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Proyecto cultural y colectivo de nacion Energy mix for electricity in Colombia
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Data taken from XM

Energy balance of Colombia h
(primary resource)

Data taken from UPME, 201
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Proyecto cultural y colectivo de nacion

Data taken from UPME, 2016

Energy consumption by sector

, Building
Agro 3 0%
0% %#
7 Public &
Housing Commerce
17% 5%

Industry and Public & Commercial
sectors are the ones where the
highest consumption of cold is

observed
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Demand considerations:

Cities > 200.000 inhabitants

[

Average annual temp > 20° C (68 °F)
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Proyecto cultural y colectivo de nacién Dema nd ConSideratiOnS:

Selected cities

Industry
San Andrés

é e Commercial parks and free trade zones
T e Administrative areas (offices)

Public Buildings

e Government offices

Clcuta

Bucaramanga

Hotels and Convention centres

e Rooms and common covered areas
¢ Lobbies, corridors and restaurants
e Places used for events, congresses, conferences or meetings

Educational Buildings

¢ Schools and Universities
e Classrooms and administrative offices

Hospitals

e Hospitals and clinics (number of offices)

e Operating rooms, intensive care units (ICU), corridors, and
common indoor areas

Urban equipment

Sede Medellin

e Sport centres (Stadiums and sport units)
e Airports and bus terminals




Demand estimations:

Proeq : total energy that must be supplied to a space per unit of time [BTU /h].

P 7y : cooling power that must be supplied to a space per unit of area and time

Protar = P(T) XA+ C [BTU/hm?].
A : area to be cooled in [m?]

C:[BTU/h] is the thermal load. Additional power that must be supplied to the
space to be cooled due to the presence of people or objects in it.

Table 1. Cooling power per unit area and time in each Table 2. Thermal load [BTU / h] associated with different

temperature range objects in the spaces to be cooled

Climate | Min (°C) | Max (°C) | BTU/hm? Object BTU/h
Cold - 18 500 Person 500
Warm 19 25 550 Computer 400
Hot 26 i3 600 Conventional TV 600
Very hot 34 - 650 Halogen bulb 400
Flat TV 400
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Demand estimations:

Summary by sectors of the cooling demand (in thousands of RT) by city

Population
(MIH(I)(,)ES) Villavicencio Il N 6.5
0.5  SantaMarta [N 13.9
0.8 San Andrés I I 8.5
0.5 Pereira NN NN 7.9
0.5 Neiva [N 7.6
04 Monteria I I 51
3.8 Medellin ~ IEEG_— e 3 7.2
0.6 Ibagué [T NN 10.9
0.8 Cicuta [ I . 10.3
1.1 Cartagena [ I 25.9
2.4 Cali I 24.2
0.6 Bucaramanga [N NN 12.2
2.4 Barranquilla | 26.7
0 5 10 15 20 25 30 35 40
mindustrial M Government ® Conventions Centres  ® Urban Equipment M Hotels M Education M Hospitals

Assumptions considered:

. Hotels: 35 m2 of area per room plus 20% related to the common areas of the hotel (corridors and lobby), plus a thermal load per room of 3 people, 3
bulbs, 0.5 computers, and 1.5 TVs.

. Hospitals: areas of 25 m?2 by room, 37 m?2 by operating room, and 15 m? by ICU were used.

. Industrial parks: only 10% of the total area of the industrial parks or free trade zones are considered for cooling.

. Building plans, offered rooms, news, and others were used to estimate the areas and the required cold power.
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Modelling of the offer

Cooling technologies

Vapour compression
refrigeration cycle

Two cooling
technologies

Absorption

Aoy
AoV

chiller

At

Electric Compression technologies: screw
. type, positive displacement,
engwne centrifugal type.
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recover
thermal

Vo LU

Industrial processes,
exhaust gases, steam
surplus and hot water
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Modelling of the offer

Cooling district packages

i 1,200 RT (package 1)
A} SDMO GXC1200 (MTU Engine)
= / 2 units of Carrier electric
o compressor Chiller
a (Acquaforce)
N e 6,800 RT (package 2)
szl ...'f.“:.‘E“I } ; —. \ i
g sy~ Taurus T60 Solar turbine
| | T | 8 units of Carrier electric
ol T1 m—— T compressor Chiller
= = (Acquaforce)
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Modelling the offer

With LEAP tool

] Bocagrande and
historic centre Rule:
14,000 RT For a user to be profitable on a
/)
CD, he must demand at least 1
®
RT every 800 m from the CD
Cartagena
Sy
@ .
Cooling districts aggregated
by geography
" wad
A}
@  Education O Government © Hospitals @ Eg:;/fer;tion fk@%&,
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Modelling of the offer

With LEAP tool

Barranquilla

North and Puerto

Colombia
19,000 RT
0 25 § 10
Kildmetros
Education O Government O Hospitals @ Egsﬁr;tinn
Sede Medellin O Urbanequipment @  Industry © Hotels

O Ppotencial cooling district (by geography)



Proyecto cultural y colectivo de nacion MOdEI I | n g Of the Offer

With LEAP tool

— Downtown and
Industrial zone
10,000 RT

— La Alpujarra
(Government buildings)
3,600 RT

0 25 5 10

Kilometros

Education O Government @  Hospitals @ (Convention .

Urb _ : . o centres U
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Modelling of the offer

North of the island
6,000 RT

San Andrés

005 1 2

’ R e—
Kilometros
O Urbanequipment O Industry @ Hotels UNX?;BAl\jAL
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Technologies analysis

Combining local energy resources and technological configurations:

OPTION A. SEA WATER AIR CONDITIONING (SWAC)

Sede Medellin

Use of deep ocean seawater directly for
air conditioning.

Water located at 80 m deep s
approximately at 4 °C.

Pump the deep water and use it as a
cooling fluid for the CD.

The water is deposited back to the sea
over the surface.

Operating costs of this system are mainly
related to water pumping




Technologies analysis

Combining local energy resources and technological configurations:

OPTION B. COOLING WITH RENEWABLE ENERGIES

Steam compression chillers and
absorption chillers.

Eolic Solar thermal

z
[~
|

SM Electricity from wind energy and
solar PV, and with energy from

I—r' preeseenmenns : SIN as the backup

For absorption chillers, the use of
hot water from thermal solar
energy or hot water coming from
,ecmc chillss industrial processes is proposed.
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Combining local energy resources and technological configurations:

OPTION C. NATURAL GAS COGENERATION OPTION D. NATURAL GAS OR
AND SOLAR THERMAL/PV FLARE GAS COGENERATION

Gas turbine
Solar thermal
T Electric chiller
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Technologies analysis

Combining local energy resources and technological configurations:

OPTION E. ELECTRIC CHILLERS (100%)
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Proyecto cultural y colectivo de nacion Energy resources by region

Conventional resources Non-conventional resources
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Technological options by city

OOOEBOG) ©00)
Cartagena
Combining  local "‘ ‘“" San Andrés
energy resources

Bucaramanga

foo

Villavicencio

(conventional and Medelin
- OIO,
non-conventional)
. Pereira
and technological
configurations:

Technological configuration options

’ @ Sea Water Air Conditioning (SWAC) @ Natural gas or flare gas cogeneration
Sede Medellin Cooling with renewable energies (E) Electric chiller 100%
@ Natural gas cogeneration + Solar PV



Environmental analysis

With LEAP tool

the CD scenario presents a reduction in

g 300 greenhouse gas emissions with respect to
:g 750 - the BAU: an accumulated reduction of
T | T 1,500 kTon of CO, equivalent for 2030 was
o estimated.

Q150 -

'L"é 100 - By comparing both scenarios at the end of
3 '-t. the simulation, it was found that the
D Tae w001 0% 07 300 specific reduction for the last year of the

— CD —BAU CD scenario compared to the BAU scenario
is larger than 50%.

CD scenario considers the use of cogeneration system with natural gas. Using of renewable resources would
increase the environmental benefits.
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o] 0 Total potential of 196,900 RT
< 8l [ . 8 for the implementation of
g = e . .

2o L1 — CDs in Colombia.
-u?: ;?54 Barranguilla 'u'é E 4

g = 2 E &

=7 g 2

0 Medellin is recognised

14] worldwide as the most
5 Cartagena innovator city, and the
§ g1 . . .

5 g 5 potential keeps being higher
§5¢ to install at least four CDs
3 4]
N with about 24,000 RT.
n..
30
— 25
E £ 2p Manteria
"E g 15 |:| Industry - Government
E .f..: - Hatels - Education ] ’
_,% “ ;I: - Hospitals - Convention centres : Medelhn
C I - Urban Equipment
0,0
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Technologies

e More efficiency
@6)=(=lpl=lzhlelgl @ Distributed generation

Cooling

District

e Free resource
e Near to Zero emissions
e Distributed generation

Renewable
energies
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