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Hijl‘ech N
Agua cool

healthy fresh air -
Aqua cool makés cooled ventilation & allow

users to open window while saving 75% of
the energy cost

The Future in
cooled ventilation
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e Our Vision cool
Hi-Tech

“Energy we do not use
is the most ecological
and sustainable energy”

“We do not use chemicals and
refrigerant therefore environment
will not be damaged”
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=\ : - Aqua cool
- Application jha e

“* Fresh air handling cooling.

s Comfort cooling for public places.

“* maximum fresh air handling
requirements such as:

* hospitals

e industrial kitchens

e sSmoking places

* public places

e toilets

* large industrial premises



Hi.Tech The problems

[

Traditional systems, ———

cool

Many people suffer from irritations to the
skin, throat, nose and eyes due to dry
air and internal air recirculation

Air conditioning systems and other
cooling systems consume a lot of
energy (around 30% of national
electricity consumption)

Air conditioning systems are partly
responsible for the global warming
through energy consumption and
refrigeration leakage.
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5. Cooling Solutions — ua cool
. For People comfort & Process requirements ‘
Hi-Tech ¢ P ; )
( )
COOLING TECHNOLOGIES
\ v,
f Conventional - Refrigerant | [ Non-refrigerant Based(Eco friendly) ]
Based Technologies Technologies
L J
Vapor Vapor _ i Evaporative
Com{_);g:sion Abs_rc;,rpp(:lon [Free Cooling] [Earth Coolmg] [ Verr;ltigliahttion ] [Te%ﬂglc;?c?gy]

: : ;
DEC(Direct IEC(Indiirect  nerec :
Evaporative Evaporative EvaD I:'::ive D%"L’,;g',"t
Cooling) Cooling) Cooling)

Our technical focus —
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» Utilization of psychometric energy available from
latent heat of water evaporating into air.

« The smart combination of the basic
thermodynamic processes of heat exchange and
evaporation that results in production of a
temperature approaching the dew point of ambient
air
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Hi-Tech Mechanical vs. IEC ettt

« Mechanical Cooling Uses Electricity as the Principal Source of
Energy

« IEC Uses Evaporation of Water as the Principal
Source of Energy, it does not use any CFC or GHG (green house
gases)
« EER of Mechanical is Approximately 12
« EER of IEC is Approximately 36 (energy saving 70%)

« IEC Evaporates More Water but Consumes
Considerably Less Fuel

« Water is Completely Reusable — Fossil Fuels are NOT.

« Consumption of Fuels Generate Environmental Problems
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»Internationally, systems working on similar principles
are called IDEC systems or Two stage evaporative cooling
systems.
« These systems are identified as Zero ODP (ozone
depletion potential) and Zero (Global warming
potential) systems.

»Research references are available from:
 DOE- Department of Energy, USA
« CEC - California Energy commission
« LBL - Lawrence Berkeley laboratory
 NREL — National Renewable Energy Laboratory



= Evaporative Cooling: e
= =8 Why Is This Important To You (and your MYt COQ‘I

Hi-Tech clients)?

If you could, would you provide your clients/customers
with an HVAC system that:

e Supplies 100% fresh outdoor air instead of stale

re-circulated air

e Uses significantly less energy to operate than current
recirculation systems

e Can be installed on a first cost basis equal to or less than a
standard mechanical system

e Can be retrofitted to their existing systems (in most cases)

o Is user user-friendly for maintenance personnel to operate and
maintain

If you could, you should
SO let's see how.
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Evaporative Cooling: iy

B cool

Hi-Tech What Does "Green” Mean To HVAC?

“Green” is not installing a high efficiency
boiler or alternative refrigerant chiller

“Green” is avoiding the need for that boiler

or chiller (or at least significantly downsizing
them)

“Green” is designing a high efficiency
hybrid system that used high efficiency
components



N Importance of Indirect Evaporative I~
A . Cooling What Are the Adverse Affects AQUAd cool

Hi-Tech Of Heat? —

Industrial facilities are particularly susceptible to
problems related to heat during extended periods of
the year.

* Heat stress

* Increased down time

 Quality control problems

* Reduced productivity

Many companies have done internal studies on the
true costs of such heat related problems...the results
are discouraging and most often not made public!



Evaporative cooling is the alternative A m I
Hl-Te ch for conventional cooling systems " il

It is an energy efficient and environmentally friendly & uses only water as
cooling agent and saves about 75% of energy on a warm summer day.

Three generations of evaporative cooling:

Direct Adiabatic Indirect Adiabatic Dew Point Cooling
Cooling Cooling

Discharge of humidified
Process air to open

Blower "~ Water Admittance of '
Motor a4 a'r‘:’gs'buuon Fresh ambient air ; electricity
A e iy , | 28°C / 50% RH
Evaporative | -1+ Evaporative x t 1
Pads } ads —~ Viig »
Air e ‘u Air P LI |
cooled

Blower : Recirculating

: :

ump water f conditioned

Pump Screen drip air 18.5°C
trav drain




4

_A. What is “Comfort Conditioning”? ' cool
Hi-Tech

Comfort conditioning relates to human comfort.

The surrounding air needs to be treated so that the person occupying
the place feels fresh & comfortable.

Factors that directly affect human comfort:

® Temperature

® Relative humidity

® Air motion

® 9 of fresh air

® Personal activity

® Clothing

What is ‘Comfort Conditioning’?

Often, one tends to look only at temperature & humidity as a
measure for comfort. However, fresh air and air motion are equally
important.
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Psychrometric chart
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Various air treatment process on
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Hi-Tech Psychometric chart
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Various conditions where you can

utilizes passive cooling methods

PASSIVE COOLING METHODS

' = | NATURAL VENTILATION
o HIGH MASS

15721 HIGH MASS/NIGHT VENTILATION
Whe EVAPORATIVE COOLING
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qua cool

healthy fresh air
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Envelopes represent conditions at
information-technology-equipment
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PN Direct evaporative cooling (DEC): Water :
% evaporates directly into the air stream, thus ——_—
N\ : : : o Agua cool
reducing the air temperature while humidifying

healthy fresh air

Hi-Tech the air.

Twb Wet Channel Psychometric chart of direct evaporative cooling
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__a . Direct evaporative cooling /- cool
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“Effectiveness” is defined by the
following equation:

E = (Tlyp-TDgp)+(Tlyp-Tlyo)
“Discharge Temperature” can
be determined by the following -
eq uation: OF AN 89%

EFFECTIVE

TDg,= Tlgo-[E X (Tlgo-Tlyp)] EVAPORATIVE,

Factors affecting effectiveness

are:
*Type of Media
*Depth of Media
*Face Velocity
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fresh air

Hl Tech

Primary air is drawn across filters (5/10/20 microns depending upon requirement)

and passed through sensible heat exchanger.
The primary air cooled sensibly with a heat exchanger, while the secondary air

carries away the heat energy from the primary air as generated vapor
Cool Air 1 Wb

with no \
Moisture e ' wet channel : g I
1\ Dz channel ‘

Saturation Line =

Exhaust with !
6 moisture ,
addition Area of
“Maximum”
“ Product

Temperature Area of Poor

| Drop or Heat Flux, S

INPERSLN ||| Cool air with [ Cooling lele;?acc)z %

IDEC No moisture — | e Area. and T

addition Area of s O

“Maximum” Working Air _,5,

Primary Working Air >
air stream sl Enthalpy d 0
Rise p -2:

Secondary
air stream

Dry Bulb Temperature
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SECONDARY 3 L 0.092

“Effectiveness” is defined by the AIR STREAM g

following equation: Y= 70028 >

Q « PRIMARY | o

E = (TIdb-TDdb) - (TIdb-TISWb) ﬁ ' 7>AIR STREAM I &
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“Discharge Temperature” can be '- | K
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equation: A 70% EFFECTIVE 21 100162
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i i 15 o 100120

Factors affecting effectiveness are: i et

eType of Heat Exchanger 10 ‘ =

Supply Air Flow Through i W 0.008
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eSecondary Air Flow | : T

eUse of Outside Air vs. Building 2 SN | e
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- Indirect evaporative cooling ——s
Hi-Tech OPtiOns
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What Makes IEC an Attractive ——

i\ ) cool
[ ] Iv ? fresh air
Hi.Tech Alternative

® Greenis IN

4

® [EC is Energy Efficient
® |[EC reduces green house gases

® IEC reduces demand charges — it works best on
the hottest days

®* The design mistakes of the past have, for the
most part, been corrected

® New techniques to condition water have been
developed
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COOLER 17 SECONDARY -

i i 15 o 100120

Factors affecting effectiveness are: i et

eType of Heat Exchanger 10 ‘ =

Supply Air Flow Through i W 0.008

Exchanger ; ' | . é

eSecondary Air Flow | : T

eUse of Outside Air vs. Building 2 SN | e

Exhaust as the Secondary Air Source| -6 1 4 10 15 21 26 32 37 43 48
DRY BULB TEMPERATURE (DEGREES °C)
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& Our offerings A 7T cool
Hi'TGCh healthy fresh air

Aqua cool - Ambiator family Aqua cool Pre-cooling unit family
* IEC « PCU-F
* IDEC . PCU-R

« IDEC+DX/CWC



Aqua cool heat & mass exchanger solutionto g
. B . cool fresh air pre cooling unit PCU-F (IEC + cool

Hi-Tech PX/CWC)

= The Aqua cool PCU - F is an excellent option to supply cooled fresh air to
improve indoor air quality while simultaneously reducing the load on the
compressor of the installed air conditioning system.

W)/

= Uses patented heat exchanger pre cool fresh air being supplied to air
conditioned spaces or air handling units in the most economical manner.

= The total cooling capacity TR saved will vary from one location to another.

= Also an excellent option where the entire fresh air load is handled by the
chiller or a DX system. Retrofitting of the existing fresh air handling unit is
also possible with PCU-F.



Aqua cool heat & mass exchanger solution g
- R . to cool fresh air pre cooling unit PCU-F Aacua cool
Hi-Tech (IEC + DX/CWC) et fenale e

Secondary i HE1:Sensible heat exchanger for
air outlet ; cooling air without adding moisture

HE2: Cooling coil

4

Filters

Primary
Air outlet
Louvers

Mist Eliminator

Water tank Float valve

Air inlet

» A
Air blower

The primary air stream is cooled first with indirect evaporative cooling. This cools the
primary air stream to the desired temperature. When more cooling is required, the

supplemental DX/CWC module cools the air further to reach the desired temperature.
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2\ Cooling of fresh air by using outside fresh ™
—& - ajr or return air from the building Aqua COSI
Hi-Tech o

Return Air from building
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Schematic diagram of indirect S———
evaporative cooling for fresh air cooled ~ (.12 cOOl
ch by exhaust air from the building S
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, Cooling of fresh air by using
Hi _Tech return air of the bmldmg

-—-.IIIII-.\\
Aqua cool

Example: . Y
A. Ambient Condition - 40DBT/20%RH ) :Z -«,
B. Supply Air After Recovery - 24DBT/50%RH o i
C. Return Air - 25DBT/55%RH I
D. Exhaust Air - 27DBT/80%RH " . - %
" 3 _ § Ta e

&5. % : ::» %,55
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_ia_. Evaporative Cooling Aqua cool
Hi-Tech o
v Principle of IDEC (indirect direct evaporative cooling) | 15ec hrocess:
v'Two-stage evaporative air cooling D3<D2<D1

W2<W2
h2<h1l
0
Cooling effectiveness (€): D1-D3

-
< D1-W1
>
L

IDEC process € is always >100%;
nearly 120% for summer

Warm air

: : Cool air
Primary air stream

|(no moisture added) Cool air

Dry bulb temp: D1
Wet bulb temp: W1
Enthalpy : hl

Dry bulb temp: D3
Wet bulb temp: W3
Enthalpy : h3

Dry bulb temp: D2
Wet bulb temp: W2

i
Enthalpy : h2

A
d 490

Secondary \
Air stream



Indirect & Direct Aqgua cool

Evaporative cooling e

Evaporative Pad
For Adiabatic cooling

Blower
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Vented
Moist Air

Exterior Air
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Interior
supply Air

-Indirect
Evaporative cooling
Heat Exchanger

ReIiculation Pump



| %! - Aqua cool Indirect & Direct AGia Cool

Hi-Tech Evaporative cooling (IDEC)

HE1: Sensible heat exchanger for
Secondary cooling air without adding moisture

air outlet

Filters

Primary
Air outlet

Louvers

!
/I
et
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Mist Eliminator
Air inlet

r blower

With indirect/direct evaporative cooling, the primary air stream is cooled first with
indirect evaporative cooling and then cooled further with direct evaporative cooling

Water tank Float valve



Schematic overview of datacenter ; S

. Agqua cool
l-ll Tech controller 9

Inside

O TT/MTO03

CVO1&Y X@ CcVv02

Eix-control

Cold corridor
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Fro1 - rrmrot

A A!.

TVO1

.’«YAVIO PS02
| ~TT04
[] Fire Alarm 1 TT/MTO02

[] Fire Alarm 2 Outside
[] Watchdog

[ ] Frost protection
[] Disturbance

[JNo water pressure
[Jwater leakage

Hot corridor

CDO01

Inside










Comparison between direct & indirect

Aqua cool

ing for city Dubai,

direct Evaporative Cool

althy fresh air

3\\

_; ” ._

Hl-Tech ——

£ &£ e & 2 P 2 & » ¢ A & @ ® o °
LT TTTTT 77T TTT77 77T T 777777777 TP TT 4 A R SR L7770 TTT 77777 77
1e
4
g;oa u!gg
3B REARRBERERRSEIANRIR22E- 20 ¢ . - = e y
\:_J17'__\.I‘r.rﬁ_‘rl.rA,r‘bj.ut__ | I [ _41 KR NS [ LI ~l__4h|__ et _— ul ‘_44_.:*_5_“_1_ .\%
% a 38 7
z2§8§§§g8§ OLYH ALOKNM 4
o g
- 1%
T T ‘.4. 17 \ L\v_ﬂ/\“\ \.fi , 4
{ frovedl \, 4 AN ‘
- 4 ‘e Ay , . S A \..I|\W..V/ ! %
¥
Y,
L
\
1
A
A#
/]
P
M L
3 4
3 /
RS
Z e
m /
& \\\.._. i (5 (/> & 4°
L/, ) = \wi\« NS y A
£, /- L7 N ﬂ -
DYy | TACL , A Lle
P : eanr 5
T = Ly S N et v va s
o ) ol o S LYy by R N v “XAS :
@© I () [« ny :.x\...\\ " [VAY A /A = \\
< * && o” .\\\\\. £ = XI v ,\.\X; P |\ﬂ
m = N o, * 4, ARXXAXA |
ool |s| o ., *y/, = QA O KEN A, :
o =2 N L/, ENARAFA N NVAIAN /
O Uy, X ANV }
o= | © 5, & AR/ e i
w Bm.u < o Y, 3 = d'd '
IT| o N« P \S 78471
AOA \

R x| o / ¥ 4

I w| ® IH AL 4
~ « LIS
o= *% .

1 & 3 A7 ;
S|k, |af « &, Al 3
~ Wo Q 2 \\\ 0 = .‘.\

N N 77 w
L CHAR T A
T = © 7 “a ~ -

BM.U M‘.Uu ﬂ ® \\\‘ ¥ 4

[a] \\\ 7 a7 4

1 Dx\\‘ 7 J

Teoe|w]| © A & 1

Ro N ~ w.\.,\w\ @ u. m\

/; \A

= ~ < Al 8
k= mm.u & 3 K w\ % m
Q2 &/, Wdg
.m i A ?

L R LA

[a]

SEHE

a Rl @

<
om
2
[a]



= : - e
Comparison with direct cool

Hl Tech evaporative cooling
SN TNV TN T I NN

Due to the greater cooling effectiveness of an Indirect/Direct system compared to a Direct system, the Indirect/Direct | %"b
system can maintain the same space condition with less air can have a significant affect on the economics of the ventilation = 3
system: (1) The air handler will be smaller since less air needs to be delivered into the space; (2) The ductwork will be B {72

smaller since less air is required; (3) Smaller motors will be required. This will result in a Jower first cost as well as

lowering operating costs for the Indirect/Direct system. This will result in a lower first cost as well as lower operating B "g%
costs for the Indirect/Direct system. :° §
= 25— 2 N
:, —z i %
3 25
A
e Lot "%
e B -
e — 18k % E
8 e E
o — ug ’Q’ i
I
05 +u | %%
“Hypothetical Building: 500'x 200'x 25’ (old building with moderate mternal heat) 5 +n |
++Building Cooling Load: 20" to 30" Btu/SqFt (assume 30 for this example) 500’ x 200" x 30 Btu/SqgFt = 300,000 Btu/Hr 10 le
<+ Internal Heat Cooling Load: 0 to 20 Btu/SqFt (assume 10 for this example) 500’ x 200 x 10 Btu/SgFt = 100,000 Btu/Hr e =
“»Total Cooling Load: 300,000 + 100,000 = 400,000 Btu/Hr -9 Yo
<Btu/Hr = Cfm supply air x 1.08 x AT I
“Direct evaporative system provides 8°F (-13°C) differential (discharge to space) : B 5 %
“+Required Cfm (Direct system): 400,000/1.08/ 8°F(-13°C) = 46,296 Cfm L B |
“Indirect/Direct evaporative system provides 14°F (-10°C) differential (discharge to space) % R N
“Required Cfm (Indirect/Direct system): 400,000/1.08/ 14°F (-10°C) = 26,455 Cfm B : {®
“+Use of Stratification and Spot Cooling strategies will reduce the actual cooling load approximately in half R ; ; 4
“*Required Cfm (Direct system): 46,295/2=23,148 Cfm ol : i%
NReqwred Cfm (Inlrect/Dlrect system) 26,455/2=13,227 Cfm \
RN ; : X 2 : S ) 3 i%
» 7 % % “ s % % % % % o




Performance of Aqua cool in the afternoon .
= 12 A.M. with indirect and direct cooling Aqua cool
Hi-Tech Process., Dubai , Riyadh and Al-Ain healiny fresh ai

)y

Ambient HE1 ( DAMA) HE2 ( CelDeck Pad )
24
3 3 3 3 £
ppr-oc| PBT- [WBT-f pii.o |DBT-2c| WBT- | RH% [DBT-oc| WBT- | RH.%
C C C c
N .
DUBAI 147 | 45 |30.3] 35 | 33.2 | 27.7 66 28.0 | 27.7 | 97.7
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RIYADH or %
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- Advantages ———
Hi-Tech over Air-washer

Significant upgrade over air-washer

» Provide more cooling with same machine capacity as an air-
washer
» Saves power for the same cooling effect as an air-washer

For same machine capacity

» More temperature drop (4 to 5 °C) in Aqua cool vs Air-washer

» Aqua cool cools air without adding moisture in air during
sensible cooling process in indirect evaporative cooling or
little moisture to acceptable limit in case of indirect /
direct evaporative cooling as compared to what Air-
Washer does



. Comparison Aqua cool

Hi-Tech

4

Aquacool: Comparison with direct evaporative systemss
Aqgua cool g

359 369 379 389 399 409 419 429 439 449 459

18 19 19 20 20 21 21 23 22 23 24

200 200 20 21 221 22] 23 24 24 25 26

21) 221 221 23 23 24 25 25 26| 27| 27

23] 24 25 26 26 27| 28 28 29 30 31

26| 27| 27 28| 29 30 31 31 Bj 33 34

2§| 26 27 29 30 3g| 311 32] 33 34 35 36 37

e Relative Humidity Conclusion:
©  Dry bulb temperature | ) f
©h  Wet bulb temperature Aqu? _COO outper or_ms
_ traditional evaporative
Evaporative system systems!

369 379 38 399 409 419 429 439 449 459

24 25 26 271 27 27 28 29 30 31

25 26 27 28 29 29 30 3 32 33

27 28 28 29 30 30 31 3 33 34

28 29 29 30 31 Bj 33 3 35 36I
300 31 31 32 33 3
320 33 33 34 35 36| 34 37 38| 39

34 35 36 37




Fresh air handling cooling by Indirect Aq u‘a COOl

evaporative cooling and chilled water coil . fradh ok

@////

Hi-Tech
!

- %
Example: wto W
A. Ambient Condition — 40DBT/30%RH el
B. IDEC Outlet —28DBT/58%RH - Y
C. TFA Outlet—20DBT/80%RH e -_
D. Exhaust Air — 29DBT/85%RH § = 1%
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‘= Working Prmcu?le of ———
Hi-Tech dew point cooler

*The Aqua cool has patented heat exchanger that forms the core of an
air cooling system.

*The heat exchanger consists of proprietary plates made of
polypropylene. Inside these plates there are air
«channels, through which primary air is blown, usually fresh ambient air.

*The outside of the heat exchanger plates are covered with a
hygroscopic layer, which is externally moisturized by

swater. Due to forced evaporation of the water on the surface of the
plates energy is extracted and this indirectly

cools the air inside the channels.

*100% primary air is cooled in the heat exchanger, 70% of the cooled
air is supplied to the space which needs to be conditioned and a 30% of
the cooled air is derived as scavenger air in a counter flow along the
hygroscopic layer on the outside of air channels in the heat exchanger.



2 Principle of dew point _ Aam |
Hi.Tech iNdirect evaporative cooling

Dew-point cooling

e%? s ‘»" _j Cool Air
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= Working Principle of counter ]
Hl Tech flow Indirect evaporative coolmg

Counter flow Indirect evaporative cooling (IEC):

Primary air is cooled sensibly with a heat exchanger, and part of the cooled primary air
is diverted in to wet channel and secondary air carries away more amount of heat
energy from the primary air as generated vapor

e
x_J v #{'l.

e dp

1 4—4— Wet Cha ne

1

3\—.— product channel ﬁll
I I«Q- working zwet channel

\- working Dryz channeD

Saturation Line

Absolute Humidity

DryBulb Temperature

tthhilll

| Cool Air

IIIIIIIIIIIIIIIIIIIIIIIIIHIrﬂﬁIIIIIIIIIIIIIIIIII with no
MRECT EVAFORATIVE +EAT EXCHANGER Ai r In J_‘ J_l MOIStu re
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X - - -
- Working Principle of counter flow o]
Hi.-Tech 'Mdirect evaporative cooling

Indirect evaporative cooling (IEC):
Primary air is cooled sensibly with a heat exchanger, while the secondary air carries
away the heat energy from the primary air as generated vapor

1 wb
1
III\ 2. el enannel . 4, dp
' \:2\) Saturation Line —
11\ h1 Dry channel 3
I P
III 47 wel_cpa.n_n‘u_lr 7 <\~4—~ -§
) -
I Dry channel :|3:
[1 b
<

1
3\—._ product channel ﬁgg

[ [ working ses Wet s channe| sy,

.
\

\ % Dry Bulb Temperature
== workings e Dry ssfes Channel diipe”




= Internals of Aqua cool dew point S————
& - cooler process airstream and A{Qua COOI
Hi-Tech exhaust stream airflow

Figure 5. EXHAUST AIR STREAM



= Multistage indirect evaporative ;™% cool
Hi-Tech cooler airflow process

HOW IT WORKS
4 % . 100% Fresh air enters the
system

The air is filtered of
dust/allergens

Working air removes heat

Heat and moisture is
exhausted from the
system

I BRORA.

Cool product air enters
the building with no
added humidity

Figure ©.



Hi-Tech

%
A

Conceptual psychrometric representation ,
of the staged indirect cooling process .

aua cool

fresh air

Psychrometric Chart at O ft Elevation (1.013 bar)
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Air flow in Dew point cooler » - cool

fresh air

1. Outside air is pushed into Aqua cool heat exchanger with a
single fan.

2. Product Air Channels.
3. Working Air Channels.

4. Heat from the Product Air is transferred through the thin
plastic, and into the Wet Channels below.

5. Working Air is blocked from entering the building.

6. The Blocked Working Air is turned and passed through small
holes into Wet Channels below the Product Air stream.

7. The Working Air in now moving through Wet Channels
perpendicular or cross flow above and below the Dry
Channels.

8. The heat that is passed from the Dry Channels is converted
into the water vapor.

] ] ) ) ) 9. Heat from the Product Air has been converted into water
The green slide is the plastic coating that is vapor and is now rejected as exhaust to the outside air.

used to create a Dry Channel.
10. The Product Air which has now traveled the length of the

. . . heat exchanger, enters the desired space, cold and dry.
The gray is the open paper side that is used 9 P Y

to create a Wet Channel.




= How it works: o P
- a Aqua cool - Fresh Air Example R bl COOI
Hi-Tech pedicated Outdoor Air System (DOAS)

WORKING AIR

L©)

110°F 1 43°C

FRESH AIR

S5°F /13°C
SUPPLY AIR
E 1. Fresh air is drawn into the air conditioner through an outside air damper. For example, outside summer air may be 110°F (43°C).

E2. The air is then filtered before it enters Aqua cool's heat and mass exchange process.

E3. The air that enters the heat and mass exchangers, is cooled without adding or removing humidity.

E4. The example air will be cooled more than 35°F (20°C) with no change in humidity, and will leave the heat and mass exchanger at 72°F(22°C).
E5. The air enters the cold refrigerants coils, where additional cooling and dehumidification can occur if needed.

E6. The example air is cooled to 55°F (13°C).A high efficiency fan moves the conditioned air through the process and into the building where it is distributed via the
building duct system.

E7. The vast majority of cooling system is performed by the heat and mass exchangers by using about half of the entering air as working air. Water is evaporate into the
working air, which pulls heat away from heat exchangers that in turn pull heat away from the conditioned air. At 79°F(26°C) the working air example is over 30°F(17°C)
cooler than the 110°F(43°C) ambient air. The saturated and cool working air is used to remove heat from the hot refrigerant condenser coils more efficiently.

E 8. The working air leaves the hot coils at 97°F(36°C) and then goes on to cool the 2-stage refrigerant compressor and working air fan, saving more power.



How it works: p—

Aqua cool - Fresh Air Example Aqua CO?'
Hl-TeCh Dedicated Outdoor Air System (DOAS)

PSYCHROMETRIC CHART - US and Sl Units
SEA LEVEL

Barometric Pressure: 29.921 Inches of Mercury (101.04 kPa)
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= How it works: Ao eos|
Hé)i-i;éh Aqua cool - Mixed Air Example CO0

fresh air

WORKING AIR

110°F 143°C

FRESH AIR

55°F /13°C

SUPPLY AIR
E1. If 100 percent fresh air is not needed, automatic dampers are used to mix return air from the building with outside air.

E2. This mixed air will enter the filter at approximately 93°F (34°C). The air is then filtered before it enters Aqua cool's heat and mass exchange process.

E 3. The air that enters the heat and mass exchangers, is cooled without adding or removing humidity. The mixed air goes through the air conditioner at cooler
temperatures.

E4. The example air will be cooled with no change in humidity, and will leave the heat and mass exchangers at 66°F (26°C).

E5. The air then enters the cold refrigerant coils, where additional cooling and dehumidification can occur if needed. In this example, only the first stage of the refrigerant
system is needed; so the air conditioner requires less power and operates efficiently.

E6. The example air is cooled to 550F (13°C). A high efficiency fan moves the conditioned air through the process and into the building where it is distributed via the
building duct system.

7. The vast majority of cooling is performed by the heat and mass exchangers by using about half of the entering air as working air. Water is evaporated into the
working air, which pulls heat away from the heat exchangers that in turn pull heat away from the conditioned air. At 72°F (22°C) the working air example is over (20°C)
cooler than the 110°F (43°C) ambient air. The saturated and cool working air is used to remove head from the hot refrigerant condenser coils more efficiently.

8. The working air leaves the hot coils at 86°F (30°C) and then goes on to cool the 2-stage refrigerant compressor and working air fan, saving more power.
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Hi-Tech

. Air flow in Dew point cooler Aqua cool

fresh air

Primary air is cooled sensibly with a heat exchanger, and part of the cooled primary air is diverted
in to wet channel and secondary air carries away more amount of heat energy from the primary

air as generated vapor

Cool Air entering
in the building

orking
Air

Product
Air

Humid
exhaust
working air
Channels

Channels

Product air and Working Air enter the dry
side of the Heat exchanger

Cooled Working Air is fractioned off into
wet channel throughout the exchanger

Heat from the product air is transferred
into the working air though evaporation
and is rejected as exhaust

The Product air travels the length of
the dry channels while transferring its
heat to the working air in the wet
channels above and below . as a result
the product air cools drown and
remains dry as it enters the building .
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__3_ Airflow in Dew point cooler Aqua cool

Hi-Tech e

Primary air is cooled sensibly with a heat exchanger, and part of the cooled primary air is diverted in to wet
channel and secondary air carries away more amount of heat energy from the primary air as generated vapor

Cool Air entering
in the building

1 Product fluid enters the heat and mass
exchanger here

-2 working fluid that has been cooled is
fractioned off into the wet (gray)
channels repeatedly across the
exchanger

& 3 working fluid air fractioned off into wet
==

channels.heat from the product fluid
; has been transferred int the working
:ﬁ; &y
4 ¥ Humid
%
()=

fluid and is rejected as exhaust.

‘ sv):)':iﬁmsg;t i 4 The Product fluid traveled the length of
Dry the dry (green) channels,transferring its
Channels heat to the working fluid is now dry

and close to the dew point temperature
of the entering fluid.




= Working Principle of counter flow ==~
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Hi-Tech indirect evaporative cooling

Counter flow Indirect evaporative cooling (IEC):
Primary air is cooled sensibly with a heat exchanger, and part of the cooled primary air is diverted
in to wet channel and secondary air carries away more amount of heat energy from the primary

p)

air as generated vapor
L r = .

Exhaust air 3 Wet channel ~ Qsensible %Etﬂ“ ‘3 Working air

Water

Wall

Intake air 1 Dry channel QtTLal N |h—-
’ Product air 2
1-2: Product air

Supplying Flow

2-3'-3: Working air Working Flow :

3
W- _8
i ©
3’ : ¢l >
I )
. 12 1 o
Dew point < W, g
I

. Cooling core

- g
~— -

AN

po,l T2 wa,l T1

o)
’{?\}
N
IV Ysaud
‘ ‘JGJI!:I‘ ‘

Dry bulb temperature




Air flow direction in heat exchanger

& on Psychometric chart Aqua Coo'
b
Product Air: 1—,—>4 gp;évg_\g_;_:j

i_. n Saturation Line
Working Air: 1_1::2 2 2 2

3-»3 ™3

I—»m-—.n\w—»m

Absolute Humidity

Dry Bulb Temperature



Aquacool’s, Independent Counter Flow A
B . Enthalpy Exchanger (CFEX), how does it ; cool

Hi-Tech Wwork?

*The Aqua cool is a heat exchanger that forms the core of an air cooling and recovery system.

////

*The heat exchanger consists of proprietary plates made of polypropylene. Inside these plates there are air channels, through
which the primary air is blown. The primary airflow can be ambient air, recycled air or a combination of the two.

*The outside of the heat exchanger plates are covered with a hygroscopic layer, which is externally moisturized by water. Along
the hygroscopic layer a second airflow is led by a second fan. This airflow can be ambient air or air from the building to be
continued. This “scavenger” air flow can be 0% - 100% of the primary airflow. Plates -

*In summer situations, the forced evaporation of the water on the surface of the plates
extracts energy and this indirectly cools the air inside the channels.

«In winter situation the air flows can regenerate energy to warm up make up air.
The heat recover ratio is 75%.

2011 Mar 75
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| How does it work Aqua ,C°°|

Hi-Tech

Aqua cool is a heat exchanger that forms the core of an air cooling system

*The heat exchanger consists of proprietary plates made of polypropylene. Inside these plates there are air
channels, through which fresh ambient air is blown.

*The outside of the heat exchanger plates are covered with a hygroscopic and moisture absorbing layer, which is
externally moisturized by water. Due to forced evaporation of the water the surface of the plates are cooled and
this indirectly cools the air inside the channels.

*70% of the cooled air is supplied to the space which needs to be cooled and 30% of the cooled air is re-routed as
process air in a counter flow along the hygroscopic layer on outside of air channels in the heat exchanger.

Vorocess ,  Dewpoint cooler

Channel plates

\ N NN BN NN

Water supply

ﬁ

Vprimary —

Diffusor

First channel
plate removed to
show one of the

process ducts
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Simulator results 38 °C 60%

humidity

A

Y
qua cool

althy fresh air

Aquacool Simulator
Version 3.1
Dewpoint Cooler SC750/690 (1500m3 primary air per unit) ‘ S
Main Geometry and Perfomance Calculation Converged solution ||[|||}1|
Process Flow 0 [Pa] Select Cooler Type
346 [C] DB Dewpoint Cooler
340 [cjwa
338 [C]DP
450 [mam] 960 [% RH]
30.0 %] 34.1 [g/ka)
122129 [Wkg) 50148
e 690 =
150 100 Balance error 0.1%
-« >
Primary Flow
1500 [mah] M’ Cooled Air Flow
16.7 per piate 1 1050 ‘m3/h]
231 [Pa) 5 % 117 [Pa]
38.0 [CjDB = 40 30.6 [T]DB
30.7 [C] W8 £ 2 750 292 [C]WB
28.9 [C] DP & 289 [C] DP
60.0 [% RH] g 20 — 90.7 [% RH]
25 4 [g/kg] E 10 S 25.4 [g/kg]
103298 [J/kg] = 0 WarasTare i 95518 [Jkg]
v
Primary Process Heat flow primary o process 3781w
Pressure drop [Pa) 115 117 Net cooling capacity 2618 (W]
Temperature difference [K] 74 4.0 Cooling capacity per plate 291w
Dew Point Effectiveness 814 %]
Waterflow 4.5 [kg/h)
Efficiency Calculations
Fan Efficiency 60.0 %] Friction losses primary 48 W]
Restriction valve 100 %) Friction losses process 15 W)
(0 % = no restriction, Friction losses valve 34w
(100 % = pressure drop valve equal to process air) Friction losses total 96 W)
Fan input 160 W)
cOoP 16.32 []



2\ Simulator results 45 °C 50% eI~
N\ ..

thy fresh air

Aquacool Simulator

Version 3.1
Dewpoint Cooler SC750/690 (1500m3 primary air per unit) R
Main Geometry and Perfomance Calculation Converged solution ||||I|1II|
Process Flow 0 [Pa] Select Cooler Type
393 C] o8B Dewpoint Cooler
384 [C]WB
38.2 [T] DP
450 [m3/m] 941 [% RH]
30.0 %] 441 la’kg]
152688 [Jikg] 50148
- 690 R
' =150 100 Balance error 0.1%
+——>
Primary Flow
1500 [m¥h] M Cooled Air Flow
16.7 per plate 1 1050 ‘malh}
236 [Pa) 5 S0 119 [Pa]
45008 | a0 he—m—m— 34.0 [T) DB
34.4 [C]WB € 750 325 [C]WB
32.1 [c]OP B 32.1 [C]DP
50.0 [% RH] g 20 — 90.2 [% RH]
30.9 fo/kg] § 10 N 30.9 [g/kg]
124804 [Jkg] = 0 e Wi | 113153 [ikg]
v
Primary Process Heat flow primary to process 5492 (W]
Pressure drop [Pa] 117 119 Net cooling capacity 3815 W]
Temperature difference [K] 11.0 54 Cooling capacity per plate 424 (W]
Dew Point Effectiveness 85.7 [%]
Waterfiow 6.6 [kg/h]
Fan Efficiency 60.0 (%) Friction losses primary 49 \wj
Restriction valve 100 [%] Friction losses process 15 W]
(0 % = no restriction, Friction losses valve 35 W]
(100 % = pressure drop valve equal to process air) Friction losses total 98 W
Fan input 164 (W]

COP 2330 [



Indirect With Chiller & Heat —aI—
<2l cool
Hi-Tech Recovery

W)/

An Indirect evaporative pre pre-cooler can be used to
reduce the size of a new chilled water system, or

can be used to reduce the outside air load on an
existing system.

When used for energy (heat) recovery in winter
operations, that same indirect unit can pre pre-heat the
outside arr.
* In certain parts of the country, the energy savings from
heat recovery may be even greater than those from
evaporative cooling



= Key features of all Aqua cool —a—
Hi-Tech €00ling system

Energy Efficient (EER of over 25)
Eco friendly (No CFC is used)

Aqua cool comes with an integrated control panel with
options such as:

« Variable speed drives
« PLC/Micro controller based control systems
« Remote management

« |Integration with existing control systems / BMS /
Energy Management



Suitable locations worldwide; the warmer and ~'\
A . dryer the climate the better the Aqua cool C00|

Hi-Tech performance

//////




% Typical usage for the Dewpoint Cooler is in open I

§ - spaces and for the CFEX is in balanced ventilation cool
Hi-T ech or air recirculation systems
l: - \, Market CFEX

Data centers, Show rooms, Factories, work
Shops _—~ shops

N R S A S e b e o S SRl s Event halls,
Sports halls

~
/ } Market Dewpoint Cooler
~ -

Classrooms

Stables, farms

Offices,
Nursing homes

Efficient Cooling / Energy Saving

Fresh Air / Cdol Ventilation



Hl-T ech configurations

The Aqua cool can be used in several , B,

qua cool

thy fresh air

Dewpoint cooling

Displacement ventilation

}
Q
Dl;

Pre-cooling of make up
(ventilation) air

CFEX

100% Air recirculation with
independent scavenger air flow

Summer Winter

0-100% balanced ventilation with adiabatic
cooling in summer and heat recovery in winter



% Case study, Cooling of fresh air by exhaust —
__A . air of the building by indirect evaporative cool
Hi-Tech cooling, Al Ain or Riyadh
A area, m2
cp specific heat capacity at constant pressure, kd/kg.K
h enthalpy, kJ/kg
m mass flow rate, kg/s
Q volume flow rate, m3/s
q heat transfer rate, kW
t temperature, °C
U heat transfer coefficient, kW/m2K
u velocity, m/s
vol volume, m3
Greek Leftters
€S effectiveness, %
P density,kg/m3
Suffixes
a air
e exhaust air, element
he heat exchange
i inlet
0 outlet
S supply air, sensible
tot total

W wet bulb



Hi-Tech

Supply air inlet

t1 = supply air inlet dry bulb
temperature

¢1 = supply air inlet humidity

tw1= supply air inlet wet bulb
temperature

w1 = supply air inlet moisture in the air
h1 = supply air inlet enthalpy

Exhaust air inlet

t3 = supply air inlet dry bulb
temperature

¢3 = supply air inlet humidity

tw3= supply air inlet wet bulb
temperature

w3 = supply air inlet moisture in the air
h3 = supply air inlet enthalpy

Various parameters of air

ua cool

fresh air

Supply air outlet

t2 = supply air outlet dry bulb temperature
¢2 = supply air outlet humidity

tw2= supply air outlet wet bulb
temperature

w2 = supply air outlet moisture in the air
h2 = supply air outlet enthalpy

Exhaust air outlet

t4 = supply air outlet dry bulb temperature
¢4 = supply air outlet humidity

tw4= supply air outlet wet bulb
temperature

t4 = supply air outlet moisture in the air
h4 = supply air outlet enthalpy
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, % L Simulation |“p“ts ' cool
Hi-Tech

Simulation inputs:
Volume flow rate on supply air side,
Qa = 25485 m3/h = 7079 L/s = 15000 cfm
Ambient outdoor, supply air temperature at inlet of PHE,
t1 =41.5°C, h1 = 76.5 kd/kg =32.89 Btu/lb
Exhaust air temperature at inlet of humidifier,
t3 =30°C, h3 = 59.2 kJ/kg = 25.45 Btu/lb
Effectiveness of heat exchanger,

£s = 80%



Calculations

Hi-Tech

Enthalpy of exhaust air after dehumidification,
hA = h.3 =59.2 kd/kg = 25.45 Btu/lb

Minimum enthalpy to which supply air can go,
hmin = 63.11 kJ/kg = 27.13 Btu/lb

Enthalpy of supply air at outlet,
h.2=h.1-¢&s (h1-hmin) =71.7 kJ/kg = 30.83 Btu/lb

«Mass flow rate, ma = pa
Qa = 7.89 kg/s = 1044 Ib/min

Heat loss by supply air,
gs=ma.dt12. cp.a=270.7 kW = 9.237e5 Btu/h

From velocity of air, ua, we can get cross section area,
A.cs.p = Qalua

Calculating the total outer area required for heat exchange,
A.he.o.re = gs/(Uo . Imtd)

For these values of A.cs.p and A.he.o.re,

We get the size of heat exchanger.

From this, we can calculate initial cost of the system for the calculated size.

Energy saved,
gsav = qs/3.3

el

cool

fresh air

Where, 3.3 is the assumed COP of the chiller unit. The cost of energy saved per unit time can be calculated from gsav.

Payback = (Initial total cost)/(Cost of energy saved per unit time)



el
Aqua cool

{3
»s Exhaust Air inlet

w3
h3

Supply Air
Outlet 2

Sprinkling water

Supply Air Inlet

Exhaust Air
outlet
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Assumptions for simulation cool

Hi-Tech
Assumptions for simulation

a.Exhaust air is adiabatically humidified to 90% saturation
during process 3-A

b.Adiabatically humidified air is then used to cool fresh
ambient air in a counter current air toair heat exchanger
with water continuing in contact with adiabatically
saturated exhaust air

c.Mass flow rate of exhaust air is 7500 cfm (3539 L/s) and
mass flow rate of supply air is 15000cfm (7079 L/s)
d.Effectiveness of heat exchanger is 80%

e.Exhaust air conditions are 30°C DBT and 16°C DPT
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Hi-Tech
Table 1: Case Studies and comparison with experimental results
City Qa Qa m_ t, tw, D, w, h, £ t, tw, P
cfm m3/h kg/s °oC °oC % g/kg kJ/kg % °oC oC %o
Sample 15000 25485 789 45 206 428 114 59.2 80 45 25.3 20.2
Mumbai 15000 25485 789 33.3 206 428 114 59.2 80 333 28.1 70
Dubai 15000 25485 789 413 206 428 114 59.2 80 41.3 329 57
Riyadh 15000 25485 789 434 206 428 114 59.2 80 43.4 20.1 10
Abu 15000 25485 789 404 206 428 114 59.2 80 40.4 334 63
Dhabi
Doha 15000 25485 789 415 20.6 428 114 59.2 80 415 31.2 49

Baghdad 15000 25485 7.89 44 20.6 42.8 11.4 59.2 80 44 25.1 22

Table 2: Case Studies and comparison with experimental results

City w, h1 t tw, ¢A w, hA t, tw, ¢4 w, h4
g/kg kJ/kg oC oC % g/kg k3/kg oC oC % g/kg kJ/kg
Sample 12.2 76.65 21.6  20.5 90 14.8 59.2 31 29.5 20 25.8 97.2
Mumbai 22.4 90.5 21.6  20.5 90 14.8 59.2 32.1 30.6 20 25.6 103.0
Dubai 29 116 21.6  20.5 90 14.8 59.2 36.8 351 90 36.2 130.0
Riyadh 5.47 57.7 21.6  20.5 90 14.8 59.2 30.3 28.9 20 24.8 94.6
Abu Dhabi 30.6 119 21.6  20.5 90 14.8 59.2 36.8 351 90 36.2 130.0

Doha 25 106 21.6  20.5 90 14.8 59.2 36.3 34.7 90 35.3 127.8



Hi-Tech

City

Sample
Mumbai
Dubai
Riyadh

Abu
Dhabi

Doha
Baghdad

Process

I

Table 3: Case Studies and comparison with experimental results

t2

°C

26.3
23.0
24.3
26.0
24.5

23.8
26.1

tw2

°C

20.1
23.0
24.3
14.4
24.5

23.8
20.2

2,

%o

56.7
100
100
26.2
100

100
58.8

w,

g/kg

12.2
17.8
19.3
5.47
19.6

18.7
12.5

h

2

kJ/kg

57.5
68.6
73.7
40.0
74.3

71.7
58.0

q12

kw

150
173
334
140
353

271
264

Re

1122
1122
1122
1122
1122

1122
1122

dP

Pa

165
189
368
154
399

298
292

Cost

106
INR

3.03
3.47
6.74
2.82
7.13

5.45
5.34

Payba
ck

Day

278
278
278
278
278

278
278

cool

fresh air

CO,e

t/year

0.106
0.122
0.236
0.099
0.249

0.191
0.186



| % Aqua cool system for cooling of T
H@_ ';\ h fresh air with return air of building ~ ° COOI
1-16C

The qua cool -HMX — PCU — R is a perfect solution where the application
requires pre cooled fresh air and return air is available.

The objective of PCU-R is to replace inefficient and maintenance intensive
energy recovery wheels, heat pipes, air-to-air heat exchangers, etc.

The air flow is made such that the cold return air, by design available at
room temperature of 24°C and 55+5 % RH, is used as secondary air for the
HMX heat exchanger .

Energy Efficiency Ratio (EER) is more than 25



Aqua cool system for cooling of : -’\

7

— &> fresh air with return air of building Coo'
Hi-Tech

/////‘//

HE1: Sensible heat exchanger for

Secondary air outlet cooling air without adding moisture

Filters Primary
air outlet

Louvers

YR E NS AR NEE

TSNS NNRENSNNNEEERRRERRN

JIE

2 A LT Y IF OF AT SEesnnim

FESEEENA Wi
r s s 72777 4

FASSNNSSEEEA
T T

Air inlet Water tank Float valve

Air blower

S——

The primary air stream is cooled with indirect evaporative cooling with the help of the return air coming
out of the air-conditioned space. This cools the primary air to the desired temperature.

Energy Efficiency Ratio (EER) is more than 25



Fresh air cooling indirect evaporative cooling by
using building exhaust air for maximum energy S
saving for dry location such as Al-Ain, Riyadh in Aq ua COOI

Hl—Tech GCC.

1]
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- = Aqua cool system for Fresh Air ———
A cooling by using return air for Aqua COOl
[-[l.ngn maximum efficiency

(This can be use to cool the condenser for the DX coil)
Chilled water DX Coil
inlet  outlet

\ -
= o e
ply

Fan

Wetted pad or
other direct
evaporative media B

Working air

Heat exchanger

C Outdoor air

Working air fan

Outdoor air

.

¥
|
|
; = 5
!
R oA
\ . J L

Pump

Return Air A

N

Reservoir



* % Hybrid air conditioning process , —="——

Hi-Tech to cool fresh air

Wet Media

A. Return Air from Building

temp 25 °C to 28 °C

B. Saturated Air entering in Heat Exchanger
temp 21 °C

C. Air Exhaust entering Heat Exchanger

-~ \ \' .
-‘ y
D. Fresh Air entering in Building 45 °C AR AV e L. S
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Schematic diagram of the indirect -»’-—‘&)\OI
HL.T . h evaporative cooling

op)

evaporative cooler

exhaust air extract air

outdoor air supply air

evaporative cooler

Warm extract air from rooms (1) comes to the evaporative cooler. There because
of the evaporation the air cools down and becomes more humid (2). After that the
air comes to the heat exchanger, where it takes heat from the incoming outdoor air
(3). On the other hand, the outdoor air comes to the heat exchanger (4), where it is
cooled by the exhaust air flow without increasing of the moisture content (5).
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Hi-Tech

For same cooling effect (space temp to be maintained is same)

Aqua cool vs Air-washer

cool

fresh air

Sr | Particulars Air-Washer Aqua cool
1 Area to be cooled 30,000 sft 30,000 sft
2 Space temp to be maintained 30 degC 30 degC
3 CFM reguired 20,000 CFM 1,20,000 CFM
4 e . Much lesser than in Air-

Humidity in space High Washer’s case
5 Net water addition in suoplv air Summer: 2900L/hr, Summer: 750L/hr,

PPy Monsoon: 1100L/hr Monsoon: 340L/hr
6 Power consumption per hour 90 Kwh 72 Kwh
ption p (0.45 Kwh per 1000CFM) (0.60 Kwh per 1000CFM)
7 Power consumption per year 90*12*300 72*12*300
= 3,24,000 Kwh = 2,59,000 Kwh

8 Power cost per year _ _

(@RS5 per Kwh) 16,20,000/ 12,96,000/
9 Appr. Ducting cost 60,00,000/-d 36,00,000/-
CONCLUSIONS
1. Savings in power cost for every year
2. Saving in ducting cost
3. Saving in capex => can be calculated on case to case basis
Note -:Above calculations can be worked-out on case to case basis




- Aqua cool vs Air-washer , =7,

Hi-Tech €ontinued....

Significant upgrade over air-washer

1. ‘Provides more cooling with same machine capacity as an air-washer’

or

2. ‘Saves power for the same cooling effect as an air-washer’;

1. For same machine capacity
v" More temperature drop ( 4 to 5 deg C ) in Aqua cool vs. Air-washer

v" Aqua cool adds only half of the moisture in air during cooling
process, as compared to what Air-Washer does
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Hi-Tech
(Conditioned space i
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Mixing Box
Cooling Coil




= - . . %3
- Solution for cooling fresh air A qml
Hi-Tech healthy fresh air
-
Conditioned space I
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Cooling
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1 Multistage IEC evaluation /.- cool

Hi'TGCh fresh air

The multistaged IEC has a unique design that maximizes the effectiveness of the direct and indirect stages of its cooling process. The
schematic in Figure 5 illustrates fluid movement through the Aqua cool’s heat and mass exchanger. The Aqua cool heat and mass
exchanger is made of plastic in a geometric design that cools both the product and working airstreams in an isolated heat exchange
process.

Fan energy is the only form of electrical energy input into the system. The fan is driven by an ECM that is greater than 90% efficient
and is variable down to a near 0% flow rate. The inlet air passes through a filter before it enters the unit. The top portion of the inlet air
is supplied to the space as the primary/product air stream. The air that flows through the bottom part of the Aqua cool’s heat and mass
exchanger is the secondary/working air. The system of cascading incremental airflows creates a thermodynamic process called the
Maisotsenko Cycle (or M-Cycle) (Figure 5 and Figure 6). The process works by cooling both the primary/product air and the
secondary/working air in a 20-stage process. The cumulative result is a lower primary/product air temperature than is possible with
conventional evaporative cooling technologies. The key difference between this and other direct/indirect processes is that the
secondary/working air that is accumulating moisture is exhausted at each stage, enabling the primary/product air to be delivered at a
lower dry bulb temperature. This staging of air flows creates supply air that is driven by the colder dewpoint temperature rather than
the wetbulb temperature.

In the psychrometric chart shown in Figure 7, the red arrows indicate the direct evaporative cooling taking place in the
secondary/working airstream, which is exhausted at each of the 20 stages. The blue arrows represent indirect cooling of the
primary/product airstream through the plastic heat exchange material; no moisture is added to this air stream during this process. This
portion of the secondary/working air mixes with the secondary/working airstream during the purge process, so it will mix with air at
higher humidities but only in the secondary/working airstream.

The advantage of the M-Cycle is that the working air is purged repeatedly so the initial conditions are essentially reset, as lower dry
bulb and wet bulb temperatures are established with each purge cycle. This allows the eventual supply air temperature to be below
what the original initial conditions would indicate possible—below the thermodynamic wet bulb temperature. This key staged-cooling
process is essentially what sets the multistaged IEC apart from other IEC and DEC systems and enables greater cooling performance.
During this process, no moisture is added to the primary/product air.

Figure 5 and Figure 7 illustrate the continuous purge process. Because of this purging, the multistaged IEC requires greater total
airflow than other types of cooling systems. However, because the supply air temperature is lower than that possible with DEC and
typical IEC systems, less supply air is required to meet space conditioning needs.9 Furthermore, the cooling effect on the building is
greater during the most humid day and will therefore displace more mechanical cooling when used to supplement mechanical cooling
equipment.



% Product Range: £ ...'\

A . Unbalanced ventilation, adiabatic ACQUa C00|
) fresh air
Hi-Tech cooling and heat recovering variant
Unbalanced Heat Recovery & Indirect Adiabatic Cooling (UHR&IAC) Cooling capacity
28°C/50% outside | 35°C/25% outside

760/1380/79/4/3 us 23°C/60% return | 25°C/45% return
nominal volume Supply air 2400|{m3 1.414 |cfm 6,2 10,8 |kW
nominal volume Exhaust air 1100|m3 648 |cfm
760/1380/158/4/3 us
nominal volume Supply air 4800(m3 2.827 |cfm 12,4 21,6 (kW
nominal volume Exhaust air 2200|m3 1.296 |cfm
1010/1380/79/4/3 us
nominal volume Supply air 3200|m3 1.885 |cfm 8,3 14,4 [ kW
nominal volume Exhaust air 1500{m3 884 (cfm
1010/1380/158/4/3 us
nominal volume Supply air 6400|m3 3.770 |cfm 16,6 28,8 (kW
nominal volume Exhaust air 3000{m3 1.767 |cfm
1500/1380/79/4/3 us
nominal volume Supply air 4800|m3 2.827 |cfm 124 21,6 |kW
nominal volume Exhaust air 2250 m3 1.325 |cfm
1500/1380/158/4/3 us
nominal volume Supply air 9600|m3 5.654 |cfm 24,8 43,2 (kW
nominal volume Exhaust air 4500|{m3 2.651 |cfm




Output Calculator -
Hi-Tech Dubai, U.A.E.

Weather conditions analysis

Aver.age Temperature Discomfort Relative Humidity Av.er.agfe Wet days
Month | sunlight Average Record from heat Precipiation (+25)
(hours) |Min Max Min Max and humidity|am pm (mm)
Jan 8 12 23 3 29| Moderate 81 61 23 2
Feb 9 14 24 8 33|Moderate 81 63 23 2
Mar 8 16 27 8 40|Medium 74 61 10 1
Apr 10 18 30 12 39| High 66 63 510.3
May 11 22 34 16 43]Extreme 61 63 0 0
Jun 11 25 36 19 44| Extreme 64 65 0 0
Jul 11 28 38 23 47| Extreme 64 64 0 0
Aug 10 28 39 23 48|Extreme 66 64 0 0
Sep 10 25 37 21 45|Extreme 73 64 0 0
Oct 10 22 33 18 40| High 77 62 0 0
Nov 10 18 31 12 36|High 78 59 10]0.2
Dec 8 14 26 8 31|Medium 82 62 36 2

Outside Temperature

Total annual hours (365*24) 8,760 hours
Number of cooling hours per year (>15 °C) 8,030 hours
Cooling hours as % of total year 92%

Relative Humidity
Average relative humidity year 72%

Average relative humidity when >15% °C (%) 70%




Hi-Tec

Output Calculator
Dubai, U.A.E.

Aaua cool

fresh air

Supply air temperature analysis

Hours Hours / year
exceeding | (cumulative)
25 °C 1,910
26 °C 1,351
27 °C 1,113
28 °C 797
29 °C 468
30 °C 201

Hours

800 -
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5 10 15

W # annual hours > 15°C
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Displacement Ventilation

Hi-Tech

Is an air distribution technique where conditioned outdoor
air is supplied at floor level and extracted above the
occupied zone, usually at ceiling height




el
Aqua cool

thy fresh air

The Aquacool AHU offers more cooling capacity when it is needed

Cooling capacity Aqua cool vs conventional airco*

g
@ Aqua cool

Airco
- conventional

Cooling capacity (%)

Outside temperature °C *Source: Sparkling Projects



% The energy consumption of the_Aqu ac_:ool g K__ﬂ’\
A . system Compared to a conventional air- Adua COO|
Hi-Tech conditioning system with same cooling capacity . St o
120 00%
100,00% —*—
S Conventional
I system
60 00%
40 00% \ -'\
20.00%
0.00%
60% 50% 40% 25%
20°C 25°C 30°C 35°C

2011 Mar 9



x Apply in various configurations Aq“u 2 cool

healthy fresh air

As a stand alone cooling and ventilation system in
new buildings or as a replacement of redundant

conventional air conditioning systems. Cooling the
Aqua cool building by bringing cool air and forcing warm air out.

As a pre-cooler for the ventilation air in combination

with a conventional air conditioning system that
Aqua cool  circulates air in the building.

In combination with heat

recovery systems for use
SeTEY Y
g— N winter.
Aqua cool Aqua cool
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Temperature readings in Dubai on hottest, =

cool

B day in the month of May (May 10, 2015)

Hi-Tech

Temperature

Mean Temperature 34°C -

Max Temperature 36 °C 37 °C 42 °C (2008)
Min Temperature 31°C 25°C 20 °C (1997)
Cooling Degree Days 26

Growing Degree Days 42 (Base 50)

Moisture

Dew Point 14 °C

Average Humidity 30

Maximum Humidity 49

Minimum Humidity 13

Precipitation

Precipitation 0.0 mm 0.0 mm -()

Sea Level Pressure

Sea Level Pressure 1006.48 hPa

Wind

Wind Speed 17 km/h ()

Max Wind Speed 32 km/h

Max Gust Speed -

Visibility 10.0 kilometers

Events
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Hi-Tech

Daily Weather History Graph

F Temperature  Dew Point  Average High/Low G
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= Temperature readings in Dubai on hottest, ——* "~ |

L I . COO
. day in the month of May (May 10, 2015
Hi-Tech “” - )

Hourly Weather History & Observations

Time(GST) Temp. Heat Index Dew Point Humidity WindSpeed
12:00 AM 35.0°C - 11.0°C 23% 31.5km/h /8.7 m/s
1:00 AM 32°C - 20°C 40% 22.2 km/h /

1:00 AM 32.0°C 34.1°C 20.0°C 49% 22.2 km/h /6.2 m/s
2:00 AM 32.0°C 33.5°C 19.0°C 46% 14.8 km/h /4.1 m/s
3:00 AM 33.0°C 33.0°C 16.0 °C 36% 20.4 km/h /5.7 m/s
4:00 AM 32°C - 18 °C 33% 22.2km/h /

4:00 AM 32.0°C 32.8°C 18.0°C 43% 22.2 km/h /6.2 m/s
5:00 AM 31.0°C 31.9°C 18.0°C 46% 16.7 km/h /4.6 m/s
6:00 AM 31.0°C 31.9°C 18.0°C 46% 11.1 km/h /3.1 m/s
7:00 AM 32°C - 14°C 24% 18.5 km/h /

7:00 AM 32.0°C 31.2°C 14.0°C 33% 18.5 km/h /5.1 m/s
8:00 AM 32.0°C 31.9°C 16.0 °C 38% 16.7 km/h /4.6 m/s
9:00 AM 33.0°C 32.1°C 14.0°C 31% 16.7 km/h /4.6 m/s
10:00 AM 34°C - 13°C 18% 13.0 km/h /

10:00 AM 34.0°C 33.0°C 13.0°C 28% 13.0 km/h /3.6 m/s
11:00 AM 36.0°C - 11.0°C 22% 14.8 km/h /4.1 m/s
12:00 PM 36.0°C - 10.0°C 20% 13.0 km/h /3.6 m/s
1:00 PM 33.0°C 31.9°C 13.0°C 29% 13.0 km/h /3.6 m/s
2:00 PM 35.0°C 33.7°C 12.0°C 25% 13.0 km/h /3.6 m/s
3:00 PM 35.0°C 33.7°C 12.0°C 25% 16.7 km/h /4.6 m/s
4:00 PM 36.0°C - 9.0°C 19% 24.1 km/h /6.7 m/s
5:00 PM 36.0°C - 11.0°C 22% 16.7 km/h /4.6 m/s
6:00 PM 36.0°C - 10.0°C 20% 14.8 km/h /4.1 m/s
7:00 PM 36 °C - 10 °C 13% 11.1 km/h /

7:00 PM 36.0°C - 10.0°C 20% 11.1 km/h /3.1 m/s
8:00 PM 35.0°C - 10.0°C 22% 11.1 km/h /3.1 m/s
9:00 PM 34.0°C 33.0°C 13.0°C 28% 11.1 km/h /3.1 m/s
10:00 PM 33.0°C 32.1°C 14.0°C 31% 11.1 km/h /3.1 m/s

11:00 PM 32.0°C 31.6°C 15.0°C 36% 3.7km/h /1.0 m/s
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Hi-Tech

Temperature

Mean Temperature
Max Temperature
Min Temperature
Cooling Degree Days
Growing Degree Days
Moisture

Dew Point

Average Humidity
Maximum Humidity
Minimum Humidity
Precipitation
Precipitation

Sea Level Pressure
Sea Level Pressure
Wind

Wind Speed

Max Wind Speed
Max Gust Speed
Visibility

Events

Actual Average
30 °C -

36 °C 37 °C
25°C 26 °C
22

36 (Base 50)

22°C
64
83
23

0.0 mm 0.0 mm

1005.69 hPa

12 km/h ()
26 km/h

9.0 kilometers

Temperature readings in Dubai on hottest .
day in the month of May (May 20, 2015)

Record

41 °C (2006)
23 °C (2013)

"*'\

cool

fresh air
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Daily Weather History Graph

F Temperature  Dew Poirt Average HighdLow G
100 %g

o=l
=
%
L1 1 111
—
o

a0 10
4]] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4
tridnight1 2 3 4 5 & F & % 10 Mwnoon 1 2 3 4 5 B 7 & 3 1M N
in Hy Barometric Pressure hPa
298 — 1009
297 — 1006
298 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .1|:":|2
tridnight1 2 3 4 5 6 F & % 10 Mwneon 1 2 3 4 5 B T & 3 1M N
MR yind Speed Wind Gust ki
230 — 37
18.0 — 29
13.0 — 21
0 — 13
3[' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L ] 5

tidnightt 2 3 4 5 6 ¥ & 9 1M Mnoon 1 2 F 4 5 & §7 & % 1MW N

3600 M Mincd D (cdey)

2700 | T ]
18[”] _E [ ] (] L] L ] L] ki n L] [] L] [ ] | |
q0.0 -E | ]

n.an hll L L L L L L L L 1 L L L 1 L L L L 1 L L L
midnightt 2 3 4 5 & 7 & 8 10 Moneon 1 2 3 4 3 & 7 & 9 W Wnew




///////

S\
Hi-Tech

Temperature readings in Dubai on hottest

day in the month of May (May 20, 2015)

Hourly Weather History & Observations

Time(GST)
12:00 AM
1:00 AM
1:00 AM
2:00 AM
3:00 AM
4:00 AM
4:00 AM
5:00 AM
6:00 AM
7:00 AM
8:00 AM
9:00 AM
10:00 AM
11:00 AM
12:00 PM
1:00 PM
2:00 PM
3:00 PM
4:00 PM
5:00 PM
6:00 PM
7:00 PM
8:00 PM
9:00 PM
10:00 PM
11:00 PM

Temp.

28.0°C
28 °C

28.0°C
27.0°C
26.0 °C
26 °C

26.0°C
25.0°C
25.0°C
26.0°C
28.0°C
30.0°C
33.0°C
36.0 °C
34.0°C
33.0°C
35.0°C
33.0°C
32.0°C
32.0°C
31.0°C
30.0°C
30.0°C
30.0 °C
31.0°C
30.0 °C

Heat Index
31.2°C

31.9°C
29.6 °C

Dew Point

23.0°C
24 °C

24.0°C
23.0°C
23.0°C
22°C

22.0°C
22.0°C
22.0°C
22.0°C
21.0°C
20.0°C
18.0 °C
12.0°C
23.0°C
22.0°C
22.0°C
22.0°C
23.0°C
22.0°C
23.0°C
23.0°C
23.0°C
23.0°C
22.0°C
22.0°C

74%
72%
79%
79%
83%
73%
78%
83%
83%
78%
66%
55%
41%
23%
52%
52%
47%
52%
59%
55%
62%
66%
66%
66%
58%
62%

Humidity

| cool

WindSpeed

11.1 km/h /3.1 m/s
14.8 km/h /

14.8 km/h /4.1 m/s
14.8 km/h /4.1 m/s
13.0 km/h /3.6 m/s
11.1 km/h /

11.1 km/h /3.1 m/s
13.0 km/h /3.6 m/s
11.1 km/h /3.1 m/s
14.8 km/h /4.1 m/s
18.5 km/h /5.1 m/s
16.7 km/h /4.6 m/s
13.0 km/h /3.6 m/s
9.3 km/h /2.6 m/s

18.5 km/h /5.1 m/s
22.2 km/h /6.2 m/s
16.7 km/h /4.6 m/s
25.9km/h /7.2 m/s
22.2 km/h /6.2 m/s
18.5 km/h /5.1 m/s
18.5 km/h /5.1 m/s
11.1 km/h /3.1 m/s
7.4 km/h/21m/s
7.4 km/h /2.1 m/s
5.6 km/h /1.5 m/s

5.6 km/h /1.5 m/s

fresh air
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Hi-Tech

Actual Average Record
Temperature
Mean Temperature 40 °C -
Max Temperature 47 °C 38 °C 47 °C (2015)
Min Temperature 32°C 27 °C 25 °C (1997)
Cooling Degree Days 40

Growing Degree Days
Moisture

Dew Point

Average Humidity
Maximum Humidity
Minimum Humidity
Precipitation
Precipitation

Sea Level Pressure
Sea Level Pressure
Wind

Wind Speed

Max Wind Speed
Max Gust Speed
Visibility

Events

54 (Base 50)

17 °C
33

59

4

0.0 mm

1001.72 hPa

11 km/h ()
32 km/h

9.2 kilometers
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fresh air
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Daily Weather History Graph
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Temperature readings in Dubai on hottest
day in the month of June (June 3, 2015)

Hourly Weather History & Observations

Time(GST)
12:00 AM
1:00 AM
1:00 AM
2:00 AM
3:00 AM
4:00 AM
4:00 AM
5:00 AM
6:00 AM
7:00 AM
7:00 AM
8:00 AM
9:00 AM
10:00 AM
10:00 AM
11:00 AM
11:24 AM
12:00 PM
1:00 PM
1:00 PM
2:00 PM
3:00 PM
4:00 PM
4:00 PM
5:00 PM
6:00 PM
7:00 PM
8:00 PM
9:00 PM
10:00 PM

Temp.

35.0°C
33°C

33.0°C
34.0°C
34.0°C
33°C

33.0°C
33.0°C
34.0°C
34°C

34.0°C
38.0°C
42.0°C
45°C

45.0°C
47.0°C
41.0°C
36.0°C
37 °C

37.0°C
39.0°C
39.0°C
39°C

39.0°C
38.0°C
37.0°C
37.0°C
38.0°C
38.0 °C
& C

Heat Index
38.5°C

39.2°C
37.1°C
38.1°C
36.9 °C
36.9 °C
35.7°C
34.0°C
37.6 °C

Dew Point
21.0°C
24 °C
24.0°C
21.0°C
22.0°C
22 °C
22.0°C
22.0°C
19.0°C
16 °C
16.0 °C
14.0°C
9.0°C
0°C
0.0°C
-4.0 °C
26.0°C
26.0°C
22 °C
22.0°C
20.0°C
19.0°C
21°C
21.0°C
21.0°C
22.0°C
17.0°C
14.0°C
14.0 °C
14 °C

44%
50%
59%
46%
49%
41%
52%
52%
41%
24%
34%
24%
14%
4%

6%

4%

43%
56%
31%
42%
33%
31%
27%
35%
37%
42%
30%
24%
24%
16%

Humidity

WindSpeed
13.0 km/h /3.6 m/s
9.3 km/h/
11.1 km/h /3.1 m/s
7.4 km/h /2.1 m/s
9.3 km/h /2.6 m/s
7.4 km/h/
7.4 km/h /2.1 m/s
9.3 km/h /2.6 m/s
7.4 km/h /2.1 m/s
5.6 km/h/
5.6 km/h /1.5 m/s
5.6 km/h /1.5 m/s
7.4 km/h /2.1 m/s
13.0 km/h/
13.0 km/h /3.6 m/s
18.5 km/h /5.1 m/s
18.5 km/h /5.1 m/s
31.5km/h /8.7 m/s
29.6 km/h/
29.6 km/h /8.2 m/s
18.5 km/h /5.1 m/s
20.4 km/h /5.7 m/s
18.5 km/h/
18.5 km/h /5.1 m/s
18.5 km/h /5.1 m/s
16.7 km/h /4.6 m/s
13.0 km/h /3.6 m/s
5.6 km/h /1.5 m/s
5.6 km/h /1.5 m/s
3.7 km/h /

cool

fresh air
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Temperature

Mean Temperature
Max Temperature
Min Temperature
Cooling Degree Days
Growing Degree Days
Moisture

Dew Point

Average Humidity
Maximum Humidity
Minimum Humidity
Precipitation
Precipitation

Sea Level Pressure
Sea Level Pressure
Wind

Wind Speed

Max Wind Speed
Max Gust Speed
Visibility

Events

Temperature readings in Dubai on hottest .
day in the month of June (June 7, 2015)

Actual

36 °C

39°C

32°C

32

47 (Base 50)

15°C
28
62
13

0.0 mm

1002.92 hPa

12 km/h ()
22 km/h

3.7 kilometers

Average Record

38 °C 43 °C (2004)
27 °C 26 °C (2001)
0.0 mm -()

cool

fresh air
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Daily Weather History Graph

Temperature readings in Dubai on hottest
day in the month of June (June 7, 2015)

F Temperature  Dew Point  Average High/Low
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Hourly Weather History & Observations

Time(GST)
12:00 AM
1:00 AM
1:00 AM
2:00 AM
3:00 AM
4:00 AM
4:00 AM
5:00 AM
6:00 AM
7:00 AM
7:00 AM
8:00 AM
8:46 AM
9:00 AM
9:35 AM
10:00 AM
10:00 AM
10:44 AM
11:00 AM
11:32 AM
12:00 PM
1:00 PM
1:00 PM
2:00 PM
3:00 PM
4:00 PM
5:00 PM
6:00 PM
7:00 PM
7:36 PM
8:00 PM
9:00 PM
9:17 PM
10:00 PM
10:00 PM
11:00 PM
11:29 PM

Temperature readings in Dubai on hottest
day in the month of June (June 7, 2015)

Temp.
36.0 °C

36 °C

36.0 °C
35.0°C
35.0°C
34°C

34.0°C
34.0°C
33.0°C
33°C

33.0°C
34.0°C
36.0 °C
36.0°C
38.0°C
38°C

38.0°C
39.0°C
39.0°C
38.0°C
39.0°C
38°C

38.0°C
38.0°C
38.0°C
37.0°C
37.0°C
36.0°C
35.0°C
35.0°C
35.0°C
35.0°C
34.0°C
33°C

33.0°C
33.0°C
32.0°C

Heat Index
34.7 °C

33.9°C

32.7°C

31.9°C
32.7°C
35.0°C
35.0°C
37.1°C

37.1°C

36.9°C
38.0°C

37.1°C
37.6°C
379°C
36.4°C
36.9°C
36.7 °C
37.5°C
37.5°C
37.5°C
36.1°C
39.1°C

39.2°C
34.0°C
37.7°C

Dew Point
12.0°C

11°C

11.0°C
11.0°C
13.0°C
11°C

11.0°C
12.0°C
11.0°C
13°C

13.0°C
12.0°C
13.0°C
13.0°C
13.0°C
12°C

13.0°C
9.0°C

11.0°C
12.0°C
12.0°C
12°C

13.0°C
14.0°C
15.0°C
14.0°C
15.0°C
17.0°C
20.0°C
20.0°C
20.0°C
18.0°C
23.0°C
24 °C

240°C
18.0°C
24.0°C

23%
14%
22%
23%
26%
16%
24%
26%
26%
19%
29%
26%
25%
25%
22%
13%
22%
16%
18%
21%
20%
13%
22%
24%
25%
25%
27%
32%
41%
41%
41%
36%
52%
52%
59%
41%
62%

Humidity

cool

fresh air

WindSpeed

9.3 km/h /2.6 m/s
11.1 km/h/

11.1 km/h /3.1 m/s
7.4km/h /2.1 m/s
9.3 km/h /2.6 m/s
14.8 km/h /

14.8 km/h /4.1 m/s
9.3 km/h /2.6 m/s
13.0 km/h /3.6 m/s
11.1km/h/

11.1 km/h /3.1 m/s
13.0 km/h /3.6 m/s
18.5 km/h /5.1 m/s
22.2 km/h /6.2 m/s
20.4 km/h /5.7 m/s
16.7 km/h /

16.7 km/h /4.6 m/s
20.4 km/h /5.7 m/s
18.5km/h /5.1 m/s
20.4 km/h /5.7 m/s
18.5 km/h /5.1 m/s
20.4 km/h /

20.4 km/h /5.7 m/s
18.5 km/h /5.1 m/s
18.5 km/h /5.1 m/s
22.2 km/h /6.2 m/s
16.7 km/h /4.6 m/s
16.7 km/h /4.6 m/s
13.0 km/h /3.6 m/s
7.4km/h /2.1 m/s
5.6 km/h /1.5 m/s
7.4km/h /2.1 m/s
18.5 km/h /5.1 m/s
13.0km/h/

13.0 km/h /3.6 m/s
16.7 km/h /4.6 m/s
11.1 km/h /3.1 m/s
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Hi-Tech

Temperature

Mean Temperature
Max Temperature
Min Temperature
Cooling Degree Days
Growing Degree Days
Moisture

Dew Point

Average Humidity
Maximum Humidity
Minimum Humidity
Precipitation
Precipitation

Sea Level Pressure
Sea Level Pressure
Wind

Wind Speed

Max Wind Speed
Max Gust Speed
Visibility

Events

Actual Average
32°C _

37 oC 39 oC
28 oC: 28 oC
26

40 (Base 50)

21°C
52
84
19

0.0 mm 0.0 mm

998.06 hPa

14 km/h ()
24 km/h

10.0 kilometers

Temperature readings in Dubai on hottest . ~'\
day in the month of June (June 19, 2014)

cool

fresh air

Record

45°C (2012)
2 °C (1997)



Temperature readings in Dubai on hottest "'(.:.O\Ol
day in the month of June (June 19, 2014)

fresh air
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Hi-Tech

Daily Weather History Graph
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Hi-Tech

Hourly Weather History & Observations

Time(GST)
12:00 AM
1:00 AM
1:00 AM
2:00 AM
3:00 AM
4:00 AM
4:00 AM
5:00 AM
6:00 AM
7:00 AM
7:00 AM
8:00 AM
9:00 AM
10:00 AM
10:00 AM
11:00 AM
12:00 PM
12:01 PM
1:00 PM
1:00 PM
3:00 PM
4:00 PM
4:00 PM
5:00 PM
6:00 PM
7:00 PM
7:00 PM
8:00 PM
9:00 PM
10:00 PM
10:00 PM
11:00 PM

Temperature readings in Dubai on hottest
day in the month of June (June 19, 2014)

Temp.

31.0°C
30°C

30.0°C
30.0°C
30.0°C
30°C

30.0°C
29.0°C
29.0°C
30°C

30.0°C
32.0°C
35.0°C
37 °C

37.0°C
39.0°C
40.0°C
39.0°C
38 °C

38.0°C
39.0°C
38 °C

39.0°C
38.0°C
38.0°C
38 °C

38.0°C
38.0°C
37.0°C
37 °C

37.0°C
36.0°C

Heat Index
34.4°C

33.2°C
33.2°C
32.4°C

30.3°C
28.8°C
28.8°C

29.2°C

Dew Point
22.0°C
22 °C
22.0°C
22.0°C
21.0°C
17 °C
17.0 °C
15.0 °C
15.0 °C
13°C
13.0°C
10.0°C
10.0°C
5°C
5.0°C
4.0°C
2.0°C
12.0°C
11°C
11.0°C
20°C
9°C
9.0°C
7.0°C
20°C
4°C
4.0°C
3.0°C
20°C
8
3.0°C
4.0°C

58%
55%
62%
62%
58%
36%
45%
42%
42%
26%
35%
26%
22%
8%

14%
11%
9%

20%
12%
20%
10%
9%

16%
15%
11%
6%

12%
1%
11%
6%

12%
14%

Humidity

| cool

WindSpeed
13.0 km/h /3.6 m/s
14.8 km/h /
14.8 km/h /4.1 m/s
13.0 km/h /3.6 m/s
9.3 km/h /2.6 m/s
7.4 km/h /
7.4 km/h /2.1 m/s
9.3 km/h /2.6 m/s
7.4 km/h /2.1 m/s
5.6 km/h /
5.6 km/h /1.5 m/s
7.4 km/h /2.1 m/s
9.3 km/h /2.6 m/s
9.3 km/h/
9.3 km/h /2.6 m/s
9.3 km/h /2.6 m/s
13.0 km/h /3.6 m/s
20.4 km/h /5.7 m/s
20.4 km/h/
20.4 km/h /5.7 m/s
22.2 km/h /6.2 m/s
22.2km/h/
22.2 km/h /6.2 m/s
14.8 km/h /4.1 m/s
13.0 km/h /3.6 m/s
9.3 km/h/
9.3 km/h /2.6 m/s
9.3 km/h /2.6 m/s
3.7 km/h /1.0 m/s
9.3 km/h /
9.3 km/h /2.6 m/s
11.1 km/h /3.1 m/s

fresh air
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Hi-Tech

Temperature

Mean Temperature
Max Temperature
Min Temperature
Cooling Degree Days

Growing Degree Days

Moisture

Dew Point

Average Humidity
Maximum Humidity
Minimum Humidity
Precipitation
Precipitation

Sea Level Pressure
Sea Level Pressure
Wind

Wind Speed

Max Wind Speed
Max Gust Speed
Visibility

Events

Actual

38°C

43 °C

34 °C

36

52 (Base 50)

24°C
43
75
23

0.0 mm

995.87 hPa

11 km/h ()
28 km/h

8.6 kilometers

Temperature readings in Dubai on hottest, oy G

cool

day in the month of July (July 14, 2014)

Average Record
39°C 45 °C (1998)
20°C 27 °C (1997)
0.0 mm -



Temperature readings in Dubai on hottest,, —=. ~

day in the month of July (July 14, 2014) cool
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Hi-Tech

Daily Weather History Graph
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Hourly Weather History & Observations

Temp.

Time(GST)
12:00 AM

9:00 AM
10:00 AM
10:00 AM
11:00 AM
12:00 PM
1:00 PM
1:00 PM
2:00 PM
3:00 PM
4:00 PM
4:00 PM
5:00 PM
6:00 PM
7:00 PM
7:00 PM
8:00 PM
9:00 PM
10:00 PM
10:00 PM
11:00 PM

Temperature readings in Dubai on hottest
day in the month of July (July 14, 2014)

37.0°C
34 °C

34.0°C
35.0°C
36.0 °C
36 °C

36.0 °C
35.0°C
356.0°C
35°C

35.0°C
36.0°C
37.0°C
40 °C

40.0°C
41.0°C
43.0°C
41°C

41.0°C
39.0°C
38.0°C
38 °C

38.0°C
39.0°C
38.0°C
39°C

39.0°C
39.0°C
38.0°C
39°C

39.0°C
38.0°C

Heat Index

42.0°C

49.4°C
41.9°C
43.1°C

40.6°C
40.3°C
38.5°C

39.5°C
44.5°C
45.8°C

45.5°C
46.7 °C
46.5°C

56.6 °C
56.4 °C
52.3°C

50.4 °C
45.8°C
45.3°C

42.5°C
443 °C
43.0°C

41.6°C
43.0°C

Dew Point

22.0°C
29°C

290.0°C
24.0°C
24.0°C
22°C

22.0°C
23.0°C
21.0°C
22°C

22.0°C
25.0°C
25.0°C
22°C

22.0°C
22.0°C
19.0°C
28°C

28.0°C
29.0°C
28.0°C
27 °C

27.0°C
23.0°C
24.0°C
20°C

20.0°C
22.0°C
22.0°C
19°C

19.0°C
22.0°C

42%
69%
75%
53%
50%
36%
44%
49%
44%
37%
47%
53%
50%
27%
35%
33%
25%
40%
48%
57%
56%
44%
53%
40%
44%
23%
33%
37%
39%
23%
31%
39%

cool

WindSpeed

9.3 km/h /2.6 m/s
7.4 km/h /

7.4 km/h /2.1 m/s
7.4 km/h /2.1 m/s
5.6 km/h /1.5 m/s
9.3 km/h /

9.3 km/h /2.6 m/s
11.1 km/h /3.1 m/s
7.4 km/h /2.1 m/s
11.1km/h/

11.1 km/h /3.1 m/s
7.4 km/h /2.1 m/s
16.7 km/h /4.6 m/s
18.5km/h/

18.5 km/h /5.1 m/s
16.7 km/h /4.6 m/s
5.6 km/h /1.5 m/s
241 km/h/

24.1 km/h /6.7 m/s
25.9 km/h /7.2 m/s
27.8 km/h /7.7 m/s
27.8 km/h/

27.8 km/h /7.7 m/s
24.1 km/h /6.7 m/s
20.4 km/h /5.7 m/s
14.8 km/h /

14.8 km/h /4.1 m/s
13.0 km/h /3.6 m/s
9.3 km/h /2.6 m/s
3.7 km/h /

3.7 km/h /1.0 m/s
11.1 km/h /3.1 m/s

fresh air



Hi-Tech

Temperature

Mean Temperature
Max Temperature
Min Temperature
Cooling Degree Days

Growing Degree Days

Moisture

Dew Point

Average Humidity
Maximum Humidity
Minimum Humidity
Precipitation
Precipitation

Sea Level Pressure
Sea Level Pressure
Wind

Wind Speed

Max Wind Speed
Max Gust Speed
Visibility

Events

Actual

39°C

45 °C

33°C

38

52 (Base 50)

21°C
36
63
13

0.0 mm

998.42 hPa

13 km/h ()
30 km/h

7.5 kilometers

Temperature readings in Dubai on hottest day ~'\
in the month of July (July 24, 2015) : a cool

fresh air

Average Record

39°C 45 °C (1996)
30°C 30 °C (1996)
0.0 mm -()



Temperature readings in Dubai on hottest day . ==
_B  in the month of July (July 24, 2015) cool

Hi'TGCh fresh air

Daily Weather History Graph
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Hi-Tech

Hourly Weather History & Observations

Time(GST)

12:00 AM
1:00 AM
1:00 AM
2:00 AM
3:00 AM
4:00 AM
4:00 AM
5:00 AM
6:00 AM
7:00 AM
7:00 AM
8:00 AM
9:00 AM
10:00 AM
10:00 AM

11:00 AM

12:00 PM
1:00 PM
2:00 PM
3:00 PM
4:00 PM
4:00 PM
5:00 PM
6:00 PM
6:34 PM
7:00 PM
7:00 PM
8:00 PM
9:00 PM
10:00 PM
10:00 PM
11:00 PM

Temperature readings in Dubai on hottest day
in the month of July (July 24, 2015)

Temp.

35.0°C
35°C

35.0°C
35.0°C
34.0 °C
34 °C

34.0°C
34.0 °C
34.0°C
34°C

34.0°C
35.0°C
37.0°C
39°C

39.0°C
41.0°C

42.0°C
44.0°C
45.0°C
43.0°C
41°C

41.0°C
40.0°C
43.0°C
41.0°C
40°C

41.0°C
39.0°C
38.0°C
37 °C

37.0°C
36.0 °C

Heat Index

40.3°C

41.9°C
38.5°C
41.8°C

43.5°C
40.6 °C
38.1°C

39.1°C
38.5°C
40.1°C

40.9 °C
42.0°C

41.9°C
44.5°C

48.2°C

49.6 °C
48.3°C
43.4°C
43.2°C

44.2°C
41.6 °C
40.5°C

40.8 °C
39.5°C

Dew Point

23.0°C
24 °C

24.0°C
21.0°C
25.0°C
26 °C

26.0°C
24.0°C
22.0°C
23°C

23.0°C
21.0°C
20.0°C
18 °C

18.0°C
16.0 °C

14.0°C
15.0°C
11.0°C
21.0°C
24°C

24.0°C
24.0°C
15.0°C
18.0°C
19 °C

19.0°C
19.0°C
19.0°C
21°C

21.0°C
21.0°C

Humidity

49%
42%
53%
44%
59%
54%
63%
56%
49%
42%
52%
44%
37%
19%
29%

23%

19%
18%
13%
28%
29%
38%
40%
19%
26%
20%
28%
31%
33%
29%
39%
41%

 cool

WindSpeed

5.6 km/h /1.5 m/s
7.4 km/h /

7.4 km/h /2.1 m/s
9.3 km/h /2.6 m/s
9.3 km/h /2.6 m/s
11.1 km/h /

11.1 km/h /3.1 m/s
9.3 km/h /2.6 m/s
9.3 km/h /2.6 m/s
14.8 km/h /

14.8 km/h /4.1 m/s
18.5 km/h /5.1 m/s
25.9km/h /7.2 m/s
22.2 km/h/

22.2 km/h /6.2 m/s

16.7 km/h /4.6 m/s

13.0 km/h /3.6 m/s
13.0 km/h /3.6 m/s
16.7 km/h /4.6 m/s
24.1 km/h /6.7 m/s
25.9 km/h /

25.9km/h /7.2 m/s
24.1 km/h /6.7 m/s
29.6 km/h /8.2 m/s
22.2 km/h /6.2 m/s
18.5km/h/

18.5 km/h /5.1 m/s
13.0 km/h /3.6 m/s
20.4 km/h /5.7 m/s
16.7 km/h /

16.7 km/h /4.6 m/s
14.8 km/h /4.1 m/s

fresh air



Hi-Tech

Temperature

Mean Temperature
Max Temperature
Min Temperature
Cooling Degree Days
Growing Degree Days
Moisture

Dew Point

Average Humidity
Maximum Humidity
Minimum Humidity
Precipitation
Precipitation

Sea Level Pressure
Sea Level Pressure
Wind

Wind Speed

Max Wind Speed
Max Gust Speed
Visibility

Events

Actual

40 °C

46 °C

33°C

38

54 (Base 50)

22°C
42
75
10

0.0 mm
997.09 hPa
11 km/h ()
35 km/h

59 km/h
7.9 kilometers

Temperature readings in Dubai on hottest day |, ==
—=> In the month of August (August 16, 2014) nYua COOI

fresh air

Average Record

38°C 46 °C (2014)
28 °C 3 °C (1997)
0.0 mm -()



Temperature readings in Dubai on hottest day . ==
in the month of August (August 16, 2014) cool

Hi'TGCh fresh air

Daily Weather History Graph
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Hi-Tech

Hourly Weather History & Observations

Time(GST)

12:00 AM
1:00 AM
1:00 AM
2:00 AM
3:00 AM
4:00 AM
4:00 AM
5:00 AM
6:00 AM
7:00 AM
7:00 AM
8:00 AM
9:00 AM
10:00 AM
10:00 AM
11:00 AM
12:00 PM
1:00 PM
1:00 PM
2:00 PM
3:00 PM
4:00 PM
4:00 PM
5:00 PM
6:00 PM
7:00 PM
7:00 PM
7:10 PM
8:00 PM
9:00 PM
10:00 PM
10:00 PM
11:00 PM

Temperature readings in Dubai on hottest day
in the month of August (August 16, 2014)

Temp.

340° C
34° C

340° C
340° C
340° C
34° C

340° C
340° C
340° C
34° C

340° C
35.0° C
39.0° C
40° C

410° C
430° C
440° C
42° C

420° C
400° C
39.0° C
40° C

40.0° C
420° C
410° C
41° C

410° C
410° C
38.0° C
390° C
40° C

40.0° C
400° C

Heat Index

47.3°
494 -
453°
47.3°
47.3°
453°
45.3°
435°
40.3°
41.6°
43.2°
444 -
435°
53.7°
556.5°
51.6°
455°
45.1°
424°
41.6°
40.8°
46.9°
458 °

39.1°

Cc

C
Cc
C

Dew Point

28.0° C
2° C

290° C
270° C
28.0° C
28° C

28.0° C
270° C
270° C
26° C

26.0° C
23.0° C
19.0° C
18° C

18.0° C
16.0° C
13.0° C
26° C

26.0° C
280° C
270° C
22° C

220° C
19.0° C
170° C
16° C

15.0° C
14.0° C
250° C
23.0° C
11°C

11.0° C
120° C

71%
68%
75%
67%
71%
66%
71%
67%
67%
57%
63%
49%
31%
18%
26%
21%
16%
33%
40%
51%
50%
24%
35%
26%
24%
14%
22%
20%
47%
40%
10%
17%
19%

cool

fresh air

WindSpeed

9.3 km/h /2.6 m/s
7.4 km/h/

7.4 km/h /2.1 m/s
7.4 km/h /2.1 m/s
7.4 km/h /2.1 m/s
9.3 km/h /

9.3 km/h /2.6 m/s
5.6 km/h /1.5 m/s
5.6 km/h /1.5 m/s
7.4km/h/
7.4km/h /2.1 m/s
5.6 km/h /1.5 m/s
9.3 km/h /2.6 m/s
7.4km/h/
7.4km/h /2.1 m/s
5.6 km/h /1.5 m/s
5.6 km/h /1.5 m/s
3.7km/h/
3.7km/h /1.0 m/s
22.2km/h /6.2 m/s
31.5km/h /8.7 m/s
22.2km/h/

22.2 km/h /6.2 m/s
24.1 km/h /6.7 m/s
27.8 km/h /7.7 m/s
35.2km/h/
35.2km/h /9.8 m/s
29.6 km/h /8.2 m/s
27.8 km/h /7.7 m/s
14.8 km/h /4.1 m/s
20.4 km/h /

20.4 km/h /5.7 m/s
18.5 km/h /5.1 m/s



W)

Hi-Tech

Temperature

Mean Temperature
Max Temperature
Min Temperature
Cooling Degree Days
Growing Degree Days
Moisture

Dew Point

Average Humidity
Maximum Humidity
Minimum Humidity
Precipitation
Precipitation

Sea Level Pressure
Sea Level Pressure
Wind

Wind Speed

Max Wind Speed
Max Gust Speed
Visibility

Events

Actual Average
39°C -

47 °C 43 °C
31°C 27 °C
38

54 (Base 50)

5°C
13
27

4

0.0 mm -

1003.40 hPa

12 km/h ()
39 km/h

7.7 kilometers

Temperature readings in Al-Ain on hottest
day in the month of June (June 3, 2015)

Record

el

1ua cool

fresh air
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Hourly Weather History & Observations

Heat Index

Time(GST)

12:00 AM
1:00 AM
1:00 AM
2:00 AM
3:00 AM
4:00 AM
4:00 AM
5:00 AM
6:00 AM
6:37 AM
7:00 AM
8:00 AM
9:00 AM
10:00 AM
10:00 AM
11:00 AM
12:00 PM
1:00 PM
2:00 PM
3:00 PM
3:26 PM
4:00 PM
5:00 PM
6:00 PM
7:00 PM
8:00 PM
9:00 PM
10:00 PM
10:00 PM
11:00 PM

Temperature readings in Al-Ain on hottest
day in the month of June (June 3, 2015)

Temp.

36.0 °C
36 °C

36.0 °C
36.0 °C
33.0°C
34 °C

34.0°C
32.0°C
32.0°C
33.0°C
33.0°C
35.0°C
41.0°C
43 °C

43.0°C
45.0°C
46.0 °C
47.0°C
47.0°C
47.0°C
47.0°C
45.0°C
43.0°C
43.0°C
41.0°C
40.0 °C
38.0°C
38 °C

38.0 °C
36.0 °C

Dew Point

3.0°C
-1°C
-1.0°C
-1.0°C
3.0°C
7°C
7.0°C
11.0°C
10.0°C
8.0°C
9.0°C
6.0°C
1.0°C
1°C
1.0°C
0.0°C
-2.0°C
-2.0°C
-1.0°C
-1.0°C
-1.0°C
16.0 °C
14.0°C
11.0°C
8.0°C
6.0 °C
6.0 °C
9°C
9.0°C
10.0°C

13%
4%
10%
10%
15%
11%
19%
27%
26%
21%
23%
16%
8%
4%
7%
6%
5%
5%
5%
5%
5%
19%
18%
15%
14%
12%
14%
10%
17%
20%

Humidity

| cool

fresh air

WindSpeed

7.4 km/h /2.1 m/s
7.4 km/h /

7.4 km/h /2.1 m/s
11.1 km/h /3.1 m/s
18.5 km/h /5.1 m/s
16.7 km/h /

16.7 km/h /4.6 m/s
16.7 km/h /4.6 m/s
18.5 km/h /5.1 m/s
7.4 km/h /2.1 m/s
7.4 km/h /2.1 m/s
9.3 km/h /2.6 m/s
13.0 km/h /3.6 m/s
16.7 km/h /

16.7 km/h /4.6 m/s
16.7 km/h /4.6 m/s
5.6 km/h /1.5 m/s
11.1 km/h /3.1 m/s
13.0 km/h /3.6 m/s
14.8 km/h /4.1 m/s
5.6 km/h /1.5 m/s
38.9 km/h /10.8 m/s
33.3 km/h /9.3 m/s
24.1 km/h /6.7 m/s
14.8 km/h /4.1 m/s
11.1 km/h /3.1 m/s
5.6 km/h /1.5 m/s
13.0 km/h /

13.0 km/h /3.6 m/s
11.1 km/h /3.1 m/s



Temperature readings in Al-Ain on hottest , —="
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Actual Average Record
Temperature
Mean Temperature 32°C -
Max Temperature 40 °C 43 °C -()
Min Temperature 25°C 28 °C -()
Cooling Degree Days 26
Growing Degree Days 42 (Base 50)
Moisture
Dew Point 14 °C
Average Humidity 38
Maximum Humidity 74
Minimum Humidity 6
Precipitation
Precipitation 0.0 mm - -()
Sea Level Pressure
Sea Level Pressure 999.81 hPa
Wind
Wind Speed 8 km/h ()
Max Wind Speed 24 km/h
Max Gust Speed -
Visibility 10.0 kilometers

Events
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Hourly Weather History & Observations

Time(GST)
12:00 AM
1:00 AM
1:00 AM
2:00 AM
3:00 AM
4:00 AM
4:00 AM
5:00 AM

6:00 AM

7:00 AM
7:00 AM
8:00 AM
9:00 AM
10:00 AM
10:00 AM
11:00 AM
12:00 PM
1:00 PM
1:00 PM
2:00 PM
3:00 PM
4:00 PM
4:00 PM
5:00 PM
6:00 PM
7:00 PM
7:00 PM
8:00 PM

9:00 PM
10-00 PN M

Temperature readings in Al-Ain on hottest

day in the month of June (June 19, 2014)

Temp.
29.0°C
28 °C

28.0°C
28.0°C
28.0°C
27 °C

27.0°C
26.0°C
26.0°C
27 °C

27.0°C
29.0°C
31.0°C
33°C

33.0°C
35.0°C
37.0°C
39°C

39.0°C
39.0°C
40.0°C
40 °C

40.0°C
39.0°C
39.0°C
37°C

37.0°C
36.0 °C

34.0°C
Q9 o

Heat Index
32.7°C
31.2°C
31.2°C
30.7 °C

29.2°C

Dew Point
23.0°C
23 °C
23.0°C
23.0°C
22.0°C
22 °C
22.0°C
21.0°C
20.0 °C
21°C
21.0°C
21.0°C
20.0°C
16 °C
17.0°C
13.0°C
9.0°C
7°C
7.0°C
5.0°C
5.0°C
6 °C
6.0 °C
5.0°C
9.0°C
6 °C
7.0°C
5.0°C
6.0 °C
10 °C

Humidity

70%
68%
74%
74%
70%
66%
74%
74%
69%
65%
70%
62%
52%
28%
38%
26%
18%
8%

14%
12%
12%
6%

12%
12%
16%
8%

16%
15%
17%
150/

WindSpeed
7.4 km/h /2.1 m/s
1.9 km/h /

1.9 km/h /0.5 m/s
3.7 km/h /1.0 m/s
5.6 km/h /1.5 m/s
7.4 km/h/

7.4 km/h /2.1 m/s
7.4 km/h /2.1 m/s

7.4 km/h /2.1 m/s

5.6 km/h/

5.6 km/h /1.5 m/s
7.4km/h/21m/s
11.1 km/h /3.1 m/s
9.3 km/h/

9.3 km/h /2.6 m/s
14.8 km/h /4.1 m/s
13.0 km/h /3.6 m/s
11.1 km/h /

11.1 km/h /3.1 m/s
13.0 km/h /3.6 m/s
11.1 km/h /3.1 m/s
11.1 km/h /

11.1 km/h /3.1 m/s
11.1 km/h /3.1 m/s
16.7 km/h /4.6 m/s
24.1km/h/

24.1 km/h /6.7 m/s
13.0 km/h /3.6 m/s

11.1 km/h /3.1 m/s
4141 1 krm/h /

el

cool

fresh air
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Temperature

Mean Temperature
Max Temperature
Min Temperature
Cooling Degree Days
Growing Degree Days
Moisture

Dew Point

Average Humidity
Maximum Humidity
Minimum Humidity
Precipitation
Precipitation

Sea Level Pressure
Sea Level Pressure
Wind

Wind Speed

Max Wind Speed
Max Gust Speed
Visibility

Events

Actual

36 °C

45 °C

28 °C

32

48 (Base 50)

17 °C
32

58

7

0.0 mm
1002.40 hPa

10 km/h ()
24 km/h

8.6 kilometers

Temperature readings in Al-Ain on hottest "*'\
day in the month of June (June 27, 2014)

cool

fresh air

Average Record
43 °C -()
29 °C -()
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Temperature readings in Al-Ain on hottest
day in the month of June (June 27, 2014)

Hourly Weather History & Observations

Time(GST)
12:00 AM
1:00 AM
1:00 AM
2:00 AM
3:00 AM
4:00 AM
4:00 AM
5:00 AM
6:00 AM
7:00 AM
7:00 AM
8:00 AM
9:00 AM
10:00 AM
10:00 AM
11:00 AM
12:00 PM
1:00 PM
1:00 PM
2:00 PM
3:00 PM
4:00 PM
4:00 PM
7:00 PM
7:00 PM
8:00 PM
9:00 PM
10:00 PM
10:00 PM
11:00 PM

Temp.

34.0°C
33°C

33.0°C
33.0°C
32.0°C
31°C

31.0°C
28.0°C
29.0°C
32°C

32.0°C
34.0°C
38.0°C
40 °C

40.0 °C
42.0°C
43.0°C
44 °C

44.0°C
45.0°C
44.0°C
45°C

45.0°C
39°C

39.0°C
38.0 °C
38.0°C
37 °C

37.0°C
36.0 °C

Heat Index
36.5°C

35.2°C
35.2°C
33.5°C
32.4°C
29.2°C
30.7 °C
34.1°C
35.7 °C
39.1°C
39.7 °C
41.2°C
42.2°C

Dew Point

20.0°C
20°C
20.0°C
20.0°C
19.0°C
19 °C
19.0°C
19.0 °C
20.0°C
20°C
20.0°C
19.0°C
17.0°C
14 °C
14.0°C
12.0°C
12.0°C
11 °C
11.0°C
9.0°C
9.0°C
9°C
9.0°C
21°C
21.0°C
21.0°C
21.0°C
20°C
20.0 °C
20.0 °C

44%
36%
46%
46%
46%
41%
49%
58%
58%
39%
49%
41%
29%
13%
21%
17%
16%
8%

14%
12%
12%
7%

12%
27%
35%
37%
37%
29%
37%
39%

Humidity

WindSpeed

7.4 km/h /2.1 m/s
5.6 km/h /

5.6 km/h /1.5 m/s
11.1 km/h /3.1 m/s
7.4 km/h /2.1 m/s
7.4 km/h /

7.4 km/h /2.1 m/s
11.1 km/h /3.1 m/s
11.1 km/h /3.1 m/s
7.4 km/h/

7.4 km/h /2.1 m/s
9.3 km/h /2.6 m/s
24.1 km/h /6.7 m/s
24.1 km/h/

24.1 km/h /6.7 m/s
24.1 km/h /6.7 m/s
24.1 km/h /6.7 m/s
20.4 km/h/

20.4 km/h /5.7 m/s
11.1 km/h /3.1 m/s
7.4 km/h /2.1 m/s
13.0 km/h /

13.0 km/h /3.6 m/s
24.1 km/h/

24.1 km/h /6.7 m/s
16.7 km/h /4.6 m/s
1.9 km/h /0.5 m/s
1.9 km/h/

1.9 km/h /0.5 m/s
3.7 km/h /1.0 m/s

cool

fresh air
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Temperature

Mean Temperature
Max Temperature
Min Temperature
Cooling Degree Days
Growing Degree Days
Moisture

Dew Point

Average Humidity
Maximum Humidity
Minimum Humidity
Precipitation
Precipitation

Sea Level Pressure
Sea Level Pressure
Wind

Wind Speed

Max Wind Speed
Max Gust Speed
Visibility

Events

Actual

38 °C

47 °C

30 °C

36

51 (Base 50)

16 °C
29

58

4

0.0 mm

995.84 hPa

12 km/h ()
20 km/h

9.8 kilometers

Temperature readings in Al-Ain on hottest
day in the month of July (July 18, 2014)

Average Record
43 °C -()
29°C -()

"*'\

cool

fresh air



Temperature readings in Al-Ain on hottest , —=" —~

N _ cool
" day in the month of July (July 18, 2014

Daily Weather History Graph
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Hourly Weather History & Observations

Time(GST)

9:00 AM
10:00 AM
10:00 AM
11:00 AM
12:00 PM
1:00 PM
1:00 PM
2:00 PM
3:00 PM
4:00 PM
4:00 PM
5:00 PM
6:00 PM
7:00 PM
7:00 PM
8:00 PM
9:00 PM
10:00 PM

Temperature readings in Al-Ain on hottest

day in the month of July (July 18, 2014)

Temp.

34.0°C
33°C

33.0°C
32.0°C
31.0°C
32°C

32.0°C
31.0°C
31.0°C
32°C

32.0°C
36.0°C
39.0°C
41°C

41.0°C
43.0°C
44.0°C
46 °C

46.0 °C
46.0°C
46.0 °C
46 °C

46.0°C
45.0°C
45.0°C
43 °C

43.0°C
40.0 °C
38.0 °C
& C

Heat Index
35.7°C

34.5°C
34.9°C
34.4°C
34.1°C
33.0°C
33.7°C
34.9°C
39.5°C
40.9°C

40.8 °C

43.1°C

Dew Point

19.0°C
19 °C
19.0°C
21.0°C
22.0°C
20°C
20.0°C
20.0°C
21.0°C
21°C
21.0°C
21.0°C
18.0°C
14 °C
14.0°C
9.0°C
12.0°C
10°C
10.0°C
10.0°C
7.0°C
6°C
7.0°C
7.0°C
12.0°C
13°C
13.0°C
20.0°C
20.0°C
18 °C

Humidity
41%
35%
43%
52%
58%
41%
49%
52%
55%
44%
52%
41%
29%
13%
20%
13%
15%
7%
12%
12%
10%
4%
10%
10%
14%
10%
17%
31%
35%
23%

WindSpeed
9.3 km/h /2.6 m/s
14.8 km/h /
14.8 km/h /4.1 m/s
9.3 km/h /2.6 m/s
11.1 km/h /3.1 m/s
13.0 km/h /
13.0 km/h /3.6 m/s
11.1 km/h /3.1 m/s
7.4 km/h /2.1 m/s
9.3 km/h/
9.3 km/h /2.6 m/s
9.3 km/h /2.6 m/s
14.8 km/h /4.1 m/s
14.8 km/h /
14.8 km/h /4.1 m/s
14.8 km/h /4.1 m/s
14.8 km/h /4.1 m/s
13.0 km/h /
13.0 km/h /3.6 m/s
16.7 km/h /4.6 m/s
16.7 km/h /4.6 m/s
16.7 km/h /
16.7 km/h /4.6 m/s
16.7 km/h /4.6 m/s
18.5 km/h /5.1 m/s
20.4 km/h /
20.4 km/h /5.7 m/s
18.5 km/h /5.1 m/s
14.8 km/h /4.1 m/s
11.1 km/h /

cool

fresh air



Temperature readings in Al-Ain on hottest day , —=="—~ |
—=—"In the month of August (August 15, 2014) myuva COO
Hi-Tech

Actual Average Record
Temperature
Mean Temperature 38° C
Max Temperature 46 ° C 42° C -0
Min Temperature 30° C 28° C -0
Cooling Degree Days 36
Growing Degree Days 50 (Base 50)
Moisture
Dew Point 19° C
Average Humidity 33
Maximum Humidity 59
Minimum Humidity 9
Precipitation
Precipitation 0.0 mm - -0
Sea Level Pressure
Sea Level Pressure 998.78 hPa
Wind
Wind Speed 12 km/h ()
Max Wind Speed 35 km/h
Max Gust Speed
Visibility 8.0 kilometers

Events
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Daily Weather History Graph
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Hi-Tech

Hourly Weather History & Observations

Time(GST)
12:00 AM

9:00 AM
10:00 AM
10:00 AM
11:00 AM
12:00 PM
1:00 PM
1:00 PM
2:00 PM
3:00 PM
4:00 PM
4:00 PM
5:00 PM
6:00 PM
7:00 PM
7:00 PM
8:00 PM
9:00 PM
10:00 PM
10:00 PM
11:00 PM

Temperature readings in Al-Ain on hottest day
in the month of August (August 15, 2014)

Temp.

34.0°C
34 °C

34.0 °C
34.0 °C
33.0°C
33°C

33.0°C
31.0°C
32.0°C
33°C

33.0°C
356.0°C
37.0°C
39°C

39.0°C
40.0°C
42.0°C
43°C

43.0°C
44.0°C
46.0°C
46 °C

46.0°C
46.0 °C
43.0°C
41°C

41.0°C
40.0 °C
39.0°C
38 °C

38.0 °C
37.0°C

Heat Index
37.1°C

39.1°C
39.1°C
37.8°C

37.8°C
34.4°C
36.8 °C

36.0 °C
36.9 °C
39.3°C

40.9°C
415°C
43.6 °C

444 °C
44.0°C
46.4°C
45.9°C
47.6°C
45.6 °C
44,5°C
40.9 °C

39.1°C
37.8°C

Dew Point

21.0°C
23°C

23.0°C
23.0°C
23.0°C
23°C

23.0°C
22.0°C
23.0°C
21°C

21.0°C
19.0°C
19.0°C
18 °C

18.0°C
17.0°C
17.0°C
16 °C

16.0°C
14.0°C
15.0°C
14 °C

14.0°C
10.0°C
20.0°C
21°C

21.0°C
21.0°C
18.0 °C
16 °C

17.0°C
17.0 °C

Humidity

46%
41%
52%
52%
55%
47%
55%
58%
59%
37%
49%
39%
35%
20%
29%
26%
23%
13%
21%
17%
16%
9%

15%
12%
27%
23%
31%
33%
29%
19%
29%
30%

WindSpeed

11.1 km/h /3.1 m/s
13.0 km/h /

13.0 km/h /3.6 m/s
11.1 km/h /3.1 m/s
11.1 km/h /3.1 m/s
9.3 km/h /

9.3 km/h /2.6 m/s
14.8 km/h /4.1 m/s
3.7 km/h /1.0 m/s
9.3 km/h/

9.3 km/h /2.6 m/s
14.8 km/h /4.1 m/s
20.4 km/h /5.7 m/s
18.5 km/h/

18.5 km/h /5.1 m/s
14.8 km/h /4.1 m/s
13.0 km/h /3.6 m/s
13.0 km/h/

13.0 km/h /3.6 m/s
7.4 km/h /2.1 m/s
9.3km/h /2.6 m/s
7.4 km/h/

7.4 km/h /2.1 m/s
9.3 km/h /2.6 m/s
35.2km/h /9.8 m/s
27.8km/h/
27.8km/h /7.7 m/s
24.1 km/h /6.7 m/s
14.8 km/h /4.1 m/s
14.8 km/h /

14.8 km/h /4.1 m/s
9.3 km/h /2.6 m/s
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Private house with Aqua cool Aq“u 2 cool

healthy fresh air

Alicante, Spain
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School for special education in Hengelo,
The Netherlands
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Prision in Rotterdam, The netherlands Offices in Horst, The Netherlands
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__a_. Advantage Agua cool
Hi-Tech o
Maximum Efficiency Maximum Reliability
* More Cooling capacity * Rugged
than any other option * Built to last
 Less water consumption * Best warranty
Efficiency’ ° 90% of the energy * 5-year warranty

Flexibility

Maximum Flexibility

» Complete control

* Automated

 Manual override

* All in one AHU

» 5 Operational Modes

Savings

*Maximum Savings

« Manage ALL cost drivers
 Low TCO

« Rapid Payback

» Strong ROI
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- The most important benefits at a
Hi-Tech 9'2nce

Energy efficient

Low maintenance
costs

Environmentally
friendly

Comfortable

Increase of cooling
capacity in case of low
RH

Free of health risks

Up to 80% more energy efficient compared with a traditional air-
conditioning system

Because of the unique design and use of high quality matenals all
Aquacool need minimal maintenance as it has no moving parts

The Aquacool uses water as a refrigerant. In addition, the heat
exchanger includes proprietary plates of synthetic matenal which are
designed to be recyclable

Comfort is achieved by producing cooled air which is not artificially void
of necessary moisture. This creates a pleasant cooled space.

The cooling capacity increases when cooling capacity is needed as the
air is heated by the sun.

Tests by TNO confirm that there is no Legionella risk. The system is also
German VDI certified (German hygienic certification)
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Project: Community Deventer,

p cooled ventilation in a gym Aqua cool

fresh air

The government of Deventer provided a solution by the installation of the Aquacool for the gyms which were too warm:

-
, =
gemeente

Deventer

In Deventer, The Netherlands in the multi
functions building "“De Vijfhoek" containing a
school, a day-care and two gyms was realized.
Three out of the four walls of the gyms are
made of glass and the temperature on warm
days rose up to 45°C / 115 °F. Free cooling
alone not bring the required cooling capacity
and conventional air conditioning was not an
option due to the limited power available. The
Aquacool offered the solution, with the
supply cooled air at a ventilation rate of 5,
without significant increase of energy
consumption.

« Control of the temperature on warm days

» Acceptable energy consumption and burden on the environment

» Increase of the usable hours of the gyms
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SWB Hengelo wanted to improve the ventilation in its
workplaces with the additionally desire to keep the
temperature comfortable during the year.

The Aquacool with heat recovery provides a
comfortable climate the whole year round.

With the Aquacool SWB Hengelo fulfilled the desires of the management and personnel:
« Optimal ventilation in het whole building

« Comfortable climate to work on warm en cold days

« Saving on costs for heating and cooling
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Re/GenT is a Research & Development centre specialized in
refrigeration, air conditioning and heat pumps in Helmond, The
Netherlands. The laboratory has a flat roof and lots of heat is
produced by their test equipment inside the building, which
resulted in high temperatures on sunny days. The installation of
an Aquacoolin the laboratory turned out to be the solution to
improve ventilation and to optimize the working conditions in all
circumstances. An unexpected by-effect was the limitation of
dust in the lab that could harm the sensitive test equipment, due
to the constant overpressure and exhaust of air.

Re/genT improved the working environment in its laboratory by
the installation of the Aquacool:

» Optimal ventilation and exhaust of warm process air

» A comfortable working climate inside on warm days

e Limitation of dust due to permanent overpressure




"= Project: Smart DC, cooling of a AGia Cool
Hi-Tech datacenter

SmartDC

WaldpUiL U1 noueiddii

Data centres deliver their services day and night, which means that
the cooling technology used must be available at all times
However, as a provider that attaches great importance to
sustainability, SmartDC wanted to achieve more.

The Aquacool cooling system design, which is based on the
Aquacool cooling concept was a perfect fit with that objective,
says Richard Boogaard, SmartDC’s managing director. “We are
very happy with the performance of this cooling concept. Not

only because the cooling system is always available, but also
because the solution is both very energy efficient and
environmental friendly.

Aquacool offers us

substantial advantages, our expenences with this

cooling concept are positive. So good in fact, that

we will apply it to the all parts of our Datacenters”

SmartDC improved its reliability and profits by the installation of
air cooling based on the Aquacool:

« Very high reliability due to the simplicity of the design

« Low operational cost for energy and maintenance

« Very low impact on the environment




Project: Hotraco Horst, climate
Hl—Tech control in a modern office
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Hotraco is market leader in the development and production of §
measuring and controlling equipment. The company built a
new office with the latest technologies. The fitting of the
Aquacool optimized the working environment at all weather S
conditions.

Hotraco optimize the climate in the office with the installation ofa Aquacool :
» Optimized ventilation and exhaust of warm air
« A comfortable working climate inside on warm days
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Air conditioning at the same time Auqu 2 cool
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__a _ Details of equipment Aqua cool
Hi-Tech

DOBLE WALL PANELS

STANDARD ROBUST ALUMINUM

FRAMES

EPOXI COATING STANDARD




Heat exchanger design

Hi-Tech

Indirect
Adiabatic cooling
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“There have been no known
cases of Legionnaires’
disease with air washers,
wetted media

evaporative air
coolers/humidifiers, or
steam humidifiers.”

“There has been no positive
association of

Legionnaires’ disease

with indirect evaporative

air coolers”

Legionnaires’ Disease

GUIDELINE

Minimizing the Risk
of Legionellosis
Associated with
Building Water
Systems

Aoproved iy e ALMHAE Rerasa s Corvmstios Faasary &
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AMERICAN SOCIETY OF HERTING,
REFRIGERATING AND
AIR-CONDITIONING ENGINEERS, INC.
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= The water in the sump is not warm
enough to allow the Legionella bacteria
to proliferate.

= Rigid media evaporative coolers do not
produce droplets in a size that is
conducive to transporting Legionella
bacteria.

=Fvaporative coolers have their pumps
cleaned on a regular basis.

Hl Tech



_ A . Water treatment Aqua CO{Ohl
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e The cooling system uses water. By indirect evaporating of the water the
air flow will be cooled.

e Softening is recommended to prevent scaling and to reduce water loss.
e To reduce further water loss, it is possible to re-circulate the overflow
water. This required a more complex system and is only economically
viable for higher flow systems.

System 1: Softener:

e This will remove all Calcium and Magnesium from the feed water.

e Doing so, allows for much lower overflow (which results in a lower
water consumption)

e When the softener is saturated with Calcium and Magnesium, it needs
to be regenerated.

e During regeneration, brine is used. This will be discharged into a drain.



. Water treatment Aqua cool
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System 2: Softener + water recirculation:

*Besides a softener, you could also choose to re-circulate the
overflow water.

For this, you would need a buffer vessel where the water
can return to. As part of the water has been
evaporated, conductivity needs to be measured and
drain valve has to be installed in case of high
conductivity. After the vessel a pump needs to be
installed to feed the cooler.

*The set-up of this system will allow for much lower water
consumption.



_A_ Conclusions (Part 1) Aaua cool
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Classical HVAC system strategies and equipment
are not meeting the client’s needs. Classical
HVAC solutions are the problem

4

e They are primarily constructed around energy intensive

processes
e Reliance on ventilation reduction is the primary cause of air

quality problems
e Recirculation compromises indoor air quality and energy

efficiency
e They place indoor air quality and energy conservation goals in
fundamental conflict

New HVAC system strategies are needed...better engineering is required
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—a . Conclusions (Part 2) jua cool
Hi-TechE—

Truly “green” HVAC systems are attainable with simple
technologies that are readily available.
Benefits of these “green” systems;

e competitive construction costs
* Iimproved indoor air quality

* reduced energy consumption
 reduced heating/cooling plants
 easy to maintain

Both Direct and Indirect evaporative cooling are simple,
reliable processes which will take you where you want to go.
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Questions?



:Hi-Tech Equipment L.L.C.
P.O. Box 19427, Dubai U.A.E
Tel: 00971-4-2672440

00971-50-6950649
Fax: 0097-4-2676450
Email: hitechet@eim.ae,
: joshisg@emirates.net.ae
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