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* Master in Energy Management
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FUENTES

( \ CONVENCIONALES |

Los distritos energéticos distribuidos son sistemas 4 ()

N o ) Seme S Wﬁ A\
gue pueden utilizar multiples fuentes de energia. LA e
\ J g %ﬂ Ci I di
-l
»

FUENTES NO
CONVENCIONALES

Permiten el uso de plantas de cogeneracién (CHP), plantas
de conversidn de residuos en energia y otros excedentes
industriales de calor/frio, asi como varias fuentes de energia
renovables para suministrar calor/frio a la red

- S

Fuente: Heatnet-NWE technology guide
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N 1G: STEAM 2G:INSITU 3G: PREFABRICATED 4G: 4th GENERATION
Steam system, steam pipes Pressurised hot-water system Pre-insulated pipes Low energy demands
In concrete ducts Heavy equipment Industrialised compact Smart energy (optimum
Large "build on site” stations substations (also with insulation) interaction of energy
Temperature < 200°C Metering and monitoring sources, distribution
level — and consumption)

s 3 2-way DH

<50-60°C (70°0)

Energy efficiency / temperature level "

DISTRITOS

V4 Energy
effidiency Future
‘* energy
Seasonal R A source
heat storage
Large scale solarm— Biomass
- o Large scale solar zh conversion
- >
’ ::; Biomass L 20::?;1 —g
> CHP Biomass —
<3 e kil —— o =
PASADO, PRESENTE Y : y .
’ Wind surplus CHP
Industry surplus Electricity biomass
Cold
storage
Heat - Heat - Heat . ﬂ Centralised
storage storage storage district
cooling plant

CHP waste
Steam . CHP coal CHP coal -I é l Centralised
CHP oil CHP oil Industry surplus —n heat pump

storage
Also
o K= - s Bt _I—ﬁ ecey | bt
Waste Waste Qil, Coal incineration buildings
S|
Local District Heating District Heating District Heating District Heating

Development (District Heating generation) /
Period of Pest available technology

S5
>

1
1G /1880-1930 2G /1930-1980 3G /1980-2020 4G/ 2020-2050




CIDARF

Centro de Investigacion y Desarrollo de
Acondicionamiento de Aire y Refrigeracion

RENEWASBLE RAINWATER
ENERGY

OLOGICA @ TECHNICAL
NUTRIENT NUTRIENTS
':_» '.‘t.'. )

LIVING
CARBON

DURABLE
CARBON

.........

BLACK

WATER AND i
BIO-WASTE ]
PROCESSING S
TO FERTILIZER

“Circular Flow”™
Carbon Positive City

acaire

Asociacién Colombiana de
Acondicionamiento del Aire
y de la Refrigeracion




CIDARF

Centro de Investigacion y Desarrollo de
Acondicionamiento de Aire y Refrigeracion

= ®
)acalre
Asociacion Colombiana de

Acondicionamiento del Aire
y de la Refrigeracion

Capacidad para suministrar calor a baja temperatura
para calefaccidon de espacios y agua caliente sanitaria a

edificios nuevos y existentes.

Capacidad de distribuir calor en redes con bajas
pérdidas de red.

LOS ASPECTOS CLAVE Capacidad para reciclar calor procedente de calor

residual a baja temperatura e integrar fuentes de calor

DEI_ SISTE MA 4 DHC renovables como el calor solar y geotérmico.
INCLUYEN:

Capacidad de ser un sistema energético integrado

(sinergia con otras redes)

Capacidad para garantizar una planificacion sostenible,
una estructura de costes y motivacion en relacion con
la operacion y las inversiones.

Fuente: Heatnet-NWE technology guide
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Fuente: Proyecto de Distritos Térmicos en Colombia
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RESILIENTE

Los parametros clave que hacen que los distritos de energia sean resilientes son:

Disefio y funcionamiento sencillos

Multiples fuentes de calor

Solucion local y cerrada
Flexibilidad de combustible

Agua a presion

Disenos de distribucion en malla

Niveles de temperatura bajos
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Eficiencia Energética (Gestion Energética) Outlook of energy conservation in Japan e

Changes in Primary Energy Consumption per GDP in Japan .25

conocida como “El Quinto Combustible”: ésta Toileq. Soures METUGenerl e St

Billonyen 3 /| 15t Oil Crisis |

1,700 Contribution by
: . : :_—[ 2nd Oil Crisis | e
; - Energy Managemen
p u e d e ayu d a r a Sat I Sfa Ce r I a C rec I e nte oo ﬂ1|m 1,573 - lilmrg' lifficijm Equipment
1,500 rasr | - Efficient Process Technology

demanda de energia con la misma seguridad —

1,438
1.400 o

Improvement by
1,300

)
. . 1,273 1 [#7
: W0 years & = 0 e
1,200 " [ T, T8I
- H iz 1101
1,100 : 446+ '

1,000 —

proceso o equipo para realizar su funcion con son L

LR - B O LN - RS - -V« - - R (O - N S -

el menor consumo energético posible. < Fiscal Year

1979 : Legislation of the Energy Conservation Law
(the Law Concerning the Rational Use of Energy)

qgue el carbon, el gas, el petréleo o el uranio.

TOUST 4 nas 1,037

Es la capacidad de un wuso, instalacion,

1,059 4938

Primary energy consumption / GDP

1,049
1,021 1,013
985

Amendment : 1983 ¢ 15t) 1993 (2n) 1998 (3v ) 2002 (4 ) 2005 (5th)
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Los EE (o Negavatios) son mas baratos que los Megavatios

f
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53 \u
R — : - - .
100 4 = EE proporciona los maximos beneficios en todo el sistema
w
4 |
P
A SIS La EE reduce la necesidad de importaciones y ahuyenta los
ASALBIALE IR R A b recursos
fffffffffffffff::f
15 85. * /
|
— negawatts

| EE mitiga el riesgo de vulnerabilidades en el suministro

/



C!IDAPF  INDICADORES CLAVE DE DESEMPERO DE [)aca.re
EFICIENCIA ENERGETICA
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La mayoria de
los indicadores Nivel 1: Consumo de energia por superficie de piso
agregados Uso de energia por valor agregado.

y de la Refriger:
Nivel 2: Consumo de energia por tipo de edificio por
superficie de piso.

Nivel 3: Consumo de energia por uso final, por tipo de
edificio y por planta.

Nivel 4: Consumo de energia por tipo de combustible,
mas por uso final, por tipo de edificio y por superficie
desagregados

Indicadores |

Fuente: (IEA, 2014)
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TODAY

CONCENTRATION |
ATMOSPLER i

"RESULT IS AN INCREASE IN THE AVERAGE GLOBAL
PERATURE (GLOBAL WARMING) AND PARTICULAR

| CHANGES IN THE CLIMATE CAUSED BY THIS
PHENOMENON (CLIMATE CHANGE)

TOMORROW
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Calentamiento Global:

Las emisiones de carbono
procedentes de las actividades
humanas estan provocando el cambio
climatico.

La descarbonizacién es crucial para
reducir los gases de efecto
invernadero.

HVAC

HEATING VENTILATION AIR CONDITIONING

Funcion de HVAC:

HVAC representa alrededor del 40%
de la energia consumida en una
planta de fabricacion, energia que se
consume en forma de combustibles
fosiles y energia eléctrica.

acaire

Asociacién Colombiana de
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y de la Refrigeracion
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CARBONO CERO

ool S
* Las emisiones de carbono que genera como persona 0 empresa se

CcO compensan, ya sea reduciendo sus emisiones de carbono o

: contrarrestando sus emisiones a través de proyectos de absorcion de

carbono, como la reforestacion sostenible.

NEUTRAL

Equilibrio entre la cantidad de emisiones de didxido de carbono
(CO2) liberadas a la atmodsfera y la cantidad de CO2 eliminada de la
atmosfera, lo que no genera ningun cambio neto y reduce las
emisiones de gases de efecto invernadero.

Eliminacidon o remocion completa de las emisiones de carbono, lo que
no da como resultado una liberacidon neta de carbono a la atmdsfera.
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SCOPE 1/2/3 INVENTORY GUIDANCE

Scope 2 Scope 1
INDIRECT DIRECT
s Scope 3 Scope 3
‘“ INDIRECT INDIRECT
- .
- IR
g:::l?:e:d "n F: transportation -
o
d purchased electricity, steam -ﬂ IS ae ansl and distribution "
heating & cooling For own use = | as aaa| investments
leased assets 6\
() company
facilities
capital m
goods : i franchises
employee processingof -
fuel and commuting sold products g% -ﬂ
energy related x !ﬂ ( e 25 aua|
activities -ﬂ- = piciness L) -i
—_ travel company Feold leased assets
. vehicles use ors9)
transportation products
and distribution waste end-of-life

generated

perations

Upstream activities

Reporting company

treatment of
sold products

Downstream activities

{ellj e+ HTTPS://WWW.EPA.GOV/CLIMATELEADERSHIP/SCOPE-1-AND-SCOPE-2-INVENTORY-GUIDANCE
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DESCARBONIZACION PROFUNDA

6.0
50 20
~ 60 T

= 8 55 | Baseline emissions 57 Gt ....vmmvnnnn o End-use fuel and electricity
8 6] %0 efficiency 38%
2 | ® End-use fuel switching 15%
s 40 45 A
£ 40 - : :
g M Powergeneration efficiencyand
< 35 A fuel switching 5%
z 2 B Nuclear 6%
= 30 ELIR
.5' 25 -
2 20 - M Renewables17%
S
g 15 1 BLUE Map emissions 14 Gt - % mccs19%
w 20 10 -
=
=
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5 0 T I T I I I I 1

1.0 u\ 2010 2015 2020 2025 2030 2035 2040 2045 2050

0

2015 2050 Energy Cleaner Electrification Decarbonization Increase in NRDC Core
Emissions "No Action” Efficiency Grid of End Uses of Remaining  Emissions Due Scenario
Emissions Fuel Use to Nuclear Plant 2050

Retirements Emissions
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TODO EL MUNDO
Top 10 countries by added solar PV Top 10 countries by cumulative solar PV
capacity in 20197 capacity in 2019(®]

I China: 30,100 MW (26.2%) China: 204,700 MW (32.6%)

I United States: 13,300 MW (11.6%) - United States: 75,900 MW (12.1%)
India: 9,900 MW (8.6%) B Japan: 63,000 MW (10.0%)

B Japan: 7,000 MW (6.1%) Germany: 49,200 MW (7.8%)

B Vietnam: 4,800 MW (4.2%) India: 42,800 MW (6.8%)

B Spain: 4,400 MW (3.8%) Italy: 20,800 MW (3.3%)
Germany: 3,900 MW (3.4%) Il Australia; 14,600 MW (2.3%)

- Australia: 3,700 MW (3.2%) - United Kingdom: 13,300 MW (2.1%)

I  Ukraine: 3,500 MW (3.0%) South Korea: 11,200 MW (1.8%)
South Korea: 3,100 MW (2.7%) France: 9,900 MW (1.6%)

All others: 31,200 MW (27.2%) All others: 121,600 MW (19.4%)
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Temperature vs Solar Activity

1363 _
Solar Irradiance Temperature

11-year average

Yearly
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Wind Power Capacity
Megawams (M)

- 40w
2000 . 800¥,
SO% . 200K
15 50K

1000 . 15K

Total Installed Wind Capacity: 105,583 MW

Scurce: American 'W who
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El hidrogeno es creado usando energia renovable.

Metano de combustion estequiomeétrica
2H2+ O2= (2)H20

Hydrogen

Anode Reaction
2HO = O, +4H" + .

Source: Wood Mackenzie, U.S. Department of Energy
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HIDROGENO VERDE
VENTAIJAS DESVENTAJAS
* H20 es el unico subproducto * No hay infraestructura actual para
« Las calderas actuales se pueden * El H20 es explosivo. Puede afectar
modificar para quemar H.0 los codigos de construccion
- Se puede utilizar para generar . Requgriré tren de gas especial con
vapor o agua caliente. seguridad adicional
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HALZON

For Health. With Humanity.
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BEFORE AFTER

Refrigerant From End User
Losses 54 °F

From End User
54 °F
To End Users

To End Users
42°F

0.9 kW/ton
From PREPA 190 °F Water
) Waste Heat Recovery

PIT Genset
_—

|

0.054kW/ton
From PV

0.054kW/ton
From PREPA

0.055kW/ton 0.055kw/ton
From PREPA From PV
e

e
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AGUA ENFRIADA

e Operational time: 8,760 hrs Chilled Water Pupms Indirect Emissions
o =600 tons x 0.055kW/ton x 8,760 hrs x 0.000582
e Refrigerant R134A/ Global Warming Potential (GWP) eTon CO2/kW

=1,430 0168 eTons CO2 per year

e Annual Leakage Rate = 2% Total Indirect Emissions = 3,086 eTons CO2 per
Year

e PREPA emission factor = 0.000582 eTon CO2/kW

Direct Emissions

e Electrical Consumption o Refrigerant charge amount x Annual leakage rate
o =600 tons x 0.9 kW/ton x 8,760 hrs x Global warming potential
©=4,730,400 kWh per year o=[3,995 Ibs x 2% x 1,430]/12,000 Ibs/ton

© 9.5 eTons CO2 per year
e Chiller Indirect Emissions
©=4,730,400 kWh x 0.000582 eTon CO2/kW

Total Emissions = Indirect Emissions vs Direct

© 2,753 eTons CO2 per year Emissions
o=3,086 eTons CO2 + 9.5 eTons CO2
e Chilled Water Pupms Indirect Emissions © 3,095.5 Tons CO2 per year

o =600 tons x 0.054kW/ton x 8,760 hrs x 0.000582
eTon CO2/kW
© 165 eTons CO2 per year
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BEFORE

Steam

Return from
HVAC Reheat 105
°F _

Efficiency = 0.95

Condensate
supply to HVAC
Reheat 115 °F

1,900 gpm

From PREPA
100 hp
74.6kW

CALIENTE

AFTER

To Absorption

I—’ Chiller

Steam _|
—  105°F
—
Condensate +
115 °F h— H W
Return

RHW

Supply ~ 100°F

—

Solar Collectors

Thermal
Storage
Tank

160 *F

DESCARBONIZACION - CIRCUITO DE AGUA

Absorption
I Chiller Return

]
1

acaire
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Asociacion Colombiana de

Acondicionamiento del Aire
AGUA CALIENTE

HVAC Reheat Heat Water System Information
o Pump Flowrate = 1900 gpm

Entering Temp 115 F

Leaving Temp 105 F

Heat Exchanger Efficiency 95%

Boiler Efficiency 73%

o

© 0 o

e Heat requirement calculations water side
o Q=500 x gpm x (Tout-Tin)
o =500 x 1900gpm x 10 F
© 9,500,000BTU/hr

e Heat requirement calculations steam side
© 9,500,000BTU/hr/0.95
© 10,000,000 BTU/hr

Fuel Requirement
o LPG Energy Content - 91,500 BTU/gal
© 10,000,000/(91,500*.73) = 150gal/hr
o Operating time: 8760 hrs
© 1,311,475 gals/yr

e LPG Emission Factor = 135.5 |lbs CO2/MMBTU
o [1,311,475 gals/yr x 91,500 BTU/gal]/10726 x 135.5
Ilbs CO2/MMBTU
© 8,130 Tons CO2 per year

e Hot Water Pumping COnsumption

o =100hp x 0.746 kW/hp x 8,760 hrs

© 653,496 kW/yr
653,496 kW/yr x 0.000582 eTon CO2/kW
380 eTon CO2/kW

o}

o]

e Total Emissions
o [8,130 + 380] Tons CO2 per year
© 8,510 Tons CO2 per year
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CICARF  GRUPO ELECTROGENO COMBINADO DE
CALOR Y TRANSFERENCIA
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EMPIRE GAS - TERMINAL PROCARIBE
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CAPACIDAD DE

TERMINAL DE PROCARIBE

ALMACENAMIENTO ‘

I | I
TK 1010 TK 1020 TK 1030

(73.000 BBLS) |  (52.000BBLS) | (125.000 BBLS)

(30.000 BBLS)

I 1
B1110 B1120

(40.000 BBLS)

I

Capacidad total tanques:
250.000 BBLS

Inicio operaciones en 1984

Procaribe importa el 85% del LPG que es comercializado y
distribuido al sector de la salud, industrial y alimentos en P.R.

Operacion continua 24hrs / 7 dias

I

Capacidad total balas:
70.000 BBLS

Operaciones:
* Descarga de LPG
*» Almacenamiento de LPG
* Despacho de LPG
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COSTO DE ELECTRICIDAD DE ENERGIA DE LA AEE: USD$0.22/KWH
COSTO DE ELECTRICIDAD DE ENERGIA DE PROPANO: USD$0.06/KWH
AHORRO = $700,800

RETORNO DE LA INVERSION = 2,5 ANOS
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ENFOQUE MODULAR

4 modulos idénticos
CAPACIDAD POR MODULO
* Potencia: 1,000 KW

* Vapor: 8,750 Ib/h

* Agua helada: 1,000 RTON

e Agua Caliente: 100 KW

CAPACIDAD TOTAL

* Potencia: 4,000 KW

* Vapor: 35,000 Ib/hr (con quemador)
* Agua helada: 1,000 RTON

* Agua Caliente: 800 KW
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Olein Refinery & Lubricants is an American company established in Yabucoa, Puerto Rico that recovers and re-refines

used oil and manufactures motor oil, synthetic oil, transmission fluid, and other automotive fluids.
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Located in Yabucoa where Hurricane Maria Wind
Speed reached 150 miles/hr

Significant Impact to Facility

No Impact to CHP

CHP (Power) available immediately after
Hurricane

Plant resumed operation 4 days after Hurricane
Plant was fully operational 11 days after Hurricane

Olein had Record Sales in October due to Oil for Stand-by Generators

demand.
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GFC Holdings Limited Liability Company

Renewable Natural Gas, Carbon Dioxide, Green Hydrogen and Dry Ice
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Landfill Gas to Renewable Natural Gas Projects...

U.S. has 280+ Landfill Gas Purification to Renewable Natural Gas
(RNG) systems in operation displacing 7MM tons of (CO,,) in the
past b years

BGF will be the first Landfill Gas Purification System in the Caribbean

Reduces Landfill Pollution by 90%
Improves Respiratory Health

Provides Energy Resiliency Saa= 88
Creates & Retains Jobs .
Exports CO,

YV VY YV
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Our Technology Purifies Landfill Gas to Recycled & Renewable
Natural Gas & Carbon Dioxide

Note: GREEN are BGF owned
processes along the entire value

Moisture .

chain

Removal Gas
Landfill Gas Organic .
Separation
Industrial
RLNG

Customer Commercial

RCO,

Decomposition

Customer

50% Methane 40% CO,
8% Nitrogen, 2% Oxygen

Purification ..1 ‘.1
(]

Compression
Liquefaction
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RLNG &

Landfill
Wells Humacao Landfill
Life expectancy 80 years + 20 years of gas after
RCO,
Delivery

closing
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“No hay nada mds poderoso que una

idea a la que le ha llegado su momento”
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