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Energy in the water sector

15%. Thus, the emission of CO2 will be reduced at 0.47 Kg per cubic meter of
water produced. In addition, the share of renewable energy in the Sector will
be increased to 10% to help saving an equivalence of 0.31 Kg of CO2 emission
per cubic meter of produced water.

However, this policy will be implemented via the capital investment plan and
the application of economic and financial criteria to prioritize the infrastructure
projects of the Water Sector and the plan to reduce losses of the Water Sector.
Large projects will be implemented such as the project to provide 500 MW
from the solar power and 400 MW from the wind power.
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of impacts as well as sustainability standards based on the current priorities
and activities of the Sector. This helps and secures the implementation and
enhancement of integrated management of water resources and provision of
financing projects of climate change.
Jordan is a pioneer country in the “green growth” that mitigates the effects of
climate change. The Jordan 2025 Document (Renewable Energy, Water Supplies,
and Increased Drip Irrigation) includes some additional indicators related to
climate change adaptation and control of its impacts as follows:
® Resilience to Stand Severe Climate Fluctuations
e Conformity aspects between adaptation and control of climate change effects
(such as energy efficiency and the use of renewable energy).
® The ability of the Water Sector to obtain funding from international climate
funds.
The MWI has developed and implemented policies and programs to adapt to
this phenomenon by means of innovative procedures to recycle wastewater and
desalinate water as well as control depletion of ground water and construct
more dams with increased capacity to reach 400 million cubic meters.
In addition, a large number of diggings and soil dams have been implemented
in the Badia areas with a vast set of activities targeting scarcity of water which
affects all aspects of life especially the agricultural sector which is the most
affected with climate change. This is done via building up resilience to stand
the impact of climate change on the water sector at three levels: resilience,
sustainability, and transformation.
Based on the “Climate Change Policy in the Water Sector to Become more
Resilient”, the Ministry concentrates on sustainable development and
management of national water. It includes adaptation procedures and strategies
for more flexible (resilient) services of water and sanitation. Risks of climate
change are factored in the technological considerations and policies as well as
strategies and plans of action and investment in the Water Sector. The Ministry
embarked on implementing integrated policies, strategies and plans of action;
mainly the National Strategy of Water, the National Plan of Water, the Policy to
Exploit Surface Water, the Policy of Ground Water Sustainability, the Policy of
Re-allocation of Water, the Policy of Water Replacement and Re-use, and the
Policy to Manage Water Demand. These highlight a group of measures to build
capacity. There is also the Policy of Energy Efficiency and Renewable Energy
aimed at reducing the total consumption of energy at the water facilities by
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The Water Sector and Climate Change

Obviously, the climate changes have affected Jordan during the past years. The
water crisis is now severer and the rainfallis fluctuating and accompanied with
higher temperatures exceeding 2.0 Celsius degrees for each decade.

The average annual temperatures in Amman have been increasing along the
past half century more than 5,1 Celsius degrees and a lower rainfall of more
than 50mm per year. These changes have been concurrent with heat waves and
increased temperatures during 321 days of the year; it has significantly affected
the evaporation rates and decreased the rainfall. Consequently, the surface and
ground water resources are not being recharged. The climate change has also
resulted in increased variation and fluctuated rainfall patterns both in terms
of time and place significantly reflected in severe drought and serious floods.
The regional studies and initiatives to assess the impact of climate change
reveal that the impacts of climate change will be severer in the coming years.
There will be a significant shortage in the available water resources by 2040.
The third report on national information of the Climate Change Convention
mentions that by the end of this century, the maximum and average temperatures
in Jordan will exceed their average by 2-4 Celsius degrees. The rainfall will be
less than now by 15-20% with increased evaporation up to 150 mm. a study
conducted by the Ministry of Water and Irrigation in cooperation with Stanford
University of America in 2015 and some German advanced scientific research
institutions confirm that the climate change has significantly affected Jordan
during the past 19 years; which has decreased the rainfall rates at 1,2 mm/
year. The study also reveals that the impacts will worsen and the flashfloods
will increase as clearly observed during the past years.

The Water Sector developed some procedures and policies to comply with Paris
Convention and achieve an integrated management approach for water resources
via several solutions including capacity building and economic incentives to
sustain water and energy uses as well as the technical support, management
of water demand and supply, and infrastructure development with an eye on
land master plans to control desertification, protect water resources, and raise
awareness of citizens.

The Water Sector of Jordan is the first in the Middle East region which has
adopted the policy of building resilience to respond to the impacts of climate
change in line with an integrated methodology for adaptation and mitigation
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The Earth Summit (1992)

Itis the UN Conference on Environment and Development the activities of which
were launched in 1992 in Rio de Janeiro with the participation of 197 countries
in order to prevent the (dangerous) human interference in the climate pattern.
It is called “the Earth Summit”. This Summit has resulted in the creation of
an international committee for sustainable development and the approval of
some agreements and principles that identify the rights and responsibilities of
states. It called on several initiatives to achieve sustainable development and
combat desertification with the aim of stabilizing concentration of greenhouse
gases in the atmosphere at a level which allows the ecological system to
naturally adapt with the climate change and achieving sustainable economic
development. Kyoto Protocol emerged from this Summit as an international
environmental agreement. It is aimed at enhancing the international response
to climate change. It provides for legal obligations to control the emissions of
four greenhouse gases (CO2, methane, Nitrous oxide, and sulfur hexafluoride...
etc) especially in developed countries). It includes a group of obligations that
the contractual parties commit to in compliance with the UN principles with
the developed countries committing to certain obligations towards developing
countries. The industrial countries approved of decreasing the total emission
of greenhouse gases at about 5,2%.

Paris Convention

In 2015, and during the 21st conference of the countries involved in Paris,
it was agreed on enhancing the international response to the risk of climate
change where 194 countries signing Paris Convention pledged to adhere to
some resolutions and procedures including the control of increased temperature
degrees of the earth (maintain it at two Celsius degrees) and reduce the emission
of gases causing global warming. By 2025, the pledges will be reviewed and
an evaluation of the activities of 194 countries will be done by 2018. Financial
support will be provided to countries of the South as well.

The Convention lists some principles calling for the right of future generations
to live in a healthy environment, and take the conditions of developing countries
into consideration as well as setting relevant plans for sustainable development.
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gases such as carbon dioxide, methane, nitrogen oxides, chlorofluorocarbons
and other greenhouse gases (Greenhouse Gases).

Climate change happens due CO2 and other gases that absorb the sun rays
(infrared) which acts as a greenhouse and allows the solar power (visible light)
to reach the earth surface. It can absorb the long wave thermal rays on earth;
which keeps IR locked in on earth and thus increases its surface temperature.

Reasons of Climate Change

For sure, the increasing human activities during the past few decades have
exacerbated the dilemma of gas emissions; which means higher temperature.
Studies reveal several reasons for climate change:

e Natural operations resulting from forces outside the atmosphere and on
earth such as volcanos causing the global warming.

e Human factors including fossil fuel and the use of modern technology in
agriculture and other activities. For instance, in increased reliance on machines,
deforestation, and de-vegetation as well as the deteriorating agricultural
activity. This phenomenon results in losing the inventory of fresh potable
water, outbreak of diseases and the high level of seas as some studies reveal
that they have raised during the past 100 years between 10 to 15 cm due to
the melting ice and recurrent climate disasters.

International Agreements

Climate changes have had significant and visible impacts on all the aspects
of life and the accompanying the changing rainfall patterns, floods, and high
temperatures. All of these now threaten the food and water security for most
population of earth. Thus, there has been an international interest in this
phenomenon whereby all efforts have been mobilized to stand this challenge.
Several international initiatives have been launched to mitigate the impacts of
this phenomenon and adaptation with it as it has been threatening all aspects
of life. Several conferences and initiatives have been organized under the
patronage of the UN since 1972 (the UN Conference on Human Environment).
Adaptation here entails procedures and measures needed to adapt with climate
change. These procedures differ from one country to another as per the nature
of each. For instance, flood incidents, early warning system of hurricanes, and
shifting to planting crops that tolerate drought.
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I Introduction of Environmentally Friendly Technology Project (2018-2019):
The project aims to improve conditions for the introduction and development
of modern, integrated and environmentally friendly technologies that
mitigate the effects of climate change and create a green infrastructure.
The project also aims to reduce energy consumption in selected wastewater
treatmentplants, reduce carbon emissions in wastewater treatment plants,
and facilitate the transfer of knowledge, expertise and capacity development
in the sector.

The Project is also aimed at reducing the energy consumption at the selected
wastewater treatment plants, reducing carbon emissions at such plants and
facilitate know-how transfer, experience exchange and develop capacities at
the Sector. The Project evaluates a number of wastewater treatment plantsin
terms of environmental performance, energy efficiency, and carbon emissions.
It offers innovative solutions that use environment friendly technology to
reduce carbon emissions and improve energy efficiency. Accordingly, Kufranja
and Wadi Mousa Treatment Plants were selected to implement some of these
solutions including improvement and automation of the ventilation (aero) beds
to rely on real time readings of oxygen levels; replacement of some pumps with
other pumps that are more energy efficient; training operators of plants on
more energy efficient practices; training of lab staff on analyzing the routine
samples required for operation control. The energy consumption at Kufranja
station was reduced by 21% kW per cubic meter of treated waterin 2018-2019.
In fact, this project is part of the international project financed by IKI under
BMU and managed by GIZ.

Climate Change

It is a phenomenon resulting from imbalanced climate conditions such as
temperatures, patterns of wind and rain that distinguish each area on earth. This
imbalance is due to the dynamics of earth such as volcanos or due to external
powers such as the changing solar radiation power or the fall of meteorites
in addition to the impact of emerging activities especially in the aftermath
of the Industrial Revolution and the increased consumption and burning of
fossil fuel (coal, gas, oil). Another factor is that of deforestation which largely
contributes significantly to the release of the atmosphere from greenhouse
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the air pollution whilst delivering electricity and water on a sustainable
basis. The project also helps control the climate change and directly reduces
emission of greenhouse gases as demand for electricity will drop and the
Jordanian institutions will be further enabled to reduce the impact of climate
change by increasing the energy efficiency.

K3 Al-Waleh-Libb Station: The Project includes the development and
qualification of Al-Waleh-Libb Pumping Station in cooperation with GIZ
as four energy-saving pumps have been installed to end up with a total of
eight pumps. Each station can pump more than 10 million m3 of water per
year to provide about 185 thousand people with water and save more than
300 thousand Dinars per year.

H The Project of “Water and Sanitation Companies” to Mitigate Climate
Change Impact” (2016-2019): The project is aimed at reducing carbon
emissions from water and sanitation through the introduction of carbon
reduction measures, while maintaining or improving the performance of
these facilities. Among these technical measures: reduction of water loss,
improved energy efficiency of pumps, production of biogas and fertilizer from
wastewater. In addition, the project builds and enhances capacity to raise the
state's readiness to obtain the necessary support to finance climate change
activities. This is done via linking the sector strategies with the objectives
and activities of climate change combat and providing those working at the
water sector with basic knowledge about the mechanisms and sources of
funding for climate change activities as a major source of funding. Madaba
was selected to implement (WaCCliM)- a project which will replace the
potable water pumps at Madaba Reservoir with more efficient pumps. Then,
the carbon emissions will be reduced. The pumps have already been operated
in April 2019; the project is expected to reduce more than 30% of the total
electricity cost at the Pumping Station at Madaba Reservoir. Thus, it will
provide 1.3 million kW; i.e JD 180,000 per year. WaCCliM-JOR Projectis a
part of the international project financed via the IKI - International Climate
Initiative under the Federal Ministry of Environment, Nature Protection,
and Nuclear Safety (BMU). The Initiative is managed by the Department
of Climate Change, Environment, and Infrastructure at GIZ in cooperation
with the International Water Association (IWA).
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Al-Baqoura Project (Al-Baqouria Plant): It is the first project of energy
efficiency; it started with the water sector in 2015 and the studies started
in 2012. The pumps of the project are replaced for 5 years 2015-2020 with
a cost of JD 600 thousand and a return of one hundred thousand Jordanian
Dinars/year.

1 Expand the Implementation of Energy Efficiency Projects at the Major
Pumping Stations for 2019-2021: It is aimed at reducing consumption
of electricity by changing all stations in each of: Zai Station, Zara-Ma’in,
Wadi Al-Arab, Za’atari Station and Azraq Station. The currently consumed
electricity at these stations reaches 905 GWh/year with a cost of JD 85
million. However, the efficiency of the existing pumps reaches 75%. The
Project will increase the efficiency to 85% providing 90.5 GWh/year. The cost
of the project is estimated at about JD 50 million to save JD 9 million/year
as the invested amount will be recovered within 5-6 years, approximately.
The starting will be with the project of Zara-Ma’in Pumping Station (2019-
2020) which will save about JD 1.4 million/year. At present, work is done
on the project of improving the efficiency of Zai Station (2018-2020). It is
expected to save about JD 1.7 million/year.

E Project to Improve Energy Efficiency in the Water Sector (2017-2020):
Supported by BMZ represented by GIZ. This project is primarily aimed at
introducing a systematic energy management system in the water sector
to lay the foundation for decision making and the creation of conditions
that promote the effective work of all stakeholders in this sector. This will
help to overcome the current impediments such as the lack of a regulatory
institutional structure and shortage of experience and skills in addition to
designing mechanisms to enhance energy efficiency such as incentives to
promote change within the sector.

The Project supports an environment that enhances energy efficiency and
increasing the capacity to manage energy in the water sector by introducing
an effective system for energy management and providing advice with
regard to technological issues and measures necessary for improving energy
management at selected operational units (multi-tier and multi-partnership
approach).

The Project helps reduce demand for electricity in the water sector and thus
mitigate the negative impact on environment by virtue of optimal use of
resources and control the use of fossil fuel; and on individuals by reducing
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Future Renewable Energy Projects in the Water Sector

Lab Affairs and Quality: The project is aimed at using solar power via the
monocrystalline silicone cells and it is linked to the electric grid using the
(net metering) system. The study was conducted in 2018 to implement it on
top of the building of Lab Affairs and Quality Department with a capacity
of 250 kW/peak.

El The Workshop and Maintenance Directorate: In order to reduce the
electricity bill to zero among, the project uses solar power by means of
monocrystalline silicone cells and the net metering system. It is linked to
the electricity grid.

The study was conducted in 2018 to implement it on top of the building of
the Workshop and Maintenance Directorate in Zarga with a capacity of 211.05
kW/peak.

Energy Efficiency Projects in the Water Sector

Expected Expected Yearly
Cost/ID Annual Energy Expected
# Project Location i . " Lower CO2 Status
million | Saving/JD Saving Emissi
"y mission
million (GWh)
(ton)
Replacement of Supply of
1| 25pumpsat the Balqa’ 9.8 4.990 39.6 25.344 IPP Y
v . tems
Zara-Ma’in Station
Project of Shalala
2 | Valley Treatment Irbid - 0.186 1.55 0.992 Operating
Plant
Energy Efficiency During the
3| atZai Pumping Balqa’ 5.6 2.646 21 13.44 Approval
Station Process
4 Al-Wala-Libb Madaba 0.58 0.432 3.6 2.304 Operating
Eneray Efficienc Irbid, Amman, Karak,
5 8y °NY | Tafila, Mafraq, Zarka,| 27 4.662 37 23.68 Underway
Program Project b
Balga
Energy Efficiency
g| ProjectatAl- Salt 0.6 0.180 15 0.96 Operating
Bagqoura Pumping
Station
Transport Line
7 Project of Al- Mafraq 10 0.702 5.571 3.56544 Not operating
Aqeb/Flow Supply
Energy Efficiency
8| Project at Zarka Azraq-Zarka 12 1.042 8.68 5.5552 Operating
Pumping Stations
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Jurf Darawish

Estzjit:hcr,:lent Under construction
Location Tafila
Volume 10 kW/peak
Type of Renewable Energy Wind power
Linkage Separate from the grid

Type of the electro-photo
system

Horizontal axis - three-
blade system

Tall Hassan

Date of Establishment Under Construction
Location Safawi
Volume 7 kW/peak

Type of Renewable Energy

Photovoltaic system

Linkage

Separate from the grid

Type of the electro-photo system

Direct pumping and separate system from
the grid
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Al-Bendan
Date of .
Establishment Under construction
Location Northern Badiya
Volume 20 kW/peak

Type of Renewable Energy

Photovoltaic system

Linkage

Separate from the grid

Type of the electro-photo
system

Direct pumping and a
separate system from the

Grid
Bayer
Date of Under

Establishment | Construction

Location Ma’an

Volume 25.5 kW/peak
Type OE Renewable Photovoltaic system

nergy
Linkage Separate from the Grid

Type of the electro-
photo system

Direct pumping and a
separate system from

the grid
Al-Jafer
Date of Under
Establishment construction
Location Ma’an
Volume 12 kW/peak
Type OE Renewable Photovoltaic system
nergy
Linkage Separate from the grid

Type of the electro-
photo system

Direct pumping and a
separate system from
the Grid
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Al-Omari
Date of Establishment 2000

Location Azraq
Volume 5 kW/peak time

Type of Renewable Photovoltaic system
Energy
Linkage Separate from the grid

Type of the electro- . .

photo system Direct pumping

Salhiyat Al-Naim

Date of
Establishment 2016
Location Rweished
Volume 25 kW/peak time
Type of Hybrid Power System
Renewable with a Desalination
Energy Plant
Linkage Separate from the Grid
Magnetic Power: 13 kW
e of the Windmill: 10kW
s sterin Photovoltaic system: 2
y kW/peak
Al-Tannour
Date of
. 2000
Establishment
Location Tafila
Volume 10 kW/peak
Type OE Renewable Photovoltaic system
nergy
Linkage Separate from the grid
Type of the electro- . .
photo system Direct pumping
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Project of the Water Authority

Date Established 2015
Location Amman
Volume of System |240kW/Peak
Type of Renewable | Electro photo cell
Energy system
Linkage With the Grid
Type of System | Net Measurement

Date Established 2015
Location Amman
Volume of System 114 kW/Peak
Type of Renewable | Electro photo cell
Energy system
Linkage With the Grid
Type of System | Net Measurement
Mudawwara
Esta%alit:h?':ent 2017
Location Ma’an
Volume 20 kW/peak time

Type of Renewable
Energy

Photovoltaics System

Linkage

Separate from the Grid

Type of the electro-
photo system

Direct Pumping and the
system separate from
the Grid
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Small Renewable Energy Projects in the Water Sector

Expected Type of Expected CE&(; T.cc;t\:r:r
. . Cost(JD | Annual |Renewable| Yearly .. Status of
Project Location o . Emission .
million) | Saving (JD Energy Power er Year Project
million) System | Production P
(ton)
50 MW/Peak 45 64.000 ioni
Dhuleil 8 Solar 100 Signing the
Power Agreement
. 18 5.33 Solar 26.880 Bid
24 MW/Peak Disi P 42 GWh awarding
ower
phase
- 133 6.720 Bid
6 MW/Peak | 2212 5 Solar 114 5 Gwh. awarding
Ma’in Power
phase
1346 Operating
10.77 ; ; 85.760 | (Power
80 MW/Peak | Ma’an 80 F\>de GWh revenues
ower . .
with a fixed
tariff)
Operating
103 MW/ Solar 92.GWh 58.880 (Power
Peak Qweira 75 3.51 Power (in6 revenues
months) with a fixed
tariff)
Khirbet Electro- 20 GWh 24.800
Samra ) hydro : .
Treatment Zarqa 8.2 power and Operating
Plant biogas
Shalala 0.192 1.6 GWh
Valley . ) : . : .
Treatment Irbid Biogas 1.036 Operating
Plant
. 0.513 Electro- 9.334 | Operatin
King Ta!al Jerash - hydro 14.6 GWh &
Dam Project
power
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with the Private Sector.
The project will enable further investments to expand power generation
from renewable energy in the Water Sector; which will diversify the energy
mix in the long run and will reduce pressure on energy within the national
economy as well as reducing the increasing emissions of global warming
gases. Thus, it will help manage the scarce water resources in Jordan more
efficiently and sustainably to deliver sustainable services to citizens in the
future.

EJ Decentralized Integrated Management of Sludge Project (2015-2019):
with the support of BMZ represented by GIZ.

The Project is aimed at develop an integrated approach to treat and reuse
sludge as well as benefiting from the facilities/potentials to produce power.
Experiments will be done in a small-scale anaerobic digestion system to
treat sludge and organic food waste to produce an organic mix that go
along with the Jordanian and international standards. Then, a study will
be conducted to identify its potential use in improving the soil attributes,
increasing pastor areas, and combating desertification. The Project makes
use of the available sludge resources produced in the old North Agaba Plant
in the Governorate of Aqgaba in order to include it in the expansion project
to be treated using the anaerobic digestion technique and production of
bio-gas to generate power.

The Project provides training and qualification for the technical staff; it
helps build and develop technical capacities for the local labs in the analysis
of sludge and the treated organic mix, development and dissemination of a
syllabus for the university students. This syllabus is specialized in sustainable
management of sludge, digestion techniques and co-digestion and production
of power from the bio-gas in addition to creating and implementing a risk
management system. The project also raises awareness in the optimal use
of resources, climate change effects and control emissions of greenhouse
gases. It also helps post-graduate students to initiate and implement
research projects.
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Renewable Energy Projects Underway

Dhuleil Project: It depends on the solar power with a 50 MW at peak
capacity; the cost of its implementation is JD 45 million. It saves about JD
8 million per year and the expected power production is 100 GWh per year.

B Disi Project: It depends on the solar power with a 24 MW at peak capacity;
its cost is JD 18 million and it saves JD 5.33 million per year. The expected
power production is 42 GWh.

] Zara Ma’in Project: It depends on solar power with a 6 MW at peak capacity.
The cost is JD 5 million and it saves JD 1.33 million per year. The expected
power production is 10.5 GWh.

B Bayer Well: It is still in implementation and aimed at providing drinking
water for the livestock to support its existence in the desert areas- Ma’an.
Its capacity is expected to be 25.5 kW at peak time. It will be operated
with solar power and use polycrystalline cells. It is separated from the
electricity grid.

E Ajlafer Well: It is still in implementation and aimed at providing drinking
water for the livestock to support its existence in desert areas- Ma’an. Its
capacity is expected to be 12 kW at peak time; it will be operated with solar
power and it uses polycrystalline cells. It is separated from the electricity grid.

@ Jurf Darawish Well: It is still in implementation and aimed at providing
drinking water for the livestock to support both the livestock and the
vegetation (plants) existence in desert areas/Tafila. Its capacity is 10 kW
at peak time; it will be operated with the wind power using a three-blade
system.

Renewable Energy Project in the Water Sector (2017-2020): with the
support of the Federal Ministry of Economic Cooperation and Development
(BMZ) of Germany represented by GIZ. It is basically aimed at empowering
decision makers in the Water Sector to take strategic decisions with regard to
renewable energy in the Sector in addition to empowering decision makers
and experts in the Water Sector (Potable Water and Sanitation) to plan
for renewable energy projects in the Water Sector in compliance with the
technical and economic standards. The project also helps the introduction
and dissemination of innovative methodologies in order to enhance the use
of renewable energy in the Water Sector and create a close cooperation
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El Abu Alanda - Khaw Project: Implemented by the Ministry by constructing
two plants to generate electro-hydro power in Abu Alanda Reservoir and
another one in Khaw Reservoir. In addition, the Project includes fixture
unit to transport pipeline from Abu Alanda in Amman to Khaw Reservoir in
Zarqga in order to generate electro-hydro power making use of the differ-
ence in levels of both reservoirs which reached 400 meters. This will help
in production of 16 GWh per year and will save JD 2 million per year. The
implementation cost is about JD 2.2 million.

Ex- Expected
pocted | pect | Expected | A
. . Cost (JD | Annual Reduction Status of
Project Location e . able Produc- :
million) | Saving E . of CO2 Project
A nergy tion of P
(JD mil- System Ener Emissions
lion) Yy 8y (ton
Water 240.000 Solar
Amman 99.000 383 MWh 245 Operating
Authority Power
103.000 Solar
MWI Amman 50.000 Power 195 MWh 124 Operating
Al-Omari Solar .
Well Azraq - - Power 7.8 MWh 5 Operating
Tannour Well Tafila - - s:\izr JfNGh 10 Operating
Mudawwara s 20.000 Solar .
Well Ma’an - Power 34 MWh 21.7 Operating
26.000 Solar Under
Bayer Well Ma’an - Power 43 MWh 275 construc-
i tion
Under
Jurf Darawish [ .~ | 10000 _ wind | o\ 166
Well Power Construc-
tion
Under
Tall Has- Safawi 11.000 _ Solar 11.9 7.6
san Well Power MWh Construc-
tion
i 12.000 Solar Under
Al-Jafr Well Ma’an - Power 20 MWh 13 Construc-
tion
Under
Northern | 20-000 Solar
Bendan Well Badiya - Power 34 MWh 21.7 Con.struc—
tion
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cost reached USD 400 million. There is an action plant to expand Khirbet
Samra capacity from 365 thousand m3/day to 500 thousand m3/day with
a cost of USD 200 million.

Khirbet Samra Plant treats more than 70 percent of sanitation water in the
Kingdom.All the treated water has been used in restricted agriculture forests.
The Plant needs 90 GWh/year to be operated. Total electro-hydro power
generated in it reaches 23 GWh/year whilst 50 GWh/year is generated using
the anaerobic bio-gas resulting from the treated sludge at Khirbet Samra.
Thus, the power produced in it accounts for 80 percent of its total needs; i.e.
a saving of more than JD 5 million/year in lieu of electric power prices.

& Solar Power Project for the Water Authority Building: To reduce the
electricity bill amount, the Water Authority implemented in 2015 the
Solar Power Project on top of the Authority Building with a capacity of 240
KWpeak time. It uses polycrystalline silicone and is linked to the grid with
a netmetering system.

H solar Power Project for the MWI Building: The project was implemented
on top of the MWI building in 2015 in order to reduce theelectricity bill
amount with a capacity of 114.5 KWpeak. The project uses solar power
andmonocrystalline silicone; it is linked to the grid with a net metering
system. Average consumption of theMinistry’s building reaches about 100
thousand kW/month with a cost of more than JD 26 thousand/month.
Generation of alternative energy will save about JD 8.250 thousand/month
knowing that the project cost did not exceed JD 250 thousand.

[@ AlMudawwara Well: It uses solar power and polycrystalline cells. It is
separated from the electricity grid. It was implemented in 2017 to provide
drinking water for the livestock and support this livestock in the desert
areas in Ma’an Governorate with a capacity of 20 KWpeak.

AlOmari Well: It was implemented in 2000 to provide drinking water for
livestock and supportits existence in the desert areas/Azraq with a capacity
of KWpeak. It uses solar power and polycrystalline cells. It is separated
from the electricity grid.

Bl AlBendan Well: It was implemented in 2018 to provide drinking water for
the livestock and support this livestock in the desert areas of North Badia
with a capacity of 20 KWpeak. It uses solar power and polycrystalline cells.
It is separated from the electricity grid.
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Energy Projects in the Water Sector

While the available water resources reach about one billion cubic meters per year
with a deficit of 400 million cubic meters, the Ministry of Water and Irrigation
needs about 15% of energy consumed in the Kingdom. This is another additional
challenge to reduce pressures on the financial budget. Thus, securing energy and
its cost is an increasing burden on the water sector and impose large challenges
for the budget. In 2017, the Ministry of Water and Irrigation (MWI) consumed
more than 1500 GWh. MWI seeks to implement several projects in order to re-
duce the energy bill- a saving of JD 400 million by 2020.

The Implemented Projects of Renewable Energy

Ma’an Project: a renewable energy project that uses wind power with
a capacity of 80 MW peak. The implementation cost is 80 million JD. It saves
JD 9 million per year and the expected power production is 134 GWh.

] Qweira Project: It depends on solar power with a capacity of 103 MWpeak.
The cost implementation is JD 75 million and it saves JD 6.5 million per year.
The expected power production is 92 GWh within six months.

El Khirbet Samra Project: It is a pioneer wastewater treatment plant in the
Kingdom. It is one of the best worldwide as it uses modern and advanced
technologies including a sophisticated system that prevents bad smell spread
from the several gases withdrawn at several areas of the Plant. Thus, the Plant
and surrounding environment is free from bad smells. At present, the capacity
of the Plant is 365 thousand cubic meters/day serving more than 3.5 million
people in Greater Amman, Zarka and Rusaifa. Khirbet Samra Project is the first
in Jordan based on build,operate and transfer (BOT) related to a public-private
partnership and financed by the USAID.

Construction of the Plant started in 2003 and started operation in 2006
to treat more than 130 million m3 of wastewater every year as per the
Jordanian standard of sanitation water. In 2012, the project expansion was
launched via the MMC financed by the USAID in order to increase its capacity
from 267 thousand m3/day to 365 thousand m3/day to serve Greater Amman,
Zarka, and Rusaifa. In addition, work is done on improving and replacing the
water and sanitation networks in Zarka and Rusaifa. Khirbet Samra Project
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Sustainable Energy

Policy of Energy Efficiency and Renewable Energy in the Sector of
Water (2016-2025)

The Sector of Water seeks to provide new and alternative sources for energy by
expanding the operation of water sources that use renewable energy systems and
introduce power generation environmentally friendly systems and economically
feasible built on renewable energy sources such as photovoltaic cells, using of
dams’ water to generate power, sludge treatment at the sanitation plants, wind
power, and concentrated solar power (CSP).

Thus, the Ministry of Water and Irrigation issued in 2016 the policy of energy ef-
ficiency and renewable energy in the sector of water. The policy that will remain
until 2025 is based on reducing 15% of the consumption of electricity to produce
a cubic meter of water; this percentage equals 0.46 Kg of CO2 emissions. More-
over, the share of renewable energy resources will be increased in terms of the
energy consumed by the water sector at 10%; which equals a total saving of 0.31
Kg of CO2. Work is being done at present to provide 500 MW of solar power and
400 MW of wind power to fulfill 15% of energy needs for water.

The implementation of this policy relies on two basic components; the first is
increasing the efficiency of pumping stations at wells and plants providing water.
High consumption pumps must be replaced with energy saving pumps and the
use of advanced, modern and environmentally friendly systems must be expand-
ed in cooperation with all finance agencies and the private sector both locally and
internationally.

The second component is that of introducing alternative and renewable energy
systems as well as enhancing independence of local national energy sector and
control emissions of greenhouse gases. This can be achieved by making use of
sludge resulting from wastewater treatment to produce bio-gas using non-aer-
obic digestion units; thereby generating power to operate the wastewater treat-
ment plants.




Energy in the water sector

Quantity of Consumed Energy for Billed Water Quantity and the
Average Energy Consumption 2014-2017

Water Authority
Year Quantity of Energy Quantity of Billed Water | Average Consumption of
(GWh) million m3 Energy (kW h/m3)
2014 1547 204 7.51
2015 1714 214 8.01
2016 1562.7 222 7.04
2017 1520.4 232 6.55
Jordan Valley Authority
Year Quantity of Energy Quantity of Billed Water | Average Consumption of
(GWHh) million m3 Energy (kW h/m3)
2014 45 164 0.274
2015 31 180 0.17
2016 42 166 0.25
2017 57 172 0.33
Total Water Sector
Year Quantity of Energy Quantity of Billed Water | Average Consumption of
(GWh) million m3 Energy (kW h/m3)
2014 1592 370 4.37
2015 1745 394 4.43
2016 1604.7 388 4.14
2017 1577.4 404 3.9
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ncentives of Energy

Legal Text Description Issuer Type of Energy Sector L:g:le Tl:(t # of Law or Resolution/Year Lesgt:ltzix‘
Exploiting and developing
Law of Renewable Energy SOUJCES of ren:_wablfe energy
and Energy Consumption | 2M¢ cOnsumption of energy Renewable Energy | ) ¢o
Rationalization _consumptions to increase MoEMR and Energy Effi- Law No. 13/2012 Issued
its contribution to the total ciency tors
energy amount
Bylaw to Regulate Pro- Rationalizing energy and
cedures and Methods of improving its efficiency in Renewable Energy All Sec- No.73/2012
Energy Consumption and all sectors MoEMR and Energy Effi- tors Bylaw Issued
Improve its Efficiency clency
Bylaw to Exempt the Re-
newable Energy Resource | Reduce the cost of machines
Syst'ems, Machinesand | and equipment of rene\A_/able Renewable Energy All Sece
Equipment and Energy energy and energy ratio- MoEMR and Energy Effi- ec Bylaw No.10/2013 Issued
Consumption Rational- nalization ciency tors
ization
Bylaw of Direct Proposal
for Renewable Energy Proj- | Exploiting and developin -
ects to Generate Electric renepwablegenergy sourfes%o Renewable Energy Altl Sec No. 50/2015
i i K H P - ors Bylaw Issued
Power and Linkage with | jncrease their contribution to MoEMR and Er)ergy Effi 4
the Grid for 2015 total energy amount clency
Bylaw of Fund to Promote | Bylaw of the Fund to Finance
Renewable Energy and | Renewable Energy and Ener- Renewable Eneltgy All Sec-
Energy Rationalization gy Rationalization Projects MoEMR and Energy Effi- tors Bylaws No.49/2015 Issued
ciency

High costs of energy have represented a big challenge for the water sector bill as
the electricity bill for 2017 accounted for %43 of the operational and maintenance
costs; an amount of JD 161 million of total operational costs of the Water Authority
which mount to JD 374 million. Moreover, the budget deficit for the Water Authority
increased as the increased tariff of power prices has resulted in a higher deficit for
the Water Authority JD 80 million in 2010 (due to the cost of electricity prices) to JD
285 million at the end of 2017. The annual electricity bill has increased since 2010
by %121 from JD 53 million to JD 110 million at the end of 2017 (Ministry of Water).
Accordingly, the water sector has been operating in line with a comprehensive
national strategy to mitigate the burden that the energy sector imposes on
socio-economic development via a roadmap aimed at finding sustainable solutions
and increasing the contribution of local resources to the total energy mix. Thus,
some initiatives have been made in this respect; namely, expansion of renewable
energy projects and operationalization of the energy efficiency programs in the
Sector.
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Law/ Status
Incentive i Description Issuer Type of Sector | of Legal Local/
Resolution Energy International
#/Year Text
Law of Renew- Renewable
Investment able Energy and Energy All Local and
Promotion No.13/2012 Energy Consumption MoEMR and Energy | Sectors Issued International
Rationalization Efficiency
The Bylaw
to Exempt the
Renewable Energy
Source Systems,
Machines and Renewable
Investment | Bylaw No. Equipment; and Energy All Local and
Promotion | 13/2015 | Energy Consumption MoEMR and Energy | Sectors Issued International
Rationalization and Efficiency
its Production Inputs
from Customs Duties
Subjected to Zero
Sales Tax for 2015
Bylaw to Regulate
the Procedures
I Byl and Method to Rel?ewable Al Local and
nvestment ylaw Rationalize Ener nergy ocal an
Promotion | #73/2012 and Improve itfy MoEMR and Energy | Sectors Issued International
Efficiency Efficiency
Investment Law # Investment Law for All Local and
Promotion | 30/2014 2014 MoEMR Energy Sectors Issued International
Bylaw of the Support
s Bylaw # Fund for Renewable Reélewable Al Local and
upport ylaw Energy and Energy nergy ocal an
Fund 49/2015 Ratgionalizationg MoEMR and Energy | Sectors Issued International
Efficiency
Bylaw of Direct
Proposal of Renew-
able Energy Projects
Investm.ent Bylaw # for Electric Power | MoEMR Renewable All Issued Local a!nd
Promotion | 50/ 2015 . Energy Sectors International
Generation and
Linkage with the Grid
for 2015
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and the Kingdom is one of the solar belt countries which are located between
latitudes 25 North and 25 South. Sun appears in sky of the Kingdom for 316 days
per year for an average of 8 hours per day.

Wind power is one of the best renewable energy sources to generate electric
power in the Kingdom as the wind speed in many areas of the Kingdom is 8.5-7
meters/second; convenient to build plants that use the wind power to generate
electric power. (Ministry of Energy).

The past years witnessed a significant growth in reliance on renewable energy as
several projects have been implemented in addition to signing some agreements
of energy procurement in order to establish future projects in renewable energy.
The Kingdom has also witnessed a significant growth in the use of solar power
to provide for the private consumption of households and worship venues. In
addition, these systems have been introduced to the commercial, hotel and
industrial sectors via the net metering and coverage systems.

Reliance on renewable energy has become an international feature and an arena
for international cooperation and exchange of experiences.

The renewable energy sector in the Kingdom is regulated and monitored via
the Energy and Mineral Sector Regulatory Commission (EMRC) by means of
identifying the several responsibilities of licensed and grant them the licenses as
required by valid laws, regulations, and bylaws to exercise the several activities on
the basis of balance among the interests of consumers and those of the licensees/
investors and any other stakeholders as relevant.
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electricity. The per capita share of raw energy consumption reached 996 Kg. of
oil equivalence. The per capital share of electricity consumption reached 1748
kWh; these levels are three times more than those in developing countries.
Power intensity (power needed to produce one unit of the GDP in fixed prices)
reached 299 kg of oil equivalence/thousand Dollar. It is a high value compared to
developed economies where the energy consumption intensity reaches about 150
kg of oil equivalence to produce one thousand dollars in fixed prices. (Ministry of
Energy, Annual Report, 2017)

Composite generation capacity in the Electricity Sector reaches 3900 MW at
present; work is underway to secure the generation capacities that must be
added to the electric system via expanding electric power generation based on
private generation projects owned, financed, and managed by the private sector.
These include the national electricity grid and distribution to all governorates
of the Kingdom which cover rural and remote village communities; it registers
about %100 of those serviced with the electric current (2017). This rate is similar
to that in developed countries.

In light of such economic, environmental and climate change challenges, Jordan
seeks to further its reliance on renewable energy. Several laws, bylaws, and
regulations have been enacted in the Hashemite Kingdom of Jordan; namely,
the Law of Renewable Energy and Energy Rationalization No. 13 for 2012 which
regulates all issues related to renewable energy and promotes reliance on
renewable energy sources to generate electric power and promote investment
and competitionin the Sector. This law promotes, as well, the inputs of production
and manufacturing including any equipment that would help rationalize energy
in general. Several other bylaws and regulations stipulated in this law were issued
to achieve these objectives.

The renewable energy strategy of the Ministry of Energy was modified to
achieve a rate of %20 of total energy mix in 2020. This Strategy concentrates on
developing methods to exploit the diverse renewable energy sources including
solar power, windmills, thermal power, underground power, hydro-power and
any other natural resources. All of these are meant to help increase contribution
of renewable energy to the total energy mix. Thus, the oil invoice will be reduced
and diversification of energy resources as well as protection of environment to
achieve sustainable development. In addition, renewable energy resources are
rich especially solar power. Jordan has a high average of direct solar radiation
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Quantities of Treated Sanitation Water (mm3) for the Years
2005-2017

Year Treated Water (mm3)
2010 110

2011 110

2012 113

2013 128

2014 137

2015 147

2016 1514

2017 163.6

Source: The Water Sector of Jordan - Facts and Figures (2017)

Energy and the Water Sector

Jordan currently imports about %97 of its needs of the energy mix which
basically includes crude oil, oil derivatives and natural gas, while the local sources
contribute only %3 to such needs. Currently, renewable energy contributes in
small percentages only to this mix. Total raw energy consumed in Jordan in 2017
reached about 10 million tons equivalence of oil. Crude oil and oil derivatives
represent %57 thereof whilst natural gas represents %35, renewable energy
%5, petroleum coke and coal %3 (Facts and Figures of Energy 2018, Ministry of
Energy and Mineral Resources).

Jordan is one of the countries that the imported energy exceeds its gross
domestic product; which put much pressure on the balance of payments and the
permanent need for hard currency to finance the purchase of energy needed for
the Kingdom.

The Sector of Energy is also challenged with the high annual growth rates of
demand for energy compared to the international levels and which account for
%5.5 in terms of raw energy and %6.4 of demand for electricity.

The Syrian refuge crisis has put further pressure on the demand for energy and
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Facts and Figures

Uses of Water for 2017/million cubic meter

Ground Treated
Total Uses Surface Water Water Wastewater Uses
Municipality 131.3 3384 469.7
Agricultural 149.4 251.1 144.2 544.7
Industrial 2.4 27.2 2.5 321
TOTAL 283.1 616.7 146.7 1046.5

Source: The Water Sector of Jordan - Facts and Figures (2017)

Quantities of Water Consumed for all purposes from the Different
Sources from 2010 to 2017 (million cubic meters)

Year Surface Ground Treated Total
Water (mm3) | Water (mm3) | Water(mm3) (mm3)
2010 280 511 103 894
2011 272 517 103 892
2012 231 509 102 842
2013 245 540 109 894
2014 259 588 125 972
2015 274 602 133 1007
2016 288.75 618.9 136.3 1044
2017 288.1 618.8 146.7 1054

Source: The Water Sector of Jordan - Facts and Figures (2017)
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%48, and more than %70 of this percentage results from attacks and illicit uses
of water networks and resources as well as the old and worn up networks. This
results in lowering the efficiency of supply and distribution systems for domestic,
industrial and agricultural uses.

In order to enhance water security and increase the returns, the Ministry of Water
and Irrigation/The Water Authority has been keen on increasing the contribution
of the private sector to many projects by establishing water companies managed
with the private sector parameters; thus, improving the level of services and the
water sector efficiency. This will secure sustainability of the sectoral objective
achievement including increased per capita share of domestic water with the
aim of reaching (115 liters/day/capita) in the coming ten years and increase the
number of those serviced with the water networks to be more than %95 as well
as increasing the number of those connected with the sewage networks from
%58 to %80 by 2025.

The Ministry/Water Authority works on reducing the water loss by %2 per
year from the current level which is %48 in order to achieve the internationally
acceptable average of (25-30%) during the coming ten years. This will be achieved
via reducing leakage by upgrading the networks and installing new meters as
well as rehabilitating the networks and house fixtures along with controlling and
monitoring readings of meters. In addition, the Ministry/Authority works on the
administrative part by preventing illicit use following a plan to fully control water
resources and which was launched by the Ministry of Water and Irrigation in June
2013.

In addition, programs are being implemented to achieve just and fair allocation
of water at all areas of the Kingdom whilst availing additional water to the several
sectors — economic, agricultural, industrial, touristic, and commercial. The use of
treated wastewater produced by the developed sewage stations will be expanded
by using the water they produce for restricted agricultural and industrial usages.
Thus, the same quantity of potable water will be saved. At present, 115 million
cubic meters of treated water are being provided for such uses; and this figure
is planned to be increased to 240 million m3 of treated water by 2025. Some
successful examples to the partnership with the private sector in the domain
of water are the wastewater treatment plant/ Khirbet Samra, and Disi Water
Transport Project.
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Introduction

Water is a vital critical sector being the most sensitive sector in Jordan which
is classified as one of the poorest countries in terms of water and ranks second
in terms of the available fresh water sources. Directed with Royal guidance,
the Hashemite Kingdom of Jordan has achieved milestones in the water sector
development including waste water treatment and expanded use of alternative
energy. His Majesty King Abdullah II bin AlHussein — May Allah keep him-
assured, at the beginning of his rule, care for the water sector when he declared:
“Our water status is a strategic challenge that cannot be ignored and we need to
balance between the needs of potable water and industrial/agricultural water.
Potable water will remain the basic and the most important, though”.

Jordan suffers from an obvious imbalance in the demand-supply equation of
water resources due to the scarcity of such resources and the withdrawal of water
(over-pumping) due to the increasing consumption resulting from increased
population and economic/agricultural activity and the increased wastewater
quantities that need treatment. In light of the climate changes and political
challenges that have affected Jordan significantly and the decline of the per capita
share of less than 100 m3/year as well as the increasing financial deficit of the
sector due to limited self-revenues and low tariffs for domestic and agricultural
water and high costs of production of waste treatment water, in addition to the
rising of operating costs due to the rise in the prices of electric power as a result
of the rise of fuel, Jordan relies heavily on external sources of energy (more than
%97) to secure sources of energy in addition to the far distance between cities
centers and water resources, which is an additional challenge in terms of the
high cost of Water transfer (such as the transfer of Desi water from the south
of the Kingdom to the north) in addition to the cost of treatment (Desalination
of seawater). Add to that the burden of asylum in recent years as a result of the
turmoil in neighboring countries, which has significantly affected the decline in
per capita share and high costs of production in water resources, which led to a
large deficit in this sector.

Reports mention that the self-generated revenues cover only two thirds of the
service cost and the losses incurred by the Sector have exceeded %1 of the GDP.
Extrapolating the present data reveals an increasing deficit in the coming years
as all figures show that loss of water percentage (unpaid for) reaches more than
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