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Publishable summary

This report is focused on computer modelling of the indoor environmental quality before and
after renovation based on real climatic and occupancy conditions. Results will be compared with
occupants’ survey to assist the assessment of their satisfaction on the renovated buildings.

A research paper with title “CFD modelling of indoor thermal comfort with integrated building
retrofit technologies: validation and case study” has been prepared and intended to submit to
Journal of Energy Conversion and Management.
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Introduction
Leading Beneficiary: University of Nottingham (UNOTT)
Participants: Instituto de Soldadura e Qualidade (1SQ)
Task description:
Task 2.3: Results of indoor environment modelling (UNOTT, M1-M15)

e Indoor Environment computer model development for simulation of the indoor environment
in domestic buildings (by UNOTT, M1-M15). Computer modelling of the indoor environmental
quality will be carried out for the buildings before and after renovation based on real climatic
and occupancy conditions. Results will be compared with occupants’ survey to assist the
assessment of their satisfaction on the renovated buildings. Computational fluid dynamics will
be used to investigate the air flow and heat and contaminant movement in the buildings. Models
and boundary conditions unique with the project which may not be readily available in existing
software such as heat transfer through innovative insulation materials will also be developed. In
addition, daylight quality in the buildings will be investigated.

In this deliverable, the comfort criteria of indoor air temperature, moisture content, indoor air
speed, CO; distribution and PMV index will be detailed.

13/05/2022 10
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1 Summary

To better understand the model that produces values for the predicted mean vote (PMV) [1] and
the predicted percentage of dissatisfied (PPD) [2], we should start at the beginning, with the man
who created them, Povl Ole Fanger. He hypothesized that human thermal comfort was based on
one’s skin temperature and their sweat secretion, and that one could only be considered
‘comfortable’ if these two factors were balanced within a narrow range of acceptability.

As humans, our thermoregulatory system modifies our temperature through involuntary
responses. For example, by sweating in high temperatures or shivering in cold temperatures to
keep us thermally balanced and to avoid local discomfort. The human body can adapt to the
external environment up to a certain range, but as soon as the limits are reached, the body’s
responses are perceived as uncomfortable. Through climate chamber experiments, Fanger’s [2]
theory evolved to declare that thermal comfort could be found from evaluating the metabolic
rate, clothing insulation and environmental conditions of an individual (Figure 1).

A mid,«'q,

Air SPe
@,
o

Figure 1 Environmental and personal factors that influence thermal comfort

Today, thermal comfort is defined as “that condition of mind that expresses satisfaction with the
thermal environment” in the globally recognized ASHRAE 55 [3] and ISO 7730 [2] standards for
evaluating indoor environments. To assess this condition, engineers must first determine the
thermal sensation or thermal balance inhabitants of an indoor environment may feel in tangent
with the thermal dissatisfaction experienced by occupants. These comfort limits can be
expressed by the PMV and the PPD indices.

PMV is an index that aims to predict the mean value of votes of a group of occupants on a seven-
point thermal sensation scale (Figure 2). Thermal equilibrium is obtained when an occupant’s
internal heat production is the same as its heat loss. The heat balance of an individual can be
influenced by levels of physical activity, clothing insulation, as well as the parameters of the
thermal environment. For example, thermal sensation is generally perceived as better when

13/05/2022 11
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occupants of a space have control over indoor temperature (i.e., natural ventilation through
opening or closing windows), as it helps to alleviate high occupant thermal expectations on a
mechanical ventilation system.

Within the PMV index, +3 translates as too hot, while -3 translates as too cold, as depicted below.

20 ' )

£ 3 & et
COLD cooL SLIGHTLY COOL NEUTRAL SLIGHTLY WARM WARM HOT
- 3 -2 -1 0 +1 +2 ‘|'3

Figure 2 PMV index

Different methods outlined in the ASHRAE 55 and ISO standards for certain types of
environments can be used to assess and gather information for various combinations of
metabolic rate, insulation, temperature, airspeed, mean radiant temperature, and relative
humidity that factor into PMV. In order to compute the PMV, the simulated temperature and
airspeed velocity (i.e., the ASHRAE/ISO standards recommend to make an adaption for speeds
above 0.2m/s) of a given environment are used as inputs. These variables, along with given inputs
for clothing insulation, relative humidity, and mean radiative temperature provide the basis to
calculate PMV. Using both of these indices, ASHRAE 55 dictates that thermal comfort can be
achieved based on 80% occupant satisfaction rate or more. The remaining percentage of people
can experience 10% dissatisfaction based on whole-body discomfort (all listed influencing factors
of PMV) and 10% dissatisfaction based on local discomfort/partial body discomfort (includes
fewer factors than whole-body). In order to comply with ASHRAE 55, the recommended thermal
limit on the 7-point scale of PMV is between -0.5 and 0.5. ISO 7730 expands on this limit, giving
different indoor environments ranges. ISO defines the hard limit as ranging between -2 and +2,
for existing buildings between -0.7 and +0.7, and new buildings ranging between -0.5 and +0.5.
The PPD can range from 5% to 100%, depending on the calculated PMV. These comfort values
will vary depending on where the occupant is located in the building. In order for comfort ranges
to comply with standards, no occupied point in space should be above 20% PPD (Figure 3).

13/05/2022 12
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Figure 3 The predicted percentage of dissatisfied (PPD) index provides an estimate of how many occupants in a
space would feel dissatisfied by the thermal conditions. All occupied areas in a space should be kept
below 20% PPD in order to ensure thermal comfort according to the known standards (ASHRAE 55
and 1SO 7730).

As a design or construction engineer, ensuring thermal comfort is often one of the prime
objectives. So far, the success of this depended heavily on personal experience and the
applicability of common methods for estimations. PMV and PPD can simply not conclusively be
predicted in advance. With the emergence of engineering simulation tools in recent years, the
guesswork has been removed from the equation, enabling anybody to test and optimize any
given environment for thermal comfort compliance easily. Based on these environmental and
personal (clothing, metabolic rate) inputs, SimScale provides thermal comfort parameter outputs
in the form of PMV and PPD fields, following the static model for determining the thermal
comfort in a space. To learn more, refer to our Thermal Comfort Parameters documentation. In
order to comply with comfort standards, the aforementioned given ranges for each index must
be met and additional influencing conditions must be acknowledged. Achieving thermal comfort
of an environment is an innately cumbersome task, as thermal environments of a space can
change over time and recommended limits cannot always be met; especially with the onset of
climate change and unpredictable weather patterns. While it is scientifically impossible to fully
please everyone, the purpose of these indices is to try to please 80% of occupants in a given
space, while mitigating factors that cause overwhelming discomfort.

Table 1 defined the indoor comfortable level with different temperature and relative humidity,
with 7 categories of temperature range and 6 categories of relative humidity, which can be simply

13/05/2022 13
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divided into three attitudes, including unpleasant, acceptable, and comfortable. The comfortable
zone is defined as the temperature varied between 20 and 22 with relative humidity varied
between 40% and 60%. The acceptable zone is defined as the temperature varied between 18
and 24 with relative humidity varied between 30% and 70%. Besides, any point of air state
exceeds the acceptable zone will make people feel unpleasant. Therefore, this report will apply
the definition of the comfortable degree to make assessments to the indoor thermal
environment of the simulated post-retrofit building performance.

Table 1 Comfortable level definition of temperature and relative humidity

T RH

<18 Cold, unpleasant >80% damp, unpleasant
18-19 Cold, acceptable 70%-80% slightly damp, unpleasant
19-20 Slightly cold, acceptable 60%-70% Slightly damp, acceptable
20-21 %-60Y

0 Comfortable, pleasant 50%-60% Comfortable, pleasant
21-22 40%-50%
22-23 Slightly warm, acceptable 30%-40% slightly dry, acceptable
23-24 Warm, acceptable <30% dry, unpleasant

24 Hot, unpleasant

13/05/2022 14



oN

ar SUREFIT D2.3 Results of indoor environment modelling

2 Baseline model and grid setup

2.1 Baseline model and grid setup

Figure 4. Model geometry and Mesh generation

2.2 Baseline comfort assessment (Indoor air temperature)

In summertime, the baseline comfort, the maximum indoor air temperature is 31.01°C, the
minimum indoor air temperature is 27.93°C, and the average indoor temperature is 29.00°C. the
maximum AT is 3.08°C. Figure 5 shows the detailed indoor air temperature distribution in
summertime.

In wintertime, the baseline comfort, the maximum indoor air temperature is 14.89°C, the
minimum indoor air temperature is 6.00°C, and the average indoor temperature is 13.17°C. the
maximum AT is 8.89°C. Figure 6 shows the detailed indoor air temperature distribution in
wintertime.

13/05/2022 15
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Figure 5 indoor air temperature distribution in summertime when using base model.

Figure 6indoor air temperature distribution in wintertime when using base model.

2.3 Baseline comfort assessment (Indoor air velocity)

In summertime, the baseline comfort, the maximum indoor air speed is 0.22 m/s, the minimum
indoor air speed is 0 m/s, and the average indoor speed is 0.1 m/s. the maximum Av is
0.22m/s. Figure 7 shows the detailed indoor air velocity distribution in summertime.

In wintertime, the baseline comfort, the maximum indoor air speed is 0.19 m/s, the minimum
indoor air speed is 0 m/s, and the average indoor speed is 0.04 m/s. the maximum Av is
0.19 m/s. Figure 8 shows the detailed indoor air velocity distribution in wintertime.

Welocity 000 056 111 17 223 279 334 350 446 501 557 613 mk Welocty 000 010 020 030 039 049 059 069 079 039 099 108 mk

Figure 7indoor air velocity distribution in summertime when using base model

Figure 8indoor air velocity distribution in wintertime when using base model

13/05/2022 16
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2.4 Baseline comfort assessment (Indoor moisture content)

In summertime, the baseline comfort, the maximum humidity is 12.52 g/kg. Figure 9 shows the
detailed indoor moisture content distribution in summertime.

In wintertime, the baseline comfort, the maximum humidity is 5 g/kg. Figure 10 shows the
detailed indoor moisture content distribution in wintertime.

I | |
000000 000045 000091 000136 000182 000227 DOO2F2 000318 000363 DO0409 000454 000499 hghe

Figure 9ldoor moisture content distribution in summer time when using base model

Figure 10Indoor moisture content distribution in winter time when using base model

[ I S S E— | |
HI0 000000 000114 000228 000341 000455 000560 0DOGE3 000797 000910 001024 001138 001252 kgke H20

2.5 Baseline comfort assessment (Indoor Co2)

In summertime, the baseline comfort, the maximum CO. is 766ppm. Figure 11 shows the detailed
indoor Co2 distribution in summertime.

In wintertime, the baseline comfort, the maximum CO; is 766ppm. Figure 12 shows the detailed
indoor CO; distribution in wintertime.

13/05/2022 17
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Figure 11 Indoor Co2 distribution in summer time when using base model

| E—
6966 13933 20899 27360 34832 41759 48755 35731 62698 60664 F663l pm

Figure 12 Indoor Co2 distribution in winter time when using base model

2.6 Baseline comfort assessment (PMV)

In summertime, the baseline comfort, the average PMV is -1.0. Figure 13 shows the detailed PMV
distribution in summertime.

In wintertime, the baseline comfort, the average PMV is -1.9. Figure 14 shows the detailed PMV
distribution in wintertime.

\;

[ eee—] | ] jee]
3000 2727 2455 -2182 -1909 1636 -1364 -1091 -081% -0545 -0273 -0000

Figure 13 PMV distribution in summer time when using base model

EEE— T T .
PMV -0951 -0821 -0691 -0561 -0431 -0301 -0172 -0042 0088 0218 0348 0478 PMV

Figure 14 PMV distribution in winter time when using base model
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3 Silica aerogel interior insulation blanket Background

Silica aerogel interior insulation blanket has been adopted in this study for comfort analysis.
Three different thicknesses are used to compare the perfomance.

3.1 Indoor air temperature when using Silica aerogel interior insulation blanket

In 5mm thickness, the maximum indoor air temperature is 15.01°C, the minimum indoor air
temperature is 6.09°C, and the average indoor temperature is 13.42°C. the maximum AT is
9.01°C. Figure 15 shows the detailed indoor air temperature distribution when using 5mm Silica
aerogel interior insulation blanket.

[ — T T T T T T I I— ]
Temperahare 430 581 732 883 1034 1185 1336 1487 1638 1789 1940 2091 °C

Figure 15Indoor air temperature distribution when using 5mm Silica aerogel interior insulation blanket.

In 15mm thickness, the maximum indoor air temperature is 16.44°C, the minimum indoor air
temperature is 8.02°C, and the average indoor temperature is 15.67°C. the maximum AT is
8.24°C. Figure 16 shows the detailed indoor air temperature distribution when using 15 mm Silica
aerogel interior insulation blanket.
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Figure 16 Indoor air temperature distribution when using 15 mm Silica aerogel interior insulation blanket.

In 30 mm thickness, the maximum indoor air temperature is 18.40°C, the minimum indoor air
temperature is 10.76°C, and the average indoor temperature is 17.51°C. the maximum AT is
7.64°C. Figure 17 shows the detailed indoor air temperature distribution when using 30 mm Silica
aerogel interior insulation blanket.
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Figure 17 Indoor air temperature distribution when using 30 mm Silica aerogel interior insulation blanket.
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3.2 Indoor air velocity when using Silica aerogel interior insulation blanket

Air speed do not change the performance with silica aerogel interior insulation blanket in
difference thicknesses. The maximum indoor air speed is 0.19 m/s, the minimum indoor air
speed is 0 m/s, and the average indoor speed is 0.4 m/s. the maximum Av is 0.19m/s. Figure
18 shows the detailed indoor air velocity distribution in three difference thicknesses.

= =

(a)5mm thickness (b)15mm thickness (c)30mm thickness
Figure 18 Indoor air velocity distribution in three difference thicknesses when using Silica aerogel interior
insulation blanket

3.3 Indoor moisture content when using Silica aerogel interior insulation blanket
In 5mm thickness, the maximum indoor air humidity is 5.0g/kg, the minimum indoor air

humidity is 2.8 g/kg, the maximum Ahc is2.2g/kg. Figure 19 shows the detailed indoor air
humidity distribution when using 5mm Silica aerogel interior insulation blanket.

[ Y S S [ |
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Figure 19 Air humidity distribution when using 5mm Silica aerogel interior insulation blanket
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In 15mm thickness, the maximum indoor air humidity is 5.0g/kg, the minimum indoor air
humidity is 3.1 g/kg, the maximum Ahc is 1.9g/kg. Figure 20 shows the detailed indoor air
humidity distribution when using 15mm Silica aerogel interior insulation blanket.

[ m— | I
H2O 000000 000045 000091 000136 000152 000227 000273 000313 000364 000409 000455 000500 hghg

Figure 20 Indoor air humidity distribution when using 15mm Silica aerogel interior insulation blanket

In 15mm thickness, the maximum indoor air humidity is 6.2 g/kg, the minimum indoor air
humidity is 4.5 g/kg, the maximum Ahc is 1.7g/kg. Figure 21 shows the detailed indoor air
humidity distribution when using 30mm Silica aerogel interior insulation blanket.

[ S A S S S |
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Figure 21 Air humidity distribution when using 30mm Silica aerogel interior insulation blanket
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3.4 Co2 distribution when using Silica aerogel interior insulation blanket

In 5mm thickness, the maximum indoor Co2 is 765PPM, the minimum Co2 is 417PPM, the
maximum ACo2 is 348PPM. Figure 22 shows the detailed indoor Co2 distribution when using
5mm Silica aerogel interior insulation blanket.

1 [——]
col 000 6951 1300F 20854 27905 Z4TST 41702 48630 55611 62562 60513 6464 prm

Figure 22 Indoor Co2 distribution when using 5mm Silica aerogel interior insulation blanket.

In 15mm thickness, the maximum indoor Co2 is 769PPM, the minimum Co2 is 417PPM, the
maximum ACo?2 is 352PPM. Figure 23 shows the detailed indoor Co2 distribution when using
15mm Silica aerogel interior insulation blanket.

I I [ I I I [ ]
coz 000 6995 13989 20984 27978 4073 41963 43962 55957 62951 69946 76941 Tom

Figure 23 Indoor Co2 distribution when using 15mm Silica aerogel interior insulation blanket.
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In 30mm thickness, the maximum indoor Co2 is 1288PPM, the minimum Co2 is 417PPM, the
maximum ACo2 is 871PPM. Figure 24 shows the detailed indoor Co2 distribution when using
30mm Silica aerogel interior insulation blanket.

[ S — I
‘coz 000 11712 23424 35137 46849 58561 70273 B1986 93698 105410 117122 128835 ppm

Figure 24 Indoor Co2 distribution when using 30mm Silica aerogel interior insulation blanket.

3.5 PMV when using Silica aerogel interior insulation blanket

The average PMV is -1.7. Figure 25 shows the detailed PMV distribution when using 5mm Silica
aerogel interior insulation blanket.

[ I E— I
PMV 3000 2727 -2455 2182 -1909 -1636 -1364 -1091 0813 0545 0273 0000
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Figure 25 PMV distribution when using 5mm Silica aerogel interior insulation blanket.

The average PMV is -1.5. Figure 26 shows the detailed PMV distribution when using 15mm Silica
aerogel interior insulation blanket.

[= ] T I I I I I
PNV -3000 -2727 -2455 -2182 -1909 1636 -1364 -1091 -0818 -0545 -0273 -0000

Figure 26PMV distribution when using 15mm Silica aerogel interior insulation blanket.

The average PMV is -1.1. Figure 27 shows the detailed PMV distribution when using 30mm Silica
aerogel interior insulation blanket.

R — I I I I I I

PV 3000 2727 2455 2182 -1909 -1636 -1364 -1091 -0818 -0545 -0273 -0000

Figure 27 PMV distribution when using 30mm Silica aerogel interior insulation blanket.
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4 Interior and exterior insulation of 30mm Silica aerogel insulation blanket

The figure 28 shows the interior and exterior insulation of 30mm Silica aerogel insulation blanket.

[ = I IS S E— S S — ]
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Figure 28 The interior and exterior insulation of 30mm Silica aerogel insulation blanket

4.1 Interior and exterior insulation of 30mm Silica aerogel insulation blanket

The max air temperature for exterior insulation is 0.2°C higher than that of the interior
insulation. The average air temperature for exterior insulation is 0.13°C higher than that of the
interior insulation. The average air temperature for exterior insulation (17.51 ‘C) is 0.2°C
higher than that of the interior insulation (17.31 “C). Besides, the installation position has no
impact on the mean air speed.

The CO2 intensity for exterior insulation is 30ppm lower than that of the interior insulation,
and the humidity content for exterior insulation is 0.7g/kg lower than that of the interior
insulation. The PMV for exterior insulation is 0.2 higher than that of the interior insulation.

4.2 The impact of the Interior insulation of 30mm Silica aerogel insulation blanket on
summer

In summer time, when using 30mm Silica aerogel insukatuin blanket, the maximum indoor air
temperatue changes to 34.86°C, and the average indoor air temperature 29.19°C. Figure 29
shows the detailed indoor air temperature distribution when using 30mm Silica aerogel interior
insulation blanket.
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[hie] 10 —| I I
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Figure 29 Indoor air temperature distribution when using 30mm Silica aerogel interior insulation blanket.

In summertime, when using 30mm Silica aerogel insulation blanket, the maximum indoor wind
speed changes to 34.86°C, and the average indoor air temperatue 29.19°C. Figure 30 shows
the detailed indoor wind speed distribution when using 30mm Silica aerogel interior insulation

blanket.

Welocky 000 055 111 L6 221 276 331 3BT 441 497 607 mi

Figure 30 Indoor wind speed distribution when using 30mm Silica aerogel interior insulation blanket In summer
time
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In summer time, when using 30mm Silica aerogel insukatuin blanket, the maximum Co2
changes to 1500PPM. Figure 31 shows the detailed indoor Co2 distribution when using 30mm
Silica aerogel interior insulation blanket.

[ S [ S [ S S — ]
co2 000 13636 27273 40909 54545 68182 91818 93455 100091 122737 136364 150000 ppm

Figure 31 Co2 distribution when using 30mm Silica aerogel interior insulation blanket in summer time.

In summer time, when using 30mm Silica aerogel insukatuin blanket, the maximum indoor air
humidity changes to 18.97g/kg. Figure 32 shows the detailed indoor air humidity when using
30mm Silica aerogel interior insulation blanket.

[ _____Eo I S — S S - S S ]
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Figure 32 Air humidity when using 30mm Silica aerogel interior insulation blanket in summer time.
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In summer time, when using 30mm Silica aerogel insukatuin blanket, the Average PMV changes
to 0.2, and the range of PMV change from -1 to 0.5. Figure 33 shows the detailed PMV when
using 30mm Silica aerogel interior insulation blanket.

[ [ E— I I —— ]
|pmv 0942 -0810 -0679 -0548 0417 0286 0155 -0024 0107 0239 0370 0301

Figure 33 PMV when using 30mm Silica aerogel interior insulation blanket in summer time.

13/05/2022 30



Q SUREFIT D23 Results of indoor environment modelling

5 PV-vacuum glazing

5.1 Indoor air temperature when using PV-vacuum glazing

In summer time, the maximum indoor air temperature is 25.55°C, and the average indoor air
temperature is 25.02 °C. Figure 34 shows the detailed indoor air temperature when using PV-
vacuum glazing in summertime.

[ e E— T I | —
|Tunpmm 2232 2338 2443 2549 2654 2760 2865 2971 3076 3182 3287 3393 °C

Figure 34 Indoor air temperature when using PV-vacuum glazing in summertime.

In winter time, the maximum indoor air temperature is 17.49°C, and the average indoor air
temperature is 17.39 °C. Figure 35 shows the detailed indoor air temperature when using PV-
vacuum glazing in wintertime.

NE— ]
Tepenbms 1374 1444 1515 1586 1656 1727 1798 1863 1939 2010 2080 2151 °C

Figure 35 Indoor air temperature when using PV-vacuum glazing in wintertime.

5.2 Indoor air velocity when using PV-vacuum glazing

There is no change of maximun indoor air speed during the summer time and winter time.
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the value is 0.09m/s. Figure 36 shows the detailed indoor air speed when using PV-vacuum
glazing.

[F—=1] = B N

T I = =
Velocity 000 006 013 019 025 032 038 044 051 057 063 070wk

Welocity 000 003 005 007 010 012 015 017 019 022 024 027 mk

Figure 36 Indoor air speed when using PV-vacuum glazing.

5.3 Average PMV when using PV-vacuum glazing

In summer time, the average PMV is -1.2. Figure 37 shows the detailed PMV distribution when
using PV-vacuum glazing in summertime.

PNV -1526 -1352 1177 -1003 0829 -0654 0430 -0306 0131 0043 0218 0392

Figure 37 PMV distribution when using PV-vacuum glazing in summertime.

In winter time, the average PMV is -0.65. Figure 38 shows the detailed PMV distribution when
using PV-vacuum glazing.
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Figure 38 PMV distribution when using PV-vacuum glazing in wintertime.
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6 Breathable membrane insulation

In this study, the three difference thicknesses breathable membrane insulation have been
adopted to compare the comfort performance.

6.1 Indoor air temperature when using breathable membrane insulation

When using 6mm thickness breathable membrane insulation, the maximum indoor air
temperature is 16.98°C, the minimum indoor air temperature is 9.53°C, and the average indoor
temperature is 16.06°C. the maximum AT is 7.45°C. Figure 39 shows the detailed indoor air
temperature distribution when using 6mm thickness breathable membrane insulation.

— T I I T I I I [ T—
Tempentre 430 592 754 916 1073 1240 1402 1563 1725 1887 2049 2211 ;iC

Figure 39 Indoor air temperature distribution when using 6mm thickness breathable membrane insulation

When using 13mm thickness breathable membrane insulation, the maximum indoor air
temperature is 18.05°C, the minimum indoor air temperature is 10.5°C, and the average indoor
temperature is 17.38°C. the maximum AT is 7.55°C. Figure 40 shows the detailed indoor air
temperature distribution when using 13mm thickness breathable membrane insulation.
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Figure 40 Indoor air temperature distribution when using 13mm thickness breathable membrane insulation

When using 26mm thickness breathable membrane insulation, the maximum indoor air
temperature is 18.14°C, the minimum indoor air temperature is 10.48°C, and the average
indoor temperature is 17.98°C. the maximum AT is 7.66°C. Figure 41 shows the detailed indoor
air temperature distribution when using 26mm thickness breathable membrane insulation.
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Figure 41 Indoor air temperature distribution when using 26mm thickness breathable membrane insulation
6.2 Indoor moisture content when using breathable membrane insulation

When using 6mm thickness breathable membrane insulation, the maximum indoor air
humidity is 5.7g/kg, Figure 42 shows the detailed indoor air humidity distribution when using
6mm thickness breathable membrane insulation.
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Figure 42 Indoor air humidity distribution when using 6mm thickness breathable membrane insulation

When using 13mm thickness breathable membrane insulation, the maximum indoor air
humidity is 6.2g/kg, Figure 43 shows the detailed indoor air humidity distribution when using
13mm thickness breathable membrane insulation.
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Figure 43 Indoor air humidity distribution when using 13mm thickness breathable membrane insulation
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When using 26mm thickness breathable membrane insulation, the maximum indoor air
humidity is 6.0g/kg, Figure 44 shows the detailed indoor air humidity distribution when using
26mm thickness breathable membrane insulation.
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Figure 44 Indoor air humidity distribution when using 26mm thickness breathable membrane insulation.

6.3 Co2 distribution when using breathable membrane insulation

When using 6mm thickness breathable membrane insulation, the maximum indoor Co2 is
1081PPM. Figure 45 shows the detailed indoor air humidity distribution when using 6mm
thickness breathable membrane insulation.
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Figure 45 Indoor air humidity distribution when using 6mm thickness breathable membrane insulation.

When using 13mm thickness breathable membrane insulation, the maximum indoor Co2 is
1309PPM. Figure 46 shows the detailed indoor air humidity distribution when using 13mm
thickness breathable membrane insulation.
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Figure 46 Indoor air humidity distribution when using 13mm thickness breathable membrane insulation

When using 26mm thickness breathable membrane insulation, the maximum indoor Co2 is
1238PPM. Figure 46 shows the detailed indoor air humidity distribution when using 26mm
thickness breathable membrane insulation.
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Figure 47 Indoor air humidity distribution when using 26mm thickness breathable membrane insulation.

6.4 PMV when using breathable membrane insulation

When using 6mm thickness breathable membrane insulation, the maximum Average PMV is -
1.3. Figure 48 shows the detailed indoor air humidity distribution when using 6mm thickness
breathable membrane insulation.
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Figure 48 Indoor air humidity distribution when using 6mm thickness breathable membrane insulation.

13/05/2022 39



Q SUREFIT D23 Results of indoor environment modelling X, *

When using 13mm thickness breathable membrane insulation, the maximum Average PMV is
-1.2. Figure 49 shows the detailed indoor air humidity distribution when using 13mm thickness
breathable membrane insulation.
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Figure 49 Indoor air humidity distribution when using 13mm thickness breathable membrane insulation

When using 26mm thickness breathable membrane insulation, the maximum Average PMV is
-1.1. Figure 50 shows the detailed indoor air humidity distribution when using 26mm thickness
breathable membrane insulation.
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Figure 50 Indoor air humidity distribution when using 26mm thickness breathable membrane insulation.
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Conclusions

In this task, the development of indoor air comfort assessment systems has been completed.
Optimisation and functional tests with materials are necessary as part of work package 4
previously to the demo site works phase. In this deliverable, the comfort criteria of indoor air
temperature, moisture content, indoor air speed, CO; distribution, PMV index have been
detailed. The different insulation materials and technologies of the project have been explained.
In addition, the way of installing the equipment, recommendations and solutions to potential
problems have been explained. It is important to note that although these developments are
considered of great interest in different types of technologies, on-site measurements are
necessary to validate the models in the project.
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