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ABSTRACT

KEYWORD

Purpose: Due to the recent deterioration of outdoor air quality and risk awareness of Coronal9 worldwide, the
importance of indoor air quality and ventilation management in multi-use facilities has been emphasized. This
study, conducted in this background, concerns the application and demonstration of ventilation systems to improve
indoor air quality of small senior citizen living center. Method: The Living Lab, an end user participative
development method of innovative technology was adopted to investigate the problem and user demand in senior
citizen living facility and to apply indoor air ventilation system reflecting them. This study also measured the
change in indoor air quality before and after system installation, and conducted user satisfaction analysis. Result:
The ventilation system was improved based on demand analysis through Living Lab and the results of measuring
indoor air quality to determine the performance and implementation feasibility showed that the ultrafine particulate
matter and the carbon dioxide improved by 87% and 30%, respectively. Users reported high overall satisfaction
with the process and outcomes of Living Lab and they particularly noticed the effectiveness of learning. In
conclusion, the Living-Lab led by pubic institutions is valuable in that it is a mean to identify and solving problems
in local communities and an effective methodology that ensures the sustainability of projects and applied
technologies.
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Table 2. Phased Goals Depending on the Procedure of Living Lab[11]
Phase Goals

Purpose Definition / Trend analysis / Description of
Key Areas / Problem Definition / Trend analysis,
project purpose, understanding of key areas, problem
posing and conceptualization

Demand
analysis

Materialization | System building for mutual cooperation / Share and
of the present | provision of information / problem materialization
state and solution recommendation

Implementation | Definition of function and purpose / technique
and system analysis / field survey / Manufacturing and
demonstration | Testing Prototype

Pilot installation / feedback analysis / Final solution

Feedback .. . .
provision after technical supplementation

Table 3. Example of Living Lab Performance Indicators[14]
Contents

Appropriateness of input resources,

Input resources |Organized project system, Technology and

program

Category

Input F i £
ormation o . .
. Persons interested from many different
main . ..
.. fields, Recruitment of citizens
participants

Operation and |Transparency of execution, Monitoring level,
management |Incentive level

Process| Participation-
based decision

Continuous communication, Use of divers
methodologies, User demonstration

making
Service L .
. . |Service implementation
implementation
Output Outputs Business model, Report
Applicati
I:)F; lgzt:m Collected data
Level of Level of technical development achievement,

project goal |[Service satisfaction, Level of project goal
achievement |achievement

Result Social Ripple effect, Number of international
achievement |cooperations, External promotion

Economic  |Intellectual property rights and patents, Job
achievement |creation and business start-up

c) Citizen partzczpatzon workshop(] ') d) Citizen partzczpatzon workshop(Z)
Fig. 1. Relevant Photos of Demand analysis
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Table 4. Living Lab Overview

Contents

(D To build health-city based on citizen demand and
their participation and plan and find smart-city
service

@ To develop experiential service and to solve
problem of city through demonstration

Poor quality of inside air of senior citizen living

facility

From Apr. to Dec., 2019

Poongsan-dong, Ilsandong-gu,Goyang city

Category

Project

Purpose

Problem

Period

Local

(D Online and offline questionnaire survey to analyze
citizen demands in various ways

(@ Citizen participative workshop

@ 1st experience and assessment (user satisfaction and
demand, Observation of change in user behaviors)

@ Discussion and Suggestion (Including all participants
into Living Lab)

(® Revision and supplementation by steps, Consultation
with Goyang ICT Converging Technology Group
2nd experience and assessment (user satisfaction and
demand, Observation of change in user behaviors

and psychology)

@ Field discussion & Suggestion (Including all
participants into Living Lab, Mid- and Long-term
plan for development and application and field
verification

Steps
for Demand
Analysis

MG 5718 ALZAE mhefstal 8] Al2H o A A8
ol HEot AT S st 2 FolaEs oA
o KR
—_— =

AAI5FATH(Table 4.).

)

4239] 272 AR AR E 5l2je} 18]9] thfm A7 o] 9
_:/_"é‘, j—‘j/].l_ :L_J‘_EEE}'?; /\]%q/‘\jj _] _\’147]-_?4-1—]_0_ 7_1;751 l_r_o]:;q_ }\g@e_/\]

49 AW 21 BARE serek 784S AAsck(Fig,

1), WA, SL AP Aol 229 AW AR E 89S

ASAA VIR & 108 AT SN AT 03

EERLERE 9 2] Ak 3371 v

ﬂﬂ-%ﬂmﬁﬂﬂﬁﬂmﬂ
A

::

o SIS 915t A&7 NS ootk B AFA Y
W ARl YA FA 02 B 2R AR Agstel A
$4€ Boshn FA71E) AANGS S sk

o] o} o] ThFFE ol BAR Bl 4t AL Fof 3
oSS APol g BelARAY HF, ARIAZAL A43}
S 0.2 7] A|2Ho e §2L AT ol

& 5l

S48 a7RA At Tt 2oio)

3.2, 87 B4 A

D A ok

wopt ARAAY AHOIAEY F71W ANT BRG]
Vi A9 AHOR LheRd RAFE A 229 ko]
Adolglet. ARee TYAT| e AL HRoE 354

92 KIEAE Journal, Vol. 21, No. 1, Feb. 2021

Yeheh,
2) FGA ] NAH

RBAG 2t putet A AT SRS A 21 g el
& % UL T/ FYAIo] 7)%50] Basih o Eat
Ak, E 20l 218 S SIahA 2 A4 o] A
of ket 2502 97] delo] H4g} sl 7149 28] B
L odo] 23 9let,

ORLRPS BRETE EEERES

7] 29 A A2 0 L2 EE B B A o184
o LA TR AT B U] A R 2 A
A2t dlole] F50] #7Fe Mol ol4le Moz 18] ue,

71 A o8 E A& o2 GRSk o] AJZatet

il

mlm n_|>~ _1

1) F3dold aA 2 AAFFBE 75

913 37180 B T Holelsh A4 A 379 Bt A
2 dlo]elg FP Aol - B4 ste] A4 o] Af B
o 45 A Ao}, A5 HolelE S cte] Bel g golotA @

% Slthe ool A H gk £5] Al o] A7) ZRol A4 1of

F
)

A A W 8] AE A2 AFE LT 4 e e
A4 dlolel o] Sust a7k thebd A e AA oA
A2 A% A0 3718 M @RL 1oL & 4 YIS A g
S/W el Aol 97E9et,

5) A9l 3 54 32

A1 §7] A28 Aol SRt B7e Ul g ek A
afokaith oldo] AA gtk 53], 93 A 204 AF7} B
A1) A 8] A 2EE A5 913 Akl gol 2 Hgos
Agtoiet, Ea i o] Alde] dgnl £410] A2 AHg )
D2 ARY 7] A28 A2 A 20l JolE 48 Hsss
A7) PAS DT Bk Yotk F, v 8 7S] i 7
S 42717 Slatel] thepat BT AT 1 E ) A7) 28
g % gl hadel arH gl

33. 27 B4 7 2ntE @] A2" FANE B2

ol Fol 1 SbAA TS Bl o] RolH] A 7EA
wioR AntE 8] A28 747149 BRAS 2 A4
ohe 3} 2o ESehrHTable 6.).

fllo ru]o

Ol
gl 1

D) wAEA-or A6 A
2 998 AfAS Hasttn A7 AN
Sfstel A1A] 714 B2 Elo|elg Au 2 ANz 2 S Hste] A



N

Wl B2 e sebsta, olF Jo.z 45 425 3
7127 HB|AE AZAT E8 3712 AX AAE 5 A9
AR 2349 3714 o8l £ ske] Fa A AL
2 297 sotstel A o] FEa,

2) 3ZolE AAS T AH3A53
A4 9)e] 3714 B BB ARE AAZ Hgetel 87 9 %
o o2 A5 H 25} ik, g Sol, 49l 37180 9 £
B A9, £ BFL Aast AL ABA7|T A 3718e]
U9 12 SRS fERT A9137] Ho] 2

5 ol 59, W] A H9 L Eoli hEE Fol Brk %
FBE 6

l
roll

ot

£
)
ol
ol
)
:Io
ﬁ

game

FYANA Aot H5otv] 4% AL AW S48 Hole]
£ 22l 5 b PG /WS TH, 4§78 8 A
gt A9 3719 A9 AL A 94 B
EE gANE T2I8L pIa

4) A& A

A2RlE-S Aot A tiet S defsiy] st
of, 7] Al2H e FHY RETEE At 7S FHEsL
Al el B4l whet ZHsHA 2] s sfof ettt

=

Table 5. Basic Specifications for Ventilation System
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Table 6. Extracting the Composition Technology of the Ventilation

Photo Ventilation System Specifications System Based On Demand Analysis
Air volume Outflow 400CHM Issues Resolution Function description
. / Inflow 200CMH 3 3
Indoor & - Contaminant detection sensor
Noise 45db outdoor Sensor installation around facility
Power malodor installation |- Sending information on outdoor air
consumption 4BW quality around facility to server
Size 80cm * 39cm (Minimum) - Control  volume of inflow and
dischargeed air based on the
Flexible design that can be easily inform'ftion sent to server
Installation mstalle.d on windows of S - Discharge indoor malodor and harmful
method educational and welfare institutions . .
d | household: Smart substances in air such as CO, and
and general households don to outsid
Public data | ventilation ra. on. o outside . .
linkage svstemn - Filtration of outdoor air before inflow
¥ s g sci;ution to ensure safety
- - - Block or decrease air inflow to ensure
= g " 0= 5 safe ventilation when the concentration
- —Aa of malodor source is high
v - Ventilation  optimized for  spatial
structure
. . I . Central
a) Public data linkage & central b) Ventilation algorithm & concept
. . control
control function diagram .
function S/W and |- To encourage facilities to ventilate
Visonary |dashboard for| according to the real-time information
expression of | administrator | on indoor and outdoor air quality
Environmental
data
Facili
- act 1t.y .| Frame-based . . .
characteristics ventilation | Simple installation and standalone
¢) Dashboard d) Frame-based ventilation system & cost system module structure
Fig. 2. Key Functions of the Ventilation System bearing
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Table 7. Preliminary Investigation Results

Superfine
A Photos of ventilation
Case particulate CO, level T
matter level
68.4 hour 9.6 hour
A @104 minutes) | (576 minutes)
57% 8%
48 hour 6 hour
B |(2,880 minutes)| (360 minutes)
40% 5%
34.8 hour 0.06 hour
C (2,088 minutes) (4 minutes)
29% 0%
112.8 hour 48 hour
D (6,768 minutes) | (2,880 minutes)
94% 40%
48 hour 6 hour
E |(2.880 minutes) | (360 minutes)
40% 5%
13.2 hour 6 hour
F (792 minutes) | (360 minutes)

11% 5%

(a) Measuring instrument
Fig. 3. Relevant Photos of Air Quality Measurement

(b) Site visit
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Table 8. Improvement of Fine Particulate Matter (PM-2.5) Level*

Category Results
Before 112.8 hour
. . S f ;
Sum of installation um o (6,768 minutes)
. length —
time length (A) o4 %
of 'poor’
and 'very . . 8.4 hour
e After installation Sum of (504 minutes)
(B) length —
7 %
Increase
Time in 'good' and 15.5 times
length of ‘normal**
‘after'
compared Improvement in
to 'before' 'poor' and ‘'very
installation poor' compared 87%
to total
period***

* For five days (120 hours, 7,200 minutes) in total
** Multiple of 'good' and 'mormal": [(1 - B)/(1 - A)]
*** Improvement in 'poor' and 'very poor' compared to total period: (A - B)

240

Superfine Particulate Matter Level (1g/m’)

80 10 More than 514
2 [ 2650
4 16~2549
T

01:0002:00 03:0004:0) 05:00 06:00 0700 08:00 09:00 10:00 14:00 1200 130 4:00 1500600 1700 18:00 1900 20:00 24002200 2300240

Time
=== Before installation === After installation
(Jul. 18, 2019) (Sep. 18, 2019)
Fig. 4. Fine Particulate Matter (PM-2.5) Measurement Result
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Table 9. Improvement of CO; level*

Category Results
Before S £ 48 hour
Sum of installation m o (2,880 minutes)
time length A) length T
of 'poor’ 12 h
: our
and 'very After installation Sum of .
poor . length (720 minutes)
en, I —
10 %
Increase
in 'good' and 1.5 times
Time 'normal**
length of
‘after' Improvement in
compared 'poor' and 'very
to 'before' | poor' compared 30%
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Table 10. User Satisfaction Analysis Results
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of wventilation systems were used
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Service of air quality (odor)
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workshop
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satisfaction and after installation' and 'the indoor
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of demand . Lab (Odor sensor, Central server,
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- Particularly, easy identification of
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system  operation  status  through
visualized dashboard was noted.
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