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Introduction

1. Education Background

oegee | pewi | o Lo

Bachelor 2007. 03 ~ 2015. 02 Refrigeration and Air- conditioning Engineering, PKNU
Master 2015. 03 ~ 2017. 02 Refrigeration and Air- conditioning Engineering, PKNU Research Topic: Ocean Thermal Energy
Doctor 2017. 10 ~ 2020. 09 Human Enylronmental Sysr.tems | - Research Topic: Adsorption Heat Pump
Department of Engineering, Hokkaido University System

Study on Adsorption Heat Pump Using Composite Natural Mesoporous Material as Low - carbon Air Conditioning

Doctoral Thesis (Hokkaido University, Supervisor: Katsunori Nagano)

Low carbon air- conditioning using adsorption heat

2. Research Field
I/A

A

A

pump ( ) it
Brine chiller for semi - conductor manufacturing §§§
process ( ) ;5‘43%
Development of seawater cooling, ice making %é
system ( : ) OI:ItIet/ :
' A Heat transfer CFD ( )
) e Society of Air-Conditioning () punmx AR A - HETER
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COVID- 19 and OMICRON ( 19 Omicron )

Ol RO R e s R deoV byl  ° Figure out spread root first, then

The Omicron variant is on the brink of dominance in Denmark and London,

and has sent cases soaring in both locations (ZZLH9 HjO|2A0| It £4) prevent and respond properly.

Daily cases in each country/region (in thousands), by variant « Still unclear main Spread root of COVID19 and Omicron (mxdgl %_E_g@- in
Denmark London 3% E‘:I _?'_ELH 9 Hl‘OlE‘Iﬁg_l IJ]II' %)'E)

E ’ « Airborne infection through particles smaller than 5 microns — Assignment of

2 6 HVAC system (5 0|32 0|5t 3719| YAte| 37|15 HMI7t HVAC A|ARI0|A CHRO{0F

; S ItH)

3 4

2
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o

Other Omicron 2
variants
J HVAC for COVID19 \ 4
Ol 1 T ! T T T 1 ¥ T I T ! 1 2
May Jun Jul Aug Sep Oct Nov Dec May Jun Jul Aug Sep Oct Nov Dec (_?'_ELHQ EH° HVAC)

Source: FT analysis of data from UKHSA and the Statens Serum Institut
@
% "Ventilation and filtration

FT graphic by John Burn-Murdoch / @jburnmurdoch
OFT
ASHRAE Q\\\) provided by heating,
\ / ventilating, and
air-conditioning systems

can reduce the
airborne concentration
of SARS-CoV-2."

B Eloomberg.com

Omicron's Spread Across Hotel Hall Highlights Transmission

The omicron variant spread among two fully vaccinated travelers across the
hallway of a Hong Kong quarantine hotel, underscoring why the...

13=

. e

R . |

Is the omicron variant more contagious? Is omicron
airborne?

The omicron variant of the novel coronavirus has dominated news . Some = L
cases were found in Hong Kong among travelers from South Africa. —_—

2z = The Society of Air-Conditioning @; ﬂﬁﬁﬁlﬁkgﬁm*u * ﬁiﬂiI#%

sancw 8Nd Re'"geratmg EI'IQIHEEFS of Korea The Society of Heating,Air-Conditioning and Sanitary Engineers of Japan



2022 SHASE Kinki Chapter & SAREK Busanr Ulsan- Kyungnam Chapter  Topic: HVAC System in Post- COVID19 3

HVAC Systems of COVID19- era ( 19 HVAC )

(Report) HVAC of COVID19-era | Prospec’Es of integrated HVAC unit

(E&HHVAC S4%/9| Mal)

* Development of All-in—one device having the function of ventilation, heat
recovery, dehumidification, cooling and heating, sterilization. (&7], €3l A&, &
L AR 7|52 28 2919 HVAC BXIQ) i)

- Obstacle for development of All-in-one unit and compact design: Latent heat (2
Q1Y FX| A3t Foi=E: 571 Ml& F3h)

‘23tst7|" EHE HVAC X|CHA| = A QIS

[ T L ™y

"Combination ventilation" trend. HVAC is
leading the market.

- Development high efficiency latent heat recovery element. (1 Mds T 34 A2H

IS
» Integration of All-in-one unit with desiccant dehumidification rotor. (244 Xi& 2§ |

NEE L

. ,‘.E.c"gl-jr’*Ea‘"C'
Jﬂ
HVAC Z|CHAIZ!

1 k.
DjMISIX| - T2t 8 F2 ol40ic z;sj N
*"“871 %‘31} HIZ - MG - 4 RAD »

: *l 12 31000~4,0002 FtH A%t £ L
>4 i } Sy oo
. £

Ventilation + heat/coollng

dehumidification
The Society of Air-Conditioning @; ﬂﬁaﬁliﬁkgﬁm*u * ﬁjﬂiI*%
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Ventilation system ( )

Diamond type Hexagon type Square type

Operation Modes of Ventilation Systems with Heat Recovery

Ventilation mode Filtering mode Bypass mode

Heat recovery devices
a2l FX)

Prospects of ventilation system
(B17] A AHIS MY)
 Problem: Latent heat recovery rate is much
lower than that of sensible heat. (B2HIE: &g 3]
=+ H|Z0| 31 3|4~ HIZEL IR R3)

P :'-";;; mi' mmmhe ‘. (-- '-';;g;;'-' -
o ), xp 4 ) x|
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- Total heat recovery in summer (45%) and winter
(70%). (OIEE M §80| 45% =210 Biel| A4S

H2 Ml S22 70%)

.+ Enhancement of latent heat recovery is essential.

1
AY ’
\,

(B8 MY Bi4 A5 B R 917 1)
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Installation of ventilation unit Sensible heat exchange Tofal heat éxchange
/ ( ) ( ) \
(Temperature) (Temperature + Humidity)
.
P - mak ) heg Heat , Heat
Heat Heat Heat
Air- ;‘ e Moisture Air | .. Moisture
(Heat,moisture ) | . | (Heatmoisture)
Heat Heat Heat * ; * ‘ * ’
Heat Heat Heat /

Moisture Moisture

( APT/ Zszo uxi o ij

"

F2
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AIr purification with air filters ( )~ ‘

Air filter Rating of air filters ( )
P I EN— MERV (Minimum efficiency reporting value): ASHRAE classifies air filters
;? 16x20x 15 f:;? | into 1~20 grades (the higher number represents the higher performance)
‘mE - - 4 | e
:%ﬁ;ﬁ; 7 = ‘ " Removal of Bioaerosols by Filtration and Outdoor Air (OA)
e S = Ventilation
OA 5% (IAQPHMERVIS .-
Usually air filters with MERV 17 above is classified as HEPA filters. (K&
OA 19.5% (VRP+30%)+MERV13 .
O= MERV 1758 0|49 ZE= HEPA ZEIZ £5)
0A 15% (WRP)}+MERV13 .
Most of AHU adopts MERV 7~9 filters (medium) which shows bioaerosol
OA 5% (1AQp+MERV?
removal rate of 40%. If the higher grade air filter (ex, MERV 13) is applied,
OA 19.5% (VRP+30%)+MERV7 [—
bioaerosol removal rate rises up to 856%. (22| AHUGI= HIO|QUHHZEE
OA 15% ERV?
HI74E 40% 42| MERV 7~92] O|CISLE{} ALRE. Ol MERVI3 22| 14 i
0% 10% 20% 30% 40% SO% 60% 70% 80% 90% 100%

S HEZ WX E2 MHE2 85% 7HK| B71E) \
N Bioaerosols removal efficiency /

.,
~ -
~ -
~ Ppts

» Careless application of higher grade air filter may results in lack of air flow}
’ * Source: |. Biran and A. Goel, HVAC design in commercial building to mitigate
COVID- 19, 2020

The Society of Air-Conditioning @E runEz AR c §ETITHFES
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rate and collection capacity. Thereby careful consideration is needed. (F-&%
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Impact of flow direction ( )

-—
‘L
4

Negative pressure VWard e S Py
Negative pressure ward e T
« Direction of flow should be different: D To prevent the virus transmitting e
between rooms (=), @ To resist the entry of surrounding contaminated air (+). o
(B7] /3 Y| Z2fof & @ CHE S7tC = Hi0|2{AY | MItE= AS 9t7] ISHA] 0 1-
=22, @ 2EE 3717t 37te= Fesk= A2 YX[SH7| YoMz L) :

+ The negative pressure is only maintained when doors and windows are fully
closed — Anteroom is required to separate the ward and corridor. (S22
Z2X| =1 20| EA US mTt FEE — HE =L AL0]of] T 0]2k= 7H'F0| E
)

| —

N o
[

DAY W Air S'l]pply

Ll E &l Air exhaust

= Airflow

»
a
z

coopo000 &
gpgames
BT

« The pressure difference ranges from 2.5 Pa to 15 Pa. (3212t 2219] X}0|=
2.5 Padt 15Pa AfO| =&

M

coo000

%
50000

= SgBgzpipszal
Mmoo o O O O M M M M S B S B B M B BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B B B M M M M M Mmoo P
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* Source: J. Y. Kim, J.K. Hong, A numerical analysis on contaminant air leakage
) according to pressure difference and exhaust location of negative pressure
Intensive care unit (ICU) Negative pressure ward isolation room, SAREK, 2020
(%QII‘%) (gobl-l:lodkl) @ The Society of Air-Conditioning @3 runEz AR c §ETITHFES
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Impact of flow direction (
Effect of exhaust location

+ Aside from ventilation amount, ventilation efficiency is dependent on number and
location of diffusers — Ex) Ceiling exhaust and Wall exhaust. (&7 |2F O|2|0{|x &t7|9
S22 277 A1 AR YX[0| FES W)

+ Cough produces 3,000 particles of droplets, and their size ranges from 0.6~15 um,
Exhaust and deposit characteristics are affected by the droplet particle size. (7|&2
0.6~15 1m2| 30007H2] HIZ XS L HA|7 |0 HiS 2t E| X2 QX 7|2 HES H3)

Two different exhaust condition (Case A, Case B)

B supply air
B Exhaust air

* Source: M.J. Jung, J. K. Hong, A numerical study on cough particle dispersion and deposition
according to the location of exhaust air diffuser in airborne infection, SAREK, 2019
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Particle Diameter

0.3 0.5 1 5 10 20
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Impact of flow direction (

Shortage of Negative Pressure ward

- Li et al. measured the ventilation performance of 38 SARS wards after 18month of establishment,
and 60% of toilet «> ward were operated under wrong airflow direction. (387H2] SARSHZ 2| &t7|
HsS 2= HEOo= B 18718 R0 S 21t 60%2| sE4-HA 37|93 YWako| ERF)

- Nondurability results in shortage of NPW in the case of emergency (SARS, COVID19 etc). (NPW
9| Li742| HIZ SARSLE COVID192| H&0M HAS| HES 0F7|§)

- In case of emergency, temporary negative pressure cubicles can be a good option. (H|4} AZH0f| A

— o S235 o
£ QA SUAO| AB0| BB S SHY + U

Factors for failed pressure control

/ (3 £ Ay 29))
+ Inadequate reliability of pressure monitoring and

controlling devices. (&3] 2LEZ, ZH HX[Q| £4!)

- Strong diffuser flow directed at the door, and interaction
with other exhaust ventilation system. (2Z0f|A{2] A5t
7|5, CHE Hi7| A|ARIDO| HSAR)

« Poor air tightness of suspended false ceiling. (71%9]

Nod S 7|0
. FAESH7 (L)

~ -
~.. -
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Temporary cubicle |
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)

[\ Effect of exhaust location Sitting
! Number of particle in breathing zone Number of particles in the breathing zone \
« Exhaust location (high exhaust, low exhaust and both) greatly affect | | .o around the bed
f HH 7 AbE okR\0j| T2} 5t i Low Exh. L&H Exh. High Exh. 160
ventilation performance. (H17|7£2] x| (A, 5t5, L=)0]| [z} &7 | o : 1o I ST High Exh.
450|271 22d | =
250
- Relation between direction of cough jet (sitting, lying) and air flow is 200 —I _ &0
. . . 60
important. (sometimes 12 ACH removes particle better than o 0
16ACH) (7[&12] &k (QU0IUE= E2 FHUE) 37|95 AL 52 50 20 J:h
%I:II- - 1 2ACH %%-FQE 1 6ACH §|_I-7 |%-I: L-'Hl:ll %I::: IO:IXI- X."7-| EOI AI- \ 0 —(.‘Iase 1 C;se 3 Case 5 Case7 ;:ase 9 éase 1 ’ Case 1 Case 3 Case 5 Case 7 Case 9 Case 1°
E_:"jl. 9}1%) \\ Sitting patient Sitting patient //,
* Source: F. Memarzadeh, Improved strategy to control aerosol transmitted

Ventilation system in isolation suite

infections in a hospital suite, ASHRAE, 2011

Number of particles in breathing zone Number of particles in the breathing zone N\
around the bed \
4 Low induction ) 450 1650
Bathroom exh diffusers e R i Low Exh. L&H Exh. High Exh.
(100 CFM) 140 .
350 Low Exh. H Exh. High Exh. B3 min
120 B 5 min
300
100
250
200
150 || o —
100 =
50 |
High 0 =
exhausts Case 2 Case 4 Case 6 Case8 Case10 Case 12 Case 2 Case 4 Case 6 Case8 Case10 Case 12
‘Q‘ ‘\ Lying patient Lying patient ,'I
; Low Y A
exhausts ) - - T _ kA
L The Society of Ar-Conditioning (i) asas A2 S IRF - W& LH2
sanex and Refrigerating Engineers of Korea
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Impact of air flow pattern ( )

- . . * Source: A. Churazova How to optimize displacement
Topic Displacement ventilation . . ventilation design with CFD, SIMCSALE, 2020
Mixing ventilation -

« DV is air—distribution strategy that introduces conditioned outdoor air at 4
a low velocity for supply diffuser usually located near floor level. (DV 24 T T AT RS T T RA L n T
2 X2|E 27|& HE v dX|H HETE ol MLeE 35T _— - “ “
« The cool air, pooling near the floor level, accelerates because of the / -’ \-\
buoyancy force, and is then carried up into the thermal plumes formed ( ) ( )
by heat source (occupants, electric appliances). (HIS 2i|2l0f| ‘&9l X7+ ( O % O ) " n
37l= 20i| sl 715 =1 SEHFXL, 71710l 2fh ¥-d=l= Thermal \ /
Plumedi| 2Jaf &5

I i Displacement ventilation
I[]s][F Location of supply and exhaust splacement ventilatio

\\
AY
ﬁ “ ‘

Induced Air—%—

Thermal Plume |

Exhaust (mixing and displacement)

oo [ ¥} 04 o6 as 7
| ’
N /
e i3 e

The Society of Air-Conditioning @9 runEz ARl c §ETHES
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Impact of air flow pattern ( )

Effect of ACH in Mixing ventilation ' Effect of ACH in Displacement ventilation

@ Student B Student

3 . ® Wall and Ceiling ® Wall and Ceiling
s W\ wd M Desk and Chair @ Desk and Chair
B Exhaust B Exhaust

e s

1/./ x\(

o))
o
=)}
o

.. g Displ t ventilati
Mixing ventilation 1splacement ventilation

I
o
I
<

Aerosol fraction [%]
Aerosol fraction [%)]

2
o
2
<

4 4
Air change rate [ACH] Air change rate [ACH]

* Source: Y.L. Vong, Y. A. Abakr, Numerical study of the impact of ventilation system on the The Society of Air-Conditioning @@ punmsA RSB - HETSS
spread of infectious aerosol transport in a classroom, Nottingham, 2020 sancx and Refrigerating Engineers of KOrea . cocer of Heting Ar-Conditioning and Sanitary Engineers of Japan
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HVAC in COVID- 19 Area ( 19 HVAC)

Source: Applied and Environmental Microbiology, L. Casanova et al., 2010

Topic 1: Proper ventilation Topic 2: Humidity control

] <« RA | | A ! ‘
D A on  (gEEESEEN :

condenser

OA SA

i

eVaporator
EA RA

'....m

L L

RH 50%, 1 20°c \
08, - 0.89

1 2 3 4 5 6 7 8 9 10 1 12 13 14 days

100% OA Induction SARS survival vs Humidity Hybrid desiccant rotor

o Mt . . _ANo
* Refrain recirculation of indoor air, utilization of Ventilation unit (& Malntaln indoor .relr.:\tlve humidity bew\;een 40 06 0_/,0 tip;fve:: = o=
L27|0] TABIS X|OF 817| OLl M3 B airborne transmission of COVID-19) (Z2L1199| &7|= HIt YX|E 2|5}

T A Bl 7|

+ Ways to relieve increase of energy cost coming from increasing

ventilation rate. (7|2 S710]| M2 o X| H| S7} &5} 2ol - If relative humidity is too low, (MU&E7t HF 22 4Q)

. . . . . i Hlok AH =HE_,

« Heat recovery device: Ensuring high moisture transport, air <1j)r Mlo'fzgﬁ gﬁf’fﬁt)ei f?tm ?r?]pb: (n IEr'(zI—ITﬂI-I’-‘I_x{ICéEE 7})Smaller

tightness (rotor type, plate type). (B84 HX|: $238|4 §8 3L 7| opiet ==l aylongerinaris is A s

U ) - 2) Moisture evaporates from droplet (H|ZH0flA =& =4 — NaCl in

. L . . . H|2k = MZE) - Activati irus (H ASM

+ In case recirculation is inevitable, consider use of high—level air droplet extracted (H| & NaCl 44=) — Activation of virus (H{0|AA24E)

filters, UVGI etc to manage air pollution. (Rf=2t0| 275t AHL 11 « 3) Dry throat (Z1Z8} 5) — Lower immunity (H= Z4)

S OO EEQL UVGI Al X 112d)

The Society of Air-Conditioning @; ﬂﬁﬁﬁlﬁkgﬁm*u * ﬁiﬂiI#%
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HVAC in COVID- 19 Area ( 19 HVAC)

Topic 3: UVGI (Ultraviolet Germicidal Imadiation) Topic 4: High—grade air fitter (HEPA)
i : .. % - ¥ 4
® = ® - - 1 . ‘ L4
5. e - *_ . .*’”ﬁ.é ~—rf>
i % T W w S
A ° * W . & \ll
ﬂ' e »
3 > PRE-FILTER oo CARBON FILTER - HEPA FILTER -5
HEPA virus collection
A altEzen @i Wl inolvsis L U 1.5 + Filtration of COVID-19 virus with High-grade air filters (245 ZE{2| X
. . . .- = 22 ES AO I
« Air sterilization with UV-C Irradiation (UV-CE £8t 27| &) &8 S8t COVID H{0|2{22] 012)

- UV-C makes the DNA structure of virus transformed into * In some case, filtration can be more effective then ventilation regarding
harmless microorganism. (UV-C= OX4=E2] DNATXE HA|H 2 dilution of COVID-19 virus. (Q0]| 2t 267|150} o atof| ISt Hio[2A N
olfet D=2 Ha}) I =R =S S)

* Irradiation time may be too short to ensure the effect. On the « Increase of ventilation amount will result in latent |Oad, energy cost. (9-|
other hand, cooling and heating coils, filters and duct itself may 7| RIS B |I= A2 UE Yy FolE S7A7 |22 HIE & KL K|
have sterilization effect. (ElE Lj AX| UV-C= B2 A|ZHL XIIMS AH| 4520|227t )

SE6| ZAIBIZ| 02, W2T Y U HEO| A St} 7|CY) - If simply increase ventilation amount with current HVAC system,

» Indoor UVGI unit can be utilized partly when the space is not possibility of failure of temperature and humidity control. (Et&5] 27|
occupied. (AU &5 UV-C= XEAIXI0) JES 0|2 75402 £Z0f S SeP7I ioh 2718 =i 52 39 S=A00 SR+ US
ZF9)) The Society of Air-Conditioning @E runExAZEAMN - HFEITES
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@ HVAC in COVID-19

‘ Energy Efficient HVAC
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Necessity of HVYAC Energy Management (

Policy on Reduction of Global Warming

Post 2020 National CO, Emission Reduction Targets (FLZ=) 203043 BAU THH| 25.7%, 219W%t £ 25

from United Nations Framework Convention on Climate Change

SUNNANISR S L E RO bl | comay | Reduction targer

(Eo0) By 2025
19 u-s-a reduce 26 ~ 28 % compared to 2005
13 i

. By 2030
reduce 40 % compared to 2005

By 2030
reduce 26 % compared to 2013

Japan

154 2164 01714 2184
E=AREATS 48

By 2030
reduce 70 ~ 75% compared to 1990

Russia

By 2030 carbon intensity of its GDP
5.6 reduce 60 — 65 % compared to 2005

&.‘z Korea By 2030
hd reduce 37 % compared to BAU

W
- By 2030 carbon intensity of its GDP
[C] India

reduce 33 ~ 35% compared to 2005

« World’s Trend on Global Warming Gas Emission (2&!7tA HiE2f ZEA 0| M|AH|Z{2l

« Electricity cost is expected to rise as the portion of NG and
renewable energy power generation increases, instead of relatively
cheap nuclear power generation. (59| 0f|L{X| &t MzHof| mi2t |
FIS20| ZIASHD QLT ZHA IR CHAL HIM NG 218, ARHASOILAX] Bt - ‘Building’ sector takes as much as 16% of entire domestic target of the reduction.
O] HI=0| SHA MBMAH|7} S718t HO 2 Fay) L dSSHI0N HE 220N ZSSHH2 HHIQ| 16% +F2 2 Y5 =3)

L1 O L

Cooling energy demand takes approximately 23% of the maximum - Efficient utilization of HVAC energy which covers pretty large portion of ‘Building’
electricity load in summer. (GIE3 2|0 X2 235}0| o 23%= L0 sector should be accompanied. (20 X[2] 2 £2E XIX[5l= SZEE0A2] 0f|L
o|Sh M= £=20] 2|5t A) X2l &2%91 0|20| 27 E= 47F)

The Society of Air-Conditioning @E runEz AR c §ETITHFES
sancw 8Nd Re'ﬁgerating Engineem of Korea The Society of Heating,Air-Conditioning and Sanitary Engineers of Japan






