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About Daikin

Daikin is Comprehensive Air Conditioning(AC) Manufacturer

Daikin Industries, Ltd.
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Chairman
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In the World
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Update the verification result in Thailand

Expand to Vietham
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1. Look back activity at CEFIA (1) Overview

1. 4th, CEFIA, Daikin(DK) proposed “AC-ECP (Air conditioning system with excessive

cooling protect)”, as Carbon Neutral Solution and started verification in Thailand.
2. 5th, CEFIA, DK reported verification resulit.
3. AC Webinar in Feb 2024, DK reported “CO2 reduction impact” in ASEAN.
4. Today, in this 6th CEFIA, DK update verification resuilt.

4th CEFIA
Feb 16, 2023

5th CEFIA
Aug 25, 2023

6th CEFIA
Jul 23, 2024

Introduced CN solution
®Market change after covid 19
-Energy consumption

increased due to ventilation

-AC temp. setting is too low

= ex:23C
wearing jacket

-Proposed “"AC-ECP”".
|—| Started verification in Thai

@Excessive cooling culture in ASEAN

Reported result (1)

®Digest result
-Energy/CO2 reduction

-Comfort by ASHRAE std 55

= o

CEFIA Webinar
Feb 15, 2024

Reported result (2)

@Further energy reduction
-CO2 demand control

@C02 reduction impact in ASEAN

Report result (3)

@®Importance of
-Building air tightness
-Adjusting ERV to meet with
target CO2 ppm (1000ppm)

@Expand to Vietham

A4

System overview Outdoor unit

==
* % GACALF B
=i

Indoor unit Verification site
: DK Thailand office
" _/\ _._.-.-_._ T
Apply ERV Shift up temp setting
(Energy recovery ventilation) (23=26°C)




1. Look back activity at CEFIA (2) Market 5

1.Change after covid-19 pandemic

1)Energy consumption of AC is increasing due
to the increased ventilation by covid-19

Condition
- 10 person office
- Sunny daytime during summer
C,)Vtgze(;s - Covid-19 ventilation
2 AC amount 30 m3/h per capita
53%

Lighting
~250% Ma]orlg(

Cooling load breakdown
People, lights,

- = ~N (o)
‘ Ventilation ~45 /o| outdoor air ~55%

Increased ventilation rates by Covid-19

2) Energy bills are also rising due to unstable
international situation.

Thailand (BHT/kwh)
36%UP

VS 2019 4.9
BHT/kWh
3.0
BHT/kWh
2010 2019 2023

2.Excessive cooling culture in ASEAN
1)AC temp. setting is low at office. ex:23 degree, wearing jacket.

If we can change this culture, big energy saving is achieved.

AC:23 degree C
o o Bangkok 2 sites data
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Yuta Fukawa, Ryota Murakami, Masayuki Ichinose, Field study on occupants’
subjective symptoms attributed to excessive cooling environments in air-conditioned
offices in hot and humid climates of Asia, Build. and Environ. 195 (2021) 2,5.
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1. Look back activity at CEFIA (3) “AC-ECP” as CN Solution

1.Promote ventilation and AC that can simultaneously achieve energy saving and comfort.
2.Replace normal ventilation with energy recovery ventilation, ERV, reducing the load of
heat and moisture from the outside air, making it comfortable even at 26°C degree.

o

Ventilation

Outdoor [Jnit I

!

r—

Indoo'r. unit

Note: 1) Condition:250m?2 office area.
2) Actual cost depends on project site.

Normal ventilation

AC-ECP

No energy recovery

Energy Recovery Ventilation (ERV)

System A System C System D System E
% - - 2 7 . 1 -
Ventilation type e L ‘ ml ‘-LI
Fan Fan Fan Optimized
- " EA = 7v=1 SA|EA = 7757l SA control
Unprocessed outside =g # ; Sl S ey S et
air is supplied. |/ ] OA -%u— RA|OA %Ll—' RA AC m—
Heat Heat CO_OI'ng -CO2 demand control
SA exchanger exchanger coil -Positive pressure control
AC set temperature 23 °C / 26 C
Comfort Excessive cooling / Within ASHRAE std55 comfort zone
No Between NO & YES Yes
AC capacity 18 HP 12 HP.
Down sizing of AC to
Cost index almost offset ERV
Energy 100% . 66% 66% ~ 53%
Equipment(AC, Venti) 100% 75% 99% 101%




1. Look back activity at CEFIA (4) Digest of verification resuit 7

A: Conventional Natural ventilation, C: ERV only, D: ERV with cooling coil

1.Approx 40% of energy was saved in case of proposed “AC-ECP(C&D)"” compared to normal ventilation(A).

2.AC-ECP (D) is the most comfortable because,
2-1)No excessive cooling(26C), enough de-humidify(average 11g/kgDA)= Mostly in ASHRAE comfort zone.
2-2)Questionnaire result is also matching with ASHRAE std55 evaluation.

1.Energy consumption per day

140
120
100
80
60
40
20
0

[kwh/day]

Rainy season

A40% 4A35%

11

A
July 21 July 20 July 12

2-1)Comfort zone

by ASHRAE std55
Rainy season

Q00 :average|

Absolute humidity
[9/kgDA]

Dry season
140
120
100
o | A33% A34%
60
40 |
20 r
0 A D
Jan 16 Jan 15 Jan 18

2-2)Comfort
by Questionnaire

100%

Rainy season

| Reference

86%

<Ref info>

-Verification site

Daikin R&D buﬂdlng in Bangkok at 4th Floor

=4 [Tarqet office area]
-Office area:250m2 =
-Ceiling height:2.7m |

-People: 50~20A =y

[Sensor location] Q @

-5 location :
-temp, humid, CO2 .® ®_'

-Bangkok relative humidity by season

< Dry Hot Rainy Dry

-°—: — 80%
>~ —

= s e b 60%
E | = B

2 : — 40%
o Rainy season:70-80% level

2 Dry season: less than 50-60%

3

| 1 | | 1 |
Feb Apr Jun Aua Oct Dec

~=2020 ==2019 2018 2017 =—2016



1. Look back activity at CEFIA (5) CO2 reduction impact in ASEAN s

1. “AC-ECP” impact for VRF(%) type AC is estimated roughly,

-C02 emission reduction: 2,700 kt-CO2/year
-Thermal power generator reduction: 27 units

Total VRF stock

Annual energy

(2008-2023) consumption
Kunit | KHP G WH/year
Thailand 217 2,600 3,480
Vietnam 206 2,470 3,300
Indonesia 152 1,820 2,400
Singapore 137 1,640 2,200
Philippines 98 1,180 1,580
Malaysia 82 980 1,320
ASEAN total | 892 | 10,700 14,300
Condition

1) Total VRF stock: based on Daikin research.
2) Annual energy consumption =16,031kwh/12HP/year.
approx. 10hr operation/day x 250day/year

2) Central type AC is excluded.

XVRF: Variable refrigerant flow

Energy source: Natural gas case

Number of CO2
Thermal power generator reduction
Without With AC-ECP
AC-ECP 40% reduction kt-CO2

; ; /year
unit unit
16.6 6.6 663
15.7 6.3 628
11.6 4.6 464
10.5 4.2 419
7.5 3-0 300
6.3 2.5 251
68 27 2,700

<Remark for impact>
1.Coal fuel source: approx. 1.8 times against natural gas case
2.Residence market: approx. 4 times bigger

’.r it Thermal power generator
N.p_‘!"ﬁf;’f#ji Rated power 50MW/unit

"%; Operation rate  |[70%
#

1)

’

Operated power [ 35MW/unit
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@Importance of building air tightness (natural ventilation rate)
Market research resuit 10

1. If air tightness on building is not good, air infiltration occur through wall, window sealing,
etc, resulting in more energy consumption (energy loss).

2. Daikin/KMUTT(Univ) made market research on natural ventilation rate in Thailand (N=5)
Result: All the 5 offices are over our benchmark, meaning air tightness is not enough.

1. Air infiltration (Natural ventilation rate) <Ref info: Site description>

Air infiltration : : Target build. Area Owner [Bulit year
through ceiling 4 [ through window sealing |: (Office)
M J] | R
T T— / ! ﬂ Airport office Chiang Rai 1989
oy uildin : : :
' — 9 ' [ | Bank office Bangkok Gov. & 1989
e e ! private
= <& ' ([&l|Airport office  i{Phuket 1994
= ithrouqh walll ) |Kinder garden  {Bangkok |Gov. 1994
A TRATIGN, ! renovate 2007
2. Result of market research i E I Offfce Bangkok Dafkfn 2017
Natural ventilation rate in typical office building | |[@l|R&D office (ZEB){Osaka, JP |Daikin [2015
(Similar method as JIS A 1406) . !
0.99 i King Mongkut's ! -
¢ University of | ==k
, 086 087 KM Technology . i
§ l l” Thonburi i M
ST Better air tightness, |:
= 3 0.66 if less than ~0.3 | t
< L
S & 0.46
> £ Approx. 0.3 ‘
< = =" (Our benchmark)} J
O | R L
3 0.1 o
© | Ty
zZ D

0 B 0 0 B O

Thailand Office (N=5) ' Japan office'




@Importance of building air tightness (natural ventilation rate)
Verification & result at Daikin verification Site 11

1. Impact of natural ventilation on energy consumption was verified.
Method: Change natural ventilation rate by adjusting window opening.
2. Result: As natural ventilation rate increases, energy consumption increases (loss).
In case of natural ventilation @0.71: 6% loss
@1.00:13% loss

1. Method 2. Result
By using DK verification site, adjust window opening to As natural ventilation rate increase,
ChaHQE/SimUIate different natural ventilation rate energy Consumption increases as shown below.
Verification site Adjust window opening Impact of natural ventilation on energy
DK Thailand office Ocm, 0.6cm, 1.0cm
System D Energy Ioss!:
120 \V4 A 13%
S A6% a
-la __________ __PZ___U__
= % 100
239
- = § L
Test office area >~§
has 6 windows = 60
c
Relations of window opening and natural ventilation rate H
Window opening amount Natural vent. rate 20
[cm] [times/hour] June June June
11th 12th 7th
0.0 cm (close) 0.46 0
06 0.71 0.46 0.71 1.00
5 @i () - Natural ventilation rate
1.0 cm (open) 1.00 [Times/hour]

(Similar method as JIS A 1406)

el

Improving building structure to enhance air tightness important



@Importance of adjusting ERV to meet with indoor air quality guideline
Verification & result 12

1. Impact of target CO2 concentration on energy consumption was verified.
Method: Compare target CO2 in the office by changing ERV air volume (H, L, and mix)

2. Result
In case of 800ppm CO2, energy consumption increase by 8.2%, compared to 1000ppm

1. Method & condition

IAQ guideline Verification !
(Thailand case) E(benchmark) Q G (D) g @)

Target CO2 [PPM] Less than 1000 1000 900 | 800 | 1100 -
ERV Air volume High & low mix High | Low
2. Result .
10 Energy difference by target CO2 <Ref data>
! CO2 trend chart
§, (911 i 1200 @ 1100ppn_1__(_J_l_J_IY__§t_h)
g6 + o i 1000ppm (July 279)
S R 1000 | g = G |
o s > ~_900ppm-(June 27°)
= | ' i &
N 2 - 5 | — 800ppm-(June117)
>2 1 S % ' & 800 OG-
b ~N o e
Q il < < O
o 0 ‘@ |
Benchmark 600 Gradually CO2 increases after lunch
-2 | | | | time when people come back office.
800 900 1000 1100
Target CO2 level in the office, [ppm] i 400 PM1 PM?2 PM3 PM4 PM5

Time

e

Adjust ERV to meet CO2 level @ near 1000ppm(IAQ guideline) is important
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3. Expand to Vietham 14

1.Expand “AC-ECP” to Viethnam to verify under different environment.
2.Work with Ho Chi Minh City University of Technology in regard to academic aspect.
3.We have already finished installation of AC-ECP at Daikin service call center @38t floor

1. Expansion to Vietham 3.Verification site

Thailand Opl torin Ho Chi nh Ciy

| il
[

AC-ECP system

Vietnam

e
Different environment

ERV Indoor unit

2.Work with local university
Ho Chi Minh City Univ of Technology

[Target office area]
-Office area:350m?2
-Ceiling height:3.0m
-50~85 staff

Department:
Heat and Refrigeration Engineering

‘B‘r’ Y DAIKIN

Application difference
Vietnam |Call center

Thai General office




verification point

15

1. In addition to product evaluation, “operation & optimization”, “maintenance” is added.

2. These key points are verified by FY 25

FY24

FY25

Product evaluation >

Operation and optimization

> Maintenance >

Key point 1

key point 2

key point 3 k

1.Product evaluation
-Energy/CO2 reduction
-Comfort by ASHRAE std 55

- CO2 target @1,000ppm

3.Building air tightness
-Natural ventilation rate

2.Indoor air quality(IAQ) guideline

1. Annual energy management
-AC energy is key for carbon neutral

EMS Fluctuating power, so
key for management

77] o : Others
rﬂ-\--ﬂ ~22% AC

) ~53%
Lighting ' Majority
Constant power ~25%

2. Optimization
-Seasonal
-IAQ & energy balance

3. Others

1. Proper maintain
- AC
- ERV
- EMS

j

Market recognition/government policy/Business model toward CN




4. Summary 16

® Daikin "AC-ECP”, using ERV with cooling coil, contribute to Carbon Neutral(CN)

- by reducing heat load and humidity from outdoor air, comfort and big energy
saving is achieved---approx. 40%.

- Roughly speaking, market impact is estimated 2,700 kt-CO2/year reduction
for VRF market in ASEAN. (Energy source: Natural gas)

- Adjusting ERV to meet CO2 level @near 1000ppm(IAQ guideline) is important.
Ex. In case of 800ppm, approx. 8% of energy consumption is increased.

® Building air tightness
__~Thailand N=5
- Market research say that there are cases that natural ventilation rate is high.
Improving building structure to enhance air tightness is also key for CN.
Ex. In case of 1.0(times/h) natural ventilation rate, 13% of energy loss.

® Expand to Vietham
- Finish installation of AC-ECP and just started verification in July, 2024
- Verification plan covers not only AC-ECP product, but also operation,

optimization & maintenance. This will help to develop recognition, new policy,
and new business model required for CN.
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