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Energy Pyramid

ddUall Jad> Energy Conservation:

Energy Reduction Methodology:

Social behavior with the aim of preserving the environment and raising the
responsibility of individuals and societies

Cost: The lowest

Sustainability: The highest A
Examples:

Close or turn off the lighting fixtures that we do not need.

Adjust the air conditioners to a lower set point in winter and higher in summer.

(L3
—

Close the curtains and shades on hot summer days.

Cleaning of air conditioner filters.

Remove unused electrical appliances from electricity when not in use.

o 0 o0 0 0o O

Take advantage of sunlight instead of artificial lighting.
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Energy Pyramid

d8Uall 943 Energy Saving:

Energy Reduction Methodology:
Individual behavior to increase energy efficiency A

N AR

Sustainability: low :
. Energy Saving @
@ LUt g b g o

A

Examples:

O Using less number of lamps

O  Driving for shorter distance.



Energy Pyramid

aslall pldSeiuwl 84S Energy Efficiency:

Energy Reduction Methodology:

Develop the technology used to reduce the amount of consumption
without compromising quality / comfort

i

Cost: High

Sustainability: High
Examples:

O Thermal Insulation implementation.

O Lighting Retrofitting.
O Double Glazing
D High energy label appliances

dBuilding orientation
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Energy Pyramid

Bodxiell d9Ua)l Renewable Energy:

Energy Reduction Methodology:

Utilizing energy from a renewable source and reducing fossil fuel
dependency

Cost: The highest
Sustainability: The highest

Examples:

3 On grid/Off grid PV Systems.

O Domestic & Process SWH systems
O Wind turbines.
Q

Biofuel
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Energy Challenge in Jordan

 Jordan faces two significant challenges in its energy sector:

1. The rising energy demand,
2. and limited Jomestic resources to meet the country's needs.
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CONTENTS

= Energy challenge in Jordan

= What are the main energy sources we use in Jordan?
= Who are the main energy consumers?

= How is electricity produced in Jordan?

» Where is electricity being used?

= What MEMR, EMRC, NEPCO, JEPCO, ... stands for?

= Who is responsible for what?
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Energy in the news
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Energy Challenge in
Jordan

* Jordan imports 96% of its energy needs from abroad. Prior
to the US occupation of Iraq, The Iragi supplied half of
Jordan’s oil for free, and the rest at a discount price.

Figure 9: Jordan's Fuel and Petroleum Imports
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Total energy supply by source
Jordan 1990-2019

Total energy supply (TES) by source, Jordan 1990-2019

T

Occupation
of Iraq

450 000
400000
350 000
300 000
250 000
200 000
150000 &
100 000

50 000

Natural gas

Qil

0 T

| [ | | [ I 1
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

| | | 1
2012 2014 2016 2018

EA. All rights reserved.

15



Total energy supply by source
Jordan 1990-2019

Total energy supply (TES) by source, Jordan 1990-2019
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Electricity Sector in
Jordan

Generation Consumption

— Consumers

RE & Regional Interconnection
K * Public

Around 6500MW
Capacity

rgy Auditing Qualifying Program - Level One
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Generation Transmission Distribution

e ¥

*Steam turbine
*Gas turbine (CC & SC)
*Diesel Engines
*Hydro, Wind & PV
Y Y,

*Distributing Companies
*Large Consumers




Transmission System
Operator (TSO)



Transmission system operator (TSO)-NEPCO
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Main Bulk Substations
OHTL 132 kV

U.G. Cable 132 kV
OHTL 400 kV

100 Km

National Electric Power Co. (NEPCO)

National Transmission Grid

JORDAN - SYRIA Interconnection
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Systems
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BRAYTON CYCLE: THE IDEAL CYCLE FOR GAS-TURBINE
ENGINES

The combustion process is replaced by a constant-pressure heat-addition process
from an external source, and the exhaust process is replaced by a constant-pressure
heat-rejection process to the ambient air.

1-2 Isentropic compression (in a compressor)

2-3 Constant-pressure heat addition @i

3-4 Isentropic expansion (in a turbine)
4-1 Constant-pressure heat rejection

Heat
exchanger

Hel Combustion @

chamber @

Whet

net
Compressor Turbine  f=——p
@ Heat % @
exchanger

Fresh Exhaust ‘
a1r gases @

qul(

An open-cycle gas-turbine engine. A closed-cycle gas-turbine engine.

N
@ Comp)—b Turbine >
W,
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RANKINE CYCLE: THE IDEAL CYCLE
FOR VAPOR POWER CYCLES

Many of the impracticalities associated with the Carnot cycle can be eliminated
by superheating the steam in the boiler and condensing it completely in the
condenser. The cycle that results is the Rankine cycle, which is the ideal cycle
for vapor power plants. The ideal Rankine cycle does not involve any internal

irreversibilities.
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[sentropic compression in a pump

Constant pressure heat addition in a boiler
[sentropic expansion in a turbine

Constant pressure heat rejection in a condenser
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The simple ideal Rankine cycle.
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Samea Electric Power Co, (SEPCO)
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Guinness record:the world’s largest internal combustion engimepower plants| ma: - o NG

AmmaniAsia Efectric Power Co. & The Bank of Tokyo-Mitsubishi URJ (Global Facility Agent) | Jordan] 2012 to present ™ 1

World’s largest 573 MW of 3 fuel-type burning 24 months (o
reciprocating generating capacity ability (natural gas, complete the
engine light fuel oil, and project

heavy fuel oil)

https://www.facebook.com/100057517807153/videos/1119788094701782/
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WIPP3 ®IFP4 W OUpen cycle gas turbine ™ Combined cycle gas turbine ™ Steam
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MW.LOAD

Summer Peak Load Curve (19/07/2021)
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MW.LOAD

Winter Peak Load Curve (20/12/2021)
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Generating Plants Capacity [MW]

2015

m Steam Turbines
B Gas Turbines CC
™ Gas Turbines SC
M Diesel Engines
= Wind

m PV

W Hydro

Total: 4060 MW

Renewable: 146 MW




Generating Plants Energy [MWh]

2014

m Steam Turbines
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W Wind
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m Fossil fuels
B Hydro/marine
B Bioenergy

Gigawatts (GW)
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Installed capacity trend
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Electricity generation

trend
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Wind energy

projects in
Jordan
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Main Bulk Substations
OHTL 132 kV

U.G. Cable 132 kV
OHTL 400 kV

100 Km

National Electric Power Co. (NEPCO)

National Transmission Grid

JORDAN - SYRIA Interconnection
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Wind and Solar AddVariability to Supply Side
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Wind and Solar AddVariability to Supply Side
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Wind and Solar AddVariability to Supply Side
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Megawatts
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generation supply, increasing the need for grid
flexibility.
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https://en.wikipedia.org/wiki/Peak_demand
https://en.wikipedia.org/wiki/Renewable_energy
https://en.wikipedia.org/wiki/Electricity_generation

Energy and Minerals

Regulatory Commission
(EMRC)

* EMRC: is a governmental body considered as the legal
successor of the:

1. Electricity Regulatory Commission (ERC)
2. Jordan Nuclear Regulatory Commission (JNRC)
3. Natural Resources Authority (NRA)

EE and Energy Auditing Qualifying Program - Level One
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Location of Generation Plants

SYRIEN

al-Mafrag

IRAK

Map Key

No. Plant Name Tvpe
1 |Samra CCPP CC
2 |Rehab Power Station CcC
3 |AES CCPP(IPP 1) CcC
4 |Qatrana CCPP (IPP2) CcC
5 |Risha Power Station 5C
6 |Aqgaba Thermal Power Station Thermal
7 |Amman Asia Power Plant (IPP 3) Diesel
8 |AES Pealdng Plant (IPP 4) Diesel
9 |King Talal Dam Hydro
10 |Jordan Wind Project Renewable
11 |Hofa and Ibrahimiah Wind Renewable
12 |King Hussin Wind Farm Renewable
13 |Round (1) Solar Plants Renewable

EE and Energy Auditing Qualifying Program - Level One
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Jordan’s Electrical Grid
Interconnection

EE and Energy Auditing Qualifying Program - Level One
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Electricity consumption by use (GWh)
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- Jordan’s electricity consumption by use between 2005 and 2018 (Data from MEMR).

EE and Energy Auditing Qualifying Program - Level One



National Control Center

EE and Energy Auditing Qualifying Program - Level One
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NCC Duty

* Economic Dispatch: load the running units
differently in order to cover the needed system
demand with the most economic manner
according to the order of merits.

* Unit commitment: Decide which generating units
to be switched ON/OFF. Considerations include:

— Start up cost
— Generating unit characteristics

EE and Energy Auditing Qualifying Program - Level One
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Dispatch Considerations

Day ahead forecast
Availability of generating units
Availability of fuel

Generating unit characteristics (ramp
rate, startup time and cost)

Fuel price/Energy price

EE and Energy Auditing Qualifying Program - Level One
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Penalty periods

Applicable on consumers having multi tariff:
— Principal consumers, large industries

Includes peak loading periods which require
operating higher cost units

— Evening peaks are considered

Summer & winter timing is considered

Special months are considered (Ramadan)

EE and Energy Auditing Qualifying Program - Level One
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Winter Peak Load Curve
(11 /2/ 2020)
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Electricity Load
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EE and Energy Auditing Qualifying Program - Level One
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Electricity Load
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EE and Energy Auditing Qualifying Program - Level One
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Capacity factor

* The ratio of the electrical energy produced by a
generating unit for the period of time considered to the
electrical energy that could have been produced at
continuous full power operation during the same
period.

* https://www.energy.gov/ne/articles/what-generation-
capacity

* https://www.eia.gov/tools/glossary/index.php?id=Capa
city factor



https://www.energy.gov/ne/articles/what-generation-capacity
https://www.energy.gov/ne/articles/what-generation-capacity
https://www.eia.gov/tools/glossary/index.php?id=Capacity_factor
https://www.eia.gov/tools/glossary/index.php?id=Capacity_factor

U.S. Capacity Factor by Energy Source - 2021




Electrical Power: Energy Generated Over Time

POWER GENERATION FOR 1 HOUR

1.9kW x 1 hr

1.5 kWh

POWER GENERATION FOR 2 HOURS

1.5kW x 2 hr

3.0 kWh
POWER CAPACITY . ,

Optimal power output Power Output Actual Electrical Power
at optimal wind speed Generated




OPTIMAL POWER GENERATION IN 1 YEAR

1.5kW x 24 hr x 365 days = 13,140 kWh

ACTUAL POWER GENERATION IN 1 YEAR

2,628 kWh
1.5 kW
K | 2628 anh
POWER CAPACITY Capacity Factor = = 20%
At 15 m/s Wind Speed 13,140 kWh

111 [ ‘ .l
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