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ABSTRACT

Introduction: Students play a key role in shaping the future of any society and spend a significant amount
of time in educational environments. Creating an optimal learning environment requires close attention
to factors affecting student well-being, particularly thermal comfort and indoor air quality. This study aims
to systematically review the existing literature on thermal comfort and ventilation systems in schools.

Material and Methods: This systematic review was conducted based on the Cochrane methodology,
involving a comprehensive search of three major databases — Scopus, Web of Science, and PubMed
— for articles published between 2020 and 2024. The inclusion criteria encompassed peer-reviewed,
conference, and review articles published in English that included the keywords “thermal comfort,”
“ventilation,” and “school” in their title, abstract, or keywords. Studies focusing on preschools, universities,
or other non-primary/secondary educational settings, as well as those conducted during the COVID-19
pandemic, were excluded.

Results: A total of 42 articles were selected after a rigorous screening process. The highest number
of publications was reported in 2023. Key findings included: Most studies focused on elementary
and secondary schools. The majority of research was conducted during the summer season, which
may limit generalizability across seasons. There was considerable variation in CO, levels, with some
exceeding recommended standards. In simulation studies, DesignBuilder and EnergyPlus were the most
frequently used software tools. Additionally, results showed that: Indoor air quality and thermal comfort
are significantly influenced by the type of ventilation system. Schools using natural ventilation often
experienced higher CO, concentrations and lower thermal comfort than recommended. Implementation
of Demand-Controlled Ventilation (DCV) has shown promise in improving indoor air quality and reducing
pollutant levels.

Conclusion: This paper can contribute to the improvement of educational space design, enhancement
of student learning, and promotion of indoor environmental health. It also provides insights into the
latest methods for measuring and simulating thermal comfort and indoor air quality. For more practical
outcomes, long-term studies with larger sample sizes across different seasons and times of day are needed.
Combining computer simulations with real-world measurements can support cost-effective and optimized
design of educational spaces. Future research should focus on standardizing temperature, humidity, CO,
levels, and selecting the most appropriate ventilation strategies for classrooms.
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1. INTRODUCTION

Schools are considered critical indoor spaces
due to their significant impact on the health and
comfort of their occupants . Students spend over
70% of their day on school-related activities.
According to the resolutions of the Supreme
Council of Education in Iran, elementary school
students in the first, second, and sixth grades
attend school for 25 hours per week (5 hours daily),
while for students in the third, fourth, and fifth
grades the attendance is 26 hours weekly (5 hours
and 20 minutes daily). High school students are
required to attend for a minimum of 6 hours and a
maximum of 8 hours per day .These schedules are
notably different in private educational institutions.

Poor indoor air quality and thermal discomfort
canlead toreduced concentration, increased fatigue,
and long-term health issues, negatively impacting
both students and educators .Extended school
hours and high student density present significant
challenges in maintaining a safe and comfortable
classroom environment. Children are particularly
vulnerable as they tend to passively adapt to their
surroundings and may not effectively communicate
dissatisfaction with indoor conditions Achieving
thermal comfort for students is a substantial
challenge for educational institutions. Factors such
as environmental conditions, seasonal variations,
heating systems, gender, and clothing insulation
significantly influence students’ thermal comfort.

The primary objectives of this study are as
follows:

1. To review recent research and identify
limitations and challenges in evaluating thermal
comfort in educational institutions.

2. To explore the relationship between
thermal comfort and ventilation.

3. To assess simulation methodologies for
analyzing thermal comfort and ventilation in
schools.

And also to provide recommendations for
improving thermal comfort in schools and guiding
future research initiatives.

2. MATERIAL AND METHODS

This systematic review adhered to the PRISMA
(Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines to ensure a
comprehensive and unbiased selection of studies.
A thorough search of peer-reviewed articles was
conducted across major databases, including
PubMed, Scopus, and Web of Science. The
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keywords employed in the search strategy were
“thermal comfort,” “ventilation,” and “schools”
Articles published between 2020 and 2024 that
focused on primary and secondary schools
were included. Studies related to other types of
buildings, such as kindergartens or universities,
were excluded. Additionally, articles focusing solely
on temporary ventilation measures introduced
during the COVID-19 pandemic were omitted
to avoid skewed results. Only articles written in
English were considered. All original research
articles, review papers, and conference proceedings
were eligible for inclusion.

For an article to be included in the review,
the selected keywords had to appear in the title,
keywords, or abstract. The selection process
involved the independent review of search results
by the authors, followed by the screening of
eligible articles for full-text review. Non-research
articles such as author notes, editorials, popular
texts, letters to the editor, and articles published in
languages other than English were excluded.

A total of 290 studies were initially identified
through the search process. After removing
duplicates and excluding non-relevant studies
based on titles and abstracts, 50 articles were
selected for full-text screening. Following further
evaluation against the inclusion and exclusion
criteria, 42 studies were ultimately included in the
analysis.

The quality of the review articles was assessed
using the Joanna Briggs Institute (JBI) tool, while
the quality of cross-sectional articles was evaluated
using the Critical Appraisal Skills Program (CASP)
tool. Quality assessments were independently
conducted by the authors using the JBI and CASP
checklists, and the results were averaged for each
article. Based on this qualitative assessment, all
reviewed cross-sectional and review articles were
deemed to be of exceptionally high quality.

The study analyzed 42 articles, comprising 4
review articles and 38 original and conference
papers. Of these, 25 studies included experimental
measurements, 8 involved both simulation studies
and experimental measurements, 4 focused solely
on simulation studies, 1 utilized machine learning
methods, and 4 were review studies. Additionally,
13 of the original articles were conference papers
(Fig.1).

3. RESULTS AND DISCUSSION
The evaluation highlighted several critical
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Fig. 1: The process of selecting and screening articles

concerns regarding thermal comfort and ventilation
in educational institutions, particularly in naturally
ventilated buildings.

Thermal Comfort of Students

Indoor thermal conditions are influenced by
multiple factors, including season, occupancy,
ventilation type, and heating systems. Regarding
thermal comfort, many classrooms, particularly in
schools located in warmer climates, experienced
temperatures  exceeding the recommended
comfort range of 22-26°C during summer months.
While natural ventilation systems are energy-
efficient, they often struggle to maintain both air
quality and thermal comfort, which can lead to
discomfort for students. This review revealed that
most schools rely on natural ventilation. However,
mechanical ventilation systems, though more
adaptable to varying climatic conditions—such
as changes in outdoor temperature, wind speed,
and direction—offer a more reliable solution for
ensuring high indoor air quality on a consistent
basis. Nevertheless, mechanical systems also face
challenges such as humidity control issues.

Furthermore, several studies found that even
schools equipped with mechanical ventilation
systems frequently fail to achieve optimal indoor air
quality due to poorly designed systems, inadequate
maintenance, or a lack of proper adjustment of
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ventilation settings. Interestingly, in temperate
climates, thermal comfort can often be achieved
without mechanical ventilation, particularly during
spring and winter.

Another critical observation was related to
seasonal variation in ventilation effectiveness. In
colder climates, many schools reduced ventilation
rates during winter to conserve heat, leading to the
accumulation of indoor air pollutants, including
CO. This highlights the need for balanced strategies
that maintain both energy efficiency and air quality
throughout the year.

Carbon Dioxide and Cognitive Performance of
Students

Analyzing the study results reveals that two
key factors of thermal comfort and ventilation,
significantly impact student learning. Temperature
plays a crucial role in children’s performance,
with elevated temperatures leading to decreased
concentration. Students tend to prefer classroom
temperatures lower than the thermally neutral
level thatis typically preferred by adults. In tropical
climates, cross ventilation helps maintain thermal
comfort while keeping CO2 concentrations below
1000 ppm. Furthermore, CO2 levels below 900
ppm are shown to reduce negative effects on
cognitive function, supporting better academic
performance
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The Role of Simulation in Optimizing School
Mechanical Ventilation Systems and Minimizing
Energy Usage

Multiple studies suggest that simulation,
despite its minor inaccuracies, is an exceptionally
efficient and cost-effective method for modeling
and analyzing environmental settings. The findings
of the current study indicate that DesignBuilder
software, the predominant tool in this field, allows
for the creation and evaluation of various models
by manipulating different factors, thus helping
identify the most optimal design approach. Despite
some minor inaccuracies, these simulations are
highly generalizable and reliable.

Numerous software applications have been
developed for building simulation. DesignBuilder,
along with EnergyPlus—one of the most well-
known programs that simulates energy and
thermal performance in buildings—was used as the
environmental analysis tool for building design and
simulation. It is a powerful simulation software that
provides a three-dimensional graphical interface
for EnergyPlus, which is used to model overall
building energy consumption, climatic conditions,
and thermal loads.

4. CONCLUSIONS

This  systematic review highlights the
importance of proper ventilation and thermal
comfortin promoting students’ healthand academic
performance. While natural ventilation systems are
widely used due to their low energy consumption,
they often fall short of providing adequate air
quality and thermal comfort, especially during
periods of high occupancy or extreme weather
conditions. The findings emphasize the need for
further research to evaluate the long-term impacts
of poor indoor environmental quality on students
and to assess ventilation system performance
across different seasons.

Comprehensive measurements and simulations

should be conducted year-round, with carbon
dioxide concentrations monitored during all hours
that students are present. These assessments should
account for various conditions, including season,
time, occupancy, whether ventilation systems are
active, and the type of ventilation employed.

Policymakers and school administrators
should prioritize improving indoor air quality
and maintaining thermal comfort in educational
facilities, as these factors are closely tied to student
well-being and academic success. Implementing
hybrid ventilation systems or upgrading existing
ones may be necessary to address the challenges
identified in this review. Additionally, fostering
increased awareness and providing training on
the proper use and maintenance of ventilation
systems are essential for ensuring their optimal
performance.

5. ACKNOWLEDGMENT

This study is related to the project NO
1403/54223 From Student Research Committee,
Shahid  Beheshti  University of Medical
Sciences,Tehran,Iran.

We also appreciate the “Student Research
Committee” and “Research & Technology
Chancellor” in Shahid Beheshti University of
Medical Sciences for their financial support of this
study.

6. ETHICAL CODE

This article has been approved by the Student
Research Committee and Research & Technology
Chancellor in Shahid Beheshti University of
Medical Sciences under the ethics code IR.SBMU.
RETECH.REC.1403.742.

7. FUNDING

Student Research Committee and Research
& Technology Chancellor in Shahid Beheshti
University of Medical Sciences.

Journal of Health and Safety at Work 2025; 15(3)



VIR-_GAY Slado 11€61€ jusb /I s)ladh /10 slo

===

Weopllal (559 30 dxfllae S 2 sl 33 41968 9 o1 T (i y

T land S 8 o 631500 (Gl ye5 pwl S(g 3 g p ST 0SS (5 Aabld

S (Sg pole olSails wuilagy aSails IS el g (gl 48, Cblagy cwdige 09,5 o gmeiils Sliing arS”

Ol el s o g

S Sy pole sl wulags 0aSails ¢ IS el g (gl 48, Cllagy pwdige 09,5 (o gzeiils Slidm ar ST

Ol (Ol esing S (S gy pole olRails wcudlags 0aSails IS eyl 5 sl a8y Culagy (owiige 09,57
L)‘)"‘ ‘Qlol.:l ‘UL’] kfi“’)" f’ﬁk Oliﬁ.j‘.)f

S (S pole olails (anyy ase 5 (Sblags pole 0aSiaghy S g Lase ol (b Jelse J S Slidss 35 80

Sl ol e
Ol ol o i S (S pole slBiils  cieuly Culogs saSaily

VE A s g D E P/ sl o A b

oaSs =

ygel slalaa o1 amg5 LB loj g oS e Lol (glrel> 2 0ax Ty oo Kb (5 (ooulS (s jgal szl douiio
S 5 Sl Gtalel efasms el old) 5y 55 else &) 335 az g piline sllas (650l (lad sl S oo (5
RO PRV fbu‘

sy G 0dls 2,5 590 150,555 (655 8 slind sl fane il 52 azepllss 55,0 aallle ol 1515 b
SYle ol (5,80aex VoY Ll Y- Y+ JLs 5IPubMed 4 Scopus. Web of Science ,.ias ools olly daws 4o
&Sy il goldS SldS (glyls g Wog oo piiin eSSl b5 4 g (sl S b (5950 ¢l g0y a5
VA-2555 5l590 B o s by po Ve il dalllas olg o gy (guulS SlalS L 00uSa ¢lgie )0 aus joo» g €ay 905>
Lo 7,5 anlllas eogasee 5l lie pé Bigel laglele o LolKiils ¢ Sl i (wyloe s bgyye g

oy pisie Yo VY Jlo jo OVlie olasd o iey 250 dslllas ojls 385 (6,50L,8 5l eo allie FY (ggazee ,o ila a8l
390 SIS ;0 COz clale ogl 418 )5 Lo 5 (6 dypmesd Cudgazme S lgic 4 Wlgs so a5 Cansl 00ls plais] 545
Design- gl l58le 3 o g st (st 50 Casl 0085 YU o lasliiwl o 510 lge S35 50 5009 4295 B g0 (g s axlllas
Sl bl 5 (A3 slen cuaS aS wisly lid gl (yuizead wldgs bl oy 30 )15, EnergyPlus , Builder
il 5 solerion polie 5| YL CO2 cbale ¢ ok aysp5 b (ywjloe 45 05l 1,8 4585w €65 m.o....m,ub (e
4 Wil oo (DCV) Lol b ooy J 508 4555 (sloeimms l ooliiisl el oy 138 o ailisl 4 s 6 5pmb 5,

A8 S oo VT clale jzals g L3 glod oalS 05

Lo Ceodls sl 5 (550l M0 650k (Rl (3550l slalad (b S5t 10 Wi gyl Al 16 S Az
CoieS 5 il bl iletnd 5 6ol slags, (v o)l SNl (rizen il ke L3S 5
Slelo g Jlo Jgad plad 18 55 diged pze b aeaily Slalllas ¢ 560 )5 gulis 4 gloiws (gl ams oo a1 S5 slgo
b o Wlgie (o8ls Sl Soi I b (6 iseels silatnds Slabs) oS irizred el (55,5 5l alise
O Femlin Sl 5 CO2 (gl dod (53l Jlin] il oy T (sl gy S’ oS g0l (slaliad a3 g agy

IS S o5 o0 GBS 50 41905 (slapinns

o (sla X o o o 5 syt i S CO, trggi o Gyl inlo] 25305 OLalS =

somayeh.farhang@sbmu.ac.ir :45lSe Jgime 0divn g5 (S w8l oy #

)5 oyl g Culblagy aslilins



Shigelzils Gy oyl iimlel 4 olaws (V)
5 ol ale Jlse ol i sl e llr
ol Ble g iz (chale S slaptass (Jad dso
S5 o 5L Ghigeltils Gylpimlel » (Koo
AY)
3O gyt CodS aS Cawl eoloplid Sladss
515801 55 s 6 Sl 5 o L ez
248, )8 4 g gg 08 byl plele U2l
S5 o T 301 S 53 Iy ey 5 Cagho dod (s,
29 59T 60 whaw p g5 £ ol 2 edle
o Juibisl 5,138 o il lsn IS CoiS y azs
EN 16798- 5 (\¥) ASHRAE 62.1 aile by e
pateie el o 1) e sy #5 Plas ((V0) 1
6505 b Vsans Lo 35 53 Iy s &3 LS oo
AL Sy Glgie 4 a5 095 o0 005 (e CO, sl
2 (TAQ) (s lgn coinS b))l cur ol
YL clale (1F) oS o Joe izl laglesle
SUL ases cams ol o sl WM 0 CO,
Aol o ol 3l ol jo ) alis G a5 ol
S8dee 5 5y9 o Wlgioe CO, Vb gohaw (V)
S 1, el s asllan 033l 5 g oluans
&S ol ligel zils slp 1) gods @l has 4 ams
L CO, zobaw (il SN laes G (51, .(VAVA)
busgi a5 jhiles il ppm)d- -+ G YA+ ppm iy
ool 035 T 5 il e als o]
WS as i ll et a5 SUSLe gl e oyl
Db e ol e glanlaisle o ol Joub B
Yooooo ppm i cdalé .ol -+ ppm I S
St e Cel (S 9 0Bk STkl wilgi oo
bis gl s Sl gyl (nl 5o (F) 098
oS alels Job 4o Jaud I8 0ogaxe 10 CO, xhaws
shls Gla S jo a5 (gousie Oldllas .l (5,900

C}Ja.w NG PR fbu‘w‘a@%g&».‘a—o@%

1. Indoor air quality
2. Education and Skills Funding Agency (ESFA)

11€0 1€ 330 /W a)ladds /10 slo (5 (ilay) g Cublagy aslibod

0hBes g Cids (s asbld

doddo =

Olalol g Cdls a5 cage (B JJo 4 o ylae
e 3G Olie 4 il ol e el ol
Ol3gal Gls (1) Bigdh oo Coganzmn 0digy yus (sloaime
A7) asl)35 oo w0 Sla WS )0 1) 59, 3 AL l*’)-"-'
Ohaanactisel Jle il Slgas Gl oS 555k @
VO mid g pgs s Jsl aly il pligel iy ol
9 2k g ol () yo elud) it o cele
(39, 50 4280 Ty g Scluold) aian o el Y8 ooeiy
ST g el £ Blas dlawgte alaie 59l s
A7) sl alsls jeas dwyde 0 B g, 40 celu A
sl Sglie ol e s yle o cslis oyl 4z

Slromlel 5 glasle b Gl cois
S 9 oy edle &S s gladsl ol
Glsp cuiS aziliz (F) 0,08 o 5l g0l il
e Al oo 22l (JT ()bl 5 o J31o
Rl 55 03 ol s sl aber 5l e ST iz
olBl 5 5l (s a2l o Slee
Sladss (7 0) 948 lga 10 3g> g0 slacigae las
2tz B b 4 )l a5 aies el
Oligelils alllas oS 5 (6,80l o Jass o Slos
6 Jgd Py 5 balps (1) 038 e 3l
Sr ol 4 e (omb L YL s 5l o sles
550k slagoly)l o 0 e AalS S o5 falS
Bl 5 @SS eSS sl ligel il oUly 5l wile
pooslal s (o (Ve L) 0ed o adlllae CB iy
Jos S0 4 CO, gohaw 5 (o Zusb, (s sles
Sy ool b e 5l liebl gl 0ol anogs
) sl oo Joaus o590 sisls

YL oS5 s O o seas Yok cel
b Li> 0 1) oo slagily oljgel sl
L oanalie ;o 5355 S oo dbml coly 5 Gl (DS
@ )l bles Lol 5 i 5pdy col VLS )5
el g gl ke 03 SLbl Las b adlabie j5b
O o el Bl slee Lyl I s solo )b

¥qp



~um)las )3 13045 § ¢ SyhaginlnT Gy

o abaly anlas ol ioon ] Sldllas Colan g w)loe 5o
&y dite S5 Glagsslial 5 a5 o)l
aoled o ol walgm S8 Con 5,90 1, 5500 Slaal
T CYNRYRC P ook ] Slaadss oz eolpgi

i aslgs @l cldllas

Moogy =

(Systematic Review)asoplas (6,950 dasllas
qpliie 9 330 O)jg0 4 &5 Sl iaghy aalllas o9
A (g Gewn So b b ye Sldlas ples
sl g5 (WS (o0 S 5 5 (i)l wspsleex
G OB e S BB Sl (S0,
g5 Ol Sl (P £9d9e Ko 090 10 S92z ge walsd
Grdm 5 Ol j55e Gl ceslie 65950 (o
ol 0als Sl gloj 0,50 G )0 Axwgs

(Cochrane) :; ,SsS (6o Gillae aslllae -yl
e oszee oSl (n iyt 5 it Sl 2 &S
oS ol o ploil el diopllas (659 50 Slalllas sl
Siletans 5 330 Jole 5l Slacgerme Gl 2
5 bl asleer ol Bar &5 el eus (b
o al jekae 4 calizee Wldlas | Sledsl Ll

ol oleel B g a6 S A

o285 s plho Linggy e

@ ol Jo 4 epllss (5550 addllas (nl Soa
2 s s Sl Ay )0 3o Jlew iy
w‘ U")‘M

2 s 9 ol omlel A jo g ax )
Qw‘ o lul?u‘ U")‘M

Slwand oy, az 5l 3l gbJls 0 ¥
Sl ool oolaiwl

I, Jls Gl coaS a5 SYle o CO, clale Y
Fenl 4593 Wil oazeiw

oolatwl 3 gla o jo o gla jsg, ax F

Sl ool

49w

Sl Bulrh 050 5015 ligalitils (nlo 5l YL
2 ks @ sy cpl Wiles,S (815 IS Jgene
wly anwgs loysiS )0 aSk arwy Jb 0 slaeiS
Wils eaisS 1,55 (6553 B pae STl az g LB 50
Sy, 3l oS g 59, sk 5o ol arses
ol ij90l slalad Jlbe 0,5 S glp LIS
o G e S w5 il glul e (70
4 15 2555 00 )8 s 5l Cov ez BB 5
SaS 03l slan ol g Jlo slad slroun Y] B
a8 oo owldl s slen cudlS ame jo g &S oo
AYY YY)
e Sliio Yy 55 0 S5 5 lge & 4xsi L
Wil pleisle oI sl slayual )l 4 oS
Ailgd o a5 s o Cewd w4 |y el sla i
laath ol sbe Gl el 55 Olesies sl
9 Lo, Sl Dlidod ¢ 025 Slalllas 5l Lol
oz jleplhb sl ) oz o dasjloares
Yl gl 4 U oS o el (Bassle 5 ol less
LS LT i Ll el oy i (gouaio (59,0
L J51s glsp coieS o )l mialel & bgsye a9
33 Sslite )5 L slaglexsle )3 (655 B pan
Solroibel G Jolss (o) b aslllas cpl a5l
lr ly plgiin (e 3 LB b 4 4
Clrdiog 5 LIS 5 5,5 e &l oon ] cliasy
Sleallls 35 o8 Ll S o iz | Sl
Web of Scopus ools olSGl aw 2 a5 aie) (pl o
S8l 0,5 iy asl> gk |, PubMed 4 Sience

Gan ol Gl B i o] anllls ol 4o 1) s
rolos GY-Ye glaJlo b, Sledbl ol aw o
5l 5 e anlllae (ol ol laal guiS uayp Yo YF
Lo agamme o lolids jokiie 4 | Slalllas Lo (1)
(M) oo 50 Glmgilel bl 5o il
2 (1) ses 5 il palel o odalss ) 5
P a5 g Sl oimlel adllas 5leand slois,
Sl ool 5 sl plaaos @)1 (F) 5 )l

11€0 1€ 330 /W a)ladds /10 o (5 (ilay) g Cublagy aslibod



Iy ks 0,50 Sledlbl ailflos & a0 4 ja5 90 ¢ Lol

S 90 dawgi 2l Sl slaosls iaosls anglis Y
Dgise Jad g J> pgm &

97t @l 5l glsebl Jpa> slagty, Y

cited by “ »Related articles” slaas ;5 5l oolaiul
5 ResearchGate" “Similar articles» « JISul J545 ,o»
s pe SYls o 2 (o)

Oldllo coas Jbj,l A

3 Oldlas CuaS ioriw Sy 169 00 Ol
(JBI: Joanna Briggs ;5 Ul dumwge Concd S
Jedz 0 ceaS o)l b .wl eolatulnstitute)
JBI cnd S sl 0als oolopglias Vo lads oSS
Syge srhileg suald Sy90 sy90 Slilllae (lp
S 0y JBI cand S bl 30,5 o )18 ool
B Fe o0 YU oS olgie 4 asyo Ae 5l i
Pl oS o0 g dawgie CulS lgie 4 s A
(71 09d o0y (rmly ColsS plgie 4 2o

Slllas coaS o Cqx iorhie Oldlae
Sk byl bo,lee 4l p cund Sl alaie
oolazul Critical appraisal Skills Programme: CASP
(V) Sl Jlgus VY ol e S ol s

Sheslaul b oead pll 8 obj,l elul
s sy Ve 4S . CASPg JBI (clacand S
oaedd (2Vb sl CedS 5l (o) 0)90 (orhaie
(Y Y ojleds LSS Jglaz) aiaidonls

basl =
SOOI slaoluly ;5 moler g ¢ Jgl al> 5 5
e a5 Al Scopus 5 Web of Science PubMed
Sl sl ylae Jlosl Lo 3 dllie YV Slulis o
6‘3...7;0 9 OAA.»S} ‘LS‘A"'lS ul.a.ls gulj...c » GH—»-Q LB.JQ
Alie Freoly o ol Bis alas 175 slass «Ylie

11€0 1€ 330 /W a)ladds /10 slo (5 (ilay) g Cublagy aslibod

0hBes g Cids (s asbld

w5t 5 lop oS Syl ialol G Ol O

Cnz yloe o

S )
Web of Science ools olSL aws osls slooll )

oolatwl 5,90 OYlas gz (5l Scopus 3 PubMed
I BT

odls yiiie OYlie 4y axllae pl: Sy eoguse ¥
ogazme (YoVF ol B V-Ve) 3 Jlo zu o
D9 s

00z ¢ lgie 10 15 galdS SledS 1 guldS SldST Y
155 50 )8 97 9550 Yl suulS el

uges  JThermal comfort 5> jislol
diepllas (69,0 aslllas Schools : .l Ventilation
:ovjeel  Health  : ol Systematic review

850 8900 Air quality s oS Education
&School design : w,las >l Energy efficiency
«o Building standards :lezle  gles,lali!
Learning : ¢ ,.5ol; «Carbon dioxide : 5,5 s

o9 Blind & e 4y awBlind g9z F
plil ools (gloolL jo 1) g dslllas a5l oMb
AR o

T9> 99959 slajlre O

5 @l ol spleitle g 1959 Hlee
JoB e (i (S allie L calangite
ol S SYlas g (5,90 DY Lae (Jrol DY Lis g dllis

slolad Lo g laS0s5 age daollisls iz g 5 jlawo
5 €Sl ptalel GolS lals a4 Ve 5 e
(63l SlalS dcgommo o lgie (o 1) Kaus juo» o €y 505>
aS SYlie ool ogdle il atslas Ll slaoasS> b
Lyl o]y Gl pbel s s (ales Llp2 B0
)y axlllae Gl 5o ilos ;S (o) 2 VA-955 wgny b
Candy Ko yte & lomt ol Ll L salonts

Sl 00 u)f).]m)o g5*35—°9u’l>

¥



~um)las )3 13045 § ¢ SyhaginlnT Gy

SVl (5, 5 il 1l 1) JSS

ool and Ollllas pgs (idu 5 90 Dlllas
Lo Sllllas p)lezr iu 5 (o285 Sldlas pse
sl 5 Jo5 Sy 13 5 sl 0y8 sla ouYl
Gl 00 03 g1 Alis eSS JiBu 0 Cudgase Clday

Erere Slojojb o b o spape Vo p 5500
FeoPF olos
(FoVF el 5Y-Te o ) usl Jlo & b o
oL b g alize Sloj sloojly )0 (5590 anlllae Loz
w0 o] gl 4 sl o plowl iglite (gla ogut 4 Lo
Yoojled (heaSS Jguzr po eizman 0 005l 25
S0 adlas S mls 0,5 58 allie Ol 3> plas
wliz polal o LSS, 09y a5 cuwl ool lis auallas
9 25 (il ( SeasST g Sagis | lalea
S aed oo Sl SRy Ol 4 S b )5
lad rizmes WS azg ol 4wl )l Gllb

%90

e ) S5 el SVl o) b aslllae o)l
oo o Bias o5 Wing 55,0 5 il S pole
eSS loged)
W55 o Yo VY Lo s Slallan iy (Vo la
5 lalllne el o liine (Vo lads oSS logai) an

Qs F Oge dhwge g olol

sl pSeslal asle ciagh lagss) 5l sy b
9 (s PelS Glagleans (Sl
oSS 10503) wilos S eolawl by g, ol 5l S 5
sy 390 Olallas gamme I aslllas 00 (Vo Lo
bl gileand Glp GHeslS slagilvos
M )‘5945 ‘Q-ﬂ)e 03)& .J.S‘oo)f oolaw! g;a'ﬁm
w3 oo las SIS &y Jad ey Slalllae o)l
stk 508 i (59) 3 oy 2 950 Slalllas
\AJ‘OQ’J }S).o.a.a w)‘d.,o )Q
ot Jg i o ot o Jals sl 3

1160 1€ 1l /W o)laid /10 sla )5 ¢ias) g Oublagy aslilng



0hBes g Cids (s asbld

ool glaplaidle ) a5 g U':')IP&LJ Ao )d oM o)y )lﬂ laasl aoMs ) J5"“>

9 (008 5§ SagisS )l Hlokos oK) ilivgs Lo

Sl b 5 s S i Fee S (rien
GRst8 Oliae 3,10 ol G5 (5590540 5 0B,

S8 o 5l l3ael sl 0 ,Shas 50 Isn

2 4myho 2ib 5t
9 ipll s Ewl
e o §1g558 slomize s il ounl liios | iglize - ol ot ] alis PA Sgliza S latiansan o339
S yop b ol g ol slols (i (Y4IV-Y+eA)
b aal ansls wuST walisen sl puite Yove |
(T0)058 S5 (295 & oy ol slag Sz
€5,k
L5
. LV .
i ol sty
s g4 . .
RIS 5 Sl s oSl 5 Sle dype LA 3 ST el g3l S
sl ss 1 " 1 okeass . A ye) s 5o b
5 oolail sloaiy .2d S o 5 & PIRYY
e RS A e e S e e ool it s (gl el Ja) eSSk POt )
Sly a5l i sl (rem 55 o3l (2, o | o Lis jsliin
(26) el oy 2luT pas slacels poss L 33 & oly> il
. YoV ylnas
939, Jsb
I les A sls las Slae Slallae mls
o ks Lo | Lo | @ AT
Ehae -; “""L‘-’l@”}f"’ 6 f é_l";l ol ol (o)
CRPRRERY 5 Lo oy gl
@F 9 S0 GEART ) 2 Gl 9 duryda ) g 3 Sl
Silwdncd gl ol ansls g 5 Sis lase wisly B sl bl s L s e Jab o |
o s s e . Sl . 5
) TV 5l a8 4y sl slas o5 ols ol S " G550 GfE= [ 7 99 - Bl Sty g
i Jaceal/ o] dyde 5o ol gblaasle
¥ Lo als 2Slas g cdl als of 5 ol b«
Soolas s 4965 b JU
03900 ;0 e cpl aS oy ol 5 Hlw a4z yo B e
58 e el 53 5l 050 5> ial] TF¥lines
(YYV).o)ls
Jeily 9590 50
e s SIS 5oyt Slallas IS 94
s CanisS (sl Sl g i 5 Slalllne O T SRR 0 R
: g Oba; | Ot ol sl S agel Ll Wl Y i ne ) Sent 5l LA L ooy
21, COz cdalé ¢ S5l glos ,5b AAQ) 51 ) )
. - ol g s 2358 plonil Gilises slagleislo b o0 o 9 1 lgp oS
i Sy S oo dnl Gligel il (Ks lie _ SHlSe
T oY oS il agzle s il ayl ST clalllas gl 29 &oly> bl
S T L) 055 pligel b b asS oo b .
sbye W ol 0 85y o SIS 5 e (s ol S S
(Nases @l oy sbes Lawgis . s
WS Jaseie wileais ol asllas Yo¥ )/ L !
Lo cotsS slo el )b Sslaiasw
e SodS sl el Soletcs ()2 Lo CodsS (o
5 o plonil Slaizs 4 by e (IEQ) s
Sglite RRTY Cowl oais &l alis YV b o0 s dls L5l
SS9y Se ks e e s sladS
(TA)as jlae 5o 1IEQ a5l e 5t

Yerwon wylow

11€6 1€ 3l /I a)Laids /10 ala (5 ¢iay) § Cuiblagy aslibnd

(3%



~09)1ns )3 @045 § (HHhacalT L

ool slalele ) 05 g (Il lolel dise 43 0dd oy BT claail, 4o 1Y Joda dold!

Sl Gialejl ol S Lais

I ol aels Gy ol (sm slagls i lais b Jiluo
58kes 53 olib £535 gl dmlia Lo 5 4500 et olyas 39 bieals s Slae slazalesl & e O »eladgndy
. I Glmey - . B ..
3 G503l (15055 sl pdle (5,50l Joe - 59 degacme (555 IS4 (i (oo oWV F bl Sy
ot ,
ASHRAE-c0ls olS,1y) (VLS 55 9 (e L PRV Jols ML (sl ;5501 51 (5 o oS VY oy 3 o 5l
(29)d1 ot | oySles byl g Gres 550k sladae | el G 2 oeeiile S0l
sile (ool d (glaacs; 15 (St YorY/ oybe
sl o yd gl S
5 gl JUIS a3 g s e oo sl S
5 i At e JUS el 5o slagal, [ L) ST e G e
Aslg eV o yelelds )] cas b oleo et ) 543
i ) AL i b ooy yolisy | it o e Sl b
) SigS B 5 0al)l5 5351 b Sloxslo slaosls Sol oz l)f 9 SRS
Silotd s 5 Jyere o lh Jladd 53 5l
adhie Jlod )0 ol awyoe Gl WS 1y ' | 55 slag al, 25
Ao : SRV RV e
EUEDRVELEPEJLIorS Shaanxi ‘54)! e ¢ PE b 907
Jyad YoYY/ goue
l . s | s Ji)jT ()l“ cdale 9 19.3 ‘5Ln.> CO:
Slop led) S 55 9>l e slo S o e sy " b oyd oS 58
_ . Ol & T OIS SRR
(39 81,5 los ax 3 YEO B Y/ o JSls oW Sy9E M3ed ~
. 5p5 g Sl oz il 920 30 (b w908
ASlae) Veee ppm ;5 COs clale (Sl - " o A '
((31)le 3L ppm FYY e by 09 Cobyo g ey sl
sl &5 ARGy
2 Ehe agd Glapisw eai g b L bLS)I
Slallbs HE g loali clgn ulehe plos
4905 o e
S Gl slagil il 3,50 55 1y (55lodend S o) e Sllos a3yl
Clale Gon :Sile 4 ted sl gsabe 455 " oozl Sl Egrbao 4190
ROARY Asess
als plomil yuys sla NS o azeles czaCO2 ° oud ? Ol Sl o5 il YA 5w, ;& Slgp CaisS g Sy
5 Esekae 4505 0,515 onds plulids digs o peal, 5 50l zdls h o @Il gylae yo 51
S 4138 s S5 b ol o e g, Jobo N A ATRG
Slply a3 20 ok slya Jobs 25 a5 op
(F1)0,5 on wal3 G155 585 2
“SFN
085 e 51y s97e 03l 5ige ol &y (B il
o9zl bl s (DREAMS) o jlus (5551 b oyl o ySdas (55l e
oa ools axwgs EnergyPlus plew (sjlo Joe N | Q505 L LSSt o ylre
A Al ,..li
Siladae 1y s sla IS Giliss glsil a5 Coul ° ] 1) . Sl st il 0ok | b a9 ol gileand
o o
(B e S sla e b &5 5 05 e N Wz el Juln
sl ae g cdls  Leasi glad jsliws aSk 2 sdlie Yo¥Y¥/o,lne
(FV)aes oo 518 Sl 0550 55 1) loys g cudloge dilaie \Y
BRI Jer™
o> b el Sldllas 4y ol 5L s é"b Slad CainS
&5 Slalllas dﬁ?}hfhfﬂeﬂif 3o 55 Casdhas
390 50 adAS Jlo B Sl | ael> (5590 el 5leasein b Keas |
. i . o ¥olf - sl Ol o) 2
35 o S s Gl S5 len cuiS - S Bb e dhe ek S gl Gl A s s
ol jLass! &l oly b ags
(7).y9S B 5l i Sl gl ¢ lasse codles b ag2lse po

00y duw yoho bano
Yevyl

J31s 51 el el jtils g yais 5
38 892y (Sl o Shes g

[92:1V; 11€01€ Jal /W s)laids /10 sl )15 isul § Cuiblsgy aslilns



ohlEas g Qb (5)y aebls

ool glaplaidlo o 4005 9 U‘;)|)>u£;3[.w1 Ao D 0D (wyy )UT slaasl, aoMs Y Jg.\é- asld]

Sl glesS oys0 Jsb o J5b lse ot
s L5 3905 iy gl 2 oot o yle

Wdg 2 by Sl bl gl ejlae
513 S5t 4 Bt e S 0390 ] o Iy S
FOPVS ROV A [ PRCT XN EAFOW X GOy
»CO2 clale pyolis ail b Glozsly ol
a3l ey 093 bl 5l e ylae pled
0055 b eer sl 35Sl L his o a5
(Y)o,ls 0429 T1AQ Soetr Slp (2lad o pofo iy

sy el 5 glales o l5ee]stils 251
oAPLE a3 ool ez 5 | Lo il g WS (o0
Sl s el ps3a col anlys PMV
ke (Ko (rized WIS (e |y G558
0575 Sl ez bl s gle S ol G
o8l o (B 4 (5055 hiles caimsylis oS s ls
ne slales VLS5 4 Care 5555 ol o5
b gt jleslial 5 oS (e Jo e )
0313 ez 55 by 4y o (Lo yoeiy 030,57 5L wuile)

(YO) el ouds

3 ok sl s bty '35 1308
oMy ylsgel isls jga ol tals |, CO;2
S9ap2 3,18 PMio 3 CO2 cllale 55 0l ):.pb
Slr e bld wlg g Lo 0ol o 4508
(FP)aS wal)d oSagS

b Ll 5o sl b s lisaloidls 1
(V) o 2y les! 00idigy s

F5e sl s 2 Ll s pS e

S g boleiSle (55 oqz 95 (Sren

2ot 3l (63005 4 73> 0,7y slagdil
398 (o0 Sleiig )l b w05 2,

olas
S Jgad
»le s
o gl
L) sl o,
Ol
9o sl
Ol
pS sl

Sl Jpab

ROW PRV

5 bl
[R\CS

syl

Jes
)\)
Ll
3
Ll

oS gl

' Dual ventilation

11€6 1€ 3l /I a)Laids /10 ala (5 ¢iay) § Cuiblagy aslibnd

Cows wsle folse plo g alS by

EWSRVA
O PRV s
olezla )
ATV
> S
A - 52 LFR
bl 5565 Gl fad  allis SE T
o o
Oz o2 5 Ol Jab (285 1 ol ons
(S5}
OBALS C8 18 i e3gaste S " )
el 55 990 (gt Slalllas plol e
[
ol
w95
Egrlae
oS o
- jae A
el oauzs sl
Yoo el
A yde
alasgie
oS v
A5l g
oozl
) PRV
59 Y Sledbl plas ol 4 aslllas
. . o (| 0 claopitn g
1y oolae plesla 53 ()l > lol 3590 X
G (Slawe Slalllae s o5 idig T
B o5 plosl %0 Joab 5 b o
. : . 3 Gge
ool slgleisls o Sl bl =
55358 s Jb ulk
d.aJ-\a
$Y) g
(",9.«1 ols
&3
oals 1505 el 55 5590 iy Sllllas
oS #e
oSon oolitlsn (slnolSyl arldl sl ;
il @ e e - )Q
e T s ol st s 4 el
Ay

9 SL‘L“)SS

b wgs

gebe w58
free- 4

running

b a5
L9
Sl
b s
Sl

b a3

b w5

2P LBl
i jgol G lesslu
)l 290
Yeve/gilgs

$9) 2 o axlllan
9 (el (2 il
ol 5 Lol ] sl pdls'

Y] sl b

39 (haxe CodnS
A yoo (WS Cuads
29 dagio g (orlod!

oY/ ol

3590 30 (S0 (o) 2
Gl Gl Sl
awyo gbalsle jo
oo g of aibio yo
Yoy Jbs Josao

2% 65 e b))

Foo b 4g0d 9590

» Sl ele
Ay gl DS

99A



~09)1ns )3 @045 § (HHhacalT L

ool glaplaidlo o 4005 9 &)‘Puﬁiw Ao D 0D (wyy )UT slaasl, aoMs Y Jg.\é- asld]

©om gl by csam Jled e o bgleisle A kb oge 30 gob nx b byt 959l peld 5o (o fasl
Sz b glash 4 s a2 Y b & e s e ooldl § Se Yo/ 4 yom
(VA
LY oS 3
. . oS golr ()
Sl s mleS 5 ase ol ppa i Jad ol Jsis AP 3 QI35 slan
TAQ & oliws (oliadls o syls il A5l efly ool 00t &8l Ay ~
& O 2O Nyl 9 =8 L H 2 Q505 S &l s lul
L . L ) . sl 4 P& 4
oS o 55l jlgds 5l ilul g ogllas obiay Y gl e B
. . . P - = gl sglesle
OV)aies o &Sl (6 i Ll oyl g ke &l almae 4y o
YorY/ail s oo paddl 4o
e oo wldl
EWRVA = ks
! Aoy YY) lls an e 9 1510 Slgp codes
Sl . Frols | epheass | 60 GHleol
CO2 ghaws ccins 4505 Jodo a5 b DS 251 I o s s e
R _ i b ol o 0 » At yda 3,555 9 39 &35S S|
A yde g S Gleitle sla Sy anils oYL ol oz &l .
(FVCl g L3I (glgt coisS 007 e (eopad | pass | e s S
T Sas o gle »3 D L RN VPSRN T e
ddupde | A e YoYY) §lye
el b
a5 olopyles dalidun s (o) 5 (Siloe (5505l . T
’ S dusyde ¥ g;’)‘)-”u“-!.L“'| axfllao
i3S a2 ]y Lo g gl 68 3l s
. Ipbesl 1 e aib 2% 003d o sl
s wisle (bl bisy, Gblus S Jl> YN gl YY B ) e lle (6,8 o)l ows )|
. oasi il g8 S 9 St ooylie
pyzj‘)l),.alu:.jbpnafa;aﬂ& W= o bl Sl
_ o i el sl 50 dwye ¥ I sll;_..,”
Sl 0y Y LS S5l sles By lalas o
(40) 35,5 43,25 1, 35 105 > Wrlg
Ay Fe
M ol Ly el L5 3y9e sty Slalllas ! 2l gl U
: b oSae clidlyn sla ol ol sla Yy Sln P b w908
5 oo 8l oo slogdjl Condse 5 ol 5 bl ) e ] . .y T
i o ! Sl | e 355 Sl s 4 ol el ) 30 5y il
&5 4y b a5 leadly s )bline [l ESSPEPTS
- s S adle Lelge plo g (BLS Gin 9 WS ol 30 Sl
(Pl b (S 5> bl gl i
& Lulps o)50 00 ool e b b e gseme o NSy ol
2 LS e (odBl 5 S o 7 YoV 4y <55 5l
o
Ll
o 50 Jaw
Sl asles ol lr sy 3luant S <ls ﬁt;ju :
Sgne sl SV o) 2 g A0 slagloisle 5 © owbel bulpd b5yl
ool Ll s 55 oaislas ole o s Lyl R o o 2 plasls Jolo
39 bl a5 o sologlis ‘I’ 1)' ol ol YT 5y ol ol | 390] saylessbus
x < =
3 Sl Ol Job 55 (el slaglonsle f,y Wl elalesl o oad culua Gialosy ol = b s o luilivl 4 azgi b
. [EXa) . . . Szl -
S (sl sl oslinul 90 Jotne Ghblie s @ Col (ABly Ll 38,5 i e g b I\;I) e 23385k Gl
- O (o) =
2 Ol 4 Gley bl nl podle wl cuws 4 b slep 5 o Gblu
3 oliabsl ol ezl S prte g &llai 500 ol S ¥l
KQD IOV DU TN T 1o SO S ES o W ¥ 3 « o

©qq 11€01€ 3130 /10 a)Ladd /10 sla (5 (iayl g Cublsgy asliling



ohlEas g Qb (5)y aebls

oo slaleilo ;3 a0 g ()l bl die) ) 0 oy BT (sloasl 4oMs 1Y Joua dals]

il PMio zals s s ol 3l ailgs aypes

)L_\fﬁb” PMio 3 CO2 clile 5 asse5 glsil 5
chle bl 56 PMig » GS g5 s
(FH)s ) 3k CO,

5 COz clilé 5l oS mhaws 2>
Coodls 1 stz s5 B jsb 4 wilgs o PMass
F9).0,l3% 13l o390l g2l

Oloaez 55 ounl Glo S (b 35 5e
Sl b a5 290 5,k S5 slag 2],
(F0) 3V ) i les]

v 5 Slles slos 4y atily Q\),Jut.“la SN
Sl b b ustin a5 05 o 4rogi .conl CO2

5 lgp coiS 11, CO2 g Lo mhaws 95 50
(V)55 ka3 50 o0 50 AAQ)

Sl Sl a5 5l Sy g bales o lasily
e bl b sllas 51 Gl 5 o lall

(7)) (55,0 G pgl

S e § Gl 0 Sl pilul 0oy

Algh god po 50 a5 wl blostul yizes 39 b

slos ;s L )55k o,k 5l 1, toll

Ol 9> 3l g bl o Lol (YL s 51 S5l

(FV )l b, 5153 e 55 Gl

RE
sauis &l

Cansl

5 ols;
o

S5

oauis 4l

Sl

1Jgad ples
Jasie

DAl
(ki)

9.
[

1Jgab ples

SasS

cob e

bl

o
sl
=L

sl

e
o)

1160 1€ 1l /W o)laid /10 sla )5 ¢ias) g Oublagy aslilng

RO PRVARL

30 00 S S Jels Ladd aslllas
Q) cot slo ools 09 ol mlaw

393 3g0ote Jlwy dusyde Jawgs ooy

9 Olodez palie by b baid adllla
0® 0 s p aye (b
ol Wil o oanyT lalllas gy 35 pate
Lo bl 5 el asile d e (slalis

OB gy

el oats 4|

5 361 sles (sl Slae slags 5ol
595 0 WIBAS e Vi Sloj o5l
REINES B S ARV QRS PES

ahie gl tals b e aslhs sl
b o alansgie
sloyell ple (S, > &
Sl 48,85 )18 (o 0 3590 GBS Lana

dyae VY
o AD
o FY

5 Py by
oS FY

s b

sy g
M)AA )b
DL
Y Ll
Ie) 48
Y+ 550!

AL

PSS
MJJ.A

&l

EOUA

S A

WlSgs 45545
b a5
R

Sl

b g8

b w903
Egrbae g

b w908

b w95

2Py bon) Jolee
ol slgp CadS’
438 9 5l Ll
3os WY 5o
39 2ol )l
YoYY/ ol

oS ogllasl b3
9 LIS J315 glaa
ol ol byl
oligel s cansd 5o
O Solow 4 bgr o
9 lo S Jguad
S - 2loS el
Yo¥V (i lo T andline

Sl @ 205
9950 SHl> e,
P S g
aawgio by WS
Yoyl s

1 lgh cads
ol yo oud 550
b 255 b 2l
PO CRRNCIN L BN
9 e gl piio
YoXol 53l ol
2 b b
x93l il
oyd o o
YoV orlas!
ol bl
ool 50 olgel Gl
b 4540 b dawgio
adlio dog> jO
(Gl 55 (Silnno
YoYFl iz

Yoo



~09)1ns )3 @045 § (HHhacalT L

ool slalesle ) 4005 g Iyl Glolel dise 43 0dd oy BT claail aods 1Y Joda aold!

1, TAQ aibesl wilgs oo Gl 48 (rmsb d5565
& oslas 5L glad Lalpd )3 ey Sla S (6l
9 U5 BBt 65,50 O 4 jomie Lol eo9] s
2 > Wlgie ld §5LaSh 09d g0 v Sl oy

slooan¥T als s wldle wiile yip )5 Lyl

Foo 03B (sl3n 3959 Joond 5 138 )3 09250
(FAasl

3550 000 S ) llyd 5l S e
LASHRAE- 00 s litl 21, 03900 caslllas
Slas,s FF (bl b S o3 °°)31):'

(PSS oo ]y b 55a] 2l

095 53 $r950 9 Jwol aallla VA (s
D)o 53 a5 5 55l

5 0 azd 3y e3g0ze | 5V s CO2 clile

Gt 7 g 8 o 40l 5 (e o

s 30 s e sy tnbs] S 31 sl ok
OV 515 b S 99 Sy Jds &

Lls
1 5bane

90

&l Al ae
g0l slls
slse
slal e

e
2l
e
ERSEERY

5!

b

slo»
Koéppen
~Geiger
L
Lo ylinss
Shts
P‘-‘-y“ )|-_--.'
s
Loy liasls
5S>
e beS

Sl

5 Ik
S

gl

Hs
g
IJgad ples s
(Jt!
L)

Jaiee

O35t A (Giles] a2 LB Codgums
sl SIS s 4 (2,5 sleo oy
S3SL Sl ogdlly 5k oy a5 05 (ol
ols oo 2alS 1) ailes

093t Ay «alej] azgi BB Cyogazms .
sle SIS s 4 (7)1 ooy
S Sl ogill yobo @ oS 05 Lokl
ols oo 2alS 1) il

5o T, el gsi F aslla ol
Ly slaglozslu gl a5 codl a3 5

el oz A1) Susgame e 4

S5 Ll ol 53 dalllae S
b oo slaglazsle 95 5
ST 9 S)lons il slas
o3 sl 4 il p g 3y 0 (b
5 0065 51 (oS s Slaad 15,05 329
Ol s 3,y by o 5 50 ledeo
5 yde (slacales floj YU cBo b eud

oS YE

EWGRVA]

dyoe ¥

VEEA e

900 Ll
o FY

i\ A

b w903

505 3w e
CoeS gl (SHilo
9 Bl len
S 58 Gl bl
A yoo oloss b
YoY¥/ 614 iy 0

Tobw (o
0,5 9 ol bl
ASHRAE-s il
65590 aslladd:
39 3151 (w0 G’
YYF/ 4y gyl
0 3l o glews
390 5O i
w54 3 3l bl
0355 wold s
12 ol byl
Gliseo glgil 5 of 3l
on - b plasle
aos

YTV S Laianps

&9 hilé zobuw
9 (255 S|
» Sl
a4zl gl S
ledzo 9 ¢yl3g0] il
TPy ains oo sl

11€01€ Jal /W s)laids /10 sl )15 isul § Cuiblsgy aslilns



ohlEas g Qb (5)y aebls

Dol sl leles )3 4005 gyl Glolel dise 43 00 sy BT slaaisl 4o 1) Jgas dold!

el Jelge jllga o8 > plad g Sp S ladasne
og ;)l}};lu:.jb 5,Slas
5 555 4 150 e 5 5ok 5 Skac o o
5 b 553l 5 Shae L oy a5 s
s o lej 5aal i dys e G115
O )asls T VPERVPR L SEIN s 2

Gillaa ¥ ¥ 4o 90 30 (o (slodS Sl (sl
it Mom-Weisebron s fuslew! b
O ol sl ol (I3 b BT s lge oS >
51 o cslas 5 5,5 oslial 45y 54 5 iem
,»> Mom-Wiesebron slas uitisl 3.

08 J ool 5105 )18 a1, slajloae
b B ans mals ) See sles wilgs
=y Glsie 4 Mom-Weiseborn (slas it
Eaten cuppillh 6B Jf ety g v el gy
(OY)-04% oslazul

sl b )0 OIS a8 ool gile Joe gl
o 8les ilisen clacdl s g 4l lojls b
al)l 1y oS el ) talol o,z
(Q\‘).M\)@

2 4% 359 % 4z ablite dse (Olinls Jsbo 5
Sz sl el o5 lbes 5 o pellS e
ol prodle ool (55el slade Jeb it (38
A1 &5 3ol (Sod (i b5 S
Ol 5 oy e 90 10 5 o350l 80
e e

(Y )s5ls

ol bensls

&l¥

A
S(otesl)
oats il

o]

sleosls
5 Les
ol g s
ole 5o
4908
2P0 )
o> (ole
!
E R

ol o0

5 Ol
[R5

&l wlnae

S99 Collad o yo olj,ai‘)mla Slaas
Sl 5 aly; alin Sy az STl
bl o Llw)ls 5929 (S 2
39,18 9925 alacdled o Calises
Seas Jo Job o Olygelzils slass
O o b Lo o Lo
Sglite calizes glacalad gl oy
cCOrcdalé (oo (sl ol )y .ol

o3l g ,5b cos) (o Cugh, g Lo

NS 0 )3

SN

RN

sl

Cewl oazs &l

Slow
Y

‘ clows
Oy

[O)

&5,
FOMPREAPLR

Sl

3o ol olj,abmla Slasd )5 s
Jdo 4 iy gy pac g laMS
b @ 35, Jsbo 5 olisel il asul
oot |88 G Eap b (Bl sl S
Sbosls 5l Sas S o Sl g
0%y 3 51 oy ondicad

1160 1€ 1l /W o)laid /10 sla )5 ¢ias) g Oublagy aslilng

Ly
5900 Ll
5 59

A yde

dsyde )

N
(S .
ek s

Sy

34!

oM A
S oy

Eorlae 43505

FORGRVS

b 508
oS S,

Nf
oletle b ags

290!

PUTIOPI [
8o 5 )l 2
29 oligel siils
@905 b ooy S
el )3 (ormb
VoYY 6 youno s

9 srSeae b
2l 2k
O (3l il
Olwss (o9
YoV F Lo

9 JAQ (5jlwaris
K Sl
2O W
Gilizeo sl g 31 !
VoYY 2005

Sl ol glaJus
P ol S
ol bglaas b
&y adlaio of 3T
Yoo il g0



~09)1ns )3 @045 § (HHhacalT L

ool sl letles )3 405 g (Il bl Al 13 00b sy BT claaisl, 4o 1Y Jgas dold!

by g slsn YL slos Judo 4y (oxb r55
5 G5 ol Lis (sl ol s o8
(OO IS 0035 i3 (55,31 L5 59

Tl @ ol sl 03 GlapdS 50 a5
s (slsn iS5 Sl ialel jl pas 2ols,
O 5k bl greb s (S g el (3]
bl pals gly Fge 5 0sle o)l bao oy
(0F) sl (S slalas )5 laoas VT

Slae,n VA a8 cal o] Kby (g5lodnd gl
3 Jsed Bl edgaza sl z)l> () Ll adlse
gl tils o5 o, atin 5 el Jlo Jsbo
OV)as oo gz i 1) 35 (o5 slales

Syt PMV yslie wlgioa 53 b SwdSAC
A2 o Ll 1) o255 jlas Lol asl ansls
slos b1y )l il Wil e stratum gz
(OMS wald YU s glen

AL L o Sl i 1B a0 Sl e
Sl e & Cl (See l S35
bl by g, lise lagloj 4o Gligel s
by Sllos slos 5 ls0 o5, 4 (221, sboo
(BV)sgS 0

G ol o 5855 oxdls sl s PMV oy
Ol @l Saled 53 )l 525 olis poabae 0o
590 Eaen 4508 o &5 A230 (L5 aalllas
loges 2 el LS 2oy il el oolitl
Si ol gk |y Lo (Sl g 990 e
(5 +)05 oo

1 oybenss
[RSARY

Sl

(obsy
9k
Iotedls
0, Jaine

@&l

slyeely
VY

s/
ook

oot &l

5 p Sl
Sos
Stk

ol by
Jws

Syl
S

sk e

by

Je

Y

Voo
colSiules]
uils Fo-

59!

oY

el ot )|

b a8

Sl ooz @il DA

b a8

FOWPREAPY |

sils VP
5991
RO PRVAR | Y

FViaw 00

o o

b a8

Lls N YY
355!
ool

905 slyls

5 b

oils YYA

RECREPYS)
L9

Egrbao

ol oz el )
3l 3!
ol
L5
Eglae

oS Y

oo

Sl b 4905
ol 0 yes oo
Yo/ olybol 53 w,lio

SYsb Juloxi g 4y 55
Slgd CodnS W
Sl gmlel g 510
i yoho Sy 50
Yery/ dgo0
bl s Sgute
2 Gl gl
390] Glaplessbu
Sla2 g «,aT K-y
axdlbo igb yo 9 o5
eSS 53 (59,90
YoV ools
©oue Juloxi g 4 5o
Q945 w90
Sl Egebao
2 Sl el
0l 930 Sl
S 15los 50
o Stratum colow!
Yovy/dx Jlio
(il (G5l s L
97 a o Joily o
Glesslu )5 6551 )0
b 2505 b awyoe
YV JGS 5o

Jelos g 45
95 52 30 FHlp o)
Qg b oy
Egrbo dr905 9 b
905 slep gl 50
web e
Yoo/

11€01€ Jal /W s)laids /10 sl )15 isul § Cuiblsgy aslilns



ohlEas g Qb (5)y aebls

ool glaleidle o aa05 4 U’)IPU“’L"] Aigej y ok (awyp BT sloaisl aoMs 1) Jgas aolsl

SNigalotdls soae ol (@81 Lty Jelos g 2529

5 el séul‘ o5l cyaes T, Lg{‘ PSR CNOT Y wsts 4l Lol

a5 ab anl Gaizren 0,5 anl S 4 Sl ) S5

BB g 85 sl awyae 0 IPEP Lulids 3Ll (Lew
KCAD W IR\

syien Ogalomls (s o Shes 20l @ s
9 odigpian 550k slp e sladwly Al jo
A oo obml DaeolisS (Ml pa e il
Fse 650k slp ]y JSG bae uizmen (5055
S5 5l ases 5 oL oilel )90y 3l slas jsliws
aliBes gleil jo ol 3l gl colie Lyl 0 S val )8
oleBlu £65 0 Sosloiinw dowd gy - b laisle
Slem bl (o daplin lan dapg 51 Jolis
Coglel fuxs jo 80sS aS ol las g lol Sls
Nyl JSae 09 Sl olel mhe 5 Sl
auS byl 1y 0 gyl olules! aulg oo Ll
o bain (NS Slasl ei5ed G (sorine Al (izron
5 M )y e 4y jeal iils (Siunds 50,y

(D) 3,15 5529 gl & Slas

5 hroile] dieg o giludas SYs 4 45,0

Vel ¥ ol GV Te Jlojojl jo dige

5 ool Alie YA 5l oasl Joe 4y gyp b

Silwand sla g, 3l oolaiwl b asllas VY (ol a8
Ao 5 (Suble (6 S0l by, sleslatul b adlas S5 g
odls plxil |y Slalllae (pwjloe ;o 43505 5 ‘_,’_‘;)ly‘_,i%L»T
s by, gyl saims s Foojled LaSS Joa il
@l rizen adlge oad 4B F S 4 (gile 4

11€01€ Jal /W s)Laids /10 sla )15 isol g Cubslsgy aslilng

JLil plgse
:;;3 51 o 3
MY s &b 3 oo
el ot il ] s b e ‘5—';: Solome Joloxi
e ol ooyl (>1,b
e Yoyl

2 S8 0 55 pdycillanil 5 o5 s 5,50
Loyl (Jeams &led Sialidl )0 o0 5 oljaelisls old,
970 2l So Grtzmen (V0) 8l Sl 2 (S
Pl e 5o ()l talul (555 2 45 wid ;58S )0
bgiye Olllae a5 el ool flis mls col oads
(SUL aiSly wia ujlae ;0 IEQ' sla sl )by 4
MBS (rizred At pamede JUSLo (9 g odazmn
shee Lulp Dbl sl (U ) o seel 40 b
3529 dw e sbaleisle ;o s la WS L5
Jbo 00 5l aal 590 cRg oy (TA) 0l
Sl oo oW Glgp cuiS lides alds
5 oW lpp oS G Jolss S0 g Cou o
Sl 00,5 &l lseel il Cudlu g sy o, Sles
09aS Fe 3]y sl slae oS (6590 Alie il o
slogylias gl il eols )18 s 8,50 Sl ol jo
oo astd gl ) (ool 58 a4 b daz ol
Ao bl 5 s Glep obS @ ol sl
sl asls 3L VOCGs g lse j0 3lee I3 L agzlge
&5 e S L olren LSl b oad JuS 4905
@565 51y 5L 050 (65,1 B pan Wilg o el S sln
5 Cedw a5 b e 0 5w lalS 1) Sl
4 p0 [ yiion WS (o0 (e 1) )l 53 (535S o3,
5o adllae ol IS ascs ol alils o e 4 1) 9>
dusyde yligel zils a5 canl ol Sl iolel 550
S5 Logas 45 odgdips pus (sl 5 T 40 Wyl Lyles
Sl B GYLS &8 5l wile plalars |

1. Indoor Environmental Quality

Vel



~09)1ns )3 @045 § (HHhacalT L

Qs 5 Sl olel b bLs ) s oo Slalllas s

A.»J)s.\.a S
4 N\
slyp CodS Lii gl (Sl 4z 5 (ale Djpo 4 4z oo 4508 ORI 50 Sy madiene y93 093 51 5 Sl g alolite 4505 (08 1 oolita
a3t Jl cnl bl (55,00 Oligel il (55 Gl 5 S 5o Fosled 2 g Sz glod 5 Cush) rizen el a5l bl
Ol 5 colin co3ls (313 (sloa CoiS adi (6l (Sl I — (F7) ] 35 136 s 4005 5] ooliciul oy 4o (5U1
N J
4 - ™\ 4 N\
Slizmon lales 5 olisal mils dao oy (yoss b s (st 45y 525 b - 5 Les S 51 ol Gols 53 COY) e g Los (ays sloodlS asme Ll
o (slos Il 51 VL Gy slaodS slas 5 95 cn Lo 5 Lulas] ladllas ploil 4 5L L5 350 (sl 3l alols gllan (sl sl L Ty oS
(FOns 5 oligal (251 35 a3 alS 4 e LS pioren 0 00l ) < > (M)l canlin slo,lSal) @l g iy
-
A e
B el 5 gl )58 NS o3l il s s ol Lo o551 shaly (5> il Sl el o3ug 4 calises S o el il
ok 5 gl (Ul atlgi oo S bame 4 il | | el ol gl s (Al el Jale plyze 218 e s s
\ e e sl ) \ (FYHxas
Ve 4

3l b Gillas (55l bl Ll waalllas 350 oy OIS 51 S, g

ASHRAE-00 s 5 (oo 2y (bl (sl il 51 a0y8 FF ol sl |, |

(Fas ool L oL F il a0 ¥) B Y8 (Lol (glas o3game § YAIA a5 slas

B 5 o S 5 aled () eles /B Sl 5 gl il
| @V ol s b ) Laome sles 5 Ty <5 b Gl slas ogdlar azmls

N I\ I

AN
N\ e
( ) S bl (o8 sl s 5 a8l 45l St 130 5l Gt 15 Sy 4 S
Ll ol 8l s (Hlb 5 S caz ohy 4 pleisle (b olil el - ol ot s b S s N
Sl e 3 L A Gk 5l Iy 5351 53 S5 o 4 s ey SIS s ) il P el silee oS a5 S Sladae WS e i SRl S0l il axils
(0718l ande ye slos d9s 2 (0025 g0 izl iils 5,50k o Shae rals
\ - J/
4 I\
S A Eyan g b s b sle S 53 Ism sles Sils S ol Jlo st o COYEkle 5 Lo ks 51 Lo dlS S50 Ll oy (St smmeb 4505 &2 yloe
sl b figel Gls Sl (B Sl 90 58 50 5 05 ax S YRS YANA | o Sl Gl 5 g AU e bl poe s Logasa 5 e Juab 43 ol 0392 S BB
()25 3T, 5U grlan 41500 1o e i 53 WA Lops (il ©))as )5 COY
- / J
N Ve N
53 51 Ll a5 i by el e (sl Loy 09 Jsbo o S5 (slys caniS 5 eolie 53 il s ails 2o, et Gl 5 e b 53 gl 1S 251
Gl 0338 51 gy JBIS Slsp ek Geimen SIS iy Sols, bl Gyl [ Pl s 3 e At agns 45 0 e oy sy sm s 0y IS 35 lies 5
(FF)ols LS Sgete 40 blos ) L TR T T )
4 2\
o 9 sl sl A 3 2 g 3 IS e N dan o 3] gy ol sl il ST ol s 5 sl (sl cSileo
e e 55 L5 U sl b 5 olspel i oy e, Y > ()l L 1) gsnban 45g3 Sl 1 o3liial g3 o lote da s,
(YY) %591 00 |55l odigy yow \_ Y,
J 7 \
- ~ )15 g7y (Shan J5e (b gl o s 5 o OIS Slapletl oSz o
0ols &) s Lagzme sVl slod s & (il 9 bitae o2 olo il [ > Sl S50 rere a8 s folinn 5 e 5 i 5035 4 (e 0y slosil e
5 B st Lol lo ety 5 5 (i plins 53 0555 wsllas 55 s (slyn S 5 L (FMzutls Cllas 5l bl )
(NS S5 slya CoisS 2l P
\ < 5 555 e g 5 Ld iz Azl (oW COY s whpad azges Jobs & o (IS 251
‘ Lyt bt 5 oanabs 505 pladdly » Cate 3l o (slagdil Cansdga 5 o3l ) > SlaThs 5 Oligel tils sl sl 4 s |, e 05 VL ASHRAE 00 5 kel
Slagdily Candgn 5 03Il Cooal Silo 45 30 R 156 s sla S il L ks Coms ozl
(FD)cl sbye s 5 slebazes 53 )l
. Y, ol 51 5555 48 e s Fy Flkas oo 5 COT a4 IAQJ| 5555 50
 E— A1) ol 1) Sy b5 TAQ wilgi o3 COT oy arbas szl 4zl il

78 Slllas I gl aods 1Y 3903

do o Sl rijal g shrestha asllas ,o 4 (YV) as o

plosl ) o b e 09 (TV) wo)oV/A Uas
DesignBuilder sla 138l p 3 (g5le apds aie ;o 00l

48,5 |18 oolatwl 0,50 yiiw EnergyPlus o o 4
d.:g) o‘).olb a Sldlas CJLJ 9 7”"“‘"""’" &_)L?bmé 9.: g).:bj.:

el oo 00 ,9] 0 SSE 4 (g3l ad Slallas
ooy las b cds dalllas ¥ L5 asdlas VY () oy
8o e o, en g Lala asdllas jo a5 widg 0oged
adllas G (V) do o VY ile Lg),fobw
VIV 1, ol amds g (o28ly Jlade oo BB Ko

11€0 1€ 330 /W a)ladds /10 o (5 (ilay) g Cublagy aslibod



Algiioe o8 Vb oz b slagadlS o dr5pd dgute
PM, hans 125 0aiS" ool 3 05055 (61 1) (6 550 Ll
D9 o )5 4y by ol 3l slaws jsax ley 4o CO,
S5 0 (V7)) 091 JB 090 5l i ao 0 VE- 4 VY-
Glro ld cdale o Slal wjlae o Ko iagh
3B 5 (s 5 g gl )) (5> il 5 CO, (PM)
&g il Condgn ()0 G o igrd) oyl
lgp sleo L ol o PM 4 CO, cdile 5 (50,8 5 &5
€O, chale 285 )8 () 9590 (s Zugh)
i ygaz Gloj Jobo p0 V0 - B O - ppm Gy IS
PM,/ PM,; » 256 (i S5 g9 5 austs o
Om oIS Y 5l oMSYY o lse sles 1 Silee aiisls
oS VA Ay o Lol ol eod ol 5 il az o YY LYY
oy ylad laasdly .og of 5 sl ax o VY 51 s oy
9l CO, sPM, clale ol ;86 o i 4505 &‘9"
PM,, 5 CO, 2als 1o 5,551 135G ailSgo 495 039 &
356 CO, rshaw p Lol lo ;5B PM ) S g4 0 0o
ot Jolge 5l ayd T e g gl Elgil ol
a8 56 Cos dwyae 4o |, TACH oS axies
5o alosliad sasie CIbI o addllas S ol 0gdle (FY)
S it 50, T I (e i b oo
A8 Llge id s 0)3 Voo e e ARG (5len ]
(oimle,S Lad Job jo el ol po Jhog SoV/0 5l jieS
Voo Gl glon 5 (B0 Cand ooy ¥ a8l
s ool ol 8,51 361 CO, lawgie clalé ol o (o
L sl s L 5 TAQ Jole o sns sal
eSS b s ot ) (5305

(FF) sl axals Salie bLs)|

OP—

20 ool 5 piisel Lime CodS Coonl
ol

Ohasr 3 oisel O 5o &S el (oo s jse

Ja;‘ru 9 bﬁfsa S Hg0 V‘-‘*’L*-" 9 Tooe L5‘°9""“" L

0hBes g Cids (s asbld

ool 485 118 Folods LooST Jgam o colaiul

Sllbs 1 Sp5p0 st 5 Dleolel St
oS s S o3 IS 5 SIS e o5
fyo

S T olse g sl 0,3 slo sa¥T dlie o> 4o
Conl 2 o gl o5 Wl 48,5 )5 omis 9,90
oIl g 092 g o oa ¥l (pgas )3 (oSS Slonndgs
sl 0 03,51 8 0l oS5 Jsaz 5 Ll (6,5

b (S 50 Ol s gt oyl ) aalllae SG
3 YA ot Jla Jsb 5o (slaee g, 5l ool
EEPYY IPCOMINE VECI WDV 31 bt PPN ES R S R
5l 8 as oy las (DCV) 'Lolss e oo ;S
FSlas b w0 oIS g0 ;0 CO, zelans DCV 3l oolazn!
o alie Sy Jad Job o YFVA ppm (oo )85 il
ol alS AYYO ppm a4 |, CO, clalé 5l DCV .5
s Lalsl 3 DCV 50y glaodS 3 CO, a5 b 4
Jelo g 3o Gl ogdle 2l al3 ppm YAAY 4
Sgute o (slddiged ;3 39250 (VOCs) |l )3 u‘ﬂ aluS
zl ol o) Lid DCV L oy oS o 1) lsa oS
ool 5 CO, cdale 5 3o slos a5 cenl ] Sl
Coads Cpized (V) Cuwl Fge Ql}yiuﬁdb R eancs
a oo dhugie g glail awjoe 0 5l uye OIS
) (CO,S amSliss « (PM) slao )3 (o jolaie
CO, gl a28)5 1,8 adlllas 0)50 )l bl 5
YAY £ A2 ) o Kle g puscie YNVO U F£F ppm
FSzsS (B35 ln CO, gl (Sle 392 plo
S a3 18 Loyl (Jol Jlo g (Sl i)
WS90 g g (w5 9 i JL) S5, lSesS
Llo pals' 1) CO, g bosu¥l Fohaw p2gi JB Hgbas
15 €O, ly Al L plajan PM,, ol sl il
Rl 4 (63,190 ;5 .39: oyl plad 45 (w3 sla WS
e iy Gl oy Gl WS o gl iy slaws

2. Air Changes per Hour

11€0 1€ 330 /W a)ladds /10 slo (5 (ilay) g Cublagy aslibod

1. Demand-Controlled Ventilation (DCV) System



~um)las )3 13045 § ¢ SyhaginlnT Gy

eSSl o e ek QLSS 5 olygel il
M oyl L8 o slae jo (TAQ) L3I lgn 5l
ol Lo o TAQ (s oS b ol 5 (53,1 o oS
L Glgn iS5 )l mlel Ll euls,
b 4 b slplisle o 05 lug(TAQ)
SolSe 4905 il o ylesslu jo )5 4 Cons
adlls S mls zmes (O0) 090 o0 ounlise
e 4280 O (gl oy 50,5 5L a5 Cawl sologlis
Gl L @Bly )3 0gb o0 S0 (Sloa udS Sgn0
ahign alidl 51 slyp i dgp ol St
JAQ vgup Caz 50 Slallao Lwly o jo (V1)
Qg i 5l odliiul g ooy g 0y 035 5L
Loeepl oogdle (Y7 V) Wlos,S dwngs |, é,u&n
Oligel tils Caleiss auje8 dmo iy o (iSlen o
Ol e coylde JEIs jw (sLad al8l g oS 5o
L WS slgp CotsS g b 505 i S9uge
(YD) 05 S8
o (FY Y7 7)) alyd chale oS Slallas lavlis
3590 oyd GRS o 5 1y (FF 1) 418 T ole
sleoanVT ;| s VOC sleoan YT .alesls 1,3 g
6‘)% o= WS ie Sl Ceel a5 s GL&L) 6‘9.25
SR g 5l Ngdoo VLS 5 g OS85 (el
s Ol ar ]y Gloo D3 (Sl oo il (6 ko
2 oodle ailes,S slubs J3ls glee Sogl Lol
LUT 5 Goshs el 2,599 cpebins (g o0
odsdigy o Slalazns ;0 &5 Wogy 2log B ils

() Gl glan (6500 b (ol olsm (55

sls o Slee b o SucnST g0 5 Lo o bLS/
Olige il

AnSlgs cdale 6, 505lul mls (ieghy opl o

5 oo obllas Joli sllas ool jo (p)S

gl GUs il an 0y gl asllas (s, 5 (S5
ol el 05 e 4y rizmen iS00 o8l
LT bl (ool 2 (oot S bl 5 o Las
Camdg 4 20 oolid ouls plxil Slallas (FY) o)ls
oollae )l 5l oo o Ve vga o (Sdlag g (Sl
S e ] 5 Sl ezl oyl ol snis b))
cslial (ojgal slalazme ;o Glgel 2o 51 (6L
plosl Slidos (nl pogdle wiinn Jraxd 4 Joite
Lo a5 aoo copylid 1S el case SYLI jo oul
e p g JB b wlpie ol (S
Y ogu> a5 (g ebas il atsle ligel jmils s,
Lo 4 (U355 Sl 5 >y Mt oo
IS 5500 Oldllas (puzen ol lag e dus o
g dmyde Lo (So58 Sla Sy m peies bLS)
(V) canl lyg0l il sl L8,

e s oolae sly Sl cslos il
Sl Jols a5 wies e 8 Sliae 1) el
Gl y58 i Fpo (Sogll pas i il s,
i 4z ST asl gehe as e
&5 5 ol laplezsle 4 )l il Slalllas
Sl ombel el el Lol il asily plazs|
5 iselotls Comaz YL o515 s 4 ()l o
S o o 0 Shae o s b
FUY e o515 L o0l laplaasle ol
Wil ()l g (P slagleisle I i plp
(0,5 sss canlie Sl byl 4y 059 ax g

Oligeltils 9,as 5 cdlos sy (L slyo odS
990l Gope ;o Comez (S5 a5 Sl
VO N S PRI WK (P I
Dedica plyp paiz boKe (pl o TEQ syl )y
5 oMo IS agdle a5 wlosls olas Slallas
5 Olgelotls o Slee g 35503 ()l >, Lals
o=l TEQuans slo el )l b bL3,I 5o 55 plales

1. Indoor environmental quality

11€0 1€ 330 /W a)ladds /10 o (5 (ilay) g Cublagy aslibod



4 aiS obml Gglas CO, cdale e 1o wilgi oo adylo
B2 w0 S ol (st GEghy S 0 oS (5 5k
8,05 g (o1,80) oo 3o Sogll Lol suie a5
Yoo 5o oS s oo cdale wail 5L o ot g
Ql}yTui,Jlo aS ol 15 .(0F) Wl oo Lols celu
ppm b CO, cdale oS oo £9,0 |5 355 (cdS ali
wls 50 gl )0 fuiores (OF) g, o YL YF -
Sl colzul ley ;0 CO, paw a5 col o] Sl
Sliass (0)) Wb oo (mlS aw,ae 39, OLL 4o
s 59,5 s g 5L L aulie jo as ailesls ylis
5 SwoilSo ay 505 sl pincen 5l oolaiwl o jo g oo ey
glaw (2el5 4 yoie (65 50 jab 4 5055 (sloe oy

(FUFN) 09 o0 OyS deST g0

Olise il Gl oilol o 5o Jolse

Olgeltils (Glmgimbel o)y Cllllae mbs
Qilgs oo €955l L (OF SFA YY) Cewl 00y £oicin ;Lo
il Slmmlel 2 Jee Jelse po glis s 4,
a asl oo cxly 1y ol Gligel il aST ST sles
slop g ol Lyl aloz jlols Sty g0l Jolse
Jelse crizman () ggalao 41505 L ksl (L8 agzlye 5
2l 5 s oy o Juad wile ko
Jlse Glgre 4 .(OVF) w5yls L5306 A gyl Ll s
ooyl Sl ¢ Jaisze blie yo a5 wilosls ylis Slallas
3575 (SlSe ar505 41 5l g ()l ol bl
5 5ke Joad )0 bulpd cnl 4 (olitws Guizren 5 01
(YN el bl s

ol gles a5 el o Kby anlllae S s
9 olse 5| yaS gogaz uylas o oligel il
Cod 530 Glol Gles j3s ligal 2o g 05
sles a5 Jljgel jtils ol s olygel zils 4
b oad oz gled e a5l 5138 Ll Lol
S b b 655 4 Ll w5 ASHRAE?
500 addllas SO0 (YY) wisly lid 1y ogs L5l

2. American Society of Heating, Refrigerating and Air-
Conditioning Engineers
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