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Scope

The scope of this document is in relation to the Strategic Research Centre for Zero
Energy Buildings (ZEB) to define method and procedures for describing and evaluating
the indoor environmental quality in new and existing residential and office buildings.
The document includes criteria for design, dimensioning and operation of buildings.
Methods and concepts for evaluation of and describing the performance of buildings by
building simulation, physical measurements and subjective measurements are defined.

Working group

Following persons have contributed to this definition:

Alireza Afshari Statens Byggeforskningsinstitut ala@sbi.dk

Bjarne W. Olesen ICIEE.DTU Byg bwo@byg.dtu.dk
Jérobme Le Dréau Institut for Byggeri og Anlaeg jld@civil.aau.dk
Peter Foldbjerg VELUX peter.foldbjerg@velux.com
Sgren @stergaard Jensen Teknologisk Institut sdj@teknologisk.dk
Tine S. Larsen Institut for Byggeri og Anlaeg tsl@civil.aau.dk
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1. Introduction

To be able to compare the different activities within the ZEB centre where the indoor
environment is specified or evaluated, there is a need for defining some common
criteria and concepts. Wherever possible the criteria and methods should be based on
existing international standards. If needed additional criteria and concepts will be
explained in the present document.

The indoor environment shall be evaluated on a room by room basis. Typically 1-4
rooms in a building must be evaluated taken into account the following factors:

e Individual office

Landscaped office

Bedroom

e Living room

Location in the building (south-north, corner, number of external surfaces)

Design and dimensioning

The design must take into account the criteria for thermal comfort, indoor air quality
(ventilation), illumination and acoustic.
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2. Thermal environment

For design of buildings and dimensioning of room conditioning systems the thermal
comfort criteria (minimum room temperature in winter, maximum room temperature in
summer) shall be used as input for heating load (EN12831) and cooling load calculations.
This will guarantee that a minimum-maximum room temperature can be obtained at
design outdoor conditions and design internal loads. Ventilation rates that are used for
sizing the equipment shall be specified in design

Instead of using temperature as the design criterion the PMV-PPD index can be used
directly. In this way the effect of increased air velocity will be taken into account.

The project must specify to what extent the occupant’s are able to individually adjust or
control their personal indoor environment (personal ventilation devices, set point for
room temperature, opening of windows, control of blinds, and electrical light .

In Denmark and several other countries there is a requirement for individual room
control of the heating system. The possibility to individually control room heating, solar
shading, electric light and open able windows improves the satisfaction with the indoor
environment

For the purpose of the ZEB centre we are only dealing with rooms for mainly sedentary
activity (1.2 met) and two levels of clothing, 0.5 clo for summer and 1.0 clo for winter. In
special projects other clothing/activity values maybe used; but the corresponding
criteria must then be specified.

As a default it is recommended to use category Il for design and dimensioning. All
categories shall however be used for the evaluation of the building performance (see
later).

Mechanically ventilated buildings

Table 1. Example criteria for PMV-PPD, operative temperature and ventilation (CO,) for typical spaces
with sedentary activity in mechanically ventilated or air conditioned buildings. (EN15251, 2007)

Thermal Comfort

. Operative Temperature range
requirements

Class oPD oMV Winter Summer
1.0clo/1.2met 0.5clo/1.2 met
[%] [/] [*C] [°C]
I <6 -0.2<PMV<+0.2 21.0-23.0 23.5-25.5
I <10 -0.5<PMV<+0.5 20.0-24.0 23.0-26.0
Il <15 -0.7 <PMV <+ 0.7 19.0-25.0 22.0-27.0
\Y > 15 PMV >+ 0.7 < 19.0-25.0< <22.0-27.0<

Note: In standards like EN ISO 7730 and CR 1752 categories or classes are also used; but
may be named different (A, B, Cor 1, 2, 3 etc.).
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The corresponding temperature ranges in Table 1 are based on the assumed activity and
clothing listed and these further assumptions: Air velocity < 0,15m/s, RH (relative
humidity) in summer 60%; in winter 40%. For other conditions corresponding
temperature intervals can be calculated using the PMV-index (ISO EN 7730).

Naturally ventilated buildings

The criteria for the thermal environment in natural ventilated buildings without
mechanical cooling may be specified differently from those with mechanical cooling
during the warm season due to the different expectations of the building occupants and
their adaptation to warmer conditions. The level of adaptation and expectation is
strongly related to outdoor climatic conditions.

In summer most naturally ventilated buildings are free-running so there is no
mechanical cooling system to dimension and the criteria for the categories are based on
indoor temperature. Summer temperatures are mainly used to design for the provision
of passive thermal controls (e.g. solar shading, thermal capacity of building, design,
orientation and opening of windows etc) to avoid over heating of the building.

Recommended criteria for the indoor temperature are given in Figure 1 based on a
weekly running mean outside temperature.

The operative temperatures (room temperatures) presented in Figure 1 are valid for

e office buildings and other buildings of similar type used mainly for human
occupancy with mainly sedentary activities

e dwellings, where there is easy access to operable windows and where occupants
may freely adapt their clothing to the indoor and/or outdoor thermal conditions.
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Figure 1. Design values for the indoor operative temperature for buildings without mechanical cooling
systems as a function of the exponentially-weighted running mean of the outdoor temperature .
[EN15251]



strategic research cenfre for

ZERO ENERGY BUILDINGS

O, = Operative temperature °C.
O,m = Outdoor Running mean temperature °C.

Om = (Oed-1 + 0,8 Oed-2 + 0,6 Oed-3 + 0,5 Oed-4 + 0,4 Oed-5 + 0,3 Oed-6 + 0,2 Oed-
7)/3,8

Where
Oed-1 = the daily mean external temperature for the previous day

Oed-2 = the daily mean external temperature for the day before etc

The temperature limits only apply when the thermal conditions in the spaces at hand
are regulated primarily by the occupants through opening and closing of windows.
Several field experiments have shown that occupants’ thermal responses in such spaces
depends in part on the outdoor climate, and differ from the thermal responses of
occupants in buildings with HVAC systems, mainly because of differences in thermal
experience, availability of control and shifts in occupants’ expectations.

In order for this optional method to apply, the spaces in question must be equipped
with operable windows which open to the outdoors and which can be readily opened
and adjusted by the occupants of the spaces.

There must be no mechanical cooling in operation in the space. Mechanical ventilation
with unconditioned air (in summer) may be utilized, but opening and closing of windows
must be of primary importance as a means of regulating thermal conditions in the
space. There may in addition be other low-energy methods of personally controlling the
indoor environment such as fans, shutters, night ventilation etc. The spaces may be
provided by a heating system, but this optional method does not apply during times of
the year when the heating system is in operation when the method of Table 1 applies.

This optional method only applies to spaces where the occupants are engaged in near
sedentary physical activities with metabolic rates ranging from 1,0 to 1,3 met. It is also
important that strict clothing policies inside the building are avoided, in order to allow
occupants to freely adapt their clothing insulation.

The (summer) temperature limits presented here are primarily based on studies in office
buildings. Nevertheless, based on general knowledge on thermal comfort and human
responses, the assumption can be made that the limits may apply to other (comparable)
buildings with mainly sedentary activities like residential buildings. Especially in
residential buildings the opportunities for (behavioral) adaptation are relatively wide:
one is relatively free to adjust metabolism and the amount of clothing worn dependent
on outside weather conditions and indoor temperatures.

The temperature limits in Figure 1 are based on comfort studies in offices, which did not
take peoples work performance into account.

In landscaped (open plan) offices most occupants have only limited access to operable
windows and therefore poor control over natural ventilation. Therefore: the
temperature limits presented in Figure 1 may not always apply in such situations.
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Local thermal comfort

For design purposes also the criteria for local thermal comfort in Table 2 (draught, vertical
air temperature differences, radiant asymmetry, floor surface temperatures, EN SO
7730) may influence the dimensioning of facades and heating, cooling and ventilation
systems.

Table 2. Recommended categories for local thermal discomfort parameters (reference: EN7730)

Cate | Vertical Floor Radiant temp. asymmetry Mean air velocity
gory al.rTemp. surface (K) m/s
diff. C
K
Warm | Cool Cool Warm | Cooling | Heating
Ceiling | ceiling | wall Wall | season | season

Summe | Winter
r

I 2 19-29 5 14 10 23 0.18 0.15

I 3 19-29 5 14 10 23 0.22 0.18

1l 4 17-31 7 18 13 35 0.25 0.21

v >4 <17;>3 | >7 >18 >13 >35 >0.25 >0.21
1
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3. Indoor Air Quality (ventilation)

The indoor air quality shall in the ZEB centre be specified as required ventilation rate or
required maximum levels of CO,.

In buildings with varying occupancy, demand-controlled ventilation can be used to
achieve the required indoor air quality at a minimum energy demand.

Table 3. Examples of recommended CO, concentrations above outdoor concentration. Applies to all
building types within the scope of this document. (EN15251, 2007)

Ventilation
CO,

outdoor

[ppm]
| 0-350
I 350-500
I 500-800
v 800<

Note: In standards like EN ISO 7730 and CR 1752 categories or classes are also used; but
may be named different (A, B, Cor 1, 2, 3 etc.).

Table 3 give in a simplified way recommended levels of CO,.

In Table4da more detailed values for the recommended ventilation rates in non-
residential buildings are given depending on type of space and occupancy density
(EN15251). Table 4b give the corresponding levels of CO,. In accordance with EN15251
Table 5 give recommended ventilation rates for residential buildings.
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Table 4a. Examples of recommended ventilation rates for non-residential buildings with default occupant
density for three categories of pollution from building itself.

Type of | Cate | Floor | g, gs Grot gs Grot gs Grot
buildin | - area
g or | gory mz/pe , , , ,
space r-son | l/s, m l/s,m l/s,m l/s,m
occupanc | very low- | low-polluted non-low
y polluted building polluted
building building
Single | | 10 1,0 0,5 1,5 1,0 2,0 2,0 30
office |, 10 0,7 0,3 1,0 0,7 1,4 1,4 2,1
1l 10 0,4 0,2 0,6 0,4 0,8 0,8 1,2
land- || 15 0,7 0,5 1,2 1,0 1,7 2,0 2,7
scaped | | 15 0,5 0,3 0,8 0,7 1,2 1,4 1,9
office
1l 15 0,3 0,2 0,5 0,4 0,7 0,8 1,1
Confer |1 2 50 0,5 55 1,0 6,0 2,0 7,0
ence 1y 2 35 0,3 338 0,7 4,2 1,4 4,9
room
Il 2 2,0 0,2 22 0,4 2,4 0,8 2,8
Auditor | | 0,75 |15 0,5 155 | 1,0 16 2,0 17
um I 0,75 | 10,5 0,3 108 |0,7 112 |14 11,9
1l 0,75 | 6,0 0,2 0,8 0,4 6,4 0,8 6,8
Restau || 1,5 7,0 0,5 7,5 1,0 8,0 2,0 9,0
rant 1y 1,5 |49 0,3 5,2 0,7 5,6 1,4 6,3
Il 1,5 2,8 0,2 30 0,4 32 0,8 36
Class |1 2,0 50 0,5 55 1,0 6,0 2,0 7,0
room 1 2,0 35 0,3 338 0,7 4,2 1,4 4,9
Il 2,0 2,0 0,2 22 0,4 2,4 0,8 2,8
Kinder |1 2,0 6,0 0,5 6,5 1,0 7,0 2,0 8,0
garten |, 20 |42 0,3 4,5 0,7 4,9 1,4 5,8
1l 2,0 2,4 0,2 2,6 0,4 2,8 0,8 32
Depart | | 7 2,1 1,0 3,1 2,0 4,1 3,0 5,1
ment |, 7 1,5 0,7 2,2 1,4 2,9 2,1 3,6
store
1l 7 0,9 0,4 1,3 0,8 1,7 1,2 2,1

10
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Tabel 4b — Examples of CO2 criteria for similar spaces and occupancy as in Table 4a.

Very low polluted Low polluted Not low polluted
Building type or space Category ACO; [ppm] ACO; [ppm] ACO; [ppm]
Single office I 375 280 190
I 560 400 265
] 930 695 465
Landscaped office | 310 220 140
I 465 310 195
] 745 530 340
Conference room | 510 465 400
I 735 665 570
] 1265 1160 995
Auditorium I 480 465 440
I 690 665 625
] 1195 1160 1090
Restaurant | 495 465 415
I 715 665 590
] 1235 1160 1030
Class room | 510 465 400
I 735 665 570
] 1265 1160 995
Kindergarten | 430 400 350
I 620 570 500
] 1070 995 870
Department store | 260 195 160
I 365 275 225
] 615 470 380

11
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Table 4. Ventilation rates for residential buildings with mechanical ventilation. Continuous operation of
ventilation during occupied hours. Complete mixing. EN15251

Category Air change rate | Living room and | Exhaust air flow, I/s
1 bedrooms, mainly
outdoor air flow
I/s,m> |ach /s, persz) /s/m? Kitchen Bathroom | Toilets
(1) (2) (3) (4a) ° (4)
(4b)
I 0,49 0,7 10 1,4 28 20 14
Il 0,42 0,6 7 1,0 20 15 10
" 0,35 0,5 4 0,6 14 10 7

Y The air change rates expressed in I/sm? and ach correspond to each other when the
ceiling height is 2,5 m

>The number of occupants in a residence can be estimated from the number of
bedrooms. The assumptions made at national level have to be used when existing, they
may vary for energy and for IAQ calculations.

The ventilation rates specified in Table 4 and 5 can be converted to equivalent CO,-
levels.

In Denmark the minimum requirement is 0.3 |/s/m? in residential buildings.

[llumination

The criteria in EN 15251 shall be used. The following additional criteria for daylight
factor, solar shading and seasonal affective disorder (SAD) should be evaluated.

For rooms that are used during the day (work places, living rooms, dining rooms,
kitchens, or child’s play rooms) the minimum daylight factor is:

Daylight factor > 5% on average > 3% on average > 2% on average

Residential buildings

To reduce the prevalence of SAD (seasonal Affective Disorder; “winter depression”),
high light levels are particularly important during winter. For minimum one of the main
habitable rooms in residential buildings direct sunlight should be available from fall to
spring equinox:

12
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Direct
availability,
percentage
probable
hours®

sunlight

of >10%
sunlight

>7,5% >5%

The direct sunlight availability can be determined by software tools or hand calculation
methods. The evaluation is made according to British Standard BS 8206-2:2008 “Lighting
for buildings - Part 2: Code of practice for daylight”. The percentage of probable sunlight
hours are calculated as the annual probable sunlight hours available at the reference

point compared to the total available sunlight hours.

Office buildings

Solar shading is important to block unwanted direct sunlight. For office rooms and
rooms with similar activities in non-domestic buildings the solar shading criteria are:

Solar shading in
rooms facing south
(+/- 150°)

Adjustable and
retractable shading
device, able to block
direct sunlight with
automatic and
manual control,
maintain some view
to outside

Adjustable and
retractable shading
device, able to block
direct sunlight with
automatic and
manual control

Adjustable and
retractable shading
device, able to block
direct sunlight with
manual control

Solar shading in
rooms facing north
(+/-30°)

Retractable shading
device, able to block
bright skylight and
direct sunlight,
maintain some view
to outside

Retractable shading
device, able to block
bright skylight and
direct sunlight

Retractable shading
device, able to block
bright skylight

13
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4. Acoustics
The criteria in EN15251 shall be used for the design

Vedvarende stgj fra byningens ventilationsanlaeg kan genere brugerne. Stgjniveauet i et
rum kan evalueres med et A-veegtet, ekvivalent lydtrykniveau. Tabel B6 indeholder
kriterier for lydtrykniveauer fra bygningsinstallationer for forskellige rum.

Tabel 6 Examples of A-weighted criteria for the sound level from installations (EN15251)
Building Room Sound level [dB(A)]
Typical interval |Recommended level for
design
Residential Living room 25 to 40 32
Bed room 20 to 35 26
Institutionsr Kindergarten 30to 45 40
Public spaces Auditorium 30to 35 33
Bibliotec 28 to 35 30
Cinema 30to 35 33
Court room 30to 40 35
Museum 28 to 35 30
Offices Single office 30to 40 35
Meeting room 30to 40 35
Landscaped room 35to0 45 40
Schools Class room 30to 40 35
Corridor 35to 50 40
Gymnasium 35to 45 40
Meeting room 30to 40 35

Revebreation time in residential and office buildings should be 0,5.

14
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5. Building simulations

Dynamic simulations must be used to evaluate the performance of a building during a
time period (week, month, summer, winter). The simulations must be based on 1-hour
input values for weather, building data and the resulting indoor parameters. The output
parameters are normally air and operative temperatures, CO, concentrations or
ventilation rates, humidity, and energy consumption. Besides this daylight factors must
be evaluated. The used simulation tool must be specified.

The results must be presented as specified in the following section on long term
assessment.
Operation

The operation schedule for the building must be specified. This include schedules for
time of occupancy, internal loads, temperature set-points, ventilation (demand
controlled ), solar shading, artificial lighting (demand controlled) etc.

Furthermore the control concept must be specified. Either the space is controlled by a
set-point or the space can float within a specified temperature range.

Default schedule for an office and residential building are included in annex 1.

15
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6. Physical measurements

The indoor environmental quality in existing buildings can be evaluated by physical
measurements of the indoor environmental parameters. This can be done as spot
measurements, long term measurements and using data from the building management
system.

The measuring positions and used instrumentations for measurement of the thermal
environment must follow the requirements in EN ISO 7726. Accuracy of the used
instruments must be specified.

The presentation of long term measurements is specified in a following section.

Spot measurements

These measurements are used to characterize individual work places and evaluate the
uniformity of a space. The measurement locations shall represent the position of the
occupants. In a larger room it is recommended to measure at a minimum of three
locations: the center of the room, 1 m from the fagade and a location in the interior
zone away from the facade.

Operative temperature is measured at the middle of a person (0.6m sedentary, 1.1m
standing). Draught risk and vertical air temperature differences are measured at head
and feet level (0.1m and 1.1m sedentary or 1.7m standing). In ZEB it is normally not
necessary to measure radiant asymmetry since the low U-values used for the
construction will make sure that all surfaced are almost equal temperature. Humidity
can be measured anywhere except position with direct sunlight. CO, concentrations are
measured at breathing level. Values for daylight factors are measured at desk level. The
measurements of daylight must follow the guideline in SBi 219 - Dagslys i rum og
bygninger or equal standards.

Spot measurements are often combined with on-site subjective measurements.

Long term measurements

The indoor environment will vary over time due to change in outdoor environment and
use of space. Therefore it is recommended to also make long term measurements for at
least a week (7 days) both for summer, winter and spring or autumn conditions. As a
minimum it is recommended to measure operative temperature, air temperature,
humidity, CO, level and illumination (Lux) at the center of a space.

For seasonal (summer, winter, whole year) evaluations a location representing the space
without disturbing the occupants must be selected. The same parameters as mentioned
above should be measured.

Long term measurements should also include the outside climate (air temperature,
humidity, CO, concentration, solar radiation).

The position of the measuring sensors must be clearly documented.

16
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Building management systems

It is always best to measure with calibrated equipment, but in larger buildings the
building management system will record (but not always save) several parameters,
which are also used for control of the building and HVAC systems. This system might be
used for analysis of the indoor environment. Normally measurements to evaluate the
performance of a building should be separate from the sensors used for control, but it
will be acceptable to use the build in sensors for evaluating the indoor environment. The
location and type of sensors used must be clearly specified in the measuring report.
Besides this a control of the building sensors must be made in order to find any large
deviations between building sensors and true values.

17
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7. Subjective measurements

The indoor environmental quality can also be evaluated based on subjective
measurements. The methods are either on-site spot measurements for a momentarily
evaluation or a general measurement.

Spot measurements

In a spot measurement the occupants are asked how they feel exactly now. It is
recommended to combine this with a spot measurement of the physical environment.
This measurement can also be done on a frequent basis (like once a week) using an
online questionnaire through internet or intranet. An example of a short questionnaire
is shown Annex 3.

General measurement

An overall questionnaire which includes several back ground questions and questions
about the occupants’ general evaluation of the indoor environment. This is not related
to a specific moment in time but based on a seasonal evaluation. An general example is
shown in Annex 2. A specific example from from a Danish low energy house project is
shown in Annex 4.

18
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8. Long term assessment of indoor environmental quality

To evaluate the comfort conditions over time (season, year) a summation of parameters
must be made based on data measured in real buildings or dynamic computer

simulations. Besides a timeline of the data must be shown.

Timeline of parameter

Indoor Air Temperature profiles
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Figure 2. Example of timeline from measurement during a summer period.

Indoor Air Temperature profiles
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Figure 3. Example of timeline from measurement during a winter period.

Distribution in categories

Calculate the number or % of occupied hours (those during which the building is
occupied) when the parameter (PMV, operative temperature, air temperature, CO,

19
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concentration above outdoor, ventilation level, illumination, acoustic) is within the
different categories. For thermal comfort the % time in category IV is shown separated
in warm and cold side (Figur 4)

Figr 4 Example of air temperature distribution

Summer
Office open . ]
P - - - 3% [1Categoryl  TI°C] (23,5-25,5)
space W Categoryll T[°C] (23-26)
i i 5 0 [0 Categorylll T[°C] (22-27)
Single office 35% 33% B Category |V T[°C] (<22 or >27)

Note: The figure must be changed to show + or — for category |

Alternative with above and below temperature range

O Category IV+ T[°C] (>of 27)

Officeopen - con . . O Category lll+ T[*C] (26-27)
space O Category I+ T[°C] (25.5-26)
OCategory!  T[°C] (23.5-25.5)

Single office 33% 393'? B Category |- T[°C] (23-23.3)

OCategory lll- T[*C] (22-23)

B Category IV- T[*C] (< of 22)

Winter

Office open
space

66% O Category | T[°C] (21-23)
H Category Il T[°C] (20-24)
O Category Il T[°C] (19-25)
72% W Category IV T[°C] (<19 or >25)

Single office ¢

[ Category IV+ T[°C] (>of 25)
Office open - 9% |y UCategorylii+ T[°C] (24-25)
space O Category ll+ T[°C] (23-24)
O Category| T[°C] (21-23)
I Category Il T[°C] (20-21)
M Category Il T[°C] (19-20)
B Category IV- T[°C] (< of 19)

Single office 72% 27% 1

=)

For a natural ventilated building the air (operative) temperature is presented like the
following diagrams (Figur 5)
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Figure 5a. Presentation of indoor temperature as a function of the running mean outdoor temperature for
a landscape office.
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Figure 5b. Presentation of indoor temperature as a function of the running mean outdoor temperature for
a single office.

In a similar way the indoor air quality can be shown as a distribution of CO, levels (Figure
6)
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Figure 6 Example of CO2 distribution

Summer
Office open space Il% 99%
Single office ] 86%
Winter
Office open space Il% 99%

B CatlV ppm,I=800ppm,O
OCatlll ppm,I<800ppm,O
B Catll ppm, I<500ppm,O
OCatl ppm, I<350ppm,O

Degree hours

The time during which the actual operative temperature is above or below the specified
temperature set-point during the occupied hours is weighted by a factor which is a
function depending on by how many degrees, the range has been exceeded.

The weighing factor, wf, equals 0 for O, = Og setpoint

Where 0Ogsetpoint is the optimal temperature for the specified activity and clothing level.
In ZEB we look at spaces for mainly sedentary occupants e.g. 22.0°C for winter and
24.5°C for summer.

The weighing factor, wf, is calculated as wf = O, - O setpoint

For a characteristic period during a year, the product of the weighting factor and time is
summed. The summation of the product has the unit of hours:

Warm period: X wf - time for O, > O setpoint

Cold period: £ wf - time  for O, < Og setpoint
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Table 5. Example of calculation of degree hours

Optimal 24,5°C 22°C
temperature
Period of time Summer Jul Aug Sep Winter Oct Nov Dec
. 826 135 318 372 20 3 12 5

Single
office 92 74 12 6 435 196 93 145
Open 1099 171 435 493 8 7 1 0
space
office 26 26 O 0 533 152 120 261
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Annex 1 — Example of schedule for occupancy in an office and
residential buildings.

Day Office Residential 1 Residential 2
Occupied | Un- Occupied | Un- Occupied | Un-
occupied occupied occupied
Monday 8:00- 00:00- 00:00- 08:00- 00:00-
Tuesday 12:00 8:00 08:00 15:00 24:00
Wednesday 13:00- 12:00- 15:00-
17:00 13:00 24:00
Thursday
17:00-
Friday 24:00
Saturday 00:00- 00:00- 00:00-
24:00 24:00 24:00
Sunday 00:00- 00:00- 00:00-
24:00 24:00 24:00
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Annex 2 - General background questionnaire.

BACKGROUND CHARACTERISTICS on Log off
(1) what is your age? |:| Years
(2) What is your gender? & Female & Male

{3) Which is your job category?
Technical &
Administrative &

Management @)

Other, please specify:

(4) Do you use glasses or contact lenses?

Glasses Yes ©@ No © Contactlenses Yes © No ©
(5) How long have you been working in this room? : Years : Months

(6) On average, how many hours per day do you spend at your work desk? : Hours

HEALTH CHARACTERISTICS on Log off
(7) Do you suffer from asthma or allergy? & Yes & No
(8) Do you suffer from eczema? @ Yes @ No
(92) Do you smoke? & Yes & No
if "™YES", on average, how many cigarettes do you smoke per day? :l cigaretter
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HEALTH CHARACTERISTICS

on Log off

(10) During the LAST THREE MONTHS have you had any (one or more) of the following
symptoms while at work? (Please, answer every question even if you have not had any symptoms)

No, never Yes, Yes often Yes, daily
sometimes (every week)
a. Fatigue |"::| I::.:I ® ®
Do you believe it is better when you are not in the & Yes & No
building?
No, never Yes, Yes often Yes, daily
sometimes (every week)
b. Feeling heavy-headed (3] @ ® ®
Do you believe it is better when you are not in the @ Yes © No
building?
No, never Yes, Yes often Yes, daily
sometimes {every week)
c. Headache |'::| |:§:| @] ]
Do you believe it is better when you are not in the o Yes @ MNo
building?
No, never Yes, Yes often Yes, daily
sometimes {every week)
d. Nausea/dizziness () @ [§) ()
Do you believe it is better when you are not in the @ Yes @ No
building?
No, never Yes, Yes often Yes, daily
sometimes ({every week)
e. Difficult to concentrate ()] @ ) )
Do you believe it is better when you are not in the & Yes & No

building?
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HEALTH CHARACTERISTICS

(10) Dwuring the LAST THREE MONTHS have you had any (one or more) of the following
symptoms while at work? (Please, answer every question even if you have not had any symptoms)

No, never Yes, Yes often Yes, daily
sometimes {every week)
f. Difficult to breathe (@) @ ) (@)
Do you believe it is better when you are not in the @ Yes @ No
building?
No, never Yes, Yes often Yes, daily
sometimes {every week)
g. Trouble focusing eyes i@ & ) ()
No, never Yes, Yes often Yes, daily
sometimes {every week)
h. Itching, burning or - . _ _
- . . @) |!_| ] @)
irritation in eyes
Do you believe it is better when you are not in the @ Yes @ No
building?
Mo, never Yes, Yes often Yes, daily
sometimes (every week)
i. Irritated, stuffy or runny - . - -
nose (&) |!_| (@] (]
Do you believe it is better when you are not in the O Yes © No
building?
Mo, never Yes, Yes often Yes, daily
sometimes {every week)
j- Hoarse, dry throat @ & ) &
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HEALTH CHARACTERISTICS

on Log o Tt

(10) During the LAST THREE MONTHS have you had any {one or more) of the following
symptoms while at work? (Please, answer every question even if you have not had any symptoms)

No, never Yes, Yes often Yes, daily
sometimes ({every week)
k. CDugh |:::| |§| |~:J| I‘:JI
Do you believe it is better when you are not in the @ Yes @ No
building?
No, never Yes, Yes often Yes, daily
sometimes (every week)
l. Dry or flushed facial skin @ & & ®
No, never Yes, Yes often Yes, daily
sometimes (every week)
m. Scaling/itching scalp or . . . .
ears |$| [s) s/} [
No, never Yes, Yes often Yes, daily
sometimes (every week)
n. Dry, itchy, red hands' skin ® @ & ®
Do you believe it is better when you are not in the @ Yes @ No
building?
No, never Yes, Yes often Yes, daily
sometimes (every week)
o. Other |:::| IEI |:| |:|
Please specify:
Do you believe it is better when you are not in the @ Yes @ No

building?
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PERSONAL COMFORT o Log off

(11) Have you been bothered during THE LAST THREE MONTHS by any of the following factors
at your work place? (Please, answer every question even if you have not been bothered)

No, never Yes, Yes, often Yes, daily
sometimes (every week)
a. Room temperature too - - — —
h i g h (] (! (] (%]
b. Varying room temperature @) @ D @
c. Room temperature too low (@) 3] ] &
d. Draught @] (@] @] @
e. Stuffy ("bad") air () o @] &
f. Dry air [§] @) ()] [§)]

g. Noise (@] (@] @] @

h. Light that is dim or causes
glare or reflections = ~-— © O

(12) How satisfied are you with the environmental conditions in your office?

Clearly Just Just satisfied Clearly
dissatisfied dissatisfied satisfied
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PERSONAL CONTROL o Log off

(13) To which degree do you feel you control the thermal conditions of your workspace?

No control Slight degree High degreee Complete control

(14) How satisfied are you with your level of control?

Dissatisfied Slightly Slightly satisfied Satisfied
dissatisfied

{(15) Can you exercise any of the following options to adjust the thermal environment at your
workspace?

Yes No Partially
a. Open or close a window @) [§) )]
b. Open or close a door to the outside & [$) &
c. Open or close a door to an interior space ® ® ®
d. Adjust a thermostat @) [§) )]
e. Adjust the drapes or blinds & [$) &
f. Turn a local space heater on or off @ ) ®

g. Turn a local fan on or off ) ) )

on Log o ff

This questionnaire has now been completed.

Thank you for your time and co-operation.

End
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Annex 3 - Spot Questionnaire

PERSONAL COMFORT ? Instructions on Log off

(1) Please rate your overall thermal sensation
(Tick the scale below at the location that best represents how you feel at this moment)

1

— }
Hot Warm Slightly Neutral Slightly Cool Cold
warm cool

{2) How do you find your thermal environment?

Clearly Slightly slightly Clearly
comfortable comfortable uncomfortable uncomfortable
|:_:| i - ] |:5:| i _:I

(3) Please state how you would prefer to be now:
Warmer No change Cooler

|:::| @ |:: i

{4) How do you assess the thermal environment in your office?
Acceptable Unacceptable

(@] @
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PERSONAL COMFORT ?Instructions o Log off

(5) In your surroundings, would you like....

More air movement No change Less air movement

(6) How do you perceive the indoor environment?
(Tick the scale below at the place that best represents how you feel at this precise moment)

]

Poor air quality | ’ i Good air quality

Too dark |

Too light

Hh

Too quiet | Too noisy

Too humid

Too dry

: !
Dirty | i Clean
/
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Health symptoms ? Instructions  on Log off

(6) Today, are you suffering from any respiratory diseases (a cold, bronchitis.)?
Yes No

i F i @zl

(7) Right now, are you experiencing any of the following symptoms?
(Please tick the scales below at the place that best represents how you feel at this moment)

/
/

Blocked nose | Clear nose

Dry nose

Runny nose

Hh-

Dry throat

Not dry throat

Hh

Dry mouth Not dry mouth

Health symptoms ? Instructions o Log off

{7) Right now, are you experiencing any of the following symptoms?
(Please tick the scales below at the place that best represents how you feel at this moment)

]

Dry lips | ’ i Not dry lips
Dry skin | "’ I Not dry skin
Dry eyes | " i Not dry eyes

Irritated eyes i Not irritated eyes

I 1
]
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Health symptoms

? Instructions

on Log o ft

(7) Right now, are you experiencing any of the following symptoms?
(Please tick the scales below at the place that best represents how you feel at this moment)

Feeling bad

Sleepy

Severe headache

Hard to concentrate

Depressed

0%

]

/

Today, I am able to work

Hh

Feeling good

Alert

No headache

Easy to concentrate

In a good mood

100%

o Lo g o ff

Health symptoms

If you feel one or more of the listed symptoms, do you have a suggestion as to why?
(Please specify which symptom(s) you are refering to in your suggestion(s))

The questionnaire has now been completed.

Please click Continue to proceed to the next step.
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Annex 4 — Example on questionnaire from a low energy house
project

Institut for Byggeri og Anlaeg UNIYVERSITET

Undersogelse af indeklima i KOMFORHUSENE

Du har nu boet i et af de ti KOMFORTHUSE i Vejle i et ar Husene indgar alle i et maleprogram styret af Aal-
baorg Uniyers'rtet, som skal dokumentere energi og indeklima-forholdene | husene samt konfrollere om huse-
ne har naet passivhus-standard. Til denne dokumentation har vi brug for din mening om forholdene i netop
din bolig. og vi haber derfor, at du vil hjselpe os med at udfylde nedenstaende spargeskema.

Som supplement til dette spargeskema vil vi bruge malinger af temperatur-, CO, og fugtforhold i boligen.
Malingemne har kert Isbende siden du flyttede ind i husst, og data fra malingerne vil blive sammenheldt med
din mening om forholdens.

Dia du til daglig opholder dig i boligen og derfor er den ratte til at vurdere indeklimaforhold, er det vigtigh for os
at opna viden om din mening om indeklimaet, ventilationssystemet og styringen af dette. Dette er dels for at
kunne vurdere den aktuglle situation i dit hus, men ogsa for fremover at kunne fremme eller forbedre de ting,
du mener er henholdsvis funktionelle eller uhensigtsmeessige i din halig

Vi hdber, at du kan afse ca. 5 minutter til at besvare dette spergeskema. Du bedes besvare spargsmélens
ud fra din personfige mening og med tanke pa forholdene i boligen pa de pagaeldends fidspunkter angivet i
spargsmalene.

Besvarelsen returneres pa dagen, hvor interviewst (jf. falgebray) vil finde sted.

Baggrundsinformation
wn  Hvaderdin alder, oghvaderditken® . .. Alderr_ Mand O Kvinde O
wz  Hvor mange ar og maneder har du ca. boeti denne holig? .......oooooooeoveeeeeee __@r___ mdr.
wn  Uddannelse: ... Kot O Mellemlang O Lang O
ne  Stillingheskaefligelse
we Hardu arbejdsplads RJEMME? e @ O Nej O
ws  Hvor mange timer p& en normal arbejdsdag filbringer du i boligen? ... fimerpr. dag
ws Hvor mange timer pa en narmal weskenddag tilbringer du i holigen? ... fimer pr. dag
ws Hvor mange biler har dw/l i husstanden.. ...
wz Bliver der reget daglighi Doligen ... J@ O Nej O
nan Erduoptaget af at passe pAmilieet A O Nej O

Hvis ja, graduer ved af ssffs &f X i en af kassems svarsnde bl cdin mening
Ldt O O O O O Meget

way  Erdu optaget af at spare pd energien...._.._.._ U - B | Nej O

Hviz ja, graduer ved af setie f )i en af kasseme svarende tif din mening

Ldt O O O O O Meget
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Indeklimaet i boligen om sommeren?

Hvordan vil du beskrive fypiske indeklimameasssige tilstande i din bolig om sommeren?

{Anbring ef X | en af kassemne svarends 4l din mening og s&f — om nodvendigt — &t eller flare
krydser | kasseme med beskrivelse af opleveds problemer)

@1y Temperatur Utilfredsstilende O O O O O Tilfredsstilende
Oplevede du problemer med, at der var_..
O For varmt
0O For koldt
O For variersnde temperaturer
0O Andet

Hviz andet, beskriv gerne problemet nedenfor

Lufthevaagelse: Uifredastilende O O O O O Tifredsstilende

i
-}

Oplevede du problemer med, at der var...

O Stillestaende luft

O Traek

O Andet

Hviz andet, beskrv geme problemet nedenfor

2y Luftkvalitet: Utilfredsstilende O O O O O Tilfredsstilende
Oplevede du problemer med, at der var...
0O Indelukket
0O Ubehagelig lugt
0O Andet

Hviz andet, beskriv gemne problemet nedenfor

i

2y Dagslys: Utilfredsstilende O O O O O Tilfredsstillende

Oplevede du problemer med, at der var...

0O For megst dagslys

O For lidt dagslys

O Bla=nding fra sc! og himms!

O Andet

Hviz andet, beskriv geme problemet nedenfor
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Er der nogle rum i din bolig, hvor du kunne teenke dig at have mere eller mindre dagslys om somme-

ren?
(Saet garne flere kiydser)

SOVEVERTEISE. e METE O Mindre O
[T =2 = USSR 11 = - B | Mindre O
Kakken e METE O Mindre O
Badeveeralse e ennen e METE O Mindre O
Andet rum (hvilket ) e Mere O Mindre O
Andet rum (hvilket, ) . Mere O Mindre O

Stajniveau:

Utilfredestilende O O O O O Tifredastilende

Oplevede du problemer med, at der var...

O Stej udefra, fx trafiksta)

O Staj fra aktivitet inde | bygningen

O Stej fra de tekniske installaboner

O Andet

Hvis andet, beskrv geme problemet nedenfor

Indeklimaet i boligen om vinteren?

3.2

Hvordan vil du beskrive fypiske indeklimamasssige tilstande i din bolig om vinteren?

{Anbring et X | en af kasseme svarende til din mening og seet — om nedvendigt — &t eller flere krydser i kasseme
med beskrivelse af opleveds problemer)

Temperatur:

Luftheveegelsa:

Utiifredsstilende OO0 O O O O Tilfredsstilende

Oplevede du problemer med, at der var. ..

O For varmt

O For koldt

O For varierende temperatursr

O Andet

Hviz andet, beskriv geme problemet nedenfor

Utilfredsstilende O O O O O Tilfredsstillends

Oplevede du problemer med, at der var. .

O Stillestaende luft

O Traek

O Andet

Hwizs andet, beskriv geme problemet nedenfor
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o Luftkvalitet: Utifredzstilende O O O O O Tilfredsstilends

Cplevede du problemer med, at der var. ..

0O Indelukket

O Ubehagelig lugt

O Andet

Hvis andet, beskriv geme problemet nedenfor

s Dagslys: Utifredsstilende O O O O O Tifredsstilende

Oplevede du problemer med, at der var.

O For meget dagslys

O For lidt dagslys

O Blaending fra sol og himmel

O Andet

Hvis andet, beskriv game problemeat nedenfor

zg Erder nogle rum i din bolig, hvor du kunne tzenke dig at have mere eller mindre dagslys om vinteren?
(Seet gerne flere krydser)

SOVEWEBTBISE .o e ee e e eeeeee IETE O Mindre O

Dagligstue ... e Mere O Mindre O

Kakken .. MR O Mindre O

Badeveeralse o e e WETE O Mindre O

Andet rum (hvilket Vo Mere O Mindre O

Andet rum (hvilket S URURTRUUNRRR '~ - T | Mindre O
me  St@jniveau: Mifredsstilende O O O O O Tilfredsstilends

Oplevede du problemer med, at der var.

O Staj wdefra, fx trafikste]

0O Stej fra akfivitet inde | bygningen

O Staj fra de tekniske installationer

O Andet

Hvis andet, beskriv game problemeat nedenfor
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Indeklimaet i din bolig generelt

w1y Al taget 1 befragining, hvordan vil du generelf sef wvurders indeklimaet 1 din bolig om
sommeren?
{Anbring et X [ en af kassemne svarende til din mening)

Utiifredestilende O O O O O Tifredsstilende

wn  Alttageti betragining, hvordan vil du generaft sef vurders indeklimaet | din bolig om vinteren?
(Anbring et X i en af kasserns svarends il din mening)

Utilfredsstilende O O O O O Tifredsstillende

w3 Hvordan opleves luftkvaliteten i din nye bolig i forhold til din tidligere bolig?
Bedre O Detsamme O Darligers O

ey Oplever du mere komforiable temperaturer i din nye bolig end den bolig du kom fra?
Ja O Ingen sndring O Mg O

ws  Imadekommer din boligs indretning generelf sef dine bhehov?
Mej,gletikke OO0 O DO O O Ja, helt bestemt

ws  Erder ofte fugt pa grund af kondens pa indersiden af rudeme om vinteren?._._._.._Ja O Nej O
wn  Erder ofte fugt pa grund af kondens pa ydersiden af rudeme? ..................Ja O NejO

we  Erdertypiske situationer eller tidspunkter, hvor du fkke er tilireds med
indeklimaet i dinbolig? . .....Jda O Nej O

Hvis du har svaref Ja" bedes du uddybe svarst her.
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=5

55

ulering af indeklimaet generelt over dret?

Sommersituation

Abner du, eller andre i husstanden, jeevnligt vinduerne om dagen? .................
Abner du, eller andre i husstanden, jeevnligt vinduerne om natten? ...

Vintersituation

Abner du, eller andre i husstanden, jeevnligt vinduerne om dagen?............
Abner du, eller andre i husstanden, jeevnligt vinduerne om natten? ...

Ja O Nej O
Ja O MNej O

Ja O Nej O
Ja O Nej O

| hwor haj grad feler du, at du personiigt har muligheden for at regulere og tilpasse falgende:

{Anbring et X i en af kasseme svarends fil din mening)

Rumtemperaturen: Ingen mulighed for O O
personiigt at regulere

Wentilationen: Ingen mulighed for O O

personiigt at regulere

Solafskeermningen: Ingen mulighed for O O
personligt at regulers

Feler du, at du har behov for at kunne regulers pa:
Rumtemperaturen: Mej, aldrig O O
Wentilationen: Nej, aldrig o O

Solafskeermningen: Hej, aldrig o O

O

O

O

O
O

O

O

O
O

O

O

O
O

Fuld personlig regule-
ringsmulighed

Fuld personlig regule-
ringsmulighed

Fuld personlig regule-
ringsmulighed

Ja, meget ofte
Ja, meget ofte
Ja, meget ofte

Hvis du har muligheden, hvor hurtigh sker der sa en aendring pa indeklimaet, hvis du regulerer pa:

Rumtemperaturen: Meget langsomt
Wentilationen: Meget langzomt
Solafskesrmningen: Meget langsomt o O

O

O

O O o o o
O O o o o

(]

Er der typiske situationer eller tidspunkter, hvor du ikke er tilfreds med:

a) den automatiske regulenng af indeklimaeti BOligen? ..o
I} dine personiige reguleringsmuligheder?

Hvis du har svare! “ja” til a) og/elier b) bedes du uddybe svarsf her

Meget hurtigt
Meget huriigt
Meget hurtigt

Ja O Ne O
Ja O Ne O
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Information og opfelgning

=1 Har du og andre i husstanden modtaget information om, hvordan de automatiske
reguleringssystemer fungerer, og hvad | kan gare for at forbedre
indeklimaforholdene i boligen, hvis | synes de er utilfredsstillenda? .................Ja0O NgO

Hvis "ja” — hvad er din mening om informationen:

®2) Utilfredestilende O O O O O Tifredsstilende
hwad mangler, hvis det var ikke tilfredsstillends

@y Har der vaerst indkaringsproblemer med holigens tekniske installationer | sommerperioden?
JaOd Mej O
Hvis "ja” — angiv hvilke problemer:

@ Har der vaeret indkeringsproblemer med holigens tekniske installationer | vinterpenioden?
JaOd Mej O
Hvis "ja” — angiv hvilke problemer:

=5 Har du, eller andre i din husstand, nogensinde udirykt enske om af f3 sandrat
pa shyringen af den mekaniske ventilation?. ..o eeeeeeeeeeeeeeend@a O Nej O

ws  Hvis “ja" — overfor hvem er det hlevet udingkt?

w7 Hvis Yja" — har det medfert, at der er foretaget eendringer? . _....Jald HNg0O

@ Hvis "ja" — hvad er din mening om resultatet af sndnngerme:

Utilfredestilende O O O O O Tifredsstillende

Tak fordi du tog dig tid til at besvare spergeskemaet
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