daylight factors above the values acc. to FprEN17037 where
found in IDA ICE
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3.3.5 Thermal comfort simulations

Window opening strategy based on the Adaptive thermal comfort model

The apartments are free-running, naturally conditioned. In order to avoid overheating, there
must be a window opening strategy. It is chosen to use the adaptive thermal comfort model,
described in 3.2. Hagen created an adaptive thermal control strategy for her thesis, shown in
Figure 3-12. This opening control was implemented in this thesis, with a change of parameters
in the p-controller input, circled in red. The values are calculated according to the base function
for adaptive thermal comfort criteria from NS-EN 15251:2007+NA:2014 (Standard Norge,
2014), marked in green in Figure 3-6. These inputs in the opening control are shown in Figure
3-13. The windows are set to open 50% relative to width and height and has a Cd factor in flow
of 0,65.

[ Macro: object in Referance model.Referanse modell NS3031 o= =
Schematic Qutline

Figure 3-12 Window opening control strategy (Hagen, 2017)

[l Piecewise proportional controller Il Piecewise proportional controller
Data ‘Dlagram\ Data Diagram

Name PLinSegm Y-coordinate of linear segments

Description [P-controller w a number of LINear SEGments.

Points

—50 0000 22 1000 Add
10.0000  22.1000

Selected point

X-coordinate of linear segments
S0°0000 27000 | | Delete || ST
Y-coordinate of linear segments
— 50 -40 -30 -20 -0 O 10 20 30 40 S0
X-coordinate of linear segments
a)Steps in p-controller b)Diagram illustrating the setpoints for the p-controller

Figure 3-13 Inputs for p-controller in window opening control acc. to adaptive thermal comfort model

Window shading strategy
In some of the cases, the windows have external shadings. The shadings have a control strategy
based on the radiation from the sun. This control is linked to system parameters in IDA ICE,

shown in Figure 3-14. The inputs are default values and are not changed based on the statement

25



in the yellow text box in the top right corner if the figure. The red circle marks the values
relevant for the shading control, which are considered in relation to the amount of solar radiation

that hits the window. When the solar radiation is 1OOW/m2, the shading is drawn.

System parameters

Here are some key folerances and other siandard settings. Most of these should not
be changed unless you have 8 good reason and know the consequences

Main parameters

Degree of automatic schedule 5 (0 = no smoothing
smoothing S=21h)

P-band for proportional temperature
controllers; deadband for an-off
controllers

Setpoint offset for water based
cooling room units when there is 20 *C (positive value means ar is used before water)
temperature controlled VAV -

20 'C (a small number may cause numerical problems)

Solar radiation level at which

gured when the shadng device is not
integrated shadings are drawn J

Side on window where the solar

radiation level for shading control is  |Outside Zl
measured

Solar radiation incident angle, below
which solar shading may be
automatically drawn

90

Figure 3-14 System parameters for shading control strategy in IDA ICE

Occupant behavior
The occupants are set to always be present with an activity level of 1.0 MET and clothing
varying from 0,6 to 1,1 CLO, as shown in Figure 3-15. These are default values from IDA ICE.

As a simplification, the number of occupants per zone simulated are set to 1.

[& Occupant 1: 2 group of pants in model. modell N... = | & ‘g

Number of people in group [1

Schedule (© Always present I
Activity level 10 MET

Clothing

@ Constant 085 | [0z | clo

€ Schedule 1\" a 5

[*clothing is automatically adapted
between limts to obtain comfort]

Figure 3-15 Occupancy behavior

Generating and extracting results for thermal comfort

As presented in Table 3-5, the relevant outputs for thermal comfort in this thesis are the
unacceptable hours, according to the adaptive thermal comfort criteria. In order to get the
wanted outputs, they must be requested before performing the simulations. IDA ICE evaluates
the thermal comfort for the zones, according to NS-EN 15251:2014 for buildings without
cooling, as shown in Figure 3-16. These results are generated directly in the results table for

in the version management and were extracted to excel without any editing.
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[l List of output objects

Diagrams - Building Level Reports - Building Level

¥ AHU temperatures ¥ Delivered Energy

™ AHU air flows ™ Log sources

™ Plant temperatures ™ Log detailed sources
7 Total heating and cooling ™ Log per energy carrier
™ Wind speed ™ Lost work

™ Plant details ¥ AHU energy

™ Occupancy I Log sources

™ Log detailed sources
 Input data report

Reference floor area for

reports [4671 R
Diagrams - Zone Level Reports - Zone Level
¥ Main temperatures  Energy
™ Heat balance ¥ Log sources (energy table)
I Air temperatures at floor and ceiling* ™ Log detailed sources
™ Fanger's comfort indices I Log sources (transmission table)
™ Indoor Air Quality U3 Oetaled source
¥ Daylighting I~ Thermal comfort (EN-15251, with cooling)

I Directed operative temperatures* ¥ Thermal comfort (EN-15251, without cooling)
PR A S

Figure 3-16 Requested output setting for thermal comfort results

3.3.6 Energy simulations

As the results for energy demand not are the focus of this thesis, the some of the inputs needed
for the energy simulations are simplified. The energy system is based on an energy assessment
performed by Multiconsult, which have evaluated the performance of the building according to
TEK10. (Multiconsult, 2017)

Heating, cooling and ventilation

The apartments are designed with water-born heating systems and balanced ventilation, without
cooling. (Multiconsult, 2017) In the IDA ICE model, the zones are set to be heated by electric
radiators and have a CAV-system heated by an electric heating coil. The input values used are
presented in Table 3-8. The heating control strategy are both linked to a setpoint for max.
temperature and a heating schedule for min. temperature. These are presented in Figure 3-17.
The setpoints are based on recommended temperatures for energy calculations in NS-EN
15251:2007+NA:2014 for residential buildings. (Standard Norge, 2014) The heating schedule
is set to allow a lower temperature during the night, in order to save energy, and since the people

in general have a higher tolerance for or crave lower temperatures when sleeping.
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Table 3-8 Input values used in IDA ICE for heating, ventilation and infiltration

Component

Input

Comment

Power for Electric radiator

2000 W

Default values from IDA ICE.

Radiator dimensions: 0,5m x 1,0m.

Proportional controller and air temp. sensor.

Leakage number: Fixed infiltration at
50 Pa, ngq

0,55 °™S/, (ACH)

Input value acc. to

Multiconsult. VValue

in TEK: 0,60m5/h TEK10 and Tek17

Ventilation

SFP,-factor for ventilation 15kW) §14-2. (2) Energy
! m-s
measures.

Annual average temperature > 80% Value from
efflc_len_cy for heat recovery in Multiconsult: 75%
ventilation systems
Supply and return air for CAV 192 m3/h 5 Min. acc. TEK10 and TEK17. §13-2.

b * m

in residential building

3 Schedule

Name

Wonday-Friday

Saturday

Same as Mon-Fri

Sunday & holidays

a)Control setpoints. (1)Temp. setpoints, connected to

heating schedule

Same as Saturday

(#Heating Schedule

21[7-23), 18 otherwise
24

20 I
18
0 3 6

21[7-23), 18 otherwise

21[7-23), 18 otherwise

b)Schedule for min. temperature

Figure 3-17 Heating setpoints and schedule in IDA ICE

Artificial lighting

Evaluating the energy demand for artificial lighting in relation to the daylight availability, it is

possible to consider the importance of daylight in apartments. As daylight is the core of this

thesis, the simulation of artificial lighting is an important factor.

The energy demand varies greatly with the type of light source chosen. In order to simulate a

realistic scenario, LED lights are chosen. The properties of the lights are based on a Philips
LED light bulb (Philips, 2018), and are presented in Table 3-9. Based on the recommended

amount of illuminance for a living room, the area and properties listed below, the number of

light units needed in each zone simulated were calculated. Depending on the activity,
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illuminances between 50lux to 500lux are recommended for living rooms. (Panasonic Global,
n.d.) An illuminance of 100lux was chosen for the calculation, as it lies between the amount of

general light and the amount needed for reading.

The control strategy for the artificial lighting are a combination of both a lighting schedule and
setpoints of min. and max. amount of light in the zones. The lighting schedule are presented in
Figure 3-18, where the light is always off during the night, and always on during the day. The
schedule during the day is also linked to the setpoints for illuminances, meaning it might also
be off during the day if the illuminance exceeds the limit. The min. and max. illuminances are
set according to include all values recommended for living rooms, between 50lux and 500lux.
(Panasonic Global, n.d.) The input of these setpoints in IDA ICE are shown in Figure 3-17( 2).

Table 3-9 Properties of chosen artificial lighting - Philips LED light bulb

Parameter Value
Power 55W

Luminous efficacy 85 Im/W

Luminous flux 470 lumens

[ Light: the lights in Referance model.Referanse modell_NS3031.LR 41 =R R =] € schedule |
General Geometry Name @ Light Schedule Z|.

Monday-Friday 1[6-23] 0 otherwise
10

Number of units 6 05 |_ |
™ 0

Control strategy Setpoints AND Schedule v g = . = = = il =

=5 * Saturd 1[8-23] 0 otherwise
Schedule Light Schedule vl i 1

[* Schedule smoothing applied -
Rated input per unit Change in System parameters L 00

6 8 12 15 18 2 EZ

Luminous efficac
Y Sunday & holidays 116-23], 0 otherwise
10

Convective fraction 03 0-1
0s |
] [ Same as Saturday |
Energy meter Default] Lighting, facility v E I |
nergy meter [Default] Lighting, facility oy ! | | L | L I J

a)Power and luminous efficacy for artifial lifhting units b) Schedule for artifical lighting

Figure 3-18 Inputs and schedule for artificial lighting in IDA ICE

Extracting results for energy demand
The wanted results for energy demand, presented in Table 3-5, are annual energy use per area.
The results are generated in the simulations done in version management and appear in a

combined results table for the whole project file. The results are then exported as an excel file.

Weakness of usability of version management regarding results for energy demand
The results for energy demand for heating and lighting generated in the version management

table, are monthly. In this thesis, the total annual amount is relevant. In order to get the annual
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values, it must be collected manually from each model and per zone. With many models and
projects, as in this thesis, this is a very time-consuming task. In addition, the values are not
given per floor area, which is needed when comparing different zones. These numbers have to

be calculated manually for all the extracted energy demands, which again requires more time.

3.3.7 Location and climatic input

It is chosen to run all the simulations for two locations, as the FprEN17037 standard is based
on being adapted according to different latitudes. The chosen locations are Oslo and Alta,
representing the site as designed located south, and one of the most northern cities with a higher
latitude in the north of Norway. The two cities will illustrate the difference and impact of

location, even though being in the same country following the same regulations.

These locations are chosen in IDA ICE, which have the inputs needed for both cities. The
climate files are downloaded from EQUAS ‘’Climate data download center’’; ASHRAE IWEC
2 database for weather files. The files represent measurements from Oslo/Gardermoen Airport
and Alta Airport.

One of the inputs in the climate files are the outside dry-bulb temperatures which are used in
the calculation and evaluation of thermal comfort according to NS-EN 15251:2007. As the
buildings are without mechanical cooling will overheating be the prime concern, thus the
running mean outdoor temperature, calculated by the outside dry-bulb temperatures. These
temperatures during the summer months are the most critical and are presented in the Table
3-10 below.

Table 3-10 Outside dry-bulb temperatures from climatic files used for simulations in IDA ICE (ASHRAE IWEC 2)

Outside dry-bulb temperature [°C]

June July August
Oslo/Gardermoen 13,2 15,6 14.8
Alta 115 13,4 12,6
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3.4 CREATING THE BUILDING MODEL

With a goal to evaluate different daylight conditions and the resulting thermal comfort, there
has been chosen 2 zones from the apartments presented in Figure 3-21 to simulate for this thesis.
Figure 3-20 shows the location and layout of the 2 zones. The illustrations are from an IFC
model in IDA ICE, and are based on the updated drawing from Lillestrem Architects, presented
in Appendix D. Site layout for Gartnerkvartalet. Both zones are living rooms in apartments on
the ground floor and 8" (top) floor, as these are the most critical regarding daylight and potential
overheating. A building body for the model as well as the two zones were generated from an
IFC file provided by Multiconsult. Figure 3-19 shows the base model in IDA ICE with the
building body marked as thin lines and the zones colored blue. On the outside of the building

body, the white elements are simplified balconies.

3.4.1 Defining critical zones

When evaluating the most critical zones in the building, there are different indicators for
daylight and thermal comfort. The most critical zone regarding daylight is not the same as the
most critical zone for thermal comfort. In this thesis, both conditions are investigated, thus are

2 zones included.

Daylight
The living room in the apartment 5104 located on the ground floor were chosen as the most

critical regarding daylight availability. There are several factors leading to this choice:

o Lowest height above ground.
Being located at the ground floor, the light from the sun and the sky will enter the room
with a steeper angle, thus have a shorter distribution into the room. Rooms on the ground
floor will also be exposed to the largest shading angles of obstructions of the horizon,
such as landscape and buildings. This also leads to less availability to daylight.

o Closest adjacent buildings.
The zone is oriented northwest. This orientation has the closest neighboring buildings,
20 meters as shown in Figure 3-3. In combination with being located on the ground
floor, this results in the largest shading angle for the apartments facing northwest. The
two different angles used in the simulations are shown in Figure 3-22.

o The effect of the orientation is insignificant.
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For simulations of daylight factor in IDA ICE, the sky model is fixed as “’overcast’’.
This sky model behaves as an overcast sky, and the daylight simulations will not be
depended on the orientation of the zone relative to the sun. (If the simulations had been
done dynamically for illuminance, the orientation would have had an impact on the
results. Because of the location in Norway, the high latitude generally results in north
facing windows receiving the smallest amount of daylight.)

Depth of room.

Only having one fagade with windows, the distribution of daylight into the room is often
low. Considering the zones with only one fagade and largest depth, the room with the

closest neighboring buildings were chosen.

Thermal comfort

The living room in apartment 5802 located in the southern corner at the top floor were chosen

as the most critical for thermal comfort. This conclusion was a result of the amount of sun

exposed glazing and initial overheating simulations run for the top floor, where the living room

at the top floor experienced the highest operative temperatures.
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Orientation to the south — dynamic simulations

The thermal simulations run in IDA ICE are annual dynamic, and dependent of the
location and climate data. The orientation of the zone is therefore important. Being
located in Norway, the sun is moving at a relatively low altitude across on the
southern part of the hemisphere, moving from the east to west. As the living room is
located in the southern corner, its two facades are oriented southeast and southwest,
and are exposed to the sun during the entire course of the day.

8™ floor - large area sun exposed glazing

The windows for this zone, as designed for the project, have a glazing area of 9,5m?
which equals a glazing-to-floor ratio of 37,6%. Being located at the 8" floor, the zone
is not shaded by any neighboring buildings, thus are the glazing exposed to the sun.
Overheating simulations run to find the most critical at the top floor

Hagen concluded with one of the apartments on the top floor to be the most critical
regarding overheating in her simulations in her master thesis.(Hagen, 2018) Using this
as reference, an initial overheating simulation were run for the southern zones at the
top floor. The zone with the highest number of hours above 27°C where chosen as the

most critical regarding overheating.
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Figure 3-20 Living rooms chosen to evaluate and made to zones in IDA ICE
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h:21,5m

a) Maximal shading angle acc. to preaccepted b) Site specific buildings — 41°
performances TEK17 - 45°

Figure 3-22 Shading angle from living room on ground floor to closest adjacent obstruction

Figure 3-23 Chosen areas for calculated building heights and the distances used to calculate them acc. 45°

a) Calculated acc. to 45° and distances shown in Figure b) Site specific for existing buildings and as designed for
3-23 buildings under construction

Figure 3-24 Height of neighboring buildings for the 2 different scenarios
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3.5 DEVELOPING A FRAMEWORK OF CASE MANAGEMENT AND SIMULATION

PROCESS
IDA ICE has a function called Version management, which simplifies the process of repeatedly
changing parameters, rebuilding models, running simulations and comparing results. The
system of version management consists of one or more root cases called parents, with
depending branches called child cases. (EQUA, 2006) The child cases are versions of their
parent cases. The version management where chosen to use in this thesis, as many model

designs are being compared.

For this thesis the version projects only have one parent case, with three branches of child cases,
which again has five child cases each. Thus, each project consists of three joints. The parent
case is the reference model, the first set of child cases are the additional shading designs, while
the second level of child cases are the different glazing alternatives. Figure 3-25 illustrates the
principle of parent and child cases in version management, and how this is systemized in IDA
ICE.

The 90 different models created using the project versions in IDA ICE are partitioned in six
different files, or projects, containing 15 designs each. Figure 3-26 illustrates the structure of
how the 90 models are created, combining different scenarios, locations and designs. Each box

in the design column represent a project file like the one illustrated in Figure 3-25 b).

Schematic Qutline

=V - Reference =) —|[Referanse modell_NS3031
model I-E!] Without outside obstruction
case . A10
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@llleR . Additional I co
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CIl A21

T
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L B2
1 B22
1o

Site specific obstruction

a) Principle of parent and child cases b) Hlustration from IDA ICE

Figure 3-25 Version management
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Figure 3-26 Framework of the 90 project files and model combinations

3.5.1 Models - defining glazing areas

As the goal of this thesis is to compare the performance of the two standards mainly regarding
daylight, the different requirements for glazing area in TEK17 and FprEN17037 were the
fundament for creating the models. Table 3-2 presents an overview over the relevant paragraphs
and the respective requirements for glazing area according to Tek17 and FprEN17037, also
described in 2.1 and 2.2.

The glazing areas are the base for five different case groups, labeled as a glazing alternative.
These are presented in Table 3-11. The two glazing areas in case group A are based on formulas
and does not need simulation to be determined. They are based on the minimum glazing area
for adequate daylight and the maximum recommended area regarding energy efficiency in
TEKZ17. Case group B consist of the glazing areas that are based on limits rather than formulas,
thus resulting in the glazing areas to be found through an iterative simulation process. The two
glazing areas in group B are based on the limits from both TEK17 and FprEN17037. Case group
C is the glazing area as designed in the project and is therefore not calculated or based on a
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limit. This is included in the study in order to evaluate the standards with a realistic case of

glazing area.

The number of windows, dimensions and placement for all the glazing areas in the different
case groups are illustrated in Table 3-11. The original placement and number of windows as
designed per zone were chosen to use as a base. The zone at the ground floor has one fagade
with glazing, consisting of one window and one door. The zone at the top floor is a corner
apartment and has two facades with glazing. The wall oriented southwest have one window,
while the other oriented southeast has two windows and a glazed door. This original design is
shown in the table, and is represented as case group C. Neither of the dimensions for this group

are changed.

For the rest of the glazing alternatives, it was chosen to have a fixed window height and
placement above the floor, only changing the width of the windows according to the calculated
glazing areas shown | Table 3-12. This was chosen in order to avoid another variable, as the
dimensions and placement of a window has an impact on the daylight results. (Matusiak, 2017a)
The height above the floor where set to be 0,8m, as this is one of the criteria according to TEK17
for the pre-accepted performance used for calculating Al. This height was also applied as a
simplification of the door, which originally was glazed for its total height, as in case group C.
All specific dimensions and placements of the windows for each zone and case group were

decided according to the method described and the conditions presented in Table 3-11.

Limitations of chosen glazing alternative A1 and B2

Glazing area Al were decided early in the thesis and calculated according to equation (2) in
Table 3-2. At this stage in the process, not all model parameters were decided. A criterion for
TEKZ17 when using the pre-accepted performance of calculating the glazing area using equation
(2), is that Agg, should include the area if there are any overhangs. This will result in a larger
glazing area, making up for the shade provided by the overhang. Later in the design phase of
the thesis, of was decided to include the balconies as a part of the reference model. These are
presented in the next sub-chapter 3.5.2. It was decided not to change the Al glazing areas in
the models, based on the comparison of glazing-to-floor-ratio for the glazing alternatives
presented in Table 3-13. The new calculation of A1* still represent the smallest glazing area of
all the alternatives, even though the glazing-to-floor ratio are a bit higher than for the initial Al.
Since tis thesis is a comparing study, the results do not need to be correct. As long as A1l still

are the smallest glazing area with the correct calculation, its relation to the others are intact,
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thus ok to use for the rest of the study. It is important to keep in mind that the results for glazing
Al regarding daylight may be somewhat lower than what they should have been acc. the criteria
in TEK17.

B.2 represent the area needed to achieve the criteria in FprEN17037. After several simulations
were performed finding glazing area B2, it became clear that the fixed height would not result
in adequate daylight conditions according to FprEN17037 for the ground floor. After
maximizing both the width and the height of the window, the values were still not adequate.
These glazing dimensions are not optimal for direct comparison of daylight results with the
other glazing alternatives. Still the dimensions for B2 at the ground floor were kept and will

give a measure for the maximum daylight results possible for this zone.
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Table 3-11: Case groups and glazing areas for the five main models

Case group Glazing alternative Formula for Glazing area [m?]
glazing area 5104 5802
A
A _ Al . A, = 0,07 * BRA
(Min. area for min. LT 2.0 2,37
Min. and max. glazing daylight base don
areas based on TEK17 TEKL17)
Simulation is not
needed A2
(Max. area for energy A, = 0,25 % Agpa 5,38 6,31
efficiency based on
TEK17)
B Bl
(Min. area for min. A; = DF =2% 3,01 4,31
daylight based on
Simulation is needed TEK17) (4)* (4)*
A4_ = DT = 2,4%,
B2 50% of BRA
(Min. area for min and 9,12 6,02
daylight based on Dy = 0,8%,
FprEN17037) 95% of BRA (13)* (6)*
C C - 4,37 9,50
As designed

*() minimum number of iterations required in order to find the glazing area ensuring daylight

conditions over the limit.
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Table 3-12 Illustration of chosen glazing designs and dimensions for the simulated zones at ground and top floor

Ground floor Top floor
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Ground floor Top floor

Fixed depth: 1,0m, width:2,0m depth: 2,0m, width:3,0m
overhang

Table 3-13 Glazing to floor ratio for glazing alternatives

Ground floor Top floor
Area [m?] Glazing to floor Area [m?] Glazing to floor
ratio [%] ratio [%0]

Al 2,0 9,3% 2,37 9,4

A2 5,38 25,0% 6,31 25,0%

Bl 3,01 14,0% 4,31 16,4%

B2 9,12 42,5% 6,02 23,9%

C 4,37 22,0% 9,5 37,6%
*Al w/ fixed 2,22 10,0% 2,95 11,7%
overhang

Table 3-14 Glazing width shaded by fixed overhangs visible in Table 3-12

Glazing width shaded by fixed overhang
Ground floor Top floor
Al 70% 73%
A2 60% 48%
Bl 47% 56%
B2 60% 49%
C 48% 53%
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3.5.2 Balconies - interoperability between IDA ICE and IFC

The balconies, illustrated as withe 3D-elements on the fagade in Figure 3-19, are a
simplification made from the IFC-file. The red arrows in Figure 3-5 marks the difference in
materials used on the balconies. The slab and one side of the railing are made of concrete, while
the rest of the railing is made of glass. IDA ICE has a shading balcony object to use in models,
but this object is fixed with only one material, as shown in Figure 3-27. The use of these
balconies in the simulations for Gartnerkvartalet might therefor result in less daylight
availability, as the balconies provide more shade than intended by the design. Still, it is
important to include the balconies in the simulations, as they will have a shading effect on the
zones. In order to model the balconies as correct as possible, they were imported into IDA ICE
as a separate 3D vector graphic. The program SimpleBIM were used to extract the balcony
elements from the IFC-file and then imported to SketchUp, shown in Figure 3-28. Making the
balconies as a SketchUp-file made it possible to import them into IDA ICE as an object, which
could be placed correctly on the building body of the model. The import also has the trait of
being assigned a surface material and being included as shade in calculations done in the
simulations, which is crucial for the daylight results. As a simplification of the balconies, the
glass railing is excluded from the model, because of their high light transmission of 80-90%.
After a consulting with a light designer in Multiconsult, Ruth Marie Bottheim, this assumption

was made.

In this part of the modelling, a weakness of IDA ICE was revealed. The program will not include
the IFC file as a shading element, even though the option is checked off. (“IDA ICE Daylight
calculation,” n.d.) This error results in a time-consuming process of including an object into the

model in order to be considered in the calculations, even though it technically is there already.

Figure 3-27 Shading object: Balcony in IDA ICE
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Figure 3-28 Balconies extracted from IFC and imported to SkecthUp

3.5.3 Additional shading variables

As presented in Table 3-15, there are four different additional shadings. Two versions of

shading obstructions, being the neighboring buildings, and two versions of window shading.

Table 3-15 Combinations of additional shading used in the comparing study

Shading
Outside obstruction Window shading
Design with additional (Figure 3-24)
shading TEK17 Site specific Drop arm awning Additional
(6 =45°) (a) (b) coating
(9=0,25)

0 Reference design without any special consideration
1 X
2 X
3 X
4 X
5 X X
6 X X
7 X X
8 X X
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Shading obstructions
The two shading obstructions both represent the same neighboring buildings, but with different
heights. These are shown in the previous presented

Figure 3-4 to Figure 3-24. They were created as four files in Sketchup before being imported
as 3D object to IDA ICE, ensuring that the buildings are located correctly according to each
other. The existing buildings were created by using a “’map function’” in Sketchup, as shown
in Figure 3-29 a). The imported 3D-object of the existing buildings in IDA ICE are shown in
Figure 3-29 b). In the map function, the location of the project was found, before drawing
simplified outlines of the buildings and assigning them heights. The other buildings that are a
part of the project and are under construction were made the same way, but by using the DWG-

file of the site layout provided by the architects.(Lillestram Architects, 2018b)

The first alternative for the shading obstructions are based on the heights being set by an angle
of 45 degrees, which is the maximum shading angle in the one of the pre-accepted performances
for daylight in TEK17. The neighboring buildings were sorted in different areas relative to the
building used in this project, based on which direction they are located. Each area was given a
height, calculated according 45 degrees from 1,55m above ground and the distances shown in
Figure 3-23.

The second alternative represent the site-specific heights. The heights were assumed based on
the number of floors of each building, found by using google maps street view. Each floor was
estimated to have a height of 3 meters. The heights of the buildings under construction where

also simplified to 3 meters per floor.

a) SketchUp-model made by using “'map function’’ b) Imported SketchUp-file in IDA ICE

Figure 3-29 Creating shading obstructions of existing buildings
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Window shading — external drop arm awning

One alternative window shading is an external drop arm awning. The properties and dimensions
of the overhang are shown in Figure 3-30. These shadings are drawn according to the control
strategy presented in 3.3.5. As a result of the fixed balconies and overhangs, some of the
windows are already always shaded. Even though both elements serve as an overhang, there
are some differences. The drop arm provides shade for a larger area of the window than the
fixed overhang, as it is inclinedly drawn in front of the window. On the other hand, the drop
arm material let 5% of visible light through, while the fixed overhang is completely opaque
with no light transmittance. As mentioned above, the drop arms are only drawn when there is
sun, while the fixed overhangs always are present. The drop arm will also shade the window
for when the sun is at lower positions than the fixed shade. The fixed overhang only shade about
60% of the windows in all alternatives. The alternative with the drop arm awning is therefore
an alternative that will provide a different scenario, even though the original model has some

overhangs in all cases.

[l shade material

o)

Shade material |& © Generic awning material z] »

Outside Inside
Shade material (upper for slats) (lower for slats)

Transmittance Reflectance Reflectance
0.05 03 03
0.05 03 03
10 10 10

0.0 0.9 09

06 mm

03 | WiK.m)

Figure 3-30 Properties and dimensions of external window shading - drop arm awning

Window shading — additional coating

The second alternative for window shading is additional coating. This was done in IDA ICE by
changing the window type to Pilkington Suncool 50/25, with properties as shown in Figure
3-31. The difference from the original window construction, is the outer glass changed to
Suncool 50/25 and the cavities with argon are increased from 12mm to 15mm. The additional
coating on the outer glass reduces the solar heat gain coefficient, transmittance and u-value of
the window, which will influence both the daylight availability and the heat demand.
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€2 Glass construction

Glass construction .D© Pilkington Suncool 50/25 (6C(50)-15Ar-4-15Ar-S(3M4) 3 »

Shading coefficients Description

Absolute value Single pane reference F

Double pane reference | .

50/28.
0. Solar Heat Gain Coef (SHGC) Glazing U-value
0.24 0.6 WHmM2*K)
| T, Solar transmittance Internal emissivity
| 0.21 0.837 0-1
Tuis, Visible transmittance External emissivity
[o.a5 0.837 0-1

Figure 3-31 Window properties for window with additional coating - Pilkington Suncool 50/25

Table 3-16 Overview of the glazing properties for the 3 different window shading alternatives

Reference Additional window shading

Pilkington Optitherm S3 | Pilkington Suncool 50/25 Drop arm awning
Visible transmittance 72,1% 45% 5%
(LT)
Solar heat gain 0,55 0,24 -
coefficient (g)
U-value 1,0 0,6 -
Emissivity 0,837 0,837 0,9
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4 RESULTS AND DISCUSSION

As this thesis consists of two main parts, are this chapter ordered accordingly. It is chosen to
combine results and discussion in one chapter. There are two reasons for this. The abstract
comparison requires an evaluation and discussion of TEK17 and FprEN17037, where the
results mainly are the discussion. The case study is multi-dimensional and will be evaluated
within and across several disciplines. These assessments are considered to be performed best
when combining the presentation of results and the discussion of them.

The case study done in IDA ICE makes up the quantified comparison of TEK17 and
FprEN17037 regarding daylight. In order to evaluate the effect of the different performances in
its entirety, results for artificial light, thermal comfort and energy demand has also been
extracted and considered. The following sub-chapters present the most important results,
processed, evaluated and discussed in relation to one another. The complete set of results will
be referred to through the chapter and is found in Appendix E and F. Table 4-1 illustrates the
organization of the result tables being presented in the following chapters. The numbers 0-8

represent the shading designs presented in Table 3-15.

Table 4-1 Illustration of the results table for simulations done for thermal comfort and energy demand. Number 0-8 represent
the design combination.

Glazing

No outside obstruction

area

45° shading obstruction

Site specific obstruction

Thermal
comfort

Energy

Thermal
comfort

Energy

Thermal
comfort

Energy

No window

shading

Al
A2
B1
B2
o

External
blinds

Al
A2
B1
B2
Cc

Additional

coating

Al
A2
Bl
B2
o
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4.1 LIGHT PERFORMANCE

Light performances can be evaluated regarding natural daylight and/or artificial lighting. The
main goal of this thesis is to evaluate performance based on natural daylight availability. Access
to, and good distribution of daylight may result in a smaller need for artificial lighting, thus a
smaller energy demand. For this reason, it is interesting to consider the effect of the different
models on artificial lighting in relation to the performance of daylight. All results for lighting
simulations can be found in Appendix E. Lighting results. The most relevant results are further

presented in this chapter.

Daylight
The daylight performance is evaluated according to two different criteria, presented in 3.1.
TEK17 uses average daylight factor as a measure, while FprEN17037 uses achieved daylight

factors in a fraction of the area simulated. These criteria are listed in Table 4-2 below.

Table 4-2 Daylight factor criteria in TEK17 and FprEN17037

TEK17 FprEN17037

DF > Dy = 2,4% for DF = Dpy = 0,8% for
50% of the area 95% of the area

Criteria DF > 2,0%

Table 4-3 presents the quantitative daylight results for all 45 models containing 2 zones,
simulated in Oslo. The daylight results for Alta are presented in annex E.1 Daylight simulation.
The results marked green is above the TEK17 criteria, while the results marked in red are above
the FprEN17037 criteria.

Location and its effect on the daylight results

Reviewing the simulation results for daylight performed for Oslo and Alta, there were very
small to no difference. For this reason, it is chosen to use only the values from Oslo when
evaluating the results further. Evaluating the results for the two locations up against one another,
gives no indication of trend for the small differences in results. Based on the knowledge of
different altitude and exposure to sun for the two locations, it was expected to get bigger
differences in the results. One explanation may be the overcast sky type used for the daylight
simulations in IDA ICE, and whether the location input effects the radiation values.

Secondly, are the daylight simulations static and the daylight factor independent of time. The
differences to daylight conditions vary over the year for the two locations, which means that

the differences in the results might only be visible when performing a dynamic annual
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illuminance simulation, climatic-daylight metric. Since FprEN17037 is based on giving
different limits adapted according to the latitude of the location investigated, the small
difference between Oslo and Alta might be a result of a simplified evaluation of the daylight
conditions. This is a limitation of using IDA ICE, which only can perform static simulations
for daylight. For this reason, the use of another simulation software capable of annual dynamic
simulations such as DIVA-for Rhino, might have given a more accurate illustration of the

difference in daylight for the two locations.

Daylight results per glazing alternative with respect to their reference design

Al is calculated according to the pre-accepted performance in TEK17 and is the smallest of the
glazing alternatives, representing the minimum recommended are. The two reference designs
for this glazing is 0 and 1. Design 0 are the most simplified, thus are the results for daylight
availability the best for this design. Comparing it to the other pre-accepted performance of
TEK17, DF above 2,0%, reflects the poor performance of DF 1,1% and 0,9% for this glazing
area. The pre-accepted performance from TEK17 sets a limit of 45° shading obstruction for this
glazing area, which is represented with design 1. The effect of this design is worst for the ground
floor, with the reduction of DF to 0,3%. Compared to the intended equivalent value of 2,0%,
this is a big difference. The top floor is only reduced to 0,8% DF. This illustrates the effect of
the shading obstruction on the ground floor, which was one of the reasons the ground floor was
chosen as a critical zone regarding daylight. It is important to keep in mind that 70% of tis
glazing alternative’s width is shaded by a fixed overhang, meaning that the results would have
been higher with no fixed overhang. Even so, is this a more realistic representation of the reality,
as many building blocks today are built with fixed overhangs.

A2 represents the maximum recommended glazing area in relation to the floor area in respect
to energy efficiency. Design O with no obstructions or additional window shadings result in
above 3,0%, which is above the pre-accepted performance of acc. to TEK17. These results are
with 60% of the glazing shaded by the fixed overhangs at the ground floor, and 48% shaded at
the top floor. Even though the ground floor achieves a DF high above the TEK17 criteria, it
only fulfils the criteria for Dy, in FprEN17037, with 100% of the area. 42,4% of the area
achieves D, which is below the target of 50%. Lower for top floor, but fulfills both the criteria

for D and Dry;.
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B1 illustrates the other pre-accepted performance acc. to TEK17 with DF above or equal to
2,0%. The glazing alternative is also a measure of what the criteria for daylight in TEK17 equals
to, according to the measure of FprEN17037. For this alternative, 47% of the glazing width at
the ground floor are covered by the fixed shading, and 56% at the top floor. The DF results for
design 0 are 1,9% and 2,0% as intended. The ground floor only achieved a DF of 1,9% in the
final simulations, as the iteration process done to decide the glazing area was performed in an
early stage and with lower precision. The achieved TEK17 criteria equals achieved Dy in 25,4%
and 26,8% of the area for both ground and top floor. This is only half of the FprEN17037 criteria
of 50%. For the area with achieved Dr,,, there are a bigger difference between the two floors.
The ground floor with 64,6% and the top floor with 89,1%. This may be a result of the shape
of the room and placement of windows. The ground floor is deeper and only has windows on
one wall, while the top floor is shallower and has windows on two walls, thus better distribution

into the room. Still, neither one of the two zones achieve the minimum of 95% of the area with
DTM-

B2 represent the glazing area required to fulfil the criteria in FprEN17037. Equal to B1, this is
a measure of what the criteria in FprEN17037 equals according to the a DF measure in TEK17.
As described in 3.1, does the standard specify that the calculations should be performed
including all design and site-specific properties. Design 2 with site specific shading obstructions
is therefore the reference design for this glazing alternative. The resulting large glazing area for
the ground floor still only achieves Dy in 22,5% of the area and Dy, in 58,7% of the area. As
this glazing area is maximized for the fagade wall, are these the highest achievable values for
this room layout. While this glazing alternative does not fulfil FprEN17037, does it achieve a
of 1,9%, close to the criteria in TEK17. Considering design 0, which the other glazing areas has
as a reference, are the results significantly higher and above both the criteria in TEK17 and
FprEN17037. The top floor is not affected of the obstructions as the ground floor, resulting in
the need for a lower glazing area while still being able to fulfill the criteria according to
FprEN17037. 54,3% of the area achieves Dy and 97,7% achieves Dr,,, with a resulting DF of
2,9% which is above the TEK17 criteria. The results for design 0 are somewhat better, but very
close to the results for design 2. This state the importance level in relation to neighboring
buildings, evaluating the daylight availability.

C is the glazing area as designed. As explained in 3.5.1, are the dimensions of the glazing a bit

different than for the other chosen glazing alternatives. While the others are set to have the same
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fixed height above 0,8m above the floor, are the windows in C higher and located closer to the
ground. This might have some effect on the results, which is commented on later in this chapter.
Evaluating design 0, both ground and top floor fulfil the DF criteria according to TEK17.Even
though the DF 2,4%, it does not fulfil the criteria according to FprEN17037. The top floor has
a very large glazing area, resulting in a DF of 4,0%. This glazing area does also fulfil the
FprEN17037 criteria with Dy in 76,3% of the area and Dy, in 100% of the area.

Glazing alternatives and shading designs achieving limits acc. TEK17 and FprEN17037

Figure 4-1 illustrates the trends of the DF results according to the design combinations of
shading obstructions and shading windows. Annex E.2 DF in relation to fraction areas with Dy
illustrates the results for DF, Dy and Dy, in relation to the criteria and according to each

glazing alternative.
Ground floor

The results for the ground floor, shown in Figure 4-1 a), have the same decreasing development
for all glazing areas from the designs without shading obstruction to the designs with shading
obstructions. Only glazing A2, B2 and C achieves a DF above the TEK17 criteria with design
0. The only glazing with a shading combination that is above the limit of 2,0%, is glazing B2
with design 4. B2 is maximized with a glazing area of 43,5% of the floor area, shown in Figure
4-2 a). Design 4 is additional coating on the windows, reducing the LT to 45%, but without any
shading obstructions. Out of these glazing alternatives and designs, is it only B2 with design 0
that fulfil the criteria in FprEN17037.

From Figure 4-2 it is shown that in order to achieve TEK17 criteria, the glazing area must be
above 22% of the floor area, and above 42,4% of the floor area to fulfil the FprEN17037 criteria,
with design 0.

The shading obstruction of 45° is the one that results in the lowest values for DF as shown in
Figure 4-1 a). As shown in Figure 3-24, the heights of the adjacent buildings for the ground
floor is higher than for the site-specific obstructions. Lower values are therefor to expect. Of
the additional window shading alternatives, does the drop arm awning result in the lowest
values. Even though the shading is not drawn all the way down covering the windows, it’s low
LT of 5% almost does not any light pass though for the area shaded. This results in these values
being the lowest. Still, the results are not that much lower than for the additional coating, even

though this window shading has a LT of 45%. The reason for this is that the rest of the window
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not shaded by the drop arm awning, has an LT of 72,1%, allowing more light to pass through
this area, while the additional coating covers the whole glazing area.

Comparing glazing area A2 and C for the ground floor, they achieve the same DF for design
3,5,7 with drop arm awning even though A2 has a larger glazing area than C. This illustrates
the effect of the window height in C, as well as the shading effect of the drop arm awning. The
DF for both the designs with not window shading 0, 1,2 and the designs with additional coating
4, 6, 8, are lower in C than in A2, in line with the lower glazing area. This means that even
though the drop arm awning shades the window and only has a LT of 5%, it does not shade the
whole height of the window equally, allowing light in at the heights closer to the ground. This

is the reason why the DF is the same as in A2, despite smaller glazing area for C.
Top floor

Figure 4-1 illustrates the trend of effect of the different design combinations for the different
glazing areas. Comparing the different shading obstruction alternatives, there are almost no
differences. This is a result of the high location of the top floor, not shaded by any of the
neighboring buildings. The glazing areas achieving DF according to TEK17 criteria are A2,
B1, B2 and C. A2 and B2 with all the shading obstruction alternatives, does get DF over 2,0%.
The same applies for C, that in addition fulfils the criteria for design 4, additional coating. B1
only fulfills the criteria with design 0. A2, B2 and C for all shading obstructions without
additional window shading achieves both the criteria for D and Dy, in FprEN17037. This
might be a result of the hight of the floor unaffected by the obstructions, which gives a good
distribution of the daylight into the room. However, glazing C with no shading obstruction, but
additional coating, does not achieve the FprEN17037 criteria. The additional coating with lower
LT reduces the DF from 4,0% to 2,0%. As seen in the discussion of results from B1, also here
does a DF of 2,0% only achieve D in 25,2% of the area and Dy, in 88,0%.

From Figure 4-2 it is shown that in order to achieve TEK17 criteria, the glazing area for the top
floor must approximately be above 16,4% of the floor area and above 23,9% of the floor area
to fulfil the FprEN17037 criteria, with design 0, 1 and 2.

Also for the top floor, does the drop arm awning result in the lowest values of DF. The reasons

are the same as described for the ground floor.
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Table 4-3 Numerical results from daylight simulations - Oslo

Glazing Additi.onal TEE7 FprEN17037
alternative shad_lng DF % of area w/DF > Dr % of area w/ DF > Druy
design Ground fl. Top fl. Ground fl. Top fl. Ground fl. Top fl.
0 1,1 0,9 7,0 1,0 44,3 47,5
1 0,3 0,8 0,0 0,7 5,9 40,2
Al 2 0,5 0,9 0,3 0,7 15,9 41,0
, 3 0,4 0,5 0,1 0,0 13,4 8,7
[2,00/2,34m 4 0,7 05 1,0 0.0 35,9 13,6
?‘Ethlc’? 5 0.2 0.4 0,0 0.0 0,6 6,0
§13-7D)] 6 0,2 0,5 0,0 0,0 2,0 10,4
7 0,2 0,4 0,0 0,0 0,9 6,6
8 0,3 0,5 0,0 0,0 4,8 11,4
0 3,2 3,1 42,4 57,2 100,0 98,7
1 11 2.9 9,7 52,4 34,4 93,3
A2 2 15 2,9 16,7 53,0 43,8 95,3
3 0,9 1,1 3,1 1,2 35,5 56,3
[5’3:(;/?_’::’3””‘2 4 1,9 1,7 253 143 66.2 82.3
TEKLT 5 0,3 0,9 0,0 0,7 0,8 44,9
§14.7] 6 0,6 16 1,6 12,2 19,6 78,0
7 0,4 0,9 0,0 0,7 7.8 45,0
8 0,9 16 7.7 12,5 28,5 79,3
0 1,9 2,0 25,4 26,8 64,6 89,1
1 0,6 1,9 3,6 20,8 19,9 84,7
Bl 2 0,9 1,9 7.9 21,3 27,9 86,3
/ , 3 0,7 0,9 1,1 0,0 24,2 44,3
[3'0;(;;‘_’15’”1 4 11 11 10,8 26 45,9 62,6
TEK17 5 0,2 0,8 0,0 0,0 1,0 37,2
§13-73)] 6 0,3 1,0 0,0 2,3 8,8 58,6
7 0,3 0,8 0,0 0,0 4,9 36,0
8 0,5 1,0 1,9 23 17,6 57,8
0 4,1 3,1 53,8 59,5 100,0 99,6
1 1,4 2.9 16,9 54,0 49,6 95,7
B2 2 1,9 2.9 22,5 54,3 58,7 97,7
3 17 11 20,3 1.2 71,3 64,9
[9,12/6,02m? 4 2.4 17 33,0 15,0 89,9 84,7
acc. to 5 0,6 1,0 0,0 0,7 21,9 50,5
FprEN17037] 6 0,8 16 4,7 11,7 30,0 79,1
7 0,7 1,0 0,0 0,7 32,0 51,6
8 11 16 10,7 11,9 37,8 80,4
0 2.4 4,0 31,8 76,3 81,5 100,0
1 0,8 3,7 5,4 68,4 26,3 100,0
c 2 11 3,7 11,4 69,5 35,5 100,0
3 0,9 16 3,1 9,5 34,6 85,0
[4,73/9,50m? 4 1,4 2,0 15,9 25,2 53,6 88,0
acc. as 5 0,3 13 0,0 4,7 3,1 71,0
designed] 6 0,5 1,8 0,5 20,5 14,9 82,9
7 0,4 13 0,0 4,9 8,8 74,2
8 0,6 1,9 3,0 21,7 22,3 84,9
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Figure 4-1 Illustration of results for average daylight factor for all design combinations - Oslo and Alta
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The equivalent criteria for TEK17 and FprEN17037
The performed analysis of the results for the daylight simulations, makes it possible it possible

to answer the first research question related to the case study.

Table 4-4 present an overview of the equivalent values of the criteria to daylight availability
according to TEK17 and FprEN17037. The values are based on the results from all the glazing

alternatives and designs in Table 4-3 achieving a result approximately the same as the criteria.

Evaluating the results for all the glazing and designs that achieves a DF of approximately 2,0%
the following area reaching Dy is around 25%, which equals half of what FprEN17037 has as
a criterion. The areas achieving Dy, vary more for the ground and top floor. For the ground
floor, the resulting area with D and Dy, is approx. 63%, while for the top the area 87%. This
may be a result of the shape of the room and placement of windows. The ground floor is deeper
and only has windows on one wall, while the top floor is shallower and has windows on two

walls.

Considering the glazing and designs which fulfil the criteria according to FprEN17037, there is
a significant difference between ground and top floor. In order to achieve the FprEN17037
criteria, the DF must be 4,1% for the ground floor, while only 3,0% for the top floor. This is an
interesting observation compared to the values for achieving a DF of 2,0% acc. to TEK17,

where the equivalent FprEN17037 measures where closer in range for ground and top floor.

The overview show that when fulfilling the criteria according to FprEN17037, also the criteria
according to TEK17 will be fulfilled. On the other hand, will fulfilling the criteria according to
TEKZ17 lead to also fulfilling the FprEN17037 criteria. Thus, from a perspective of daylighting
conditions, FprEN17037 provides better building design than TEK17.

Considering the results for B2 at the ground floor, the criteria in FprEN17037 may be evaluated
as to strict and in some cases unachievable. One counterargument might be that this will force
a change of room layout which avoids deep rooms. FprEN17037 will by this ensure better

building design considering daylight.
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Table 4-4 Overview over the equivalent values of the criteria to daylight acc. to TEK17 and FprEN17037

Building regulation / Standard TEK17 FprEN17037
[DF ] [area fraction W/ Dy or Dpy ]
Criteria DF > 2,0% DF2Dr= | DF 2Dy =
2,4% for 50% | 0,8% for 95%
of the area of the area
Top floor 2% 21-27% 85-90%
Equivalent for | With respect
all glazing to TEK17 Ground 1% 22-25% 59-66%
alternatives that floor
achieved the I \with respect [ Top floor 3% 52-60% | 95-100%
criteria to
(approximation) | FnrEN17037 | Ground 4% 54% 100%
floor

Artificial lighting
The results for artificial light demand are presented in Table 4-5 and are illustrated with bar

charts in Appendix E. Lighting results, E.3 Artificial lighting demand, for visual comparison.

Evaluating the results viewed as bar charts, there is a visible trend of the smallest demand for
artificial lighting for the designs with the largest glazing area, and the highest demand for the
designs with the smallest glazing areas. At the top floor this is glazing alternative C and Al,
and for the ground floor this is B2 and Al. All the designs, except the ones with glazing
alternative C, with additional coating as window shading have the highest demand of artificial
lighting. The additional coating provides a constant shading allowing less light pass because of
the low LT (45%), thus the highest demand for artificial lighting. The drop arm awnings are
controlled by the sun, meaning that they are not always drawn. This strategy in combination
with the normal LT (72,1%), results in the annual demand for artificial light being lower than
for additional coating. Comparing the Oslo and Alta, are all the demands a bit higher for the all
the designs simulated for Alta. This is expected, because of the difference in altitude and

climate.
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The results for the top floor vary very little with the different shading obstructions. This
indicates that they do not get effected by the height of the neighboring buildings in any

significant degree, as the room is located in the 8" floor.

For the ground floor, designs with 45° shading obstructions results in somewhat higher
demands for artificial lighting. This is because these adjacent buildings are the taller than the
site-specific ones, providing more shade, thus a greater lighting demand. An interesting
observation is that the designs with drop arm awnings in combinations with shading
obstructions, require a smaller demand of artificial light compared to the designs without. One
explanation of this might be the reflection of light from the adjacent buildings. When drawn,
the drop arm awning “’catches’” some of the light reflected via the ground from the adjacent
buildings and reflects it into the room. As illustrated in Figure 4-3, the drop arm awning might
catch some of the light that normally would not hit the glazing surface and enter the room. But
this is only an assumption and should be investigated further.

Table 4-5 Results for annual artificial lighting ground and top floor - Oslo and Alta

Ground and Annual Artificial Lighting [kWh/n 2]
top floor No shading obstruction 45° shading obstruction Site specific shading
Design Glazing | Ground floor Top floor Ground floor Top floor Ground floor Top floor

area Oslo  Alta | Oslo Alta | Oslo Alta | Oslo Alta | Oslo Alta | Oslo Alta

Al 550 569 | 445 501 (748 7,63 | 467 510 | 7,01 7,30 | 453 5,05

No A2 3,70 4,01 | 3,30 4,01 | 538 5,74 | 343 4,05 | 4,89 5,23 | 3,37 4,03
window Bl 458 4,76 | 3,63 4,30 | 6,76 7,08 | 3,79 4,34 | 6,04 6,46 | 3,71 4,32
shading B2 3,13 3,63 | 3,29 399 | 434 466 | 341 4,04 | 402 433 | 3,36 4,02
C 38 4,12 | 3,00 3,73 (560 598|310 3,77 | 5,12 5,43 | 3,06 3,75

Al 6,12 6,26 | 494 546 | 735 743|516 558 | 702 7,26 | 503 5,51
A2 3,73 4,04 | 3,43 4,13 | 525 555 | 3,57 4,19 | 484 5,19 | 3,52 4,16

Droparm |5y | 496 520 | 385 450 | 6,60 6,82 | 402 457 | 6,04 640 | 3,94 453
GWNNE 1y 1313 362|341 410 | 419 449 | 355 416 | 389 423 | 349 413
c |38 412|303 375|541 571313 379|499 528|311 3,77

Al | 662 802|541 585 |78 943|566 597|754 924|551 590

N A2 | 437 547|369 434|647 818 |38 438 |58 753|377 436
A?g:t'i‘;;a' Bl |567 700|415 472 |75 918|434 479|702 872|423 475

B2 3,58 4,70 | 3,67 4,32 (510 6,51 | 383 436|468 597 (3,75 4,34
C 4,58 5,70 | 3,27 3,99 | 6,70 841 | 3,41 4,03 | 6,14 7,81 | 3,36 4,01
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a) Without additional window shading b) With drop arm awning

Figure 4-3lllustration of the reflection of light for designs with shading obstructions

Daylight and artificial lighting

An overview of the relation between the achieved DF and resulting saving of artificial lighting
demand for the different models are illustrated as scattered diagrams in Figure 4-4 and Figure
4-5. The overall take away from the scattered diagrams is that the artificial light savings are

greater for Oslo compared to Alta, and for the ground floor compared to the top floor.
Top floor

By evaluating the top floor, there is a difference in potential savings in artificial lighting demand
for the two locations. The savings are somewhat larger for Oslo, as all the results are slightly
shifted towards the right along the x-axis. The difference shows that the annual dynamic
simulations takes the different climates and latitudes into account. As discussed in the daylight
analysis in Location and its effect on the daylight results, doesn’t the results from the daylight
simulations show any significant difference for the two locations, thus are the designs
placement along the y-axis unchanged.

Design C.0 which achieve the highest DF also achieves highest value for light saving. This
correlation seems valid, as glazing alternative C has the largest area and design 0 does not have
any additional window shading. Observing the other designs that are above the benchmark for
TEKZ17, the difference in light savings are not very large even though they achieve lower values
for DF.

Design A1.6 does not result in any savings of artificial light demand and achieve the lowest
results for DF. The glazing alternative has the smallest glazing area and have both additional

coating which reduces the amount of light passing through, as well as being shaded by a 45°
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obstruction. Even though the shading obstruction does not have a large impact on the results
for the top floor, are this this the worst design, mostly because of the additional coating.

Ground floor

The results for the ground floor are more scattered than for the top floor. This is because the
ground floor is more affected of shading by the adjacent buildings, which leads to higher
demand for artificial lighting. This leads to a bigger difference between the model results,
depending on whether it has a shading obstruction or not. Alta has more scattered results than

Oslo, as the climate and latitude ensures lower daylight availability annually compared to Oslo.

B2.0 achieves the highest DF and has the largest saving for artificial lighting demand. This is
the largest glazing area and the design does not have any additional shading. From the daylight
analysis, it is known that this is the only design for the ground floor which fulfils the FprEN1703
criteria. As for the top floor, the difference in light savings compared to the other designs that

are above the TEK17 benchmark are not very large.

Also, for the ground floor is design A1.6 the worst, with the smallest glazing area and design

combination of additional coating and 45° shading obstruction.
Overall observation

For the designs achieving the highest and lowest DF above the TEK17 benchmark in all the
scattered diagrams, there is not a big difference in light savings. Observing the designs beneath
the benchmark, the potential light savings are greater. The reason for this might be the set-
points for the artificial lighting. As mentioned in Artificial lighting are the artificial lighting
controlled by set-points linked to the illuminance levels in the room. The minimum set-point is
50lux, which means that whenever the illuminance values are below this value, the artificial
lighting will be turned on. From the diagrams, it seems as an illuminance level of 50lux equals
to a DF lower than 2,0%, thus are the difference bigger beneath the benchmark. This implies
that by choosing a higher minimum set-point for the artificial lighting control strategy, the

difference in light savings might have increased.
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Figure 4-5 Avrg. DF in relation to saving of artificial lighting demand - ground floor

Note 1: Light savings are calculated according to the highest artificial lighting demand for the respective glazing alt.

Note 2: The labels present the glazing alternative from Table 3-11, followed by the design from Table 3-15.
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4.2 THERMAL PERFORMANCE

Evaluating the thermal performance, both the results for indoor thermal environment and space
heating demand is important. The simulations are annual and dynamic, thus are the importance
of location, weather and sun conditions greater than for the simulations performed for daylight

factor.

Thermal comfort

The indoor thermal indoor environment for the case study evaluated according to NS-EN
15251:2007; Annex A.2, for buildings without mechanical cooling. This adaptive approach
uses an hourly criterion as performance indicator, presenting the results as number of hours per
category. The chosen output evaluating thermal comfort, are number of hours where the indoor
operative temperatures are in category 1V, labeled unacceptable. The results are shown in Table
4-6 and Table 4-7.

Comparing the results for the ground and top floor, the thermal comfort for the ground floor is
better than for the top floor, as the majority of the models does not have any hours in category
IV. There is also a difference between Oslo and Alta, where the models simulated for Oslo

experience more hours in category 1V than Alta. This applies to both the ground and top floor.

Looking at the maximum operative temperatures, there is not any huge differences between
Oslo and Alta, or ground and top floor. This implies that the maximum operative temperatures
might not be a representative measure of the overall thermal environment. As presented in 3.3.7,
the outside dry bulb temperatures in the climatic files used in IDA ICE are different for the two
locations. These temperatures are used in calculating the outdoor running mean temperature, as
presented in Table 3-10, which again effects the adaptive thermal limits used in categorization
of thermal comfort outputs. As the outside dry bulb temperatures during summer are higher for
Oslo than Alta, should also the tolerance for higher temperatures in Oslo be higher. Even so are
the number of unaccepted hours in Oslo higher than in Alta. An explanation of this might be

the difference in latitude, resulting in Oslo being more exposed to the sun compared to Alta.

For the top floor, the model with the worst thermal environment is the largest glazing alternative
C with no window shading and no shading obstructions, in Oslo. Looking at the temperatures
in the thermal comfort diagram shown in Figure 4-6 a), the unacceptable hours occur in May,
July and August. For the different shading obstructions, the results are not that affected, because

of its location on the top floor. Of the window shadings, the additional coating achieves the
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fewest unacceptable hours, because of its g-factor of 0,24, which allows less radiation to pass
though than the other window with g-factor of 0,6.

Glazing B2 with no window shading and no shading obstructions results in the worst thermal
environment for the ground floor. As for the top floor, is this the largest glazing alternative. The
unacceptable hours with too high temperatures occur in the May, June, July and August, shown
in Figure 4-6 b). For the ground floor, the effect of the shading obstructions is bigger than for
the top floor. This is illustrated though the reduced number of unacceptable hours for all the

models with both 45° shading obstruction and site-specific shading obstruction.

Glazing A2 for the ground floor with no window shading or shading obstruction, experience a
very high number of unacceptable hours, which does not match that pattern of the other results.
Trying to discover the reason for this, without success, the conclusion is that this might be an
error in the simulations. If there had been some days with extremely high outside temperatures

in the weather file, this would also give an effect on the results for the other glazing areas as
well, which it has not.

From 01.01 2018 to 31 12.2018

Year. 2018

Operative temperature [*C]
Operative temperature [°C]

Jan_ Feb  Mar  Apr  May  Jun _ Jul , Aug  Sep _ Oct , Nov_ Dec , Ji
+ T T T T v T T +
0 1000 2000 3000 4000 5000 6000 7000 8000

Jan_ Feb . Mar  Apr May . Jun Jul Aug , Sep . Oct  Nov , Dec
T T

t T T T T T +
0 1000 2000 3000 4000 5000 6000 7000 8000
Comfort category No. of occupancy hours
I (best) 6746

1l (good) 7

lll (Acceptable) an7

IV (Unacceptable) 43

Comfort category No. of occupancy hours
1 (best) 6398

Il (good) 7098

Il (Acceptable) 8699

IV (Unacceptable) 61

a) Top floor, glazing alt. C with no window shading or b) Ground floor, glazing alt. B2 with no window shading or
shading obstructions, Oslo shading obstructions, Oslo

Figure 4-6 Thermal comfort results diagram acc. to NS-EN 15251:2007
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Table 4-6 Results for thermal comfort top floor - Oslo and Alta

Top floor No shading obstruction 45° shading obstruction Site specific shading
hours with hours with hours with
] Glazing | max. Tp [°C] [unacceptable [ max. T [°C] | unacceptable | max. Ty [°C] | unacceptable
Design area temp. [h] temp. [h] temp. [h]
Oslo  Alta | Oslo = Alta | Oslo @ Alta | Oslo Alta | Oslo | Alta | Oslo Alta
Al 28,75 29,00 14 7 |2864 2889| 8 6 |[2866 2892| 9 6
No A2 30,48 30,42 41 27 130,37 30,31| 39 26 |30,44 30,36 | 40 27
window B1 29,63 29,72 29 18 29,57 29,65 28 17 129,56 29,64 | 25 17
shading B2 30,39 30,34| 40 27 |30,31 30,25| 38 25 |30,31 30,26 36 25
C 30,89 30,66 43 30 |30,78 30,57 | 39 29 30,84 30,62 | 42 30
Al 28,30 28,44| 5 3 12828 2832| 4 2 28,30 28,34 5 2
A2 28,73 28,49 12 3 28,65 28,40 10 2 28,67 28,43 | 10 3
D;\?Vifnrgm Bl |2852 2851 10 3 |2848 2840| 5 3 |2851 2843| 5 3
B2 28,70 28,50 12 3 12865 28,40| 10 2 28,68 28,43 | 10 3
C 29,31 29,01 19 8 29,23 2891 18 5 29,25 28,94 18 6
Al 28,02 28,02 3 0 |28,00 28,00 0 |27,99 27,94 0
A2 28,54 28,40| 10 2 128,49 28,36 2 28,51 28,38 2
Adg;ttiic;”a' Bl | 2828 2818 0 |2828 2815 0 |2829 2812 0
‘ s B2 28,49 28,37| 9 2 28,45 2834 7 2 28,46 28,32 2
C 28,79 28,43| 13 2 |28,74 28,38| 11 2 28,77 28,41 12 2

Table 4-7 Results for thermal comfort ground floor - Oslo and Alta

Ground floor No shading obstruction 45° shading obstruction Site specific shading
hours with hours with hours with
] Glazing | max. T [°C] | unacceptable [ max. T, [°C] | unacceptable | max. T, [°C] [ unacceptable
Design area temp. [h] temp. [h] temp. [h]
Oslo = Alta | Oslo Alta | Oslo Alta | Oslo Alta | Oslo @ Alta Oslo | Alta
Al 29,10 28,23 7 3 27,22 27,08 0 0 27,87 27,11 0 0
No A2 31,76 31,90 43 59 27,84 27,44 0 0 29,40 27,81 14 0
window B1 30,07 28,95 16 6 27,37 27,10 0 0 28,28 27,31 0 0
shading B2 33,28 31,29 61 18 28,66 27,25 3 0 29,97 27,90 16 0
C 31,18 29,76 29 9 27,78 27,17 0 0 28,80 27,49 4 0
Al 28,11 27,42 0 0 27,20 27,11 0 0 27,46 27,10 0 0
A2 29,60 28,65 13 4 27,58 27,44 0 0 28,13 27,54 0 0
D;::/i?n? BL [2841 2762 O 0o |[2729 2711| o 0 |2764 2711 o 0
B2 31,34 29,66 27 7 28,42 27,27 4 0 29,12 27,45 9 0
C 29,61 28,50 13 3 27,59 27,16 0 0 28,24 27,31 0 0
Al 27,89 27,31 0 26,99 26,95 0 0 27,17 26,95 0 0
A2 29,26 28,36 3 27,09 27,02 0 0 27,76 27,08 0 0
Addit:pnal B1 28,04 27,44 0 27,02 26,92 0 0 27,31 26,92 0 0
coating B2 29,67 28,46 13 3 27,32 27,02 0 0 28,18 27,21 0 0
C 28,58 27,75 2 0 27,07 26,88 0 0 27,62 26,93 0 0
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Space heating

Table 4-9 and Table 4-9 contains the results for space heating demand for all the performed
simulations. The results are illustrated in Appendix F. Thermal performance results, F.1 Space
heating demand bar charts, for visual comparison. Reviewing all the charts, it is clear that the
space heat demand is dependent of glazing to floor ratio. This is shown by the lowest heat
demand for the smallest glazing areas A1, and highest for the largest glazing areas, C for the

top floor and B2 for the ground floor.

Furthermore, does the designs with no window shading require the most heat demand in all
cases. Second, are the designs with drop arm awning, and with the lowest heat demand are the
designs with additional coating, which also has a lower u-value. These trends apply to both the
ground and top floor and matches the theory of less heat loss the lower the u-value, thus are the

space hating demand the lowest for these designs.

The heat demand for the designs with the drop arm awning are lower than without window
shading. Normally, one would assume that the heat demand would be higher when having
overhangs, as they shade the sun from providing heat to the room. The drop arm awnings used
in the simulations have a control strategy to be drawn when exposed to the sun, as described in
Window shading strategy. This means that the drop arms may shade the room from getting
overheated by the sun. A window with no shading sometimes may lead to uncomfortable
temperatures during the year for the occupants. The high temperatures lead to increased window
opening by the occupants, which again can result in a higher heat demand as the heating system
strive to be the set-point temperatures. The drop arm awnings decrease these heating “’tops’’,

thus the window opening and resulting space heating demand.

For the top floor, the difference in heat demand are greater than for the ground floor. This also
validates the assumption of increased window opening because of high sun exposure. For the
top floor, being evaluated as the most critical regarding overheating, the occupants will open
the windows more than at the ground floor. The top floor is oriented to the south, having both
the window facades oriented southeast and southwest, which is where the sun is located during
the day. The ground floor, being oriented with the windows northwest, does not get the same
amount of sun exposure, thus less need for window opening and resulting higher heat demand.
The A2 glazing areas have the same glazing to floor ratio of 25%, which makes these models
suitable for comparing the heat demand for the ground and top floor. From the charts for A2 in

appendix F.1 Space heating demand bar charts, the effect of the orientation is reflected by the
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difference in heat demand for the simulations done with no shading obstructions and no window
shading, ground and top floor. The charts also show that the top floor only takes a small impact
by the shading obstructions, as the results for these models almost have the same heat demand
as the ones without shading obstructions. The difference in heat demand for the shading
obstructions are also small for the ground floor. Even though the adjacent buildings provide
shade to the ground floor, the northwest orientation initially is less to the sun, which leads to

the little impact of the shading obstructions.

Table 4-8 Results for annual space heating demand top floor - Oslo and Alta

Top floor Annual Space Heating [KWh/ ]
Design Glazing No shading obstruction | 45° shading obstruction Site specific shading
alternative
Oslo Alta Oslo Alta Oslo Alta
Al 74,99 75,60 78,28 85,17 89,16 86,60
_ A2 168,84 198,83 150,37 194,66 163,51 196,33
N‘S’h";"(;‘:zw B1 129,76 153,25 112,43 145,55 141,30 160,42
B2 164,93 195,63 147,09 190,59 174,60 203,87
C 208,37 237,46 187,44 234,98 202,90 236,43
Al 46,56 50,68 50,43 73,64 55,47 74,34
A2 104,79 110,11 104,32 121,86 115,82 126,14
Drop arm
awning B1 85,57 84,95 81,84 102,18 93,42 102,48
B2 105,72 108,70 103,05 119,52 115,24 124,41
C 165,88 188,60 156,86 196,27 169,42 201,31
Al 27,44 39,57 27,52 39,46 48,37 66,41
N A2 92,35 92,58 79,02 88,28 89,27 90,69
AS::t'i‘; ':' B1 52,87 60,65 46,29 58,77 64,21 80,02
B2 89,50 89,84 77,51 85,72 102,20 107,11
C 128,58 135,03 112,45 128,75 125,60 131,88
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Table 4-9 Results for annual space heating ground floor - Oslo and Alta

Ground floor Annual Space Heating [kWh/ 2]

Desien Glazing No shading obstruction | 45° shading obstruction Site specific shading

° alternative Oslo Alta Oslo Alta Oslo Alta
Al 74,92 102,57 74,60 102,23 73,78 101,35
' A2 108,93 126,45 88,49 119,74 86,90 118,73
N:hv;:;:;:w B1 83,91 118,73 78,88 107,52 78,73 107,76
B2 151,04 212,93 108,69 144,97 111,92 149,57
C 106,12 152,49 86,60 116,80 86,19 118,59
Al 75,61 93,84 74,34 96,56 73,76 96,07
A2 88,52 109,88 87,92 113,48 86,79 112,57

Drop arm

awning B1 82,14 100,25 78,60 101,73 78,49 101,85
B2 137,66 182,96 106,37 138,43 108,55 141,15
C 98,12 126,15 86,03 111,01 85,52 111,17

Al 70,31 90,52 72,24 92,79 71,91 91,82
N A2 79,23 101,97 82,06 105,09 81,20 104,27
A‘::;tt'icr’] r:" B1 72,79 94,09 75,32 96,60 75,29 96,78
B2 102,07 138,30 94,10 120,06 92,99 119,02
c 81,86 104,93 80,78 103,32 80,07 102,61
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4.3 INDOOR COMFORT
Indoor comfort can be measured by several parameters. In this thesis it is chosen to investigate
the interaction between performance of daylight and indoor thermal comfort. The two measures

put in relation are:

e Average daylight factor DF

e Hours of acceptable thermal comfort (category I, I, I11)

Figure 4-7 and Figure 4-8 illustrates the relation between the simulation results for DF and
hours with an acceptable thermal comfort for the top and ground floor, for the two locations
simulated. Considering both floors, the diagrams shows that the simulated models have the
same relations to each other for Oslo and Alta. However, the difference is that all the results for
Alta har shifted towards the right. This is a result of better performance for thermal comfort
presented in 0, with fewer hours of unaccepted temperatures. Some of the designs, evaluated as
the extremes of the results and the overall best results are chosen to investigate further and

marked in red.

Top floor

C.0 represent the best design considering daylight availability but are the worst regarding
thermal comfort. This design has the largest glazing area, with no window shading or shading
obstructions. As discussed in the daylight results, the large glazing area assures high result for
DF, which is twice the minimum criteria in TEK17. Without any window shading for he large
glazing area, as well as having two facades two facades oriented south, does the design
experience uncomfortable temperatures. The effect of this, not shown in the diagrams but

discussed in space heating, is the largest space heating demand in addition.

The best design from a thermal comfort point of view is A1.8, which is the smallest glazing
area with additional coating and shaded by site specific obstruction. For the top floor in Oslo,
this is the only design that achieves zero hours with unacceptable thermal comfort. This glazing
area is 9,4% in ratio to the floor, and as shown in methodology are the area divided on four very
narrow windows. Even though this leads to an acceptable thermal comfort, both the resulting
conditions for daylight and view out is extremely bad and not acceptable acc. to TEK17.

The analysis of the daylight results in O, revealed that in order to achieve the criteria in
FprEN17037 for the top floor, the DF had to be above 2,9%. Figure 4-7 shows that there are

some of the designs that achieve this value. They are closely grouped together and have
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approximately the same results for thermal comfort, as they also have glazing areas close in
size. Design B2.2, without additional window shading and with site specific obstructions are
the one in the grouping that achieves the best thermal comfort. The number of unacceptable

hours is 36, only 8 hours fewer than for than design C.4 presented in Table 4-6.

The top floor location provides optimal conditions for good daylight results, while having more
risk of worse thermal conditions. B2.2 represent a compromise between the two subjects, with
the focus on achieving the FprEN17037 criteria. This glazing design, whit the glazing to floor
ratio of 23,9%, can only be an indicator for what is required in order to achieve FpreEN17037
for cases with the same conditions.

Ground floor

B2.0 is the best design considering the daylight availability at the ground floor and the worst
for thermal comfort, as this extreme for the top floor. It is also the design that results in the most
unacceptable hours of thermal comfort, considering both ground and top floor. The design
achieves a high DF, twice as big as the TEK17 criteria. From the analysis in 0, it was revealed
that the ground floor would need to achieve a DF above 4,0% in order to also achieve the
FprEN17037 criteria. This means that B2.0 is the only design for the ground floor that fulfills

both criteria.

There are several designs that achieve 0 hours of unaccepted thermal comfort. These are shown
as a vertical grouping to the right in Figure 4-8, with the Al glazing alternatives having the
lowest DF results. Design 5, 6 and 7 all have the exact same results for both DF and thermal
comfort. Design 5 and 7 have drop arm awnings as additional window shading, while the design
6 have and have additional coating. All have shading obstructions, 5 and 6 with heights
according to 45° and 7 with site specific. These extremes all have a design with two additional

shadings, compare to the top floor where the respective design only had additional coating.

B2.4 are evaluated to be the compromise for the two fields, thus the most optimized. The design
achieves a DF above the TEK17 criteria. Comparing B2.4 and C.0 which have the same results
for DF, B2.4 have a better thermal comfort. This is despite having larger glazing area than C.0.
The reason for this that the window with additional coating also has a lower g-factor, thus
allowing less solar radiation pass to heat the room. Comparing B2.0 with the highest result for
DF and B2.4, the additional coating resulted in a reduction in DF from 4,1% to 2,4%. The hours

with unacceptable thermal comfort was reduced by 48 hours.
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Figure 4-7 Scattered diagrams for indoor comfort - Top floor
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Figure 4-8 Scattered diagram for indoor comfort - Ground floor

Note 1: The hours with acceptable temperatures are calculated by subtracting the number of hours with unacceptable
thermal comfort (Table 4-6 and Table 4-7) from the total amount of hours in a year.

Note 2: The labels present the glazing alternative from Table 3-11, followed by the design from Table 3-15.
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4.4 ENERGY

There are two energy measures that have been considered when evaluating the case study.
These are annual artificial lighting demand and annual space heating demand, presented in 0
and 0. The two measures have opposite relations to the performance of daylight. Higher values
of DF result in a reduction in artificial lighting, because of larger glazing areas, while this
increases the space heating demand because of the windows u-value and/or increased window

opening for thermal comfort.

Heat demand and artificial lighting

As the space hating demand and artificial lighting are opposite related to DF, it is interesting to
evaluate them in relation to each other. This is done with scattered diagrams, shown in Figure
4-9 and Figure 4-10.

Comparing the worst and best design for both the top and ground floor, the biggest differences
in annual energy demand occur for the space heating demand at the top floor. This is shown in
Table 4-10, as the possible energy saving of the designs are 86,6% and 83,4%. For the ground
floor, the possible saving is only approximately 55%. This might be because the top floor has
a higher space heating demand, as described in 0, thus more potential for reduction. Considering
energy demand for artificial lighting, does the designs for the ground floor have more potential
of energy savings, of 60%. This is also the maximal possible energy saving as a result of glazing

area for the ground floor, since the best design B2.0 covers all the facade area.

By evaluating the extremes and the corresponding reduction in energy demand for artificial
lighting or space heating, it shows that the amount of energy saved relative for lighting is
significantly smaller than the savings for space heating demand. For the top floor, the difference
in glazing area and daylight availability will only be able to be responsible of reducing the
energy demand by 1,1-1,4% of the total energy demand. The possible energy saving for the
ground floor is somewhat higher, but still only 4,6-5,6% of the total energy demand. A reason
for the big differences in energy demand for lighting and space heating, might be the lighting
properties. As presented in the methodology, are the lighting are set to be efficient LED, which
results in a low energy demand compared to older light bulbs. Thus,are the annual energy
demand for artificial lighting very low for the simulations. The lights are also linked to set-
points, which means that the lighting only turns on when the illuminance levels are below 50lux.

Had this set-point been given a higher value, would the energy demand for lighting increased.
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Table 4-10 Comparison of the annual maximum energy savings for the worst and best designs

Artificial lighting Space heating Percentage of total annual
Annual maximum savings
savings kKWh/m”"2 [%] kKWh/m”"2 [%] Artificial Space heating
lighting

Top floor Oslo 2,66 47 180,85 86,6 1,4% 98,6%
(WorstALE — MAlta 2,24 375 198,0 83,4 1,1% 98,9%
Best: C.0)

Ground floor | Oslo 4,7 60 78,75 52,1 5,6% 94,4%
(WorstALE A 538 615 120,12 56.4 4.6% 95.4%
Best: B2.0)
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4.5 CLOSING DISCUSSION

Reviewing the different evaluations for the results from the case study, it is possible to draw
some overall conclusions. Still, is important to keep in mind that the indoor comfort and energy
demand of a building is complex and reliant of many different factors. Table 4-11 illustrates a
comparison of best and worst designs and their performance in the different topics simulated in
studies. In general, there is a clear correlation for the designs achieving the highest DF, thus
the lowest demand for artificial lighting, also being the same designs with the worst results
regarding space heating demand and thermal comfort. This is because of their large glazing are
without any shading. The same connection applies for the designs achieving the lowest DF ,
thus the highest demand for artificial lighting, as they have the best results regarding space
heating demand and thermal comfort. They are the designs with the smallest glazing area and

a combination of two additional shadings.

Table 4-11 Comparing overview of the designs achieving the best and worst results in all topics evaluated

Daylight Artificial lighting Space heating Thermal comfort
demand demand
Top Ground Top Ground Top Ground Top Ground
Best results Cc.o B2.0 C.0 B2.0 wle Al.6 Al.6 Al.8 Al5
Worst results Al5 Al5 Al.6 Al.6 ¥]4 C.0 B2.0 C.0 B2.0

Table 4-12 and Table 4-13 show an overview of some extracted results chosen with respect to
achieved DF. The designs which were chosen to compare, are the ones evaluated in Indoor
comfort marked in red in Figure 4-7 and Figure 4-8. The designs represent the best and worst
in addition to the designs achieving the criteria in FprEN1703 and TEK17.

For the top floor, design C with no additional window shading or additional shading achieve
the highest DF. Glazing alternative C has the largest glazing area, and without any shading it
also has the highest space heating demand. The large sun exposed glazing area leads to the
highest number of unacceptable hours of thermal comfort, which again has an impact on the
space heating demand, as the overheating leads to increased window opening. As a result of the
largest glazing area, this design has the energy demand for artificial lighting. But, as discussed
in earlier in Heat demand and artificial lighting, the amount of energy demand for artificial
lighting is almost irrelevant in relation the space heating. In the other end of the scale is design

Al with both additional coating and site-specific shading. This design with the smallest area,
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only glazing-to-floor ratio of 9,4%, achieves the lowest DF, unacceptable hours of thermal

comfort, space heating demand, but the highest demand for artificial lighting.

As shown in Table 4-4, the equivalent DF in order to achieve FprEN17037 is~3%. The design
achieving the FprEN17037 criteria at the top floor is represented by B2.2.

Comparing B1.0 and C.4 which both achieve the TEK17 criteria to daylight, the effect of the
additional coating is clear. Glazing C with additional coating, results in almost half as many
unacceptable hours for thermal comfort, even though the glazing area is over twice as big. The
designs also have the same space heating demand, the big difference in glazing area. This means
that by adding additional coating and doubling the glazing area, it is possible to improve the
thermal comfort without reducing the DF. This solution will lead to some change in the artificial
lighting demand, but as stated earlier, this amount is insignificant compared to the space heating
demand. From Table 4-13, the same relation when for the two designs achieving TEK17 occur
when adding additional coating. Only for the ground floor, these designs are C.0 and B2.4, but
they have the same relation in glazing areas, as the two designs compared for the top floor.

For the ground floor, the design achieving the best DF is B2 without any additional shading.
This design is the only one for the ground floor achieving the FprEN17037 criteria, as shown
in Table 4-4. This glazing area is the largest, and as stated in the methodology fills the whole
facade area available. As a result of the large glazing are, the number of unacceptable hours is
very high. Compared to the top floor, they are higher, even though the space heating demand is
lower for the ground floor. This might indicate that there is less window opening for the ground
floor, thus more unaccepted hours of thermal comfort, while also leading to less space heating
demand. The reason for the less window opening at the ground floor might be that the glazing,
being faced north, it less exposed to direct sun exposure, which again implies that the
overheating in this zone might be less extreme than for the top floor. As for the top floor, does
smallest glazing area Al, achieve the lowest values of DF, unacceptable hours of thermal
comfort and space heating demand, while the highest demand of artificial lighting. The worst
design for the ground floor is the combination of drop arm awning and 45° shading obstruction,

which is the highest of the two obstruction alternatives.
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Table 4-12 Overview of results for the different daylight levels marked red in Figure 4-7 — Top floor

Top floor Results
Oslo Daylight | Thermal Energy Properties
comfort (annual)
Ranking Glazing DF Unacc. Space Artificial Glazing | Window Shading
alt.model hours of heating lighting area shading® | obstructions
[%] thermal demand demand (glazing-
comfort | [kWhy .1 | [kWh/ .1 ] to-floor
[h] ratio)
[m’]
Best C.0 4,0 43 208 3,0 9,5 - -
(37,6%)
FprEN17037 B2.2 2,9 36 175 3,4 6,02 - Site
(23,9%) specific
TEK17 B1.0 2,0 29 130 3,6 4,13 - -
(16,4%)
TEK17 c4 2,0 13 129 3,3 9,5 Add. -
(37,6%) | coating
Worst Al8 0,5 0 66 55 2,34 Add. Site
(9,4%) | coating specific
Table 4-13 Overview of results for the different daylight levels marked red in Figure 4-8 — Ground floor
Ground floor Results
Oslo Daylight | Thermal Energy Properties
comfort (annual)
Ranking Glazing DF Unacc. Space Atrtificial Glazing | Window Shading
alt.model hours of heating lighting area shading* | obstructions
[%] thermal demand demand (glazing-
comfort | [kWhy .1 | [kWh/ .1 ] to-floor
[h] ratio)
[m?]
Best B2.0 41 61 151 3,1 9,12 - -
FprEN17037 (42,5%)
TEK17 C.0 2,4 29 106 3,9 4,73 - -
(22,0%)
TEK17 B2.4 2,4 13 102 4,7 9,12 Add. -
(42,5%) | coating
Worst Al5 0,2 0 74 7,4 2,00 Drop 45°
(9,3%) arm
awning

*Additional coating: g-factor reduced from 0,55 to 0,24
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Challenges discovered during thesis

Indoor comfort — criteria for thermal comfort

One of the challenges when evaluating indoor comfort from the scattered diagrams, are the
benchmark for thermal comfort. The category which the results represent are labeled
“’unacceptable’’. This means that none of the designs are capable in achieving both the criteria
for DF and accepted thermal comfort. Despite this, are the main purpose of this thesis to
compare according to the criteria for daylight and look at the consequences for the other
subjects. The models are not optimized to fulfil the criteria of thermal comfort, thus is it chosen
not to define a new benchmark. An improvement of this evaluation, discovered in the aftermath
of the analysis, could have been to decide a benchmark for the thermal comfort. This could

have simplified the process by excluding some of the designs.
Combination of results from static and dynamic simulations

Another challenge discovered when analyzing the results in relation to each other, was the type
of simulations the two factors are performed in. The DF is a result of a static simulation
independent of time, while the results for the thermal comfort are found trough an annual
dynamic simulation. The dynamic simulations use the climatic file for the chosen location, thus
the shift to the right for thermal comfort in the Alta-diagrams. One would assume that this
difference in climate would affect the daylight results more than they have, because of the
difference in latitude. Because of the different criteria linked to latitude in FprEN17037, should
the results for Alta have been lower. Even though the glazing designs B1 and B2 where decided

through iterative simulations with Oslo as locations, are the results for Alta almost the same.
Fixed overhang

Furthermore, are the presence of the fixed overhangs an important factor. Since they are a part
of the balcony-design which was decided to be a part of the reference model, they influence all
the results. This means that in some of the created designs, there are a *’double set’” of window
shading. Presented earlier, 30%-60% of the window width, depending on the glazing
alternative, always shaded by the fixed overhang. Thus, are design 0, 1 and 2 also somewhat
affected by an additional window shading. This validates these designs in being truer to the
daylight conditions that will occur in reality. If done again, a better option for the designs would
have been to have a reference model without any balconies and fixed overhangs, instead having

these as one of the additional window shadings. The drop arm awnings should have been
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changes with the balconies and fixed overhangs, as these provide somewhat similar shade. Then
there would be a reference design representing a ‘’best-case-scenario’’ as well, suitable for
comparing the other designs to what is possible. Another argument for this switch is that the
fixed overhangs will always shade the windows, thus are the daylight results realistic. The drop
arm awnings follow a control strategy, and to perform the simulations with these drawn does
not represent the reality. This is because the DF are calculated for an overcast sky, where the

drop arm awnings would not have been drawn.

In context to the previous described challenge of evaluating static and dynamic simulations in
relation to one another, would the drop arm awnings have been more suitable if the daylight
simulation had been dynamic. The actual effect of the sun-controlled shadings would have been
measured, and not just for the times when they are drawn which represent the worst scenario

for the daylight conditions
Complexity of the thesis

In afterthought of the analysis of the results and the process of developing the thesis, there was
revealed several things elements that could have been done differently to perfect the simulation
outcomes for better evaluation. The complexity of the thesis showed itself challenging to
discuss and interpret in its entirety. The large number of models in combination with the four
different subjects of outputs, made it hard to evaluate all the results. If done again, reducing the
number of design combinations would have been an option, in order to take a closer look at the

all the results.
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5 CONCLUSION

Considering daylight, this thesis’ comparison of the Norwegian Building Regulation TEK17
and the European Daylight Standard FprEN17037 should be adequate to answer the following

research questions, as presented in the introduction:
Review

¢ RQ1: Which one of the standards are easier to implement?
Case Study

e RQ2: What are the equivalent criteria for TEK17 and FprEN17037 according to their
different approaches to daylight measures, and which one of the two provides a better
building design for daylight availability?

¢ RQ3: What are the consequences of achieving the different levels of daylight, regarding

thermal comfort and energy demand?

5.1 MAIN FINDINGS

The comparing review shown in Table 3-1 reveal several differences between TEK17 and
FprEN17037. As FprEN17037 is a standard, the scope is significantly greater than for TEK17,
which is to be expected. FprEN17037 have defined methods and criteria, described in detail.
TEK17 does not contain as many boundary conditions or explanations of how to evaluate the
provision of daylight, making it more open for interpretation and simulations being performed
differently. They each have two alternative criteria with different measures in order to achieve
adequate daylight provision. The parameters in TEK17 are minimum glazing area and average
daylight factor DT, while FprEN17037 uses target and minimum target illuminances E; and
Ery, Or target and minimum target daylight factors, Dy and Dr,,. The measures applying
illuminances require annual dynamic simulations, as the criteria are set to be time dependent as
well as requiring site specific climate data. This results in a high level of skills needed to
perform this climate-based simulation approach, as well as a software capable of handling the
output according to the definitions of the criteria. The criteria given in daylight factors only
needs software capable of static daylight simulations, and are is the same unit at TEK17 criteria,
making them comparable. Both criteria are defined to be fulfilled in a certain fraction of the

area simulated, meaning that it must be possible to extract results for a given area, or show the
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percentage of area above of below a threshold value. IDA ICE, being the chosen software to
use in this thesis, can show percentages above or below a threshold, but only in the animation
view and for all the zones simulated in total. This makes the evaluation according to
FprEN17037 a time-consuming task compared to direct outputs according to the DF parameter
in TEK17. Thus, are the usability of FprEN17037 restricted by the simulation software. There
is software capable of performing annual dynamic daylight simulations, but they may be limited
regarding thermal and energy simulations. The conclusion is that FprEN17037 require more
advanced software as well as skill to evaluate daylight in buildings than TEK17, while it

contrarily contains detailed methods, making it less open for interpretation compared to TEK17.

The simulations performed in the case study revealed a difference in achieved daylight
availability according to the criteria to daylight in TEK17 and FprEN17037. As the criteria are
set according to different approaches and measures, the equivalent values had to be found. The
findings, shown in Table 4-4, unveiled that the equivalent to achieving the criteria according
to TEK17 of DF of 2%, only achieves half of the criteria related to D in FprEN17037. This is
the case for both ground and top floor. With respect to achieving FprEN17037, there occur a
difference between the ground and top floor. The equivalent DF for achieving the criteria in
FprEN1703 are 3% for the top floor, while 4% for the ground floor. This means that fulfilling
the criteria according to FprEN17037, also the criteria according to TEK17 will be fulfilled. On
the other hand, will fulfilling the criteria according to TEK17 not lead to fulfilling the
FprEN17037 criteria. This leads to the conclusion is that FprEN17037 ensures better daylight
availability then TEK17, thus a better building design considering daylight.

In general, the daylight results show that the daylight availability is better the larger the glazing
area is. There is a clear correlation for the designs achieving the highest DF, thus the lowest
demand for artificial lighting, also being the same designs with the worst results regarding space
heating demand and thermal comfort. While the opposite applies for small glazing areas and
low DF . The results show that achieving the daylight criteria according to FprEN17037 require
a large glazing area, which leads to a more hours of unacceptable thermal comfort compared to
the glazing areas required in order to fulfill TEK17. This also leads to a higher space heating
demand. The large glazing areas according to FprEN17037 leads to a lower demand for
artificial lighting in relation to TEK17. Still, the size of energy demand for artificial lighting is

significantly low in relation to the energy demand for space heating. This means that
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considering daylight, FprEN17037 ensure a better building design, but considering thermal
comfort and energy demand, TEK17 perform better.

5.2 FUTURE WORK

As a part of the process of this master thesis, developing cases and performing simulations, it
was discovered several things that could have been done differently or which could have been
interesting to investigate further with another approach. The following list presents some

suggestions for future work:

e Using the framework made in this thesis to perform annual dynamic daylight
simulations when IDA ICE 5.0 is released. It would be interesting to investigate the
achieved illuminance results compared to the results for daylight factor in this thesis.

e Test another simulation software capable of performing climate-based-daylight metric
and compare with achieved results.

¢ Include other types of external shading into the framework to evaluate their effect. In
this thesis, external blinds were not included, because they were evaluated “’to similar’’
to the additional coating. When dynamic simulations are possible, the external blinds
will give different results than the external coating, thus making it more relevant for
these types of simulations.

e Further evaluate what changes of room layout that must be done for the ground floor
living room in order to achieve FprEN17037 when shaded by adjacent buildings. Is it
realistically possible?

e Optimization regarding both daylight and thermal comfort. With respect to fulfilling the
illuminance criteria in FprEN17037 as well as acceptable thermal comfort, what

building design is required?
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APPENDIX A. CONSULTATION EQUA

Investigating the possibility of dynamic daylight simulations, it was performed both a search in
EQUA'’s forum and discussed over email with an employee at EQUA. These two threads are
presented in Figure A - 1 and Figure A - 2, both stating that the annual calculation of daylight

IS yet not available and won’t be available until next version of IDA ICE.

Eor the next version (5) of IDA ICE we plan to infroduce annual Radiance . answered 22 hours ago
calculation of daylight. We hope then also to give the option of placing the g;‘frﬂ:::f;";;au"
measurement plane on any surface to obtain the solar radiation. Right now it is
only possiible to get shaded solar radiation on windows and unshaded on
facades.

*\.edit ®flag offensive ff delete Q:)Iink

Since it is not possible to be done in IDA-Ice, | would suggest using Rhino- answered Dec 14 '18
Grasshopper for this task_ It is fairly easy and there are thousands of scripts Kaspar Bajars 1
available from other users across the globe.

*\edit ®flag offensive @ delete S link

This is not possible and it it not easy to calculate it on building bodies either. It answered May 14 '18
includes logging at advanced level, virtual windows to calculate shading, some Max Tilloerg 1945
clever scripts and editing prn-files for visualizing. :

*\edit ®flag offensive @ delete S link

Figure A - 1 Forum post regarding annual daylight simulations in IDA ICE (Hellstrém, 2018b)
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From: Mika Vuolle <mikavuolle @equa.fi=

Sent: Wednesday, November 21, 20158 7:20 AM

To: Mohamed Hamdy <mohamed.hamdy@ntnu.no=; Patrik Skoggvist <patrik.skogguist@equa.se>
Subject: RE: Email for EQUA

Hi,

To get lux ou you have to select illuminanace instead og daylight

IEH

ct2

¢

ziachobil

General ASHRAE 901 Floorplan 3D  Simulation Dayiigm CFD Outline Summary Details

- Calculation settings - Meas:
@
Daylight factor ~_Calculateddime points
O llluminance &,
Type of sky

n oz I~

[© High precision ]
Controllable shading Simulation with control signal
|None drawn Iv|
- Optical properties [E]Repot— (B Expand table—) [ Resu!

Nai
Name

[Z)Zone Floor.Inn...

The question to get DF procent per zone, | cannot answer. Script perhaps needed

The annual daylight simulation is in the pipe line. Not published yet.
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Figure A - 2 An excerpt from e-mail thread with EQUA employee, 21.11.2018



APPENDIX B. CIE SKY MODELS

Recommended or standardised parameters
Cod Type of sky for for ftypical| o | o [ o | g | forlz | typical
e gfadatio indicatrix| DV/Ev as F(TV) cases
~ a2
.1 )| Overcast with the steep |a= 4 c=0
< < gradation and with E b=-0.7 |d=-1 0.10 |54.63| 1.00| 0.00( 0.00
azimuthal uniformity e=0
1.2 | Overcast with the steep |a= 4 c=2
gradation and slight |b=-0.7 |d=-1.5 0.18 | 12.35| 3.68| 0.59 | 50.47
brightening toward sun e=0.15
1.1 | Overcast moderately |a=1.1 |c=0 Because these sky
graded with azimuthal |b=-0.8 |d=-1 | 0.15 [48.30| 1.00| 0.00| 0.00|standards are
uniformity e=0 associated with no
I.2 | Overcast moderately |a=1.1 |c=2 sunlight the relation
graded and slight  |b=-0.8 |d=-1.5 | 0-22 [12.23| 3.57| 0.57 [ 44.27 ;-F(Tv) is not valid
brightening toward sun e=0.15
M1 | Overcast foggy or |F= ?1 3t (.)1 0.20 |42.59| 1.00| 0.00| 0.00
cloudy with overall =0
uniformity st
.2 | Partly cloudy witha |a=0 c=2
uniform gradation and | b= -1 d=-15 0.38 |11.84| 3.53| 0.55|38.78
slight brightening toward 3
sun e=0.15
3| Patlycloudywitha [a=0 |c=5 A1=0.957 | Tv=12.0
brighter circumsolar | b= -1 d=-25 042 (21.72| 4.52| 0.64|34.56| o
effect and uniform = 2. A2=1.790 | A=13.27
gradation e=03
¥ Partly cloudy, rather |a=0 c=10 o =
- o v;‘i:’,,’, oar |o-1 la=.3 | 041 |2035|4.94|0.70|30.41[A1=0.830 (Tv=100
solar corona e=0.45 A2=2.030 | A=10.33
=-1 =2 =
V.2 | Partlycloudywitha |P="" 157% .| 040 |10.34| 3.45| 0.50|27.47|A1=0.600 | Tv=12.0
shaded sun position 1055 |e=0.15 A2=1.500 | A=8.70
£ P: cloudy with a=-1 5
L ,,ﬁ;{,"g, dr'éﬁ{nwla, b-.  |d=2s | 036 |18.41| 4.27| 0.63|24.04[A1=0.567 [Tv=100
effect 055 e=0.3 A2=2610 |A=8.28
IV.4 | White - blue sky with a b: :1 C‘: j3o 023 |24.41| 460! 0.72|20.76 A1=1.440 | Tv=4.0
clearsolarcorona | | o_ 045 A2=-0.75 [A=5.01
V.4 | Veryclear/unturbid |3=1 €10 | o 16 |30 4.43| 0.74 | 18.52|A1=1.036 | Tv=25
with a clear solar coronal o ., e= 045 A2=0.710 | A=3.30
V.5 | Cloudiess polluted with [3=~1 (€18 | 5 | 57 46| 4 61| 0.76| 16.50[A1=1.244 | Tv=4.5
a broader solar corona 0.32 6=03 A2=-0.84 |A=4.76
VL5 | Cloudless turbidwitha &1 |€=18 | ¢ 55 |55 64 4.40 0.7 14,56(A1=0881 [Tv=5.0
broader solar corona | "o | 'y A2=0.453 | A= 4.86
V1.6 | White - blue turbid sl - c=24
biodreltgd i o a1 lg=2g | 030 |28.08|4.13| 0.79 13.00{A1=0418 | Tv=4.0
effect 8—1-5 e=0.15 A2=1.950 | A= 3.62

Figure B - 1 CIE Standard sky types: 15 CIE models (Matusiak, 2017b)
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I.1

Figure B - 2 CIE sky type 1.1 Overcast with steep gradation and with azimuthal uniformity (Matusiak, 2017b)

Place of sky type |1 in the standard sky set :

207

Standard indicatrix 1 :
c* 0
d= -1
e= 0

3

Reowtive nccatrix f(x)
o

etatve grodeon « (2 )/« (0 1))

%0 120 T
Scattering angle ¢ 1 deg

Standard formula for relative luminance distribution :

Lp 1+4 ~0.7 /cos Z)

e YT where Z is the zenith angle

Table of approximate range and auxiliary conditions

Gradation Indicatrix Frequent Usual Usual Gradation Indicatrix Probable
mt?“ scale ;;g: range A Tv range prolongation | range
jmaith-hortzon range |zenithhorizon| range | LzDv') |

1:033 around 1 | 0.05-0.3 | 0.03-0.25 | over20 | 1:0.1-1:0.5 |0.8:1-1.2:1 |over 0.38
Note : *) The Lz/Dv value for an ideal standard 1.1 is 0.408 at every solar altitude

Example for Zs = 60° Sky profile in solar meridian

2 r r —

Zanth angle in deg.



APPENDIX C. CALCULATION GRID

Formulas for minimum dimensions for calculation grid:

e NS-EN 12464-1:2011 Chapter 4.4:

p=02+5°80@ [1]  and # grid points > 4/ [2]
e FprEN17037:2017 Annex B, Chapter B.2:

p=05+5080@ 3] and # grid points > 4/, [4]

p: max. grid cell size

d: longer dimension of the calculation area

d/p :nearest whole number — number of grid points in d

o0 0 0 0 0 o - ® ®
0,5m
o0 o & 0 ¢
< >
‘ . ‘ ‘ ‘ . 1,5m
o 0 0 0 0 0 o v ® ®
oo o ¢ ¢ ¢
oo o ¢ o ¢
o0 0 0 0 0 ¢ ® ®
o o o ¢ o ¢
o o o ¢ o ¢
o o o ¢ o 0 ¢ o L
a)Min. resolution acc. to NS-EN 12464-1:2011 & default ~ b)Min. resolution acc. FprEN 17037:2017: 1,5m — 12 grid
resolution in IDA ICE: 0,5m — 60 grid points points

Figure C - 1 Example of two calculation grids for a room with dimension 3,8m x 5,6m
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Table C - 1 Minimum dimensions for calculation grid acc. NS-EN 12464:2011 and FprEN17037:2017

p[m] d/p [calc. points in d] Resulting p [m]

NS-EN Calculated acc. | Calculated acc. | Nearest greater | d/nearest whole Nearest 0,5
12464-1:2011 [1] [2] whole number number interval
Ground floor 0,67 8,36 9 0,62 0,5
Top floor 0,67 8,47 9 0,63 0,5
FpreN Calculated acc. | Calculated acc. | Nearest whole | d/nearest whole Nearest 0,5
17037:2017 [3] [4] number number interval
Ground floor 1,67 3,35 4 1,40 15
Top floor 1,68 3,38 4 1,42 15
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APPENDIX D. SITE LAYOUT FOR GARTNERKVARTALET

GARTNERKVARTALET

Heltetipan Querids

Figure D - 1 Site layout for Gartnerkvartalet at Laren in Oslo (Lillestram Architects, 2018b)
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APPENDIX E. LIGHTING RESULTS

E.1 Daylight simulation results

Table E - 1 Result table daylight simulations - Alta

Glazing | Additional TEK17 FprEN17037
alternative Shad_mg % of area w/ DF > % of area w/ DF >
design Ground fl. Top fl. Ground fl. Top fl. Ground fl. Top fl.
0 11 0,9 7.0 11 44,8 47,8
1 0,3 0,9 0,0 0,7 5,9 40,2
Al 2 0,5 0,9 0,3 0,7 15,6 42,2
, 3 0,4 0,5 0,1 0,0 13,9 8,3
[2,00/2,34m 4 0,7 05 1,0 0,0 26,2 13,1
o 5 0,2 0,4 0,0 0,0 0,5 6,3
§13-7D)] 6 0,2 0,5 0,0 0,0 18 10,5
7 0,2 0,4 0,0 0,0 1,0 6,4
8 0,3 0,5 0,0 0,0 4,4 11,4
0 3,3 3,1 42,6 56,8 100,0 98,7
1 1.2 3,0 10,4 56,3 39,9 96,7
A2 2 15 2.9 16,4 53,1 43,3 95,4
, 3 08 1,1 2,7 13 33,7 55,9
[5'350/3%””‘ 4 1.9 17 24,6 14,9 65,0 82.9
TEK17 5 0,3 0,9 0,0 0,8 0,8 45,4
§14.7] 6 0,6 16 1,9 12,0 20,1 77,0
7 0,4 0,9 0,0 0,7 8,1 46,4
8 0,8 16 7.1 12,3 27,1 79,1
0 1.9 2.0 25,2 26,3 64,1 89,0
1 0,6 1,9 3,6 21,6 19,4 85,4
Bl 2 0,9 1,9 8,4 21,7 28,1 87,5
/ , 3 0,6 0,9 0,9 0,0 23,8 44,8
[3'0{30(‘:‘_*%03’” 4 11 11 10,3 27 438 635
TEK17 5 0,2 0,8 0,0 0,0 1,0 36,2
§13-73)] 6 0,4 1,0 0,0 2.3 9,8 58,1
7 0,3 0,8 0,0 9,0 45 35,9
8 0,5 1,0 2,0 2.3 17,2 58,3
0 4,0 3,1 54,0 59,1 100,0 99,8
1 1,4 2.9 17,2 52,7 49,9 95,0
B2 2 1,9 2.9 22,6 53,8 58,8 97,4
3 18 11 21,1 13 72,8 64,1
[9,12/6,02m? 4 2.4 17 33,2 147 91,0 84,8
acc. to 5 0,6 1,0 0,0 0,8 21,4 52,5
FprEN17037] 6 0,8 16 4.4 11,9 28,8 79,9
7 0,8 1,0 0,0 0,7 33,6 51,2
8 11 16 10,7 123 37,9 81,2
0 2.4 4.0 32,2 75,8 83,7 100,0
1 0,8 3,7 5,4 68,3 26,2 100,0
c 2 11 3,7 11,1 69,3 34,0 100,0
3 0,9 15 3,0 8,9 35,5 84,2
[4,73/9,50m? 4 14 2.0 16,4 25,4 54,9 88,0
acc. as 5 0,3 13 0,0 4,8 2,6 73,8
designed] 6 0,5 1,8 0,4 20,2 14,4 82,5
7 0,4 13 0,0 5,0 8,3 73,2
8 0,7 1,9 3,0 21,1 22,5 84,5
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E.2 DF in relation to fraction areas with Dy and Dyy,

Al - Average DF & target/min - Top floor - Oslo

45 00
FprEN17037; min. fraction; 95
4 £
35 80
70
3
- 60
£ 25
& FprEN17037; Target fraction; 50
E)
g 2
< 40
15
30
* 20
05 10
. | n n ;
None Droparm Add. | None Droparm Add. | None Droparm Add.
awning  Coating awning  Coating awning  Coating
No shading obstruction 45 degrees Site specific
A1 Oslo DF targ. S 1 Oslo DF min.
———&—— AlOsloDFavrg. ~  ceececececens TEK17; min. avrg. DF
FprEN17037; Target DF ssessesensss FPrEN17037; min. DF
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E.3 Artificial lighting demand bar charts
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Artifical light [kwh/m~2]

Artifical light [kwh/m~2]

98
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APPENDIX F. THERMAL PERFORMANCE RESULTS

F.1 Space heating demand bar charts
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