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‘Background

 Buildings account for nearly 1/3 of the total energy consumption, 20-30% of building energy is used for air
conditioning and maintaining indoor thermal comfort in hot seasons.

 As predicted, many regions are going to change from non-air conditioning temperate zones to air
conditioning zones, when there is a 2 °C lift of the average global temperature due to climate change.
Especially for Europe, Southeast Asia, the Middle East, and South America, as UNEP predicted.

« Changing the mode of air conditioning is one of the important solutions to meet the cooling demand without
Increasing electricity consumption and carbon emission.

Figure 15 * World CO, emissions associated with energy use for air conditioning in buildings by source

Figure 8 ¢ World energy consumption for air conditioning in buildings by fuel type
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Background

. Although over 85% of cooling around the world is achieved by mechanical
refrigeration, more than 40% buildings of the regions where cooling is needed can
be cooled by evaporatlve coollng mstead mechanlc due to the dry climates.
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Using Indirect Evaporatlve coollng to substltute mechamcal refrlgeratlon N
dry regions, with no refrigerants and no CFCs, to save energy significantly.



Evaporative cooling technologies

« Evaporative cooling is to make water directly or indirectly contact with air of low relative
humidity, thus water evaporated to realize cooling effect.

Direct Evaporative
Cooling (DEC)

Limit is inlet wet bulb
temperature

Indirect Evaporative
Cooling (IEC)
Limit is inlet dew point
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» Using IEC technology, the output
temperature of water or air can be 6-
10K lower than using DEC technology,
and 3-5K lower than the inlet wet bulb
temperature, reaching around 14-
18°C at ambient temperature of 35°C-
38°C and relative humidity of 20%-
25%.

« Using IEC technology, electricity
consumption can be reduced by
40%~70% compared with common
mechanical chiller system, and no
CFCs used.



Current situations of IEC technology: IEC air coolers

» Various kinds of processes:

Different second air conditions

Different heat and mass transfer process: Internal three-
stream heat and mass transfer and external two-stream heat
and mass transfer; countercurrent or crosscurrent;

Inlet air
A

Different processes, with different
cooling performance and different
outlet cooling air temperature;

Different process structure: single stage or multi stage;
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Current situations of IEC technology: IEC air coolers

 Different technical structures with:
 different heat and mass transfer forms
 different heat and mass transfer coefficients
 different cost of heat transfer area;
« different size, including the volume and specific surface area
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IEC Technology: Applications of IEC air coolers
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Current situations of IEC technology: IEC water chiller

* Introduced by Prof. Yi Jiang in 2002, China, to produce the cooling water by near
reversible process, with limit out water temperature to be outdoor dew point temperature.
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 Key processes:
* to cool the inlet air to make it near the saturation line through a countercurrent air cooler by part of

the produced cooling water;
 to produce cold water by a counter current padding tower;
- flow rate ratio matching design for each of the heat transfer or heat and mass transfer process.



Current situations of IEC technology:

« Different process structure of
IEC chiller

o |[EC chiller I:

* The limit outlet water temperature
IS outdoor dew point temperature

* The total cooling energy produced
by the padding tower is higher
than the output cooling energy;

e |[EC chiller II:

* The limit outlet water temperature
IS higher than outdoor dew point
temperature

* The total cooling energy produced
by the padding tower is equal to
the output cooling energy;
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To remove indoor sensible heat:

|IEC water chiller OR IEC air cooler?

* For the IEC cooling system to remove indoor sensible heat, choose the IEC
cooling air system or IEC water chiller system, which one is better?

Theoretical research of the process:
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To remove the same quantity of indoor heat:

The process produced cooling energy IEC
air cooler is larger than IEC water chiller,
when outdoor air is hotter than indoor air,
the difference is the outdoor air heat load of
IEC alir cooler.

Thus, larger heat transfer area and larger
cost when using IEC air cooler to remove
Indoor sensible heat.



To remove indoor sensible heat: IEC water chiller OR IEC air cooler?

« Comparison based on real applications of IEC water chillers and IEC air coolers
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Development of IEC water chillers

» Present the innovative indirect evaporative cooling concept and the technology to produce cold water,
developed the first indirect evaporative chiller in 2005. Produces cold water with temperature lower than
outdoor wet bulb temperature and limit to outdoor dew point temperature.
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* Present the IEC water chiller combined air cooler processes, and developed the first device in 2008, produces cold
water with temperature lower than outdoor wet bulb temperature and cooling air with temperature more or less at wet
bulb temperature.
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Applications of different IEC water chillers systems

« Different kinds of IEC systems design and optimization and final reallzed n real applications.
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Applications of IEC water chillers

o |EC water chillers, mainl

l

as the cooling source for
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The preliminary performance analysis of IEC technology applied in the world
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The preliminary performance analysis of IEC technology applied in the world

Outlet cold water temperature of IEC chiller in dry regions of the world
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tech nology to 45 ® dry bulb temperature(°C) ~ ® humidity ratio(g/kg) ™ outlet water temperature(°C
produce cooling 40
water, called IEC

)
. 35
chiller for example,
the outlet water
temperature is 23
shown as the right 20
figure. 15
10
5
0
8 ©® O Q UJCU"USCGJ: EODG_Q.M ﬁﬁ’—ﬁ,_(:'cjt:om Slon 2 ® < e—o E;_..._ CGE
S ER SIS EEESEIEREESERE AT R s 5228558
CES~ S 8785 £5 85255 BENS i aEE0E R s s0a
<58 TS ZE §2ECEsSTeF =ZZ229SR F2EEET TR 5
- £tO0 75§ a” 23 gE 8 SERE 2
Z & B S A < %
Z k= £ =
v >
e N

AMERICA CANADA AUSTRALIA CHINA INDIA



Outlet cold water temperature of IEC chiller in dry regions of the world
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IEC Technology
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* |EA EBC Annex 85: Indirect Evaporative
Cooling
« Operating Agent: Xiaoyun Xie, Tsinghua
University

« Participating countries: Australia, Belgium,
China, Denmark, Egypt, France, USA.

* Project period: 2020-2025

« Main objective: study the feasibility and provide
the roadmap of using indirect evaporative cooling
technology in different dry regions of the world.

Stanford Harrison

IEA-EBC Annex 85 : Indirect Evaporative Cooling

Key problem 1:

Existed application
problems investigation
—feasibility study.

Key problem 2:
Cooling performance
—feasibility study.

Key problem 3:
Water consumption
—economic study.

Thermal analysis Simulation

Key problem5:

IEC equipment,
different processes
structure comparison

—~

Key problem6:
Application conditions
and application area
of the world

Key problem 4:
System design—
produce cooling air

analysis Field testing

Investigation Theoretical analysis Cases design

Climate data Cooling efficiency processes structure Design tool Different systems Cooling

Water resource Water consumption comparison Help to verify the design for different  performance,

Building feature efficiency optimization of theoretical analysis buildings in Water and

Application System comparison structure and different regions electricity

projects parameters consumption,
Running
problems;

Give deep and wide Give a unified Give the identification
investigation report characterization method of water

of application method for consumption,
problems, including cooling equivalent method
cost, space, performance between water
maintaining, consumption and

environment impacts

electricity consumption

Give the comparison
method of different
process, the optimization
rules for new process
structure, the suitable
conditions for different
process structure.

Give system design
guideline for different
types of buildings, the
suitable application
conditions of different
system structure,

Give the comprehensive
feasibility analysis of
using IEC technologies all
over the world, the most
suitable system for
different type of buildings
different suitable regions

 * Carry out deep and wide investigation of IEC systems as well as for

Subtask A

Subtask B -

Fundamental

Study

Subtask D

.

cooling towers, including cost, space, maintaining, and environment
impacts(noise, legionella and so on), to find out the main reasons for why
the IEC technologies have not been widely used.

Carry out field testing of existing IEC systems applied in different
climates to obtain real-world running data. Existing projects can be found
in northwest of China, western U.S., Europe, Australia, and other dry regions.
Analyze the data and provide guidance for system improvement or
optimization.

+ Develop the general theoretical analysis method of IEC processes, to

.

Simulati )

.

guide the design of different IEC systems used in different dry climates.
Evaluate the water and electricity consumption of IEC processes.

Set up the system simulation model and tool for different kinds of IEC
processes and systems used in different kinds of buildings under different
dry climates.

Develop a guideline for designing the IEC systems for different types of
buildings under different dry climates and water resource conditions.
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Indirect Evaporative Cooling used in Data center cooling

For all year industry cooling, such as data center cooling, to increase free cooling hours:
Indirect Evaporative chillers for all year free cooling, with design of high temperature cold water;
Indirect Evaporative Chillers combined with mechanical chillers, with design of low temperature cold
water;

In very cold winters, using Indirect Evaporative Chillers to realize zero freezmg
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Conclusions

* Indirect Evaporative Cooling technologies would be one of promising
technologies to substitute common mechanical chillers, with no CFCs, to
meet the cooling demand without increasing electricity consumption and
carbon emission,;

 |[EC technologies have been researched, developed and applied in some
of the dry regions of the world, however not very widely, which need to be
pay more attention and finally to give solutions to promote the applications.

 |EC water chillers could be also used in industry cooling, such as data
centers, to save electricity consumption, as well as to avoid ice for
common cooling towers in cold seasons.
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