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Introduction and Background

BENEFITS N
A homogenous daylight distribution has relevant e | 5
benefits on the building6six C
human health and owell-bemgu oc*: -
Ll _

ENERGY SAVING e
Maximizing the sunlight penetrating in the interiors iz -
also allows a reduction of electric energy use for xﬂ K;\ \\\\\ :
artificial lighting®. 0
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Introduction and Background

OFFICE BUILDINGS vs RESIDENTIAL BUILDINGS

A relationship between increased daylighting and reduced
use of electric lighting can be found for office buildings: a
decrease in the electric lighting use occurs when a proper range
of illuminances is provided on the horizontal work plane.

Photo of living space of ZEB living lab¥Nicola Lolli®

It can be more challenging to find such a relationship in the
context of residential building, probably because of the
different user behavior in domestic settingw.

[3] L. Bellia, F. Fragliasso and E. Stefanizzi, Dafjlitof f i ces: A compari son between measur ed par anBeidiegrasd Eavsosneestsvol.nig, pp.i
92-106, 2017.
[4] J. Mardaljevic, M. Andersen, N. Roy and J. Christoffersen, ADayl ighting metri cs CIEQTth SRssieni Jdle 10th i1%tH, SuB Qity, 20di. ngs, 0 i n
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Introduction and Background

PREVIOUS STUDY - RESIDENTIAL DWELLING

The findings demonstrated that, in residential context, it is
rather difficult to find a strong inverse correlation between
the daylight availability and the use of artificial lightingsi.

Unpredi ct abi lbehtawor: oskrs gerserlty silodnot
switch off or dim the light when the internal illuminance owing
to natural light increases.

Photo: Anne J. Bruland

LIMITATIONS

Q The daylighting and the energy for electric lighting have been calculated for the
whole area of the building.

[5] G. Lobaccaro, S. Esposito, F. Goia and M. Perino, fAiDayl i ghting availability in a |living | aboratory s EnmeqyPeocedia mi
vol. 122, pp. 601-606, 2017.
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Research Questions and Goals

RESEARCH QUESTIONS

1. Isthere a correlation between daylight availability and the
use of artificial lighting in residential building?

2. Does the use of artificial lighting decrease as much as the
amount of natural light available increases?

Photo of bedroom west of ZEB living'lab

GOALS

A Higher level of detail i Regarding rooms with different shape,
orientation and intended use (day/night time and activities).

A Deepening to analyze to the single light sources.

Does any significant difference emerge from the previous study?
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Case study: The ZEB Living Laboratory

Norwegian single family house reaching
CO,-neutral construction (ZEB-OM
ambition level) in the Norwegian climate with
todayso6 technol ogi es.

S

A living-laboratory to carry out research on [ » i_;'{‘? : Wl"l'ﬂ?il'\
how users interact with state-of-the-art s 3 I
technologies and low-energy buildings.

A building-laboratory carry out research on
advanced building components and systems
to achieve energy flexible buildings. N - Photo: Anne J. Bruland
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Monitoring Experiment at ZEB Living Laboratory

PERIOD
October 2015 - April 2016

o ©O
USERS TWO STUDENTS Ie\ [ﬁ]

Five groups of users moved in the ZEB Living n
Laboratory and they used it as their own home for
twenty-five days each.

BEHAVIOUR & INSTRUCTIONS FAMILY x 2
A Users were invited to continue with their routines

and habits by avoiding any unusual behavior. o &
A Very basic information was provided about the

building operation. RETIRED COUPLE x 2

A Data of the last week of the occupational period

was considered
&) Norwegian University of Science and Technology
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DATA COLLECTION

Electric
Energy Mete
for Lighting o
the whole
house

Conditions of

each switch
(0 - 100%)

Methodology Workflow

The methodology is structured in two parts.

1. Switch on each light source one at
the time;

2. Switch on_the light sources with
different dimming level one at the time.

Part 1 - Calculation of the electric energy use for
lighting in the building down to each individual room.

lNP]UT

X DATA
PROCESSING

QUTPUT

Rated Power of each electric light;
The relationship between the dimming

Part 2 - Estimation of the daylighting availability for

level and the power of the light source.

the periods of occupancy.

LINEA
COMBINATION
|

Pearson Correlation Coefficient (r) to assess the
correlation between the two variables in each analyzed
room:

(i) Electric use for lighting in each single room.

NOo VALIDATION

Is the combination:
reliable?

- . . . v
(i) Average illuminance on the horizontal plane X

Estimation of the electric energy use
for lighting in the room during the
pccupation period

placed at 0.85 m from the floor level.

&) Norwegian University of Science and Technology
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n
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Indoor Illuminance
distribution on the horizontal plane
at 0,85m from floor level in the room
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Methodology

Part 1 Electric Energy Use for Lighting

A 4—;
[ — ] S
. @
B(;jroom g : *®
Wes | Bedroom
™ ; East
COLLECTION of ILLUMINANCE DATA (indoor environment) gy '
llluminance sensors in the indoor environment (accuracy — . ® .
of NL0%) placed on the ceiling of all analyzed rooms. A | Living room area
Electric energy meter for lighting and dimmer status of HLAH : 1
each light source were used for the characterization of Y ¥ @ Sensors on the ceiling

the lighting system in each room.

Section AA
LT x ' i Author: Luca Fin(_)E:c_HiaIro, main
0 1 3 5m  architect for the ZEB Living Lab
(O] Norwegian University of Science and Technology 10
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Methodology

Part 1 Electric Energy Use for Lighting

COLLECTION of ILLUMINANCE DATA (outdoor environment) l' ;

A pyranometer (accuracy of N3%) was used to measure =~
global solar irradiance on the horizontal plane.
Direct measurement of the different components of solar

radiation (direct and global diffuse) was reconstructed from
experimental data.
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Methodology

Part 2 Daylight Simulations and Setting Parameters

WEATHER CLIMATE FILE

International Weather for Energy Calculations (IWEC)
converted in energy plus weather (.epw) data file of Trondheim.

MODEL
3D model was built in Rhinoceros environment.

SIMULATIONS

Indoor illuminance levels for the analyzed rooms were recreated
through climate-based simulations using DIVA-for-Rhino, a
RADIANCE based software.

® Norwegian University of Science and Technology
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Methodology

Part 2 Daylight Simulations and Setting Parameters

PARAMETERS
ambient bounces ambient divisions ambient supersamples ambient resolution  ambient accuracy
(@b) (ad) (@s) (ar) (@a)
5 1024 16 256 0.10

MATERIALS SETTINGS

Description Material/Colors Radiance material RGB Specularity Roughness

Ceiling Opaque WoodenCeiling 0.6/0.4/0.3 0 0 5
Wall Opaque WoodenlnteriorWall 0.6/0.4/0.3 0 0 g
Floor Opaque WoodenFloor 0.5/0.3/0.2 0 0.02 E
Furniture Opaque WoodenFurniture 0.5/0.3/0.2 0 0 5
Single Glazing Translucent Glazing_SinglePane_88 0.96/0.96/ 0.96 é
Triple Glazing Translucent Glazing_TriplePane_Krypton 0.51/0.51/0.51 E
Mullions Opaque/ dark grey  MullionsSheetMetalmatted  0.1/0.1/0.1 0.8 0 S
Outside Wood Opaque OutsideWood 0.5/0.3/0.2 0 0 %
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