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solar cooling — sustainable air conditioning for Barbados

INTRODUCTION



Barbados
Geography

Carbbean
Sea

Sea
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Siver Sands.
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Barbados
People, Society, Economy

Language: Englisch

Population: 283,733 inhabitants

Capital: Bridgetown (80,000 inhabitants)
GDP - official exchange rate: USS 4.4 billion

GDP - composition by sector:

agriculture: 3.4% (sugarcane, vegetables, cotton)
industry: 13.4% (light manufacturing)
services: 83.2% (tourism)

Unemployment rate: 12%
Public debt: 103.9% of GDP

Inflation rate: 7.4%

source: CIA — The World Factbook
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Barbados
Climate
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Average min and max temperatures in Bridgetown, Barbados
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source: www.weather-and-climate.com

Average monthly sunhours in Bridgetown, Barbados Co
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Barbados
Energy Supply

Electricity production:
heavy fuel oil: 82%
diesel: 18%

fuel is imported — high degree of volatility in the market
extensive use of solar water heaters SWH

no domestic heating — solely hot water needed
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Spring Garden Generating Station: 51IMW

source: www.reegle.info
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Barbados

Energy Supply

THE BARBADOOS

LIGHT £ POWER

® COMPANY LIMITED
DOMESTIC TARIFF GENERAL SERVICE SVP TARIFF LP TARIFF
CALCULATOR TARIFF CALCULATOR CALCULATOR CALCULATOR

Customer Charge §10.00
Energy 1st Blk 150 KWh @ 0.150 per KWh 52250
Energy 2nd Blk 250 kWh @ 0.176 per KWh 544 .00
Fuel Charge 400 kWh @ 41.3151 cents per kWh $165.26
- )
o D)

Exchange Rates

1 BBD =0.50 USD
1USD=2BBD

1BBD =0.38 EUR
1 EUR=2.60 BBD

Electricity Prices (400 kWh per month)

Barbados Light and Power
109.26 EUR
1 kWh =0.27 EUR

Stadtwerke Flensburg
100.67 EUR
1 kWh =0.25 EUR

source: Barbados Light and Power Ltd.
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THERMODYNAMIC BASICS



Thermodynamic Basics
Evaporative Cooling

Wind collector

Exhaust qﬂ ( Wind

Wind direction

A

Airflow into the The Bédgir Of

Quanat .
Dowlat-abad in
Yazd is one of the
tallest airscoops

Cooled cellar

ground
Low pressure

.,
E
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Thermodynamic Basics
Evaporative Cooling

 PulstransmissiontAG; = 2muv,;

2MUV

At
—_> Not evaporating

> Evaporating
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Thermodynamic Basics
Water Phases
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Water vapor
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Thermodynamic Basics
Water Phases

Critical poink
225 akm &
latm - - - - =
F'rejsure Ice
(=olid)
0o0e akm |- - - - — — — -

Q.o1e o2 C 3740
Temperature ———

Drrawing is not to scale

http://www.askamathematician.com
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Thermodynamic Basics
Water Phases

The total pressureof a systemisgivenby
Ptotal = Pwater T Pgas

Vacuum

Pressure =r/A

Vv

) Time = oo
video
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SORPTION CHILLING PROCESSES



sorption chilling processes
system overview

thermal chilling

sorption chilling

| ]
‘ open cycle \ ‘ closed cycle \

thermo-
mechanical
chilling

Rankline-

process

adsoption

adsorption

steam jet

process

absorption

absorption

schukey motor
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open sorption chilling processes

adsorption

Discharge air side

A.
B.
| &4
D.

Discharge air fan

Regeneration heater

Evaporative cooler
Filter

Supply air side
Filter
Sorption rotor
Heat recovery rotor
Evaporative cooler
Supply air fan

Sl G

source: Munters Austria, www.munters.com.au

Air heater
T=70°C T =40,4°C T = 20°C
(p=7(%) =295 % o =95 %
= o x =14 g/kg x =14 g/kg = ‘ = 26°
N E 0 CExhaust air T LY Rewmair | = 26°C
0 =18% = 6 f4 ¢=55%
x =194 gkg 1 x =116 gkg
T=29 T=45°C T=25-df T=16,5°C
[ =32°C 3S—C—
"o . N - 9 =33 ~ = 9
o =40% Ambient air :: 61(1)47 //; f=5,5 gkg  Supply air ;P= gsg g/kg
x = 12 g/kg Sorption wheel © o'+ 9/K0 HX Humidifier '
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open sorption chilling processes

adsorption
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open sorption chilling processes
adsorption

thermal collector

Exhaust air @ p— "ﬂ'" ] [€ < Return air
Ambient air = ————— % _—r N |— |— @ ﬁ Supp]y air

source: Misch (adapted)
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open sorption chilling processes

absorption

Warm and humid

Concentrated

brine

¢ N g & Warm and dry

outside air outside air Evaporative
cooling
Dry cool
supply air
Diluted &
brine g
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closed sorption chilling processes
adsorption

ADSORPTION PROCESS
PHASE 1

. CONDENSATION

—
>
—

\
DESORPTION

EVAPORATION

PHASE 2

. COMDENSATION

DESORPTION

" EVAPORATION

. COOLING = UPTAKE OF ENERGY FOR EVAPORATION
’ THERMAL DRIVE = BAKING THE ADSORBERS

RE-COOLING = EVACUATING HEAT FROM THE SYSTEM

source: Invensor
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closed sorption chilling processes
adsorption

Solar collector Fancoil

Uses solar energy to Distributes the chilled
generate hot water. water in the place.

RCS re-cooler
Conducts heat to the sur-
rounding environment.

ACS adsorption chiller
Efficient generation of
chilled water by using the
driving heat.

I Driving circuit
I Chilled water circuit

[ Re-cooling circuit

PCS pump station
Optimally designed hydraulic
unit connecting the ACS
adsorption chiller and the hot
water tank as well as the
RCS re-cooler and the cooling
distribution system.

Buffer
Stores the hot water needed
for heating assistance and
drinking water.
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closed sorption chilling processes
adsorption

source: SorTech AG
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closed sorption chilling processes

absorption

COMBINED : —
WATER AND ~
DESICCANT

Heat exhausted
| to outdoors

separates
desiccant EXPANSION
from VALVE

ABSORBER EVAPORATOR

A fulinl ll
A oyre. Heat pulled I 111D COOLANT
oo AT B Cam LooF
N
D ) &yiLoiNg

e WATER VAPOR
+ DESICCANT VAPOR

B WATER LIQUID

[l DESICCANT LIQUID

[l WATER AND DESICCANT LIQUIDS COMBINED

source: Autodesk Education Community
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sorption chilling processes
annual electricity costs

Office building size in m? 250
Refrigeration load in Wh/m?d 200
Refrigeration load of the office in
KWh/a 18 250
Seasonal performance factor 5-6 10-13
Electricity needed in kWh/a 3650 1825
Electricity cost in Euros 1254 561
solar cooling
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Project Approach
Contacts

Magnesium Anode
The magnesium anode prowides cathodic protection for the
storage tank. This sacrificial anode extends the tank’s ife.
Polyurethane Insulation
The polyurethane insulation is cast in a mould. This
method ensures the high quality of the Solar Dynamics Hot
Water System with the lowest heat loss at 3.2 Btu per hour.
Heating Element —
The backup electrical booster for periods of prolonged inclement
weather comes in 1500 watt 110 vot Through the high i s
efficiency of the system the backup booster is seldom used:

Thermostat
The thermostat controls the W &
of the water when the element is :

Nipple Diffuser|
Cold water entry to
reduce water turbulence

Glass Lined Steel Tank
Inner and outer porcelain coating
to provide maximum tank life
Aluminium Cabinetry
Provides the best protection
in our saline environment
Fusion Bonding Technology

Increase the conduction of solar heat to the water
Selective Coating Technology

per square foot. increases absorption and reduces emission
Lowest Heat Loss of heat, thereby improving collector efficiency

at 3.2 Btu per hour : “ L Collector Insulation - reduces heat los
v e 3| All fights reserved. Visit us at www.solardynamicsitd.com

video

source: Solar Dynamics Ltd.
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Project Approach
Contacts

Source: Hipac Ltc.

06/06/2013
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Project Approach
Contacts

¢, THE UNIVERSITY OF THE WEST INDIES
AT CAVE HILL, BARBADOS

Tom Rogers, PHD
Professor
Renewable Energy Management

Prof Sir Hilary Beckles
Principal UWI

Government
of Barbados

Ruall Harris
Former Permanent Secretary in the Ministry

06/06/2013
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Project Approach
SWOT Analysis

know-how distance

contacts

climate scale of
conditions technology

power price price

missing experts

solar cooling
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Project Approach
Outlook

Next steps
() * Design of a suitable
Status Quo Fooling system (mis§ing
information from Hipac)

* James Husba_nd (solar e More detailed ecomical

heater supplier) calculation (details of the
e Tom Rogers (ambitious system configuration

to support the project) required)

e Tony Gill (Hipac,
company which is
interested)

Next semester

¢ Travel to Barbados
e Support of INEES funds
e Master Thesis UWI

06/06/2013
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Thanks for your attention!



Thermodynamic Basics

Equations
C - AGtotal _ ]
Force:F = e - P A
Rs

* Equationofstate:p = T

|%4

° Watervapourpressure:pva= N S

(p.y= 31,7mbar (25°), ©= relative airmoisture)

P

Source: Physikalische Formeln und Tabellen, j. Lindauer Verlag
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Thermodynamic Basics
Saturation of Water Vapor

Google pictures

06/06/2013
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closed sorption chilling processes
pros and cons

open closed

adsorption absorption adsorption absorption
+ air conditioning + air conditioning + cold water + low temperature
possible possible coldness possible

+ independent from
+ low driving heat + low driving heat ambient air humiditiy + part load performance
temperature temperature

- expensive - expensive
+ every heat useable + every heat useable

- lower COP - danger of cristallisation
+ low driving heat + storage of coldness

temperature _ _ - ammoniac hazardous
- size and weight

+ non-hazardous coolant _
- odor and material

- size and weight transmission

- contamination of
sorbent

- no storage of coldness

solar cooling
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solar cooling — sustainable air conditioning for Barbados

CONVENTIONAL CHILLING



conventional chilling

Condenser may be

water-cooled or Compressor
air-cooled. apor ‘Wapar
Evaporatar Condenser
N
Cold ifarm
'1? z'ﬂ:n "T
Fan
? Expanzion
Liquid + “apaor N Liquid

Yalve

TYPICAL SINGLE-STAGE
VAPOR COMPRESSION REFRIGERATION
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