RIFTEPMZF r'r’)?.p. HF iz L B
%}%? A}*'?LFI,L

PERFREAFTTRRFFLFREAELSAES

PERRE 0T E 127

(AdE2p 3225 @RET Lol 7 A4 ABHLL)



i'lﬂ‘ T wp
T% (k-
P\
Mg”*
,{v\*ﬁ-ip 4h—
4
% 3 -

—‘::,L
=+
e
F= . 2
p 228 iﬂ " A:ﬁg
i e
B ﬁ: 2 :
zﬁl_.ﬂgg: b ﬂ%‘
ek
\%va‘]&
|

R
h2a4
R 3
- iy
o1 13 e
P
7
R,
B Ao
15 3F 2

=4
3
Y
7
107 #
12
3

( A
A~ 3F 2 R
F\ D cd
*
% iER
=
) sk
Ly
)
Kl =2
N ﬂ"
s A
S
-
¥R R
)
)



Tk 2ttt St AR v el s 4 N )

A

feoffmc ZL ded i

A

Ll

Ei4

107

4



L I e < - 1
R s ek -2 3
R e A I - 2 5
L 1 6
FIH AP EPZFRECHERFRZRY (i 7

B OO A R v L e 19
¥ = €f~"—’p‘§—i'$‘ff;'% ....................................................... 20

-8 A2 AR R, A 29
P8 2R HFRZ IR A RBEET IR 44
P8 RENFETR ARBER ZFETLEE oo 51
Rl A R R < U [ 57

o BB R .. e e 59

R - 59
2l 61



BIATE N G F ST E M LB ALY

M= A B A R L T R e e 63
R R A T 67
M R A A L T B e, 71
B B B 7



% =X

2 1-1 FEHATRABE o o o o o v o o o s ottt ot e ef
2 12 BEZHNAMBE o o o o 0 o o o o e e et e s e e e of
£21-3 PEEERMAMDEIEE o o 0 v 0 s ottt e e et e o]T
23-1 BEREAEIMA o o o o o o o o o o o s o s s 0 s s e s e s e e s4h
232 RBAMIERZE 2 B THER T v v 0 0 o v 0 0o st e e 46
233 F%ANEEE A EF R ERE P EE oo e e e e e 0o oo 57



v



Wl =x

Bl 1-1 1T fe22EiRABM]  » o o o o o o o o o o o o o 0 0 s o 0 0 0 0 0 a0 o
W 1-2 RIVEC $F** BRE FErimsrdi et o o o o o o o o v o v o v v v v v o
W13 5 AREMAER o o o oo oo oo o ooeoocooceoessa]]
Bl 1-4 RERNTR AMKIFZHEE o 0 o o oo o o 0 oo oo oo o ool

Bl 1-5 S SRRl iR o o o o o o o o o o o o e e s e e o0 oo e 13
W 1-6 3R &G R A SMH SRR FIZE R - 0 o o o oo e e e e oo 11
Bl 1-7T SR IPEFACE o o o o o o o o o o s o o o s o o o s o o o o oo s oo 15
W 2-1 SRETRBLR « oo v v v m i 20
Bl 2-2 HRe ERl2 ACH 213 p #h2 PM2.5 CRARVIRE « « o oo o v oo oo 23
W 2-3 B* HAHGLRRDEIPNZF SFIAIRIER o o 0 00000000000 24
W 2-4 PLC S 2 3o %A Bedh il = o 0 o v o v oo v e oo oo 925
Bl 2-5PLCE- A28/ P I o o o » » o o o o o o o o o o s s o o o o o o o s s 27
W 3-1 2018/5/19~2018/5/20 ##%+ #E R(a)E P (b) = *H:B R £ RIS W - + - - 29
W 3-2 2018/5/19~2018/5/20 # %+ BE () E P (b) * *HipHIB AR LRl &W + - 30
W 3-3 2018/5/19~2018/5/20 ¥+ B E R EP (b)# # C02 kAR ERS RF - 32
W 3-4 2018/5/19~2018/5/20 A%+ REJEN " FEER ERld AW - « - - - 33
B 3-5 2018/5/19~2018/5/20 A #8+ #= # PU2.5 kR ERI& W -+« + - - 33
W 3-6 2018/4/4~2018/4/5 ¢ #®E < ARz (@EP (D) #HEAERS RF - - - 35
W 3-7 2018/4/4~2018/4/5 ¢ %5 < BB 3 (@)E P (b) # *Hipshig R £plw A H - - 36
W 3-8 2018/4/4~2018/4/5 # £ x BR E(a)E P (b))~ *h CO2 kR £l AF - 37
W 3-9 2018/4/4~2018/4/5 » INE X BREEM LR ERIY REF -+ - - - - 38
W 3-10 2018/4/4~2018/4/5 # %&£ X By = ¢ PM2.5 kR ERIW RF « « o« - - 38
W 3-11 2018/4/14~2018/4/15 s " 2% F s (@2 r (D)= ERER¥ AAF - -39
W 3-12 2018/4/14~2018/4/15 s aF E 5 (@)xp (b) = *HipRBRERY AH - 40
W 3-13 2018/4/14~2018/4/15 a2 % 5 (@) r (b) = #t CO2 kR ER¥ sH - 41
W 3-14 2018/4/14~2018/4/15 3 M2F Z S P " FEEAR R0 2AH « « « « ¢ ¢ 42

W 3-15 2018/4/14~2018/4/15 2825 % % % ¢ PM2.5 hR £pld 5m - « « 42



RIFTE N ZF ST ERBAE S Bl 2727 Y

W3-16 L AT FTREXFFER o o o o oo 0 oo o oo o oo oo 44
W 3-17 %% PMDOl F# R GRE - THY 25 SAVESEFIFTLANRIWN - 4T
® 3-18 Type 1(C02 A )& Type 2(C02 B 1) E3inA2l o o o o o o 0 o oo 49

® 3-19 Type 3(HCHO A ¥=)# Type 4(HCHO B ) EdninsZRW « ¢ ¢ « ¢ o ¢ « « 49
W 3-20 Type 5(CO2+HCHO A B)E#inAZW « o o o o o o o o o 0 o o 0 s s e
W 3-21 Type 6(CO2+HCHO B ) E #inAZW o o o o o o o o o o o o o 0 s s e
W 3-22 Type 0(¥+ R %) ~ Type 1(C02 A )2 Type 2 (CO2 B i)z C02 k& % i W - 52

W 3-23 Type 3(HCHO A i) CO2 # HCHO KRB ( M+ » + « « o = o o o o o 52
B 3-24 Type ACHCHO B ) CO2 2 HCHO SRR 1M+ « + = » =+ o = + o + « 53
M 3-25 Type 5(CO2+HCHO A i) C02 # HCHO KRBT MW« « ¢ o o o o o o o« 55
Wl 3-26 Type 6(CO2+HCHO B i) C02 # HCHO KRG HW + « ¢ o « o = o o+ « 55

VI



DIREL

# &

AL A BRI R F AT FEER

F g kAL

BA T SRR TERRF G 0 S E KT SEHEY P EY 5 24

TRpREHNETLR R BFNENLF ST RA MG IS ER

BEEPEF

P e TVOC £ 54 kR hE B &5l » 3785

RA|F) R 2T

Aﬁ%;mﬁi#k&

x
AEZELH R AT L S AR RELRBFEE > AP E R EFER oipdl s ¥

FEIG F

%
£A e N

¥/

L7 @ nnEzAELATM BEERE Lo

R A

FERTEFEFRT O AAPEHFRRESIPZTF ST RS S

APEREHRF LTGRO Do A EHE P FEPLEN 0 H

¢§H§

PR BT RERFLET R S H Y F BTG

HHEOL A g & gL 03*[4”:;]3\ -

1. o g

1)
(2)
(3)
(4)
2. Wi
)
1)
(2)

BN b g B

-
B EET o gﬁ‘él'?l‘:g;i?'[;%ﬁ X bl A AT

o AT R R AR
@

AR WAL AT Y Rk
REARF T2 T o AT E MR
WEERATPNRBEAMRoE b TR 2 PR TS o
BpAER 2§ RBTIEFERIRE BT 20 FFEHE
R E 2 HE e Kb E BT

FRR R E IR TIER 2P o

RiF R A KR P RS A E R TR

VII

P E R TR TR AT TR R B S A

e o/ A R S



ek
HY
)
*93
m;
by
&
N
A=
o
S
foc
w
3
-
_:\
ﬂ
o+

&
B
¥
I
=
d
%
-3‘11\?,
fmf
T
=
o 4
fmf
b
%

FRPAPM TR F 2 SRR -

30 RAETZEAMAY IO MY a6 AEHNRTF LA NAQ B BT A

(1) AP aiz2ARREo|Z§f 5% (CO22 7 ) 7

(1) #FREERKE, a2 F

Q) B3I FAAFFAHNEET AT o
(B) M oL rHE R HNT AITEP ZFSTE B

ELFR

In

AP MNEALGZREAZ I pASHEZZAFL ! P s wA2 E

Y- b RH R AR F A AR JAQR GRS < g T R LAY
FWR A RPOL LR N RBR AR SR F BT RS2 EE RS T
FAF FRE R BRI HEME R SR FEHARRE NIRRT > ZPN S

%%‘fﬁ"“ﬂéﬁﬂﬁﬁ%“’Nﬁgﬁ@?%ﬁ%,%aﬁﬁﬁyﬁﬁf?

Fill ire=y:2 BIARE P mo,};ﬁﬂ B R4

I 2RROTF2ERASATRAIR 2 2/F83 Brcd LR Mo Fw
Eﬁﬁﬁ?ivféé%ﬁ&ﬁﬁﬁﬁ’%ﬁ%%a%’gvg'—@%iwa
R LT o

2. CO2EREAEPZF)

N

M2 R A BAEZERY RIS LRBENBFEREE E

F Azt kg A > FIN R E Rl b KR A2 2B XA { b LRS-
Iﬁi o

VI



.3

€ BRI RET MR TS AP R F]Y
B2 F AP ARBIFES BHFH S

%4" 4/@1}* Iﬁﬁl'zif]\iﬁ%?igé'@o

WMIT1ERZBFREARY 2Z TR T 5
B,

2 g i o A 2R

2 Type 1(C02 A Je-333 b #5%))4pt > Type 2 (CO2 B -5z i b 53¢ ) #-CO2
BRI AR ERT > I PR Y AR H 6 SRR B g
FER G ooadpdlzp CO2ER » WA 4 & F4 4z 2458 (1000ppm) ©

Type 3CHCHO A fe-33 T 05 ) 8 Type ACHCHO B fe-3 T 05 )# § e 5
BREPAEAR LR ko § CRUERABRE A X 0 0 450~560ppm
FURaR T 24500257 gRFEPFWCO2ER R HRTET
ks R0 (Plasma) ¥ 14§ s 2 0 7 ok A& o Type 4(HCHO B -3 % JEH05%)
HeE T EE R R R R RS Bt (0. 06ppm PR B RES) 0 mE IR T B
RESE P ER&RY D LA

ok

Wﬁ%WWSQWHWOA@ﬁiﬁﬁ&ﬁ$)Gﬂﬁiﬂ%&@*Oﬁmm%
A 48) > Type 6(COZHHCHO B = 3]{’ BoHEF0 ) 6 22k T s Bt (HICHO &

Pk A& 53 0. 06ppm BB L JE4s) > v e o B % ¢ Type 6(CO2+HCHO B ‘=

BB HFOL T F ozl Bz 5 &F -

AFFRFFAME O RITEY T ARZIP I F ST A ERATY LEE Rk

(Health Factor)#4] » ¥ F JI»t s A 77 » £33 2 * o

AP FE T F R A PLCHHI T %) T M p 3l & » T esr g p 3
FEEORL AP RELHNZP T F ST ERE PEE L Type 6(5aa,3ft
ik #5538 )  HCHO E Bl k3= 25 ~ 48 % Bl =x »  HCHO % BlJE & % ** 0. 08ppm
= 2 if:ﬁﬁ » HCHO % iplok & <%+ 0. 06ppm B B* T J]g:*éﬁ TR CO2 kR F

C02 & & B ** 1000ppm fxd € b 5% ~ 13> 800ppm PR B3 b 5 0 AFT 3 #0527
Bref s FRBETFIREMNEN 25 ST ERDEREF -

~ABREHREAR

WHEATFR AT EEFRE S ER SR AT PR AIL G2 F] 1 > T 5



-—
She
-

ek

R F STz S B A2y
B o T A T TR ¢ L PRk L
& -
(Fh~ BRFE): 2 77 723
A PRESME R SR AT ] A

B350 8 BAEaSLE B

FBAEREL B LR IR AZHEANERY 75,85 N iﬁﬁm?(%‘riﬁ
TVOC #2 PM2.5)f i » H Bl H B E 525 T30 x B b b Bp 2 B G X S A0k
R AR AUE VIS NS T ENE ST B TRCE LA S N PN 7S P

e

PARERARPFRY  UPE AL A

FRPES B AR R

ARFET R BFELR AR A RN G AR L RAE R
¢ BB T ek o

(w.

I

Y
p

(s
g‘\‘z
I

(FImEHATEE AP AR ERRA B AREB 2 2 L EA SR E RAD: P
A PR N RIS AR R AT

£ R

S8 B AEE LT R

otk
=
b
Sk

EFERBAERE £ Rl FEERR

ARFATHRAELRP
x4 Bho YRR B EHEE TRl SR

LEJU N S CE A L

&
T
%
N
—A
=C

P
Q&Tﬁ*fﬁgﬁﬁﬁﬁ’%ﬁ?*%%%ﬁ%#ﬁggﬂ£%*%1ﬁdxp
LEIAAKE RA -

R

(Ffs >+ i 2

A€ ARE > R RAPMIRAE) P R B R
I PR RE P FTIREE H AT

6“3



(E5as 0 BN S LT BEE 5
Flg s+ i EAL g il PR R ET AL RA S0 F i

B AT -

Xl



RIFTE N ZF ST ERBAE S Bl 2727 Y

ABSTRACT

Keywords: Big Data, Indoor Air Quality, Smart Ventilation

Under the pressure of global warming, Taiwan is located at the hot and wet climate region
of the Pacific Rim. Recently, though green architecture materials have been widely utilized
and the pollution source has been controlled from the architecture materials, the residence is
not regulated by the announced 1st ten and 2nd sixteen public spaces of the indoor air laws. In
spite the eight indicators of the smart building evaluation include energy-saving management,
health & comfort and smart innovation and the management of indoor air quality is thereby
enhanced, there happens high formaldehyde concentrations in some buildings for special use.
The fee of electrical power must be increased as the introduction of fresh outdoor air to help
improve the indoor air quality. We develop the novel monitor system of indoor air quality
incorporating smart sensors and controllers for the pursuit of sustainability and the national
health living conditions. In the study, the current control technologies of air cleaning were also
reviewed and the poor indoor air quality caused by the pollution source not including building
materials was investigated. Finally, a big data system is constructed to analyze the documents

of indoor health environment with energy-saving effects.

The plan will focus on the changes in air-conditioning changes and power consumption in
confined spaces, and the changes in the impact on indoor air. Through literature review and
integration, and using instruments and equipment for actual measurement comparison, further
in-depth needs for local climate needs. Study its model comparison analysis and changes. The

implementation content is as follows:

1. Collect literatures and cases of domestic and foreign big data technology applied to
indoor air environment data analysis, and analyze and compare them. The literature and

cases that are expected to be collected are classified as follows:

(1) Collect relevant literature on causes and symptoms of sick state buildings.

Xl



(2) Collect research literature on the types of ventilation modes.
(3) Search for the hazards, causes and human diseases of pollutants.

(4) Collect relevant factors discussed in the mixed ventilation of the indoor environment

of the building.

2. Collect current situation and application cases of indoor and outdoor air environment
monitoring technology at home and abroad, and explore the application mode of
monitoring data. It is expected that the collected technologies and application cases will

focus on the following:
(1) Explore the theory of equipment operation and the items to be evaluated.

(2) Clarify the important factors of experimental simulated pollutants in the source of

indoor pollutants.

(3) Set the ventilation mode setting and configuration mode, and design the relevant

climate and environmental causes.

3. Completion of at least three cases of residential buildings, including 1AQ patterns of air
pollution sources caused by non-building materials, and proposed 1AQ improvement

strategy.

(1) The air quality (CO2 and formaldehyde) of the current situation of residential

buildings in North Central South is measured.
(2) Establish a big data database.

(3) Inductively analyze the current status of air quality in residential buildings in North
Central South, and propose innovative air quality monitoring technology for hybrid

ventilation methods applicable in all parts of North, Central and South Taiwan.

(4) Design a full-scale laboratory and related air quality monitoring and decontamination

equipment to conduct experiments.

4. Complete indoor environmental health monitoring technology survey and develop hybrid

air purification technology with energy saving benefits.

X1
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(1) According to the characteristics of different regions in North, Central and South, the

experimental results are combined with big data for module setting and data

integration and calculation.

(2) Analyze the comparison according to different pollutant cleaning modes and power

consumption.

(3) Propose an innovative indoor air quality monitoring technology that is applicable to

both “healthy” and “energy-saving” in Taiwan.

This study takes the residential living space unit as the main body. Firstly, for the
residential building type, the North Central and Southern District of Taiwan, each case is taken
as an example. The 1AQ pattern of the air pollution source caused by non-building materials is
analyzed by big data. Then, the full-scale research room is used to simulate the multi-person.
Closed residential space, using plasma technology with a fan to remove gaseous pollutants and
volatile substances, and using the gas detector remote control software to communicate with
the ventilation fan to explore the indoor pollutants formaldehyde and carbon dioxide under
different mixed ventilation simulations. Concentration control and changes to comprehensively
summarize the results of the assessment for design and user reference for health and comfort.

The specific findings of the study are as follows:

1. The temperature and humidity of the building living space is closely related to the basic
design of the space and the opening of the air conditioning/dehumidification equipment. If
the natural ventilation design concept can be considered at the beginning of the building
design, the dehumidification equipment can be combined to create a comfortable and

energy-saving living space.

2. The CO2 concentration value is good in the general residential space in the space outside
the bedroom, but the nighttime in the closed bedroom often exceeds the standard condition,
so the ventilation design of the bedroom should be a more important part of the residential

air conditioning design.

3. The living room or study room that is not used in the night near the industrial area will

X1V



# 2
detect the increase of formaldehyde concentration at night due to unknown reasons. The

initial judgment is caused by the pollutants floating in the outdoor. In the future, the

outdoor organic pollution source should be discussed in depth. The effect of indoor air

quality at night.

. Compared with Type 1 (CO2 Group A - weak ventilation mode), Type 2 (CO2 Group B -
Strong Ventilation Mode) controls the CO2 concentration under more severe conditions
and starts 6 times frequently during the experimental time. The introduction of external air
by the exhaust mechanism ensures effective control of indoor CO2 concentration and

avoids air quality exceeding the legal standard (1000 ppm).

. Type 3 (HCHO Group A - Weak Plasma Mode) and Type 4 (HCHO Group B - Strong
Plasma Mode) The research module is for the simulation room without personnel, so the
trend of carbon dioxide concentration is not much changed, and it is maintained at
450~560ppm. In the meantime, it can be known that the CO2 generated during the plasma
removal of the aldehyde does not affect the overall CO2 concentration in the room. The
experiment also confirmed that the start of the plasma can effectively clean the indoor
formaldehyde concentration. Type 4 (HCHO Group B - Strong Plasma Mode) set the
indoor formaldehyde removal concentration to a stricter (closed plasma machine at
0.06ppm), and the formaldehyde concentration in the control room is not easy to exceed

the standard in the four-hour experiment.

. Compared with Type 5 (CO2+HCHO Group A - weak plasma ventilation mode) (HCHO
monitoring concentration is lower than 0.07ppm to turn off the plasma machine), Type 6
(CO2+HCHO B group - strong plasma ventilation mode) conditions are set Strict (HCHO
monitoring concentration below 0.06ppm to turn off the plasma machine), Type 6
(CO2+HCHO B-strong plasma ventilation mode) can effectively control the overall indoor

air quality in the four-hour experiment.

. This project uses the concept of integration to propose a Health Factor model that can be

applied to future indoor air quality big data analysis, which can be useful for future

XV
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generations to explore.

8. This project uses computer linkage equipment (PLC control computer) to automatically

control related equipment and record changes in indoor air quality. This study effectively

finds out that the indoor air quality optimization module is Type 6 (strong plasma
ventilation mode): HCHO monitoring system is monitored every 25 minutes, when the
HCHO monitoring concentration is higher than 0.08ppm, the plasma machine is started,
and the HCHO monitoring concentration is low. The plasma machine was turned off at
0.06ppm, and the CO2 concentration was monitored immediately. When the CO2
concentration was higher than 1000ppm, the ventilation fan was started, and the ventilation
fan was turned off when the temperature was lower than 800ppm. This research module
was provided to the medical institution as the control of indoor air quality control.

Recommended standard.

XVI
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Jn . Xionglei Cheng, Hao Zhang, Wuxuan Pan, Sumei Liu, Mingrui Zhang,

Zhengweilong, Tengfei Zhang, and Qingyan Chen, “Field study of infiltration rate and its

influence on indoor air quality in an apartment,” 10th International Symposium on Heating,
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(F# % #R:Sorin Cociorva, Andreea Iftene, “Indoor air quality evaluation in intelligent
building,” Sustainable Solutions for Energy and Environment, EENVIRO 2016, , Bucharest,
Romania, 26-28 October 2016.)
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4 Type 5(CO2+HCHO A ) ~ Type 6(CO2+HCHO B =)(®] 3-25~ ] 3-26)* # ¥ % I
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