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Abstract

In this article we propose various indicators to highlight
the performances and the resilience of an air-handling unit
(AHU) that can integrate both direct and indirect adiabatic
cooling. This combined adiabatic strategy enhances the
cooling performance during heatwaves. We developed the
control strategy of the integrated system into a TRNSYS
numerical model. Considering continental, Mediterra-
nean, arid subtropical and equatorial climates, we ana-
lyzed best operation strategies for a typical office build-
ing. The multicriteria approach highlights the lower effi-
ciency under equatorial climates. The system performs
better in arid environments, in this case study the Medi-
terranean climate is better regarding the water consump-
tion while the subtropical arid climate is better regarding
the fan consumption.

Key Innovations

o Development of a model for an AHU with two adia-
batic cooling modules coupled to a tertiary building.

e Evaluation of system performance through specific
indicators.

Practical Implications

This paper presents a TRNSY'S numerical model coupling
an air handling unit to a typical tertiary building. It is uti-
lized to assess the performance of the AHU equipped with
two adiabatic modules, using specific indicators. The re-
sults obtained offer several practical applications:

e Control optimization: enhancement of system
control strategies to increase efficiency under
different operating conditions.

e Advanced design approach: adaptation of the
system according to building type and the exter-
nal climate, informed by new specific indicators.

e Overall performance improvement: improved
energy efficiency and greater potential for sys-
tem application in different contexts.

These results contribute to improved integration and man-
agement of adiabatic systems within the building sector.
1. Introduction

The year 2024 could be the hottest on record, with global
average temperatures projected to be 1,54°C above pre-
industrial levels (WMO, 2024). The 6th IPCC report
stresses that human activities, in particular the increasing

use of air conditioning, are contributing to this tempera-
ture rise. Although effective in hot weather, air condition-
ing also exacerbates global warming (IPCC, 2022). Faced
with this challenge, alternative solutions such as passive
adiabatic cooling are being developed to reduce indoor
building temperatures while limiting energy consumption
and minimizing environmental impact (PROFEEL,
2021).

According to the Annex 80 of the IEA EBC (Attia et al.,
2022), adiabatic cooling is a promising solution for resil-
ient cooling. These systems reduce indoor temperatures
by evaporating water as warm air passes through a moist,
porous material (Watt, 1997). Direct systems introduce
fresh, moist air, while indirect systems use a heat ex-
changer to prevent the introduction of moisture (Xuan et
al., 2012). Systems that combine these two approaches
dynamically optimize performance, although they are
more complex and are often integrated with air handling
unit (PROFEEL, 2021).

This article focuses on this indirect adiabatic cooling
strategy, combined to free cooling and direct adiabatic
cooling in order to maximize the performance of the
AHU. Compared the direct adiabatic system only, we
avoid thermal discomfort and building disorders due to
moisture and high ambient humidity. The generic princi-
ple of an indirect adiabatic cooling system consists to cir-
culate a secondary airflow that is directly cooled and hu-
midified by water evaporation, while the supplied airflow
to the building is indirectly cooled by an heat exchanger
(Kowalski and Kwiecien, 2020; Mohammed et al., 2022).

There are several existing typologies of standalone indi-
rect systems, such as those using the Maisotsenko cycle
(M-cycle) (Maisotsenko et al., 2003), the dew point sys-
tems (Jia et al., 2019), and the regenerative systems
(Kashyap et al., 2020).

There are also adiabatic cooling systems that are coupled
to the air handling units (AHUS). In our case study, the
indirect adiabatic cooling unit is integrated within the air
extraction duct (secondary airflow) that indirectly cools
the supplied airflow within the heat exchanger. These sys-
tems are mostly used in tertiary buildings.

In the following, we first define the performance indica-
tors to assess the multiple aspects of adiabatic cooling.
This study focuses on AHU and adiabatic cooling for ter-
tiary buildings. The behavior of the system is analyzed for
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four different climates, highlighting the prevalence of free
cooling or adiabatic modes of operation. The performance
results differ in terms of resilience, thermal comfort, and
energy or water consumption.

2. Case study
2.1 System integration into the building

The study area is an office of an existing building. It is
located at the second floor of a three-story concrete build-
ing (Figure 1) — floor area 82 m?, and 3,10 m height.

Figure 1: Building

Exterior walls are insulated with 12 cm rock wool on the
inside. This office space has 7 occupants from 8 a.m. to
6 p.m., from Monday to Friday, except for the periods
from August 10 to 31 and December 19 to 31. Each occu-
pant uses a laptop and monitor for office-type activities.
The lighting is provided by 27 W lamps. The air permea-
bility is 1 m%/(h/m?) at 4 Pa. The minimum airflow is
175 m®/h (25 m3/h per occupant), while the max AHU air-
flow for free cooling is 650 m%h (2,5 ACH) (Figure 3).
This flow represents the optimum balance between ade-
quate overheating reduction and moderate supply air flow
(Figure 2).
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Figure 2: System sizing

In order to determine the optimum supply airflow rate, we
studied the evolution of the reduction of the indoor over-
heating by the system (DH — equation (4)) as a function
of the system air change rate. Figure 2 shows that the re-
duction reaches a horizontal asymptote. So we chose at
2,5 ACH as a reasonable value regarding the cooling evo-
lution.

The AHU integrates two adiabatic modules (Figure 3): in-
direct (IEC) on the return air (AR), and direct (DEC) on
the supply air (AS).

(=]
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Air Supplied Humid
Tasns RHask; Wash

Air exhausted
(AE)

Heat
Exchanger

Outside air »J'/AO\‘ N
Taoi RHaoi Wao "o

Bypass

Figure 3: Air handling unit diagram

The heat exchanger mode HX (enx = 0,8) and two fans
(0,21 W/(mq/h)) allows to operate in:

- indirect mode IEC (HX enabled),

- combined indirect/direct mode IEC/DEC (HX
enabled),

- free cooling mode FC (bypass of heat exchanger
HX),

- Heat exchanger mode HX

The system principle is explained in Figure 4.

[¥65,6] onres Aupiuny

Tasn Tw,ARTAS Tar Tae Tao

Dry temperature [°C]

Figure 4: Psychrometric diagram

In indirect mode, an indirect adiabatic system (IEC) first
cools and humidifies the extracted air from the building
(AR). This cooled air then passes through a heat ex-
changer (HX) where it cools the fresh air before being
supplied to the building (AS). During this process, the
warm outside air (AO) heats the exhaust air (AE) in re-
turn, as it passes through the heat exchanger. When the
indoor temperature becomes too high, the direct adiabatic
system (DEC) is activated. The air leaving the heat ex-
changer (AS) is then cooled and humidified a second time
by this system, resulting in even cooler, more humid air
(ASH) before being blown into the building. In contrast,
when HX operates alone, the fresh air exchanges calories
with the return air of building without adding humidity
before being blown into the building (AS). Free cooling
mode cools the building directly with outside air (AO).

The integration of adiabatic systems (Figure 5) increases
the cooling capacity of the AHU, allowing it to achieve a
supply air temperature low enough to meet the thermal
constraints of the space
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Figure 5: Adiabatic cooling system
The system studied (Figure 5) incorporate Munters
Celdek® 5090 cellulose evaporative media (gsa = 0,85), a
circulation pump (40 W), a water tank, a water distributor
(without spray) and a regulation module.

The control system adjusts operating modes according to
set temperatures, which vary according to building occu-
pancy (Figure 6).

YES | 1 | 1 NO
Bypass l >Tho 1 l Tao > JI Bypass B
NO 1 YES
> T, ap + Hys (2°C) I—)m

. ,

! YES

Figure 6: System regulation

Its operation is based on ON/OFF control, which is only
activated in summer when the indoor temperature exceeds
21°C. Various conditions, detailed in the flowchart in Fig-
ure 6, then determine the operating mode according to the
indoor and outdoor temperatures. The system operates in
free-cooling mode FC when the indoor temperature Tay is
lower than the indirect adiabatic setpoint Tsp, ap and the
outdoor air temperature Tao is lower than the indoor tem-
perature. Otherwise, it switches to conventional double-
flow heat exchanger mode HX. Then, indirect adiabatic
mode IEC is activated when two conditions are met:

o |EC adiabatic mode setpoint temperature Tspap
is reached, set at 24°C in this study.

e The cooling potential of the IEC module is suf-
ficient to cool the building.

To verify this second condition, an intermediate calcula-
tion of the Tarn temperature is performed. This theoretical
calculation is used to determine if activating the IEC sys-
tem would provide a real cooling benefit to the building.

If this is not the case, free-cooling takes over. The direct
system (DEC) is activated when the indoor temperature
exceeds the adiabatic set point by 2°C (Hys).

2.2 Methodology and numerical model

The numerical model of the AHU has been developed us-
ing the TRNSYS®© building dynamics simulation soft-
ware. This model is essentially based on the saturation ef-
ficiency of the adiabatic systems (1)(2) and the mixing
law of the HX (3).

Tar — Tarn

CsatIEC = e — Twb, AR )
TAS - TASH
€sat,DEC = 7TAS —Tupas (2)
hao — has
EHX = 75— ®)
" hao = harn

T, Twn, and h represent the dry bulb temperature, wet bulb
temperature, and enthalpy of the air, respectively. These
were measured at different points in the system (Figure
4). The saturation efficiency of adiabatic systems depends
on the air inlet conditions. The efficiency of HX is based
on the enthalpy differences between the exchanger inlets
and outlets.

To analyze the climate resilience of the system and high-
light variations in performance, we selected four con-
trasting climates that represent very different profiles. The
Mediterranean climate, represented by Carpentras
(France), is characterized by hot, dry summers and mild
winters. The continental climate, represented by Paris
(France), offers relatively hot summers and moderate
winters. The arid subtropical climate, typical of Abu
Dhabi (United Arab Emirates), remains hot and dry
throughout the year. Finally, the equatorial climate, as
found in Singapore, is characterized by constant tempera-
tures between 22°C and 32°C, high relative humidity of
70-80 %, and cool nights. Simulations were performed
over a medium-term heat wave period (2040-2060), con-
sidering an adverse emissions scenario. They were gener-
ated according to the method described in Annex 80 (Attia
et al., 2022), using CORDEX data (Machard et al., 2020).

Several indicators of comfort, performance and resilience
are studied. Indoor comfort is assessed using the Top (Op-
erative temperature) and SET* indicators. SET* repre-
sents the dry temperature of an isothermal environment at
50 % relative humidity, where occupants experience the
same thermal and thermoregulatory constraints as in the
real environment (Gagge et al., 1986).

Cumulative thermal discomfort can be assessed using the
total number of degree-hours exceeding a temperature
threshold Ti im, providing a normalized measure of over-
heating as a function of Top. For each equivalent tempera-
ture indicator, whether Ty, or SET*, the discomfort limit
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can be defined based on current regulations or corre-
sponding neutral discomfort thresholds. This makes it
possible to calculate discomfort degree hours (DH or
SETH) according to equation (4).

n
DH or SETH = Z(Ti — Titim)
h=1

The limit temperature T;im is determined using the PMV
method defined by ASHRAE 55 (ASHRAE, 2013), as-
suming PMV = 0, an air velocity of 0,2 m/s, a metabolism
of 1,4 met and a cover of 0,5clo. According to the
ASHRAE psychrometric comfort diagram, a T temper-
ature of 26°C corresponds to a SET* of 25,6°C.

The resilience of the system was evaluated through the «
indicator, which measures the resistance of the building to
climate change and the risk of overheating, based on the
ratio between the IOD and AWD indicators (Hamdy et al.,
2017). The 10D is an average overheating temperature
which is the sum of the positive values of the difference
between the operating temperature (Top) of the zone and
the limit comfort temperature of the same zone (26°C),
averaged over the sum of the total number of occupied
hours. AWD is used to quantify the severity of outdoor
thermal conditions. It’s the positive sum of the difference
between the outdoor air temperature Tao and the base
temperature Ty (26°C) reduced to the number of hours of
occupation.

Ti>Tilim (4)

10D
“=awp ©)
If a < 1 then the building is able to eliminate external ther-
mal stress in the long term and if a > 1 then the building
is unable to eliminate external thermal stress in the long
term.

To assess the performance of the system, we first analysed
the maximum average daily SET* temperature at occu-
pancy achieved by the system (SET*gailymax). Then, we
evaluated this performance by comparing the reduction in
indoor overheating by the system (ASETH) with the vol-
ume of water evaporated Vy, by adiabatic cooling systems
(6) and the energy consumption of fans Cran (7).

ASETH _ SETHyer — SET Hgys ©
Vo Vv

ASETH _ SETHyer — SET Hsys @)

Cfan Cfan
Finally, the performance was analyzed by the coefficient
of performance (COP), which is the ratio between the

amount of energy useful for cooling Cac and the amount
of energy consumed by the system Cconsumed

c
cop = —4¢

Cconsumed

(®)

3. Results and discussions
3.1 System operation

First, the system operation was analyzed. Figure 7 shows
the operating times for the different AHU operating
modes.

176 HRV
. 760 Indirect adiabatic
Paris i ‘ . . . .
586 Indirect/direct adiabatic
1551 Free-cooling
197
942
Carpentras 1384
1404
252
. 737
Abu Dhabi 5362
2080
8
. 48
Singapore 5039
3664

0 1000 2000 3000 4000 5000
Operating time [h]

Figure 7: Operating time of the different AHU modes

Figure 7 illustrates the differences between air condition-
ing operation in different climates. In hot climates, such
as Abu Dhabi (5 362 h) and Singapore (5 039 h), the in-
direct/direct mode dominates due to the high outdoor heat
and therefore constant cooling demand. In Singapore,
free-cooling is also important, with 3 664 h, i.e. 43 %
more than in Abu Dhabi, while the heat exchanger mode
is almost non-existent (8 h). In temperate climates, such
as Paris and Carpentras, the modes are more balanced:
free-cooling predominates in Paris (1 551 h), while indi-
rect/direct mode is more common in Carpentras (1 384 h
vs. 586 h in Paris). These results show that in hot climates,
indirect mode alone is not sufficient and direct mode is
required, while free cooling is particularly well suited to
temperate and humid climates. The HX mode is rarely
used, whatever the climate, underlining the importance of
adapting air handling units to the climatic conditions.

Figure 8 shows the significant differences observed be-
tween different climates in terms of fan energy consump-

23913

2310,0

Paris  Carpentras Abu Dhabi Singapore
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Figure 8: Fan energy consumption 60220
This graph shows that the energy consumption of fans 60000 ' mmmm Reference ‘
varies little from one climate to another. In Carpentras, it = B System
is only 17 % higher than in Paris. These results are di- o 40000
rectly related to the behavior of the system, which is used s
- - - - - - QzOOOO 14052
more in Carpentras, especially in indirect/direct mode.
4904 1311 -3204
.- —

For more extreme climates, the consumption in Singapore
is 3 % higher than in Abu Dhabi, due to the more intensive
use of free cooling in Singapore than in Abu Dhabi.
Figure 9 shows the amount of water evaporated by adia-
batic systems.

12,9

L e e -

Vi [m?]

Paris Carpentras Abu Dhabi Singapore

Figure 9: Evaporated water volume

This graph shows a large fluctuation in the consumption
of evaporated water. In Abu Dhabi (hot subtropical cli-
mate), the system evaporated 12,9 m® of water, twice as
much as in Singapore (equatorial climate) and more than
four times as much as in Paris (temperate climate). This
difference can be explained by the intensive use of adia-
batic systems in hot, dry climates, where evaporation is
more efficient than in humid climates such as Singapore.
A similar trend can be observed for the Paris and Carpen-
tras climates.

3.2 System performance

The performance of the system was analyzed by studying
its effect on the overheating of the interior of building, in
particular by evaluating its effect on the indoor degree-
hours, calculated as a function of Ty, (DH), but also of
SET* (SETH), to take into account the humid aspect of the
air. Figure 10 shows the values of this overheating (SETH
and DH) for all climates with and without system (refer-
ence).

| 65534
60000 - = Reference
%‘ HEE System 46996
240000 36756
E 20000
8 ICCg,
172, [ i

Paris Carpentras Abu Dhabi  Singapore

Paris Carpentras  Abu Dhabi  Singapore

Figure 10: Indoor overheating (SETH and DH)

The graph shows similar trends for the DH and SETH in-
dicators across climates. For the reference case, continen-
tal climates have the lowest discomfort and equatorial cli-
mates the highest. Discomfort is higher in extreme cli-
mates (Abu Dhabi, Singapore) than in temperate climates,
and the impact of the system varies by climate. In hot, dry
climates, the indirect/direct mode is used more often,
which introduces more humid air and has a greater impact
on comfort. With DH, the system reduces discomfort by
73 % in Paris and 77 % in Carpentras. Even though the
system operates almost continuously, overheating (DH)
remains high in climate of singapore. This is due to the
high humidity, which limits the adiabatic cooling system
efficiency because the air cannot cool sufficiently. On the
other hand, when the relative humidity (SETH) is taken
into account, the results show a smaller reduction in dis-
comfort, especially in Singapore (13 % with SETH vs.
35 % with DH). This difference is explained by two fac-
tors:

- High outdoor humidity in equatorial climates
limits the effectiveness of system, particularly in
SET* based thermal comfort analysis.

- Increased use of indirect/direct mode in these
conditions introduces more humid air indoors,
compared with indirect mode alone.

This difference is less pronounced in temperate climates,
where SETH is down 56 % in Paris and 57 % in Carpen-
tras.

The system performance was then evaluated using the co-
efficient of performance, as shown in Figure 11. This
analysis was performed for three different configurations.
The COP was calculated by simulating an air condition-
ing system AC that would replace the AHU. First, the
COP of the AHU were calculated with all modules acti-
vated (9) and without the adiabatic modules (noAD) (10).
CAC

CoP=—2"
Cfan + Cpump (9)

C
COPyopp = oA (10)

Cfan,noAD

The contribution of the adiabatic module in the AHU was
then determined using equation (11):
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Cac — Cacnoap

COPpp = (11)

(Cfan - Cfan,noAD) + Cpump
The amount of useful energy Cac refers to the energy re-
quired by the air conditioning system to maintain the set-
point temperature, which is defined as the indoor temper-
ature obtained from simulations with the AHU.

3,02 mmm noAD

3.0 I SYS
2,61 = AD
25
(=9
)
2220 1.84l ]
23 ‘)61 52
2515 -
o E
O =]
B 1.0
[=%

<
w

0.0
Paris Carpentras Abu Dhabi  Singapore

Figure 11: System performance coefficients with and
without adiabatic systems

This graph illustrates the performance of the AHU in dif-
ferent climates, with and without adiabatic systems. With-
out adiabatic systems (noAD), the AHU in Singapore
achieves a COP of 1,84, 12 % better than in Abu Dhabi.
In Carpentras, the system absorbs more energy than it dis-
tributes (1,08). Overall, the addition of adiabatic systems
(SYS) increases the performance of the AHU by 88 % for
Paris and 82 % for Carpentras, except in the equatorial
climate where the humidity of the climate reduces the
COP by 10 % (from 1,84 to 1,66). Abu Dhabi offers the
best performance with a COP of 2,61, 32 % higher than
Carpentras. The COP of adiabatic systems alone (AD)
reaches 3,02 in Abu Dhabi, two times higher than that rec-
orded in Singapore. For French climates, the performance
is almost identical. The addition of adiabatic systems, es-
pecially when they combine indirect and direct technolo-
gies, offers better performance in arid subtropical cli-
mates, while they are less efficient in very humid climates
such as Singapore.

Finally, system performance was evaluated using specific
performance and resilience indicators. Table 1 shows the
absolute values of the obtained results. Results without the
system are displayed in parentheses.

Table 1 : Absolute values of system performance in dif-
ferent climates

Carpen- . Abu .
tras Paris Dhabi Singapore
SET*dainmax 32,9 31,1 43,0 41,0
5, 1 44, 41,

[°C] (356) | (331) | (446) (41,8)
ASETH/Cfan

[°C.h/kWh] 5,04 2,06 4,43 3,50
ASETH/Nw

[°C.h/L] 1,47 0,80 0,79 1,33

[ 0,31 0,37 0,71 1,53

’ (1,38) | (1,38) | (1L30) | (238)

The results highlight the differences in the performance
of the system according to the climates studied. Firstly,
we find that the system reduces SET*gilymax in all cli-
mates. However, under high humidity conditions, the im-
pact of the system on the maximum values is less pro-
nounced, as shown by the results for Singapore, where the
reduction is only 0,8°C. This is mainly due to the inten-
sive use of indirect and direct modes for a relatively small
treated volume. Secondly, the impact of the system on the
resilience of the building varies according to the climate.
In most climates, the system helps to improve the resili-
ence of buildings, particularly in Carpentras, where the
coefficient o is reduced by 77 % (from 1,38 to 0,31). The
impact of the system is similar in other French climates,
although it is less pronounced in extreme climates such as
Abu Dhabi, where the reduction is only 45 %. In equato-
rial climate (Singapore), however, the system does not al-
low the building to eliminate external thermal in the long
term (a >1) .

Dry climates such as Carpentras and Abu Dhabi offer the
best performance. Considering the reduction in overheat-
ing (ASETH) in relation to the energy consumption of the
fan, the system provides a gain of 5,04 °C.h/kWh and
4,43 °C.h/kWh, respectively. However, in more humid
climates such as Paris, this performance is 59 % lower
than in Carpentras (2,98 °C.h/kWh). The gain is more sig-
nificant in arid climates, mainly due to a higher cooling
potential, enhanced by outdoor conditions favorable to
water evaporation. This enables the system to reduce the
need for free-cooling and to limit the use of full fan power.
Conversely, in humid climates, free-cooling is used to a
greater extent, but the efficiency of adiabatic cooling is
reduced by higher outdoor humidity.

The overheating reduction relative to the volume of water
evaporated is better in Mediterranean climates, reaching
1,47 °C.h/L, 83 % better than Paris. In this climate, cool-
ing potential is particularly high thanks to ideal outdoor
conditions. Free-cooling is used as much as indirect/direct
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mode, effectively limiting indoor overheating, particu-
larly at night, while avoiding excessive water consump-
tion. Equatorial climates, such as Singapore, show a gain
of 1,33 °Ch/L, just 10 % less than Carpentras. This differ-
ence can be explained by more intensive use of free-cool-
ing, which considerably reduces indoor overheating
(3664 hours). Indirect/direct mode is also widely used,
but with relatively low water evaporation (6,3 m®) in rela-
tion to operating time. This system limits overheating
while minimizing water consumption.

We then evaluated the performance of the system using
relative values (reference without system 0 %), which we
grouped into a radar chart (Figure 12). The 100 % relative
performance values were specifically defined for the di-
mensionless indicators (ASETH/Vw)ad (12) and
(ASETH/C#an)ag (13), based on the best performances ob-
tained from simulations conducted across more than 10
different climates.

Thus, we determined that:

e The maximum ASETH/Vw was reached in
Carpentras, with a value of 1,47 °C.h/L.
e  The maximum ASETH/Csa, was observed in
Carpentras, with a value of 5,04 °C.h/kWh.
These indicators are respectively defined by the perceived
cooling cumulative per liter consumed and perceived
cooling cumulative per kWh consumed. They are defined
by the following expressions:

(ASETH) _ 1 (ASETH)
Vo /o (ASIL/?TH) Vi (12)

w max
(ASETH) _ 1 (ASETH)
Cfan d B w Cfan (13)
a Cran )

max

For the other indicators, the maximum values were de-
fined consistently with these references, considering
100 % performance, which corresponds to a situation
where DH =0 °C.h.

Cumulative cooling corresponds to the relative reduction
in DH between the situation with the system and the ref-
erence situation (without the system). It is expressed by
the ratio (14):
_ DHys (14)
DHref

This ratio measures the improvement made by the system
in terms of DH reduction.

Similarly, we can assess the effect of the system on ther-
mal comfort by considering the cumulative cooling sen-
sation with SETH (15).
SETH,
A (15)
SETH, o

The dimensionless value of overheating escalation factor
corresponds to the relative reduction between the over-
heating escalation factor with and without (reference) sys-
tem.

aSS
1 -

Aref (16)
The daily maximum perceived cooling is calculated by
comparing the difference between the 25,6°C limit tem-
perature and the maximum average daily SET*gailymax
value obtained with the system to that obtained without

the system (reference) (17).
_ SETcikailymax,sys — 256
SETJailymax,ref —256

The relative dimensionless values provide a coherent
comparison of all the indicators on a radar chart (Figure
12), making it easier to analyze performance according to
the simulated climates.

(17)

Cumulative cooling [% ref]

Overheating escalation P "'"”3";1;\
factor [% ref] A%

73%(45%

Cumulative cooling
sensation [% ref]

Carpentras
—— Paris
—— Abu Dhabi

Singapour

Perceived cooling (SET *)
cumulative per kWh
consumed (fan) [% ref]

Daily maximum
perceived cooling [% ref]

Perceived cooling (SET *)
cumulative per liter consumed [% ref]

Figure 12: Relative values of system performance for
four climates

This graph illustrates the relative performance of the sys-
tem in four different climates. The further a curve is from
the center, the better the performance.

The trends observed confirm the results of the absolute
values presented in Table 1. The Carpentras climate is the
most suitable for this type of system. In fact, the graph
shows that the area corresponding to the Carpentras curve
is twice that of Paris and 2,6 times that of Abu Dhabi. On
the other hand, humid climates such as Singapore do not
provide ideal outdoor conditions for efficient operation,
except when the reduction of overheating by the volume
of water evaporated is taken into account. Warm, dry cli-
mates are more suitable for the system as they better limit
indoor overheating while optimizing the water and fan en-
ergy consumption.

4. Conclusions

The aim of this study was to evaluate the performance of
adiabatic cooling with free cooling and AHU for tertiary
buildings. Overall, the results show that the system per-
forms best in the Mediterranean climate, offering the best
balance between water and energy consumption, as well
as its potential to reduce overheating. In arid climates,
outdoor conditions increase the potential for adiabatic
cooling, reducing the need for free cooling and full fan
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power, which in turn reduces the energy consumption of
fan. On the other hand, in equatorial climates, high hu-
midity limits water evaporation, reducing the cooling po-
tential of the adiabatic system, which in turn limits system
performance. On the other hand, increased use of free
cooling can better mitigate overheating while minimizing
water consumption, but may affect overall efficiency due
to fan energy consumption.

Thus, while hot, dry climates offer the best performance,
equatorial and continental climates each offer specific ad-
vantages depending on the indicators selected. These re-
sults highlight the importance of adapting system man-
agement to climatic conditions. Although specific to a
given configuration, system parameters can be adjusted to
optimize performance in any climate.
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