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Introduction

The United Nations Economic and Social Commission for Western Asia (ESCWA), as part of its
efforts to help member countries find an integrated approach to the Sustainable Development
Goals (SDGs), is implementing a United Nations Development Account project to develop the
capacity of member States to examine and address the water and energy nexus.

To achieve this, ESCWA is using two parallel and complementary tracks. The first targets high-
level officials into ministries of water and energy who will be trained on how to incorporate
the nexus in policies and strategies at national and regional levels by means of a regional
policy toolkit. This is comprised of seven modules based on priorities identified during an
intergovernmental consultative meeting in 2012.'The seven priorities, which were endorsed by
the ESCWA Committees on Water Resources and on Energy, are the following:?

Knowledge and awareness-raising;

Increasing policy coherence;

Examining the water-energy security nexus;
Increasing efficiency;

Informing technology choices;

Promoting renewable energy;

Addressing climate change and natural disasters.

@ *0 o0 T

The second track targets water and energy service providers by means of three technical
interventions addressed through an operational toolkit made up of the following three stand-
alone modules:

a. Resource efficiency:To improve efficiency during the production and consumption of water
and energy resources and services;

b. Technology transfer: For water and energy considerations when pursuing the transfer of
new technologies regionally;

c. Renewable energy:To assess costs and benefits related to applying renewable energy
technologies in the region.

Each module will be discussed in one of three regional technical workshops, which will bring
together participants doing similar work in different sectors.
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Background

The water-energy nexus, on the one hand, Figure 1. The water-energy nexus
refers to the relationship between the illustrated

water used for the production of energy, as

a renewable resource for hydroelectricity Water needed for power generation
production, and the energy/electricity and cooling processes

generation process itself. On the other
hand, it refers to the energy consumed in the
extraction, treatment, distribution and Prevalence of
disposal of different types of water (for technology-centric
example, drinking water and wastewater)
(see figure 1). It must be clarified, however,
that this system is generally not a closed
circle. For instance, the water treated with Water  Energy
the use of energy may not necessarily go on
to aid in the energy production process but
may rather be used as a source of potable
water in households. Nevertheless, water Growing
and the generation and use of energy are all
interconnected to a certain extent.

Demand
of anincreasing

middle class

lifestyles

Increased

populations urbanization

The water-energy nexus is a subject, which

: T Energy needed for water treatment,
has received much attention in the recent past, distribution and storage
as mankind expects to have infinite
development in a world with finite resources.
This has significant ramifications on our water
and energy resources and thus the water-energy nexus. Figure 1 shows some of the factors
(shown in green boxes) leading to increased water and energy demand. These factors are true
on a global scale. For example, population growth means growing demand for resources.

Source: Created by authors.

Over the next forty years, urban areas, particularly those in the developing world, are expected
to “absorb all of the population growth’® Furthermore, most of the population growth
expected in urban areas will be concentrated in the cities and towns of less developed regions.
Having such large populations in such small areas of our planet puts much strain on water and
energy resources. For instance, urban settlements are known to be the main source of point-
source pollution; if urban wastewater is combined with untreated industrial waste, it can be
even more hazardous.* Such contaminated water requires more energy-intensive processes in
order to be treated, adding intricacies to the water-energy nexus. Additionally, urban lifestyle
leads to increased consumption of water-intensive foods® with large urban populations relying
mostly on external entities for their resources.®These changes affect the transportation and
distribution of water and energy resources, increasing the complexities facing the water-
energy nexus. In fact, in a 2015 report, urbanization was identified as a drive for such issues as
the “failure of critical infrastructure” and water crises.” This urbanization is also linked with a
rising middle class, whose income growth is generally a strong drive for the demand for such
resources as water and energy.

These growing income levels also go hand in hand with greater access to and interaction with
technology, also in developing countries. In fact, Internet and mobile technology have rapidly

iy
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Figure 2. Population at mid-year residing in urban areas for ESCWA member countries
(percentage)

Annual Percentage of Population at Mid-Year Residing in Urban Areas, 1950-2050
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Source: Created based on data from UNDESA, Population Division, 2014.

become a fixed part of daily life for many people in developing countries; and mobile phones
in particular have become almost ubiquitous in many countries.®This increasing prevalence
of technology implies increasing demand for electricity, thus once again raising demand for
water resources.

All the above is definitely true for ESCWA member countries, which already face fast-growing
rates of urbanization, as can be seen in figure 2 that shows the change in the annual percentage

at mid-year of the population residing in urban areas of ESCWA member countries from 1950

to 2050. Mid-year population refers to the “arithmetic mean of the population on 1 January and
the population on 31 December of a year” and is used in the calculation of annual rates.°The
percentage of population at mid-year residing in urban areas is, for all ESCWA member countries,
expected to reach an average value of 80 per cent by 2050 (currently, already 75 per cent of the
population in most countries is urban). In other words, by 2050, the urban population in the Middle
East and North Africa (MENA) region alone will reach approximately 560 million.™
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Table 1. The top 33 water-stressed countries in the world by 2040

Rank
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Name

Bahrain
Kuwait
Qatar
San Marino
Singapore
United Arab Emirates
Palestine
Israel
Saudi Arabia
Oman
Lebanon
Kyrgyzstan
Iran
Jordan
Libya
Yemen
Macedonia
Azerbaijan
Morocco
Kazakhstan
Iraq
Armenia
Pakistan
Chile
Syrian Arab Republic
Turkmenistan
Turkey
Greece
Uzbekistan
Algeria
Afghanistan
Spain

Tunisia

Score (All Sectors)

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
4.99
4.97
4.97
4.93
4.9
4.86
477
4.74
4.70
4.69
4.68
4.66
4.66
4.60
4.48
4.45
4.44
430
4.27
4.23
419
4.17
4.12
4.07
4.06

Note: “5.00" is the highest stress score possible.
Source: Created based on data from Maddocks, Young and Reig, 2015.
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Similarly, water and energy demand in ESCWA member countries is quite high, in addition to
these countries having scarce water resources. The situation is only expected to deteriorate as
demand levels increase. For the MENA region, water shortages are projected to increase by 43
km?3/year from 2001-2010 to 2041-2050, even under the most positive climate scenarios." Table

1 shows the forecasted list of top 33 water-stressed countries in 2040. Water stress is defined as
the “ratio of total annual water withdrawals to total available annual renewable supply”'? Five of
the eight countries with the highest predicted stress level are ESCWA countries; and 15 of the 18
ESCWA member countries (highlighted in table 1) are included in the list.

Table 1 is further supported by Figure 3, which shows both actual and forecasted levels of
unmet water demand in certain ESCWA member countries. The forecasted values have been
obtained as a result of an average climate projection model.”™ In all countries, the percentage
of unmet demand is rising consistently. With respect to the MENA region as a whole, from
2001-2010 until 2041-2050, this increase in unmet demand is due to an increase in demand by
about 50 per cent while supply will only increase by 12 per cent (as per the average climate
change projection). In some cases, such as Oman, the rise in unmet demand is expected to
be drastic. As regards the connection between the water-energy nexus and climate change,
increased water use means increased energy demand, which leads to more greenhouse gas
emissions. The latter, in turn, contributes to elevated earth temperatures and consequently to
greater water use and the vicious cycle continues.

In terms of energy consumption, as an example, the countries of the Gulf Cooperation Council
(GCC) are expected to see an increase in energy consumption of more than 200 per cent from
2000 to 2020."™ Additionally, by 2040, total energy consumption in the Middle East and Africa is
expected to increase to 61.8 quadrillion Btu and 44.0 quadrillion Btu, respectively. These values
represent average annual percentage increases in energy consumption from 2012 to 2040 of

Figure 3. Unmet water demand in selected ESCWA member countries (percentage)

Percentage of Unmet Demand
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2.4 and 2.6 per cent for the Middle East and Africa, respectively. These values are significantly
higher than the forecasted average annual percentage increase in energy consumption for the
world for the same period, which is only 1.4 per cent.’® Therefore, this greater increase in energy
consumption for the MENA region, as compared to corresponding values for other regions of the
world, points out how important the improvement of energy efficiency is for the countries of the
ESCWA region.

Water and energy efficiency are therefore key to a water and energy-secure future for the countries
of the ESCWA region.The Middle East is already considered by some to be the least water-secure
region in the world"” and with such phenomena as global warming and climate change taking
place, the situation will definitely not improve on its own. Furthermore, when considering water
and energy, securing one depends on the other; and both water and energy efficiency must be
pursued simultaneously through a holistic water-energy nexus approach.

The waterenergy nexus was presented in figure 1. However, it encompasses several subtopics,
some of which are shown in detail in figures 4 and 5. Figure 4 shows the problem/opportunity spaces
faced while using water for energy production while figure 5 shows the problem/opportunity spaces
in energy issues for and caused by water. These spaces have been grouped in terms of different
technological types (in the case of figure 4) and different process types (in the case of figure 5).The
strategies mentioned in figures 4 and 5 not only address technologies/processes that are already
being widely implemented by the global water and energy sectors, but also mention technologies
that are in their infant stages of commercial implementation.This toolkit focuses primarily on the
better established technologies as they have greater relevance to ESCWA member countries due to
their particular climatic conditions and the industries, which these countries tend to have.

Figure 4. Representative problem/opportunity spaces in water for energy

Waste Heat Recovery Alternative Fluids

Thermoelectric Generation, Supercritical CO, RCBC, Drilling and Fracturing, Geothermal Shearing,
Printed Circuit Heat Exchangers Geothermal Working, Non-Steam Power Cycles

Advanced Materials

Thermoelectirc Materials, Heat-driven State
Changes, Scaling/Fouling Resistance,
Temperature and Pressure Tolerance,

Carbon Capture

Cooling Technologies Process Efficiency

Air Flow Designs, Water Recovery, Bioenergy Feedstocks, Process Water Reduction,

Blowdown Treatment, Hybrid Wet/Dry Systems,
Alternative Cooling Systems

Wastewater Recycling, Advanced Carbon Capture

Source: Created based on data from Bauer et al., 2014.
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Figure 5. Representative problem/opportunity spaces in energy for and from water

Applications

Thermoelectric Cooling,
Irrigation, Industrial Uses,
Drinking Water, Hydraulic
Fracturing, Energy Storage

Wastewater Treatment
Anaerobic membrane

Bioreadtors, Thermal Hydrolysis,
Annamox processes, UV LED disinfection

Non-Traditional Sources

0il & Gas Produced Waters, Water from Carbon Sequestration,
Brakish Groundwaters, Municipal Wastewaters, Desalination Brines, Seawater

Desalination
Resource Recovery
Membrane Distilation,

Forward Osmosis, Fuel Cells, Algal Bioenergy,

Dewvaporation, Nano Biosolids, Inorganics,
Membranes, Capacitive Energy, Produced Waters,

Deionization, Hybrid Systems Gas Cleanup
v v v \ 4

Source: Created based on data from Bauer et al., 2014.

Objectives

The primary objective of this toolkit is to strengthen the capacity of ESCWA member countries

to achieve an integrated and sustainable management of water and energy resources, thereby
contributing to sustainable development. This toolkit focuses on improving the technical capacity
of government officials who manage or oversee the provision of water or energy services in
ESCWA member countries. It provides them with technological strategies by means of which they
can integrate water and energy nexus considerations into their operations, activities, and projects.

Though the nexus is governed through an institutional or policy response, its
implementation relies on technical interventions, which may render the process and resource

17
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Ain Beni Mathar Integrated Thermo Solar Combined Cycle Power Plant, Morocco © Philippe Roos - https://www.flickr.com

use more efficient and effective.’® The successful implementation of these technologies is

only possible through access to comprehensive information about the technological options
available so that more informed decision-making can take place. It is this toolkit, which aims to
provide this information.

The current water-energy nexus operational toolkit aims to assist in building capacity for
exchange and collaboration across disciplines based on a common language and set of
assessment tools, techniques, and indicators for pursuing resource efficiency at the operational
level, for instance during investment planning, the operation and maintenance of water and
energy utilities, and irrigation schemes. It contains guidelines for the entities responsible for
water and energy services, and reviews and reinforces appropriate data collection procedures
to monitor energy and water production. All of these findings and analyses are based on
consumption statistics reflecting the water and energy cycles. Consequently, the toolkit
describes the key performance indicators used in the water and energy industries. After all, it

is such statistics obtained through the monitoring of consumption patterns and the resulting
analysis using established indicators, which enable long-term planning and a more efficient
management of national natural resources. For this planning to be effective, the collected data
and statistics must be sufficient to allow the strengthening of analytical capacity, thus facilitating
evidence-based policymaking and policy assessment in the interrelated fields of water and
energy. Consequently, this toolkit seeks to provide steps, which may be followed to ensure the
robustness of data monitoring and collection procedures.

Technologies to improve water efficiency

When considering water efficiency improvement strategies, the approach being implemented
can broadly be classified into two categories: One focuses on using technologies, which operate
more efficiently and the second focuses on water reuse so that a smaller footprint is achieved
even with regular process efficiencies. It must be noted here that there is a difference between
water treatment and water reuse. Water treatment ensures that the output water can be returned
to the environment. For water reuse, the treated water must be purified to such a level that it can
be used in industry, agriculture, and even as potable drinking water.2?Table 2 shows the different
sectors where water can be reused, along with the particular type of use in each sector. For each
reuse category, the water treatment needed is also shown.The more sensitive/critical the area of
reuse, the more elaborate the treatment required to obtain a product of greater purity.
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Table 2. End use of recycled water and minimum treatment

Reuse Category Description

Urban Reuse Unrestricted

Restricted
Agricultural Food Crops
Reuse Processes Food Crops
Non-food Crops
Impoundments Unrestricted
Restricted
Reuse Category Description

Create wetlands, enhance natural
wetlands, sustain stream flow

Environmental
Reuse

Industrial Reuse Once-Through Cooling

Recirculating Cooling Towers

High-Quality Industrial Use

Groundwater
Recharge

Non-Potable Reuse, Spreading
Non-Potable Reuse, Injection

Indirect Potable
Reuse

Groundwater Recharge, Spreading
Groundwater Recharge, Injection

Augmentation of Surface Water Supply
Reservoir

Treatment

Secondary, Filtration, Disinfection
Secondary, Disinfection

Secondary, Filtration, Disinfection
Secondary, Disinfection
Secondary, Disinfection

Secondary, Filtration, Disinfection
Secondary, Disinfection

Treatment

Secondary, Disinfection

Secondary

Secondary, Disinfection (coagulation &
filtration could be needed)

Secondary, Filtration, Advanced
Wastewater Treatment, Disinfection

Primary
Secondary, Soil Aquifer Treatment

Secondary, Filtration, Disinfection
Secondary, Filtration, Advanced
Wastewater Treatment, Disinfection
Secondary, Filtration, Advance
Wastewater Treatment, Disinfection

Source: Created based on data from Water in the West, 2013.

Water efficiency in electricity production processes

Figure 6 shows the flow diagram on how water is used in the electricity production process.
It is clear that water is needed as part of almost every step in the process, and this water
requirement is essential for all conventional fuels.To illustrate the extent of the relationship
between water use and electricity production, according to certain global statistics, 90

per cent of power generation is water-intensive and three quarters of all industrial water
withdrawals are used for power production. Additionally, 80 per cent of global energy

is produced by thermal power generation, which is responsible for 50 per cent of all

water withdrawals in the United States and several European countries.?' In fact, energy
production accounts for the second largest use of water (after agriculture) and is expected
to continue increasing over the next 15-20 years.?? As a result, there is much to gain from
improved water efficiency in the power sector. This is particularly true for the ESCWA
member countries where improved water efficiencies would mean greater abilities to meet

the water demand.
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Figure 6. Flow chart of embedded water in energy

Discharge Water

Water Resource Energy Recycling
Resource . .
(e.g., lakes, rivers, Cogeneration,
aquifiers, sea) desalination

- - End Use
Extraction Raw Material Transport and Industrial

Refining Transmission Energy Commercial
Mlnlng, drilling Coal, petrol, Generation Residential
(oil, natural gas) Natural gas, Pipelines, Public Utilities

Biomass uranium, biofuels waterways Transportation

Wastewater

Renewable Energy

Collection, treatment and

discharge or reuse Wind, solar,

hydroelectric, tidal

Transportation Fuels, Natural Gas

Source: Water in the West, 2013.

Figure 7. Gaps in meeting water demands of thermal power plants under low flow
conditions

Note: Green dots indicate a value of 0.5-1.0 for the ratio of cooling water consumption to Q90, while red dots indicate a ratio greater than 1.0.
Source: http://wef-conference.gwsp.org/fileadmin/documents_news/understanding_the_nexus.pdf
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Figure 7 illustrates where the water demands of thermal power plants cannot be met under
low flow conditions. Low flow conditions are defined in terms of Q90, which is a “flow static
representing the daily flow, which is exceeded or equalled 90 per cent of the time” and can be
used to determine the resources available in periods of low flow or drought”? In the case of
figure 7, in particular, the gap has been determined by the ratio of cooling water consumption
to Q90. Green dots indicate a ratio of 0.5-1.0 while red dots indicate a ratio greater than 1.0,
demonstrating that the demand cannot be satisfied. Even a cursory glance at figure 7 is
enough to see the large number of red dots in the ESCWA region, depicting the challenges
faced by thermal power plants in the region, and the situation is only expected to worsen with
time unless newer optimization methods are used to improve water efficiency.

In the past, water was regarded as a low-cost resource to electricity production facilities and
was used inefficiently. However, due to the rising standards and costs of wastewater treatment
and the rising costs of water resources as they become scarcer in many regions, awareness
has increased and a proactive approach is increasingly followed where water efficiency is
concerned. Table 3 shows the amount of water needed in the energy production process

for conventional sources of energy. Crude oil production can consist of up to three different
phases: the primary recovery phase, involving the use of the natural pressure of the reservoir
or gravity to drive oil into the wellbore (the drilled hole of the well), along with artificial lift
techniques (for instance pumps) that assist in bringing the oil to the surface; the secondary
recovery phase, where oil or gas is injected into the ground to displace the oil and drive it
into the wellbore; and the tertiary phase, also known as enhanced oil recovery (EOR), using
further techniques in order to extract even more oil. Primary recovery accounts for extracting
about only 10 per cent of the resources of an oil field, secondary recovery for 20-40 per cent,
and EOR for 30-60 per cent.?* For bitumen, steam-assisted gravity drainage (SAGD) and cyclic
steam stimulation (CCS) are similarly used to achieve enhanced oil recovery. It is clear that, at
succeeding stages of oil recovery, water requirements tend to increase.

Table 3. Water coefficients in primary energy production

Energy Source Water coefficient (m3/TJ)
Crude oil Primary recovery 6
Secondary recovery 600
Bitumen Mining 26
In situ SAGD 8
In situ CSS 14
In situ multi-scheme 32
Heavy oil 14
Natural gas 6
liquids
Coal-to-liquids 53

Source: Created based on data from Xylem, 2014.

621




Developing the Capacity of ESCWA Member Countries to Address the Water and Energy Nexus for Achieving Sustainable Development Goals

Water efficiency and cooling processes

Among the different applications for which water is used in a power plant, cooling entails the
greatest water consumption. According to a publication on raw water usage for various fossil
fuel plants, water used for cooling ranged from 79 to 99 per cent of total water usage; the
remaining water was used for such applications as ash handling, the humidifier, the condenser
and flue-gas desulfurization (FGD) at combustion-steam plants.?® As a result, to make the
electricity production process more water efficient, its cooling procedure must be improved.

There are various types of cooling, as mentioned in tables 4 and 5. Two of these cooling
systems are depicted in figure 8. The closed-loop cooling system is also known as the
recirculating system. The wet cooling tower is a type of recirculating cooling system
commonly used in power plants. Table 4 shows the impact of each of these cooling systems
in terms of various factors, such as water use and costs. Table 5 numerically describes the
water use impact mentioned in table 4 for different types of power plants. It is important to
note the difference between water withdrawal and water consumption. Water withdrawal
refers to the amount of water, which is taken by the power plant from its water source
(ocean, aquifer, and others), while consumption refers to the water, which is lost, usually
due to evaporation as part of the cooling process, from the water withdrawn. As a result, the
water discharged back to the water source is the difference between the water withdrawn
and the water consumed.?®

As illustrated by table 4, the once-through cooling system is intense in terms of the water

it withdraws but is moderate in terms of the water it consumes and vice versa for the
recirculating system. However, if we look at the numerical values in table 5, it is clear that,
even when the recirculating system consumes much water, the intensity of consumption

is only a fraction of the intensity of the water withdrawn by the same plant when using a
once-through system.The dry-cooling system, which uses air instead of water as the cooling

Figure 8. Diagram of different cooling systems
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medium, is clearly most efficient as far as water use is concerned but its capital cost is high,
decreasing overall plant efficiency and challenging its more widespread implementation. In
order to increase the water efficiency of electricity production process, a dry-cooling system
should be first choice, a recirculating system second choice, and a once-through cooling
system third choice. However, the system chosen for a particular plant must obviously
consider local regulations, economics, and ambient conditions.

Table 4. Cooling system tradeoffs

Cooling Description Water Water Capital Plant Ecological
Type Withdrawal Consumption Cost Efficiency  Impact
Once- Takes water from Intense Moderate Low Most Intense
Through nearby sources, efficient

circulates it

through pipes

to absorb heat
from the steam

in systems called
condensers, and
discharges the
now warmer water
to the local source.

Wet Also known as Moderate Intense Moderate Efficient Moderate

Cooling  wet-recirculating

Towers  or closed-loop
systems. They
reuse cooling
water rather
than immediately
discharging it.
Usually, they use
cooling towers
to expose water
to ambient air.
Some of the
water evaporates
and the restis
sent back to the
condenser in the

power plant.
Dry The ultimate heat None None High Less Low
Cooling rejection to the efficient

environment is
achieved with air-
cooled equipment
that discharges
heat directly to
the atmosphere by
heating the air.

Sources: Created based on data from Electric Power Research Institute (EPRI), 2002; Rodriguez et al., 2013; Union of Concerned Scientists, n.d.




Developing the Capacity of ESCWA Member Countries to Address the Water and Energy Nexus for Achieving Sustainable Development Goals

Table 5. Water withdrawn and consumed for power plant cooling (in gallons of water
required per megawatt-hour of electricity produced)

Once-through Recirculating Dry-cooling
C C C

Coal 20,000-50,000 100-317 500-1,200 430-1,100 N/A N/A
(conventional)
Natural gas 7,500-20,000  20-100 150-283 130-300 0-4 0-4
(combined
cycle)
Nuclear 25,000-60,000 100-400 800-2,600 600-300 N/A N/A

Note: W: withdrawal; C: consumption.
Sources: Created based on data from Macknick et al., 2012; Union of Concerned Scientists, n.d.

Increasing water efficiency through decreasing waste heat

Decreasing the waste heat generated by a power plant reduces its cooling requirements and
consequently its water requirements. This can be achieved by improving the efficiency of the
components of the power plant system and by reusing some of the heat that would otherwise
be dissipated, by having the power plants operate along with other systems, which can use
their waste heat as is the case in the following three examples:

Combined power and desalination plants: These plants are able to simultaneously produce
electricity and drinking water. They are also known as hybrid desalination plants. By
integrating thermal electricity production with desalination, such plants are able to improve
efficiency and lower the energy costs associated with the desalination process.? Indeed, this is
important since desalination is already known to be more energy intensive than conventional
water treatment processes. Waste heat from the power plant is used as a source of heat for
the desalination process, which is typically multi-stage flash (MSF) distillation (a distillation
process where seawater is distilled by flashing it into steam in multiple stages).®This system
is more efficient than a stand-alone power plant and a stand-alone MSF desalination plant.
Along with the substantial capital cost, a traditional disadvantage of such combined plants

is the challenge of unequal water and electricity demands, which also change according to
season. For example, during winter, electricity demand can decrease while water demand

may stay more or less the same. In such cases, the plant would end up operating at low
efficiencies. Nevertheless, for the ESCWA region, which is arid more or less all year round,
such combined plants can be a good solution.?® Some studies have claimed that it is the

most cost-effective way to meet both water and electricity requirements in desert regions.®

In the recent past, however, such hybrid plants are becoming less popular as more energy-
efficient desalination processes, such as reverse osmosis, become more prevalent. In addition,
decoupling electricity and water production allows for the introduction of renewable forms of
energy as well as nuclear energy into the overall energy mix for the region.®

Combined heat and power (CHP) plants: These plants are also known as cogeneration plants.
They take the heat that is produced in the electricity generation process and, instead of
dissipating it as waste heat, use the heat for district heating as hot water or steam. This
consequently causes a significant decrease in the cooling water requirements of the plant and

N
=
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helps increase overall efficiency. CHP plants can be used with any type of fuel but efficiencies
vary from one fuel to another. As with the combined power and desalination plants, CHPs
efficiency can be as high as 90 per cent. One of the advantages of CHP plants is that they rely
on the combination of technologies, which are already widely used in commercial installations
globally. In order for CHP plants to achieve their highest potential efficiency, it is important
that they are located close to the site where there is demand for the heat and electricity
generated; this prevents heat losses, which take place during the transportation of the heat
and may otherwise lead to substantial decreases in overall efficiency. Consequently, CHP
plants tend to be suitable as decentralized sources of energy, though they entail greater capital
expenditure (relative to conventional power plants). However, in the long term, CHP plants

are more economical due to the energy savings they achieve, though their payback period
tends to be quite long. Last but not least, meeting heat and power demands simultaneously
by one single plant adds more complexity to the CHP plant process.®> Among ESCWA member
countries, Saudi Arabia already uses cogeneration plants: cogeneration units are already
present at the Ju’aymah, Shedgum, and ‘Uthmaniyah gas plants, and new CHP facilities are
being built at the Abgaiq, Hawiyah, and Ras Tanura facilities.®® As a result of these projects,
power capacity is expected to reach 6,500 MW in 2016.3*

Increasing water efficiency using alternative water sources

This strategy for increasing water efficiency draws on the points mentioned above regarding
water reuse as well as the use of entirely new types of water, which shall help reduce
dependence on freshwater resources. For instance, non-freshwater sources such as saline
groundwater effluents,*® can be used as cooling water in thermal power plants. However, the
implementation of the use of such alternative water sources depends on the quality of the
water and its source location (for instance, the power plant must be situated on the coast if
seawater is to be used).

As concerns the reuse of water, treated wastewater also can be used as an alternative for
cooling water in thermal power plants. However, before this is possible, the pollutants in the
wastewater must be satisfactorily removed so that it does not damage the cooling system in
any way (for instance, through corrosion). Such procedures must be carried out in accordance
with local regulations, oftentimes leading to increased costs. And since many countries require
that water being discharged by power plants be pretreated until at least secondary treatment
standards, treating the same water to reusable levels for cooling purposes would not lead to

a significant cost reduction. Since wastewater is available in large quantities in most places,
especially large urban areas, treated wastewater as a source of cooling water is a reliable
water source. Treated wastewater is therefore currently used for cooling purposes in more
than fifty power plants in the United States, including the largest nuclear plant in the country,
Palo Verde in Arizona, which solely uses wastewater to fulfil its cooling requirements.*This
potential for the use of treated wastewater also exists in ESCWA member countries. For
example, the Pearl gas-to-liquids (GTL) plant in Qatar, the largest source of GTL products in
the world, has a water recycling plant, which is the largest of its kind. It treats water, which

is then reused for cooling purposes and in steam production. This prevents any liquids from
being discharged from the plant.¥’

Case study: The oil and gas industry

The oil and gas industry is a very important part of the economy of many Arab countries.
Seven ESCWA member countries are members of the Organization of the Petroleum Exporting

Water-Energy Nexus Operational Toolkit Resource Efficiency Module
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Figure 9. Flow chart of oil and embedded water

End Use
Transport Industrial
Commercial
(e.g., rall, tanker, Residential
truck, pipeline) Public Utilities
Transportation

Transport

0il Drilling 0il Refining

(e.g., rall, tanker,
truck, pipeline)

Produced Evaporation

Input Water

Wastewater Wastewater

Discharge - Discharge -

Direct and Direct and
Indirect Indirect

‘ Transport ‘
Water Water

Source A (e.g., rall, tanker, Source B

truck, pipeline)

Source: Water in the West, 2013.

Countries (OPEC) and account for the bulk of OPEC's proven crude oil reserves.® Even in terms

of exports, in 2014, the crude oil and natural gas exports of Arab countries accounted for more
than 40 per cent of the world’s crude oil exports and around 20 per cent of global natural

gas exports.®®° As a result, though the oil and gas exporting countries of the ESCWA region

are making efforts to diversify their economies, as of 2012, crude petroleum and natural gas
represented 48.0 per cent while petrochemicals represented 2.9 per cent of the gross domestic
product (GDP) of the GCC.*' In addition, in the recent past, as oil prices have fallen significantly,
the economies of the oil-producing countries of the ESCWA region have been hit substantially.
Nevertheless, as mentioned by Amin H. Nasser, President and Chief Executive Officer (CEO)

of Saudi Aramco, at the recent 2016 Annual Technical Conference and Exhibition of the Society

of Petroleum Engineers in Dubai, “oil’s central position, especially in heavy transport and
petrochemicals feedstock, will remain solid and central for years to come’* In fact, the oil and gas
sector in the Gulf region continues to expand along with an increase in petrochemical projects.®
This expansion in energy investment is expected to reach up to $900 billion by 2021 according to
an Arab Petroleum Investments Corporation report.#*The importance of the oil and gas industry to
the ESCWA region is thus evident. Mr. Nasser also mentioned that the industry must learn how to
better deal with difficult times from the financial perspective while simultaneously continuing to
improve efficiencies.®*This toolkit seeks to facilitate the improvement of efficiencies.

Water is used in upstream oil and gas exploration and production for such purposes as
injection water for wells and the recovery of crude oil and gas.*® Indeed, water-based fluids can
be required in the wellbore drilling and stimulation stages. During the drilling of the actual well,
water-based fluid is used for various procedures, including “lubricating the drill bit, circulating
the drill cuttings out of the hole, containing formation fluids and facilitating the operation of
sophisticated formation evaluation tools”* The downstream segment of the oil and gas industry
includes processes related to refining and petrochemical production, and water is used mainly
to supply boilers and cooling circuits and for some oil refining processes.*® As an example of
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Figure 10. Flow chart of natural gas and embedded water
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water use for drilling (which is one of the main application areas of water in the oil production
process along with oil refining), in the United States, drilling vertical wells has been reported
to use an average of 77,000 gallons of water with an additional 310,000 gallons to hydraulically
fracture the well while drilling horizontal wells was reported to use an average of 130,000
gallons with an additional 2,700,000 gallons for hydraulic fracturing.*®

Natural gas tends to be liquefied to decrease its volume, thereby facilitating its transport
and storage as liquefied natural gas (LNG). As part of the liquefaction process, water is
mainly consumed for process cooling at the liquefaction plants and for revaporization
heating at LNG receiving terminals (where LNG is turned back into gas). These processes
may result in significant water discharge streams.5° Water is also required by the amine
system, which removes carbon dioxide and hydrogen sulphide from the feed gas. For this
purpose, a portion of the water requirements of the LNG plant must be met by water, which
meets specific criteria in terms of cleanliness and chemical composition.’" Though water
consumption rates for such processes can vary considerable,’ an industry benchmark of
30,000 m?® of water per hour has been specified for systems open-rack vaporizers, which use
seawater to heat and vaporize the LNG.%*This has relevance for the Arab countries where,
due to arid conditions, sea water is mainly used to meet water requirements. Since the
water requirements in the LNG plant/processes primarily feed cooling and heating systems,
especially concerning refrigeration cycles and sometimes power cycles,’* measures taken to
improve water efficiencies are assumed to be similar to those of other oil and gas processes
where water requirements due to cooling are also substantial.

Figures 9 and 10 show the flow of processes during oil and natural gas production,
respectively, and include information about the involvement of water at the different stages of
the processes, supporting what has been mentioned above. While figure 6 illustrates the water
intensity of electricity production, figures 9 and 10 prove that electricity production using oil or
natural gas as a fuel is also water intensive.
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Hydraulic fracturing, also known as fracking, is another process through which oil and gas
resources are obtained. A high-pressure water mixture is directed at shale rock in order to
release the oil or gas, which the latter contains. Having been employed increasingly in the
recent past, fracking has attracted quite a bit of controversy due to the water use, which it
entails. Fracking has increased the competition for water in some of the most water-stressed
areas in the United States.®Though it is certainly more water intensive than using energy
resources, such as coal and the primary recovery of oil, fracking need not always be the
most water-intensive option; the amount of water required for the fracking process can vary
significantly from one type of shale to another and from one well to another.*® Among Arab
countries, Tunisia, Egypt, Saudi Arabia, and Jordan have plans to extract shale gas, while
others, such as Oman and Algeria, have already begun fracking operations.5”:585°

Water efficiency in the oil and gas industry can be improved by better water and wastewater
management. Using trucks to transport water between different locations, such as extraction
sites and wastewater wells, can be inefficient from the cost, safety, and environmental
perspectives. Such processes may be improved by using pipelines, onsite treatment, and
reusing wastewater and produced water. Whether or not produced water is reused, injected
or discharged depends on various factors, such as geology, location, field maturity, location,
available technologies, the relevant economics, and even environmental and social factors.
Along the same lines, the particular technology used for water treatment depends on
several factors. Table A1 in the annex provides a comprehensive reference of advantages,
disadvantages, and applicability of different water treatment technologies in the oil

and gas industry.

Once a plant starts reusing produced water, operations are facilitated through, for example,
the implementation of remote monitoring and control systems that enable the automated
management of water resources in real time.®® What is more, recycling water can help
overcome the challenge of uncertainties in water supplies. More water-efficient systems
enhance water security and thus the overall resilience of oil and gas sector operations. They
are becoming more prevalent in the oil and gas sector as policies on water use are become
more stringent. As an example, advanced ultraviolet (UV) and ozone technologies are being
implemented to prevent wastewater from fouling. Similarly, waterless fracking, which uses
gases instead of water, is also being experimented with.5’

Table 6. Water required and recovery assessment for various oil recovery technologies

Recovery Technology Injection water (gallons water per gallons crude oil)

Primary recovery 0.2
Secondary water flooding 8.6
EOR steam injection 5.4
EOR CO, injection 13
EOR caustic injection 3.9
EOR forward combustion/air injection 1.9
EOR micellar polymer injection 343.1

Source: Created based on data from Xylem, 201
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EOR: The primary, secondary, and tertiary recovery of oil has already been discussed.
Table 6 goes into more detail by providing information on the quantities of water required
by different types of EOR (tertiary recovery) processes. Clearly, primary recovery is least
energy intensive. Even though tertiary recovery is known to be water-intensive, it can be,
in some cases, less water-intensive than secondary recovery depending on the type of
recovery selected.

EOR is broadly classified into three types: thermal recovery, gas injection, and chemical
injection. As shown in table 6, steam injection and forward combustion/air injection
are considered to be types of thermal recovery, CO, injection is considered to be a type
of gas injection, and caustic injection and micellar polymer injection are considered to
be examples of chemical injection. All these methods of EOR mentioned in table 6 are
considered to have high values for the incremental recovery they provide. This is not

Table 7. Limitations of various EOR processes

EOR process Limitations

Miscible gas injection ¢ Very sensitive to heterogeneity
e Poor vertical sweep owing to large density difference
from water
¢ Reservoir pressure must be greater than minimum
miscibility pressure
e Excess gas production

WAG injection ¢ Operationally more complex
¢ Qil may be trapped in pores by water if too much water
injected
Polymer flooding e Well injectivity owing to higher viscosity of injected water

¢ Loss of polymer by adsorption
¢ Costly due to large volumes of chemicals required
e May not be feasible in hot reservoirs or with saline water

Alkaline surfactant polymer flooding e Complex to design, requiring analysis of oil, water and
rock chemistry as well as geological heterogeneity
e Costly due to large volumes of chemicals required
e May not be feasible in hot reservoirs, carbonate
reservoirs or with saline water

Low-salinity water injection ¢ Mechanism not fully understood
¢ Possible dilution of injected low-salinity water by in situ
brine
Polymer gel treatments at injection ¢ Only works where high-permeability thief zone is isolated
wells from other oil-bearing zones

e May not be feasible in hot reservoirs, carbonate
reservoirs or with saline water

¢ Potential production of H2S by sulphate-reducing bacteria
in reservoir

Deep reservoir flow diversion ¢ Only works for water injection
¢ May not be feasible in hot reservoirs, carbonate
reservoirs or with saline water

Source: Created with data from Muggeridge et al., 2013.
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true for other types of EOR processes, such as those mentioned in table 7. For example,
polymer flooding and low-salinity water injection are considered to provide only low
incremental rates of recovery while water-alternating gas (WAG) provides very high rates
of recovery.5?

Table 7 deals with the limitations of different EOR technologies. Such factors need to be
considered when deciding which EOR technology to adopt along with factors, such as
incremental recovery, water requirements, and costs (such as capital costs and the cost of
drilling additional wells).®® For example, chemical injection is typically not a popular EOR
technology due to the significant costs of chemicals (for example, surfactants) it employs.

The term consolidation practices, used in the oil and gas industry, refers to the
consolidation of operations related to well development so that they are performed
for several wells at the same time. This enables a more efficient use of resources,

Table 8. Benefits and drawbacks of consolidation practices

Consolidation

Multiple well pads J

Centralized staging/
storage

Consolidated .
production facilities

Advantages

Requires less roads and
infrastructure, leading to a smaller
disturbance per well and reduced
overall production footprint

Can eliminate disturbance in
particularly sensitive areas
Reduces drilling and completion
time, which reduces rig rental
costs

Reduces need for service crews,
decreasing traffic (and associated
emissions) and operating costs
Increases efficiency of
hydrocarbon recovery from the
chosen reservoir

Reduces truck traffic, which
reduces wildlife harassment, air
emissions and road damage
Reduces number of storage tanks
needed per well site, reducing well
pad size requirements

Facilitates reuse of materials;
reduces fresh water usage

Reduces truck traffic, which
reduces wildlife harassment, air
emissions and road damage
Reduces number of storage tanks
needed per well site, reducing well
pad size requirements

Facilitates reuse of materials;
reduces fresh water usage

Disadvantages

¢ Higher concentration of surface

disturbance and waste generation
Batch processing of multi-well
pads requires all wells on the

pad to be drilled and completed
before the results of the first well
are known, delaying the start of
production

Increases concentration of waste
generation

Surface disturbance concentrated
to smaller area

Source: Created based on data from Intermountain Oil and Gas BMP Project, n.d.
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Figure 11. End uses of water in various types of commercial and institutional facilities
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Source: Created based on data from EPA WaterSense, 2016.

including water. Examples of such consolidation processes are provided in table 8 along
with their advantages and disadvantages. These processes are multiple-well drill pads
(advanced drilling procedures enabling the drilling at multiple locations in a single
reservoir so that several wells can be drilled at once), common corridors (all roads,
pipes, utility, and transmission lines being located in common corridors to reduce
construction requirements) and centralized staging and storage (both input materials
and output products being stored in centralized locations).®* Anadarko’s Completion
Transport System has won awards for the savings it was able to achieve as a result of
consolidation practices. For instance, it was able to decrease the need for fresh water by
approximately 2 million oil barrels (bbls) by recycling about 80 per cent of completion
fluids.®

Water efficiency in the industrial, commercial,
and institutional sectors

Water efficiency improvement technologies in the industrial, commercial, and institutional
sectors are primarily related to the type of buildings and to the equipment, which these
buildings contain.To clarify the areas where most water efficiency gains can be made, it must
be understood where exactly most water is used. Figure 11 shows the end use of water in
different commercial and institutional entities.

There is indeed much room for improvement in the industrial, commercial, and institutional
sectors as far as water efficiency is concerned. The minimum estimate of potential savings
from increased water efficiency in the industrial, commercial, and institutional sectors of
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California would be sufficient to fulfil the annual water requirements of the whole city of Los
Angeles (both residential and non-residential applications).5Table 9 provides information on
the different water and energy-saving technologies available for the sectors mentioned above.

Table 9. Potential water and energy-saving technologies available in the industrial,

commercial, and institutional sectors

Area of

Water efficient technology

Water and energy savings

Additional savings and
information

improvement

Commercial J
landscaping

Cooling J
towers .
Commercial .

faucets

Showerheads

Toilets o

Urinals

Xeriscaping
Smart controllers and
sensors

Conductivity controller
pH controller

Low-flow faucet
aerators (0.5, 1.0, and
2.2 gallons per minute
(gpm))

Low-flow showerhead
(2.0 and 2.5 gpm)

Ultra low-flow toilets
(1.3-1.9 gallons per
flush (gpf)
High-efficiency toilet
(1.28 gpf)

High-efficiency urinals
(0.5 gpf or less)
Waterless urinals

potential

Xeriscaping reduces
water use by 50 per
cent or more

Smart controllers cut
20-40 per cent of annual
water use

Conductivity controllers
save 800,000 gallons
(two acre-feet per year)
Up to 80 per cent
potential water savings
depending on the usage
and facility

Reduces faucet water
flow by 30-50 per cent
(range is based on
aerator type and faucet
use)

Low-flow aerators
reduce the energy costs
of heating faucet water
by up to 50 per cent

2.5 gpm flow can save 2
gallons per shower

2.0 gpm flow can save
3.5 gallons per shower

Can save 15,000 gallons
per year depending on
the facility

Can save up to 19,000
gallons per year

Can save 20,000 gallons
of water per year
Can save 45,000 gallons
of water per year

Reduces dry-weather
runoff and waterborne
contaminants; can
improve the appearance of
the landscape

Upgrading one cooling
tower can save
significant amounts of
money in water and
sewage costs (up to
$4,000 in the United
States); pH controller
reduces chemical costs;
overall reduction in
wastewater bills

Faucet aerators cost
less than $5 on average,
making them very cost-
effective

Low-flow showerheads
can be purchased in bulk
quantities for low cost
($5-12 each in the United
States)

Overall reduction in
wastewater

Overall reduction in
wastewater

v
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Water efficient technology Water and energy savings

potential
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Additional savings and
information

Commercial
kitchen
dishwashers

Commercial
kitchen pre-
rinse spray
valves

Medical
equipment

Clothes
washers

o Water-efficient
commercial dishwasher

o \Water-efficient pre-
rinse spray valve (1.6
gpm or less)

e X-ray film processor
water recycling
equipment

o Steam sterilizer retrofit

e High-efficiency
commercial clothes
washers (common-area
laundries)

e Water efficient washer
extractors (on-premise
laundries)

e Tunnel washers
(industrial laundries)

¢ Reduces water and
energy use by 25 per
cent per year

e Saves up to 50,000
gallons of water per
year (26-80 per cent
less water and energy
consumption compared
to standard valves)

* Reduces annual water
use by as much as 98
per cent

e Saves 45 to 50 gallons
per hour (60 per cent)
per sterilizer

e Canreduce water
consumption by 35-50
per cent and achieve
energy savings of up to
50 per cent

e Canreduce water
consumption by up to
40 per cent

e Canreduce water
consumption by 30-60
per cent

Payback period for
installing small efficient
commercial dishwasher
can be significant
(between one and four
years in the United
States). Larger flight-type
machines even have a
much longer payback
period.

Replacing a traditional
pre-rinse spray valve
that is used roughly
three hours per day
with a water-efficient
pre-rinse spray valve
can save 180 gallons
of water per day and
decrease water and
energy costs (up to
$1050 per year in the
United States)

X-ray processor retrofit
saves on utility bills each
year ($600 in the United
States). Steam sterilizer
retrofit also achieves
cost savings ($2,500 per
sterilizer per year in the
United States)

More efficient washers
can reduce energy bills

by up to 50 per cent and
water and sewer costs

by 35-50 per cent. High-
efficiency washers require
50 per cent less detergent.

Source: Created based on data from Cohen, Ortez and Pinkstaff, 2009.
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A number of strategies may be employed to increase water efficiency using devices
already installed in industrial, commercial, and institutional buildings:

* Rinse cycles in industrial and food processing facilities can be modified to facilitate
water savings, for example, by reducing the rinse time and water flow rate and by
reducing the number of rinse cycles;

e Wastewater from production processes can be used to clean air scrubbers;

e Products of food and beverage processing can be disinfected with ozone instead of
water;

e Automatic shut-off valves can be used on process equipment to stop the water flow
when production stops;

e Water can be used in the first rinse of a batch of fruits and vegetables that has been
previously used in the final rinse of the previous batch.®’

Another possible strategy to increase water efficiency in the industrial, commercial,
and institutional sectors is to use water storage tanks with two independent cells, each
accommodating half of the tank’s overall capacity. This arrangement enables the water
from one cell to be held in the other cell during regular maintenance. Thus, this large
portion of water does not need to be drained and the maintenance process becomes
much more water efficient. Another strategy is to design the internal water distribution
network of a building with clearly independent sectors depending on area of the
building they belong to and the type of water consumption they entail. Such a network
could consist of one sector per floor, one sector for the heating, ventilation and air
conditioning (HVAC) system, one sector for the common areas, and so on. Each sector
would then be equipped with its own water flow meter to specifically measure only its
water consumption. This would help provide an understanding of water use trends in the
different sectors while assisting in the identification of possible water leaks

in the building.%

Pinch technology is a well-known energy and material flow analysis tool, which helps to
optimize industrial processes while simultaneously increasing their energy and water
efficiencies and limiting waste. This technology was originally used to improve thermal
efficiencies, thereby saving energy at chemical process industries. It has also been
used to address water and wastewater minimization by identifying potential process
modifications, which can increase water savings and decrease water discharge.

In a pinch technology process, a flow sheet of the entire water system is first drawn up,
displaying all the locations of water input and output. A water balance accounting for the
various water sources and sinks in the system can therefore be analysed. Contaminants
present in produced water, which may hinder its further use are also identified along with
the limits for these contaminants at the different steps of the system. The determination of
these parameters is followed by data collection and analysis. The multidimensional pinch
analysis can then be used to determine optimum matches between different sources and
sinks. This enables greater reuse of the water and thus improves water efficiencies. Water
savings of up to 60 per cent have been reported as a result of the use of this technology.®®
Figure 12 shows a generic example of purity profiles used as part of pinch analysis. It
illustrates water quality (water purity on the y-axis) and water quantity (water flow on the
x-axis). Examples of relevant units of flow are measured in kilograms per second (kg/s) or
tons per hour (tph). The chemical oxygen demand (COD) is an indication of contaminants
in the water.
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Figure 12. Purity profiles used as part of pinch analysis
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Source: Kumana & Associates, 2011.

Water efficiency in households

With regard to improving water efficiency in households, the technology that may be used
here is similar to that used in the bathrooms and kitchens of commercial and institutional
buildings. However, there are some differences due to the different scales of operations. In
general, water-efficiency technological solutions recommended for households include water-
efficient fixtures and appliances or water-reuse technology. Landscaping options encourage
people to plant primarily drought-tolerant grasses in their yards. Swimming pools can be
covered when not used to prevent water loss through evaporation. Using dishwashers, when
fully loaded, is much more efficient than washing dishes manually.”

Greywater recycling systems

Water can be reused in households in the form of a greywater recycling system. Such a system
can be expanded and used in industrial, commercial, and institutional buildings as well.
However, its successful application depends substantially on the potential uses of wastewater
at the facility and the types of wastewater it generates. As a result, this toolkit reflects on the
general example of a household greywater recycling system, which may easily be expanded
for application in office buildings. In such a system (see figure 13), rainwater or greywater from
showers, washbasins, and laundry operations may be used for watering lawns and gardens,
washing clothes, and flushing toilets. It must be noted though that greywater reuse in toilets
tends to require the installation of extra pipes, a storage unit, pumps, and a simple treatment
unit. It is therefore much easier to build such reuse systems into a household under construction
as opposed to integrating them into existing infrastructure later on. In addition, smaller scale
greywater reuse systems, using the greywater from washbasins directly to flush the adjoining
toilet, are gaining increased attention. Such systems include water disinfection and filtration
processes, small water storage tanks, contrary to greywater recycling systems for a complete
household, can easily be integrated into already existing installations.”
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Water efficiency in water production and distribution systems
Water efficiency and irrigation

The water efficiency of irrigation for agricultural purposes depends substantially on

the type of irrigation. Pressurized water application methods, such as sprinklers and
microirrigation are considered to be the leading water saving irrigation technologies.”?
Moreover, the process of controlled drainage may be employed to decrease freshwater
use since it enables agricultural water needs to be partially fulfilled by capillary rise from
shallow water tables.”® Additionally, partially treated water may be used for applications,
such as growing vegetables and fodder for livestock through irrigation, thereby facilitating
water reuse.

In order to optimize the irrigation process with respect to water use, below ground
irrigation systems should be given priority over above ground systems as evaporation
losses can be avoided in this way. Adjusting the irrigation process in response to
variations in soil moisture content and local weather data further improves water
efficiencies. This can be achieved to some extent with the use of an automatic irrigation
controller, which also has the advantages of reduced costs and labour.”* Other water-
efficient irrigation technologies include efficient sprinkler heads (for instance, rotary
spray heads) and rainfall shut-off devices (which help conserve water by turning off the
irrigation system in rainy weather). Rainfall shut-off devices are inexpensive and can
easily be retrofitted to almost all systems.” In order to maintain the water efficiency of
irrigation procedures, the equipments involved must be regularly maintained to detect
any faults in the system and ensure that parameter values (such as water flow rates from
the drip nozzles) function well and provide the best performance to the overall system

Figure 13. Schematic diagram of a greywater recycling system
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Source: Tanked Australia, 2007.
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during any disturbance. This is true for all water distribution systems. Such control and
maintenance can be facilitated through intelligent systems as will be discussed in section
2.4.2. South Africa and Spain, among others, already apply such systems. In South Africa,
an innovative decision support programme named Water Administration System is being
used for irrigation projects where water has been supplied to clients in the required
volumes and at the requested times through rivers, canal networks, and pipelines. Water
losses have consequently decreased by up to 20 per cent, yielding annual water savings of
about 41 million cubic meters. Similarly, in Spain, a centralized control system has been
used, which improves water efficiency by monitoring the operations of pumping stations
and the opening and closing of flow-regulating valves, performing surveillance of wells,
locating failures in the system, accounting for volumes of water delivered to different
irrigators, and so on.” According to their needs, farmers can program the activation and
deactivation of irrigation to their farms by opening and closing the flow-regulating valves
and monitoring pumping stations and wells (since the irrigation requirements of the 1,700
farmers participating in this system must be addressed simultaneously through using

the pumping stations and wells).”” This guarantees that water is supplied to the farms as
required, preventing wastage. By locating failures in the system, water leakages can be
prevented; and by accounting for water delivered to different farms and comparing these
values to requested values, any faults in the system can be detected and remedied before
too much water is wasted.

Figure 14. Hierarchy for water efficiency strategies
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Source: Created based on data from Boyle et al., 2013.
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Intelligent water metering systems

Intelligent metering systems employ “smart meters” in order to improve water and
energy efficiencies. Such systems are increasingly being used around the world,

where they are leading to substantial water and energy savings. For example, a study
conducted by Intelligent Energy Europe, in which buildings from various European
countries took part, reported water savings of 1-39 per cent (United Kingdom), 1-82

per cent (Austria), and 5-49 per cent (Denmark) and electricity savings of 0.5-40 per

cent (United Kingdom), 2-80 per cent (Austria), and 0-27 per cent (Denmark).”®Though
results can vary greatly, it is evident that considerable improvements can be achieved.

In general, it is estimated that energy savings of up to 30 per cent can be achieved as a
result of combining intelligent metering with the behavioural change of the occupants
of a building.”® Unfortunately, information on savings is not easily available for the
countries in the ESCWA region where intelligent metering systems have been used

but this does not mean that such technology has not been applied in the region or that

it does not have potential there. As of 2013, the countries of the Middle East could be
divided into those, which still had not begun the introduction of these smart meters (for
instance, Jordan and Lebanon), and those which were in the pilot phase of adopting such
technologies (for instance, Saudi Arabia, and Qatar). Amongst the latter, the United Arab
Emirates stands out as a frontrunner. By 2013, Abu Dhabi had already completed its first
phase of smart meters implementation for both electricity and water® and the United
Arab Emirates is still leading in this area. At the end of 2015, Dubai Electricity and Water
Authority (DEWA) was intending to reach an installation rate of more than 200,000 smart
meters in Dubai by 2016; and by 2020, that number was supposed to reach more than
one million smart meters, with all mechanical and electromechanical meters expected to
be replaced in Dubai.?" A factor, which has been of relevance in the slow implementation
of intelligent metering systems, especially in the Gulf countries, is the reluctance of
authorities to change tariffs for utilities. However, low oil prices and governmental
efforts to restructure their tariff schemes for water and electricity should provide impetus
to the implementation of intelligent metering technology.®?

Intelligent water metering (IM) (see figure 14) is a water-efficiency strategy, which has
the potential to transform, and is already transforming, urban water management and
to act as a tool for demand-side management. In 2009, for example, 18 per cent of all
intelligent metering projects in the global water and energy industry were intelligent
water metering projects.®® However, the uptake of the technology has been slow due to
such reasons as the low unit cost of water and high costs of technology.

IM “embraces two distinct elements; meters that use new technology to capture water
use information and communication systems that can capture and transmit water use
information as it happens, or almost as it happens”®The backbone of IM is therefore
the advanced metering infrastructure (AMI), which consists of meters at the client end
and communication links between client and service provider.®® IM can monitor water
consumption both locally and remotely, reducing labour costs (in addition to more
controlled costs, in general) in addition to water savings and waste reduction, which
explains its advance amongst utilities worldwide.

The information feedback provided by IM makes it an important tool for decision-making.
The fundamental processes by which the IM system is bound are shown in table 10
along with their descriptions. It is therefore clear that IM is a data-intensive system.The
parameters in table 10 “provide a framework to assess the opportunities provided by IM




Table 10. Processes of an intelligent metering system

Parameter Measurement

Mode Water meter

and data logger
technology
combinations
used to capture
information

about water
consumption.
Residential
intelligent metering
typically uses
displacement
meters which
generate a pulse
signal after a set
volume passes
through the meter.

The specified time
intervals at which
(i) water use is
recorded by the
meter/between
number of pulses;
and (ii) data

from the meter is
collected by the
data logger, e.g., 15
min intervals.

Frequency

Resolution  The granularity
of water flow
detected by a
water meter
(e.g., L/pulse).
Determined by
the purpose,
capabilities and
settings of the
water meter.
Resolution of
the recorded
data by the data
logger, e.g., L/15
min (frequency
of measurement,
above).

Transfer

Means by which
data is transferred
from meters to
utilities, customers
and back. Data is
transferred from
the data logger
via broadband,
cable or wireless
(e.g., radio, GSM,
CDMA). May

be fully remote

or require near
range collection
(e.g., “drive-by”
download).

How often data is
sent or collected
by the utility/

third party, e.g.
daily, half hourly,
“real-time”. Will
vary depending on
the type of meter,
e.g., pulse versus
interval.

Resolution of
data remains
unchanged,
though quality of
data ( complete/
partial) may suffer
from disruptions
to transmission
process.

Processing/
analysis

Means by which

a utility/third

party stores (e.g.,
data servers) and
manipulates (e.g.,
end-use analysis
software package)
water use data.
Implications for
third party access.

The frequency

at which water
use information
is used to update
utility operations
(e.g., for pressure
management).

Data may be
aggregated or
manipulated to
analyse trends
(e.g., leak
assessment; end-
use analysis).
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Feedback

Method by which
data is provided

to customers for
interpretation, e.g.,
postal bill, e-mail,
Web interface, smart
phone application.
Behaviour change
may/may not ensue.

The frequency

at which water

use information is
communicated to
the customer (e.g.,
quarterly, monthly,
daily, real-time, etc.).

The level of detail of
information provided
to the customer,
such as usage per
unit of time and/or
end use breakdown.
Comparative framing
and benchmarking
may aid legibility
and comprehension.
Content and framing
should be informed
by behaviour change
theory, information
abouttarget audience
and tailored to the
mode in question.

Notes: CDMA: Code Division Multiple Access; GSM: Global System for Mobile Communications; both are technology platforms for mobile/

cellular telephones.

Source: Created based on data from Boyle et al., 2013.
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through an enhanced understanding of how and when water is used”® Furthermore, Table
10 lists different hardwares and softwares that provide the infrastructure of IM systems.

There are several different metering technologies, which use different principles to
capture and record water use data. These technologies may be broadly classified into
four categories: Displacement meters, velocity meters, compound (or combination),
and electromagnetic meters. Displacement (also known as mechanical) meters are
inexpensive and known to be accurate at low to moderate water flow rates. Since
electromagnetic flow meters have no moving parts, they are well-suited to monitor
flows with debris or contaminants, which could damage a displacement meter.?” In
some instances, new meters need to be installed while in others, older meters may be
retrofitted as part of the IM system.

In Australia, trials for the IM technology have been carried out. One such trial reported
annual savings of 900 million litres or a 12 per cent decrease in water use,®® manifesting
the potential of IM. However, there are challenges to its large-scale implementation,
including the processing of such large amounts of data at a single time and the
challenges associated with making supply meet demand. Nevertheless, this market is
growing rapidly and smart water metering is expected to lead to cumulative investments
worth $7.8 billion by 2020 in Europe alone.®®

Technologies to improve energy efficiency

Due to water-energy nexus, the strategies recommended for water efficiency in section

2 of this toolkit would naturally lead to energy efficiency as well. Along the same lines,
strategies mentioned in this section would help in reducing water requirements. The
ESCWA region is especially dependent on processes like desalination for its water needs,
which tend to be energy intensive. Moreover, the energy consumption rates per capita of

Table 11. Energy management opportunities in the water and wastewater industries

Energy efficiency and demand Emerging technologies and Energy recovery and generation

response processes

e Strategic energy e QOdor control * Cogeneration using digester
management e Membrane bioreactors biogas

¢ Data monitoring and process * Deammonification sidestream ¢ Use of renewable energy to
control process pump water

¢ \Water conservation e Water reuse ¢ Recovery of excess line

e High-efficiency pumps and e Residuals processing pressure to produce
motors ¢ Microbial fuel cells electricity

e Adjustable speed drives e LED UV lamps

¢ Pipeline optimization
e Advanced eAeration
¢ Demand response

Source: Created and grouped based on data from Reekie, 2013.
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Figure 15. Percentage breakdown of typical wastewater system energy consumption
(percentage)
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Source: Created based on data from Darwish et al., 2016.

countries in the region, such as Kuwait, Qatar, and the United Arab Emirates are among
the highest in the world.®® As a result, energy efficiency technologies are urgently
needed in the region.

Table 11 shows different management opportunities for energy. Some of these, such
as water reuse, have been discussed extensively in section 2. These measures are
applicable in a variety of sectors. Those which are of greater relevance to the ESCWA
region and are more established technologies will be discussed in the remainder of
section 3.

Energy efficiency in water and wastewater treatment
Energy consumption of water and wastewater treatment plants (WWTPs)

Figure 15 depicts energy consumption in a wastewater treatment plant.®" It illustrates
where the efforts of the management must be directed if the most substantial
improvements in energy efficiency are to take place. These areas of improvement have to
do with aeration, wastewater pumping, anaerobic digestion, and lighting and buildings.

Table 12 mentions various types of commonly used WWTPs along with their unit energy
consumption. It is clear that as the capacity of the plant increases, the unit energy
consumption decreases, though the decrease has been most pronounced for the trickling
filter pant. It is also clear that as treatment options become more advanced, they require
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Table 12. Unit electricity consumption in kilowatt hour (kWh)/cubic meter for
wastewater treatment by plant size and type of treatment

Treatment plant Advanced v\l,:.ds\:aenwc;:r
size (cubic meters Trickling filter Activated sludge wastewater
treatment
per day) treatment s
nitrification
3,785 0.479 0.591 0.686 0.780
18,925 0.258 0.362 0.416 0.509
37,850 0.225 0.318 0.372 0.473
75,700 0.198 0.294 0.344 0.443
189,250 0.182 0.278 0.321 0.423
378,500 0.177 0.272 0.314 0.412

Source: Created based on data from Darwish et al., 2016.

greater amounts of energy. Therefore, as per the extent of purity required in the treated
water, a type of treatment can be chosen, which has the lowest energy consumption
while providing that level of cleanliness.

Table 13 provides the energy intensities for different plants already in operation
throughout the world and lists the different characteristics of the plants. The plants

are listed in order of increasing capacity. As the capacity increases, the electric energy
intensity decreases; the only exception is the 85 millions of gallons per day (MGD)
advanced wastewater plant using biological nutrient removal (BNR), whose electric energy
intensity has increased despite its large capacity, which is due to the advanced wastewater
treatment it employs to remove nitrogen and phosphorus from the water being treated.

Table 14 reflects the energy requirements of treatment plants with membrane systems and
does not solely discuss conventional WWTPs. It further mentions the end uses of the treated
water, which gives an idea of the extent of purity achieved through the treatment process.The
membrane treatment tends to provide higher quality water products, which require greater
amounts of energy. These membrane treatment systems will be discussed in more detail in
section 3.3, which focuses on desalination.

Table 13. Typically consumed energy for several plants’ capacity and different WWT
processes

Treatment plant description Electric energy intensity kWh/MG (kWh/m?)

3 MGD membrane bioreactor for water reuse 4,910 (1.30)
6 MGD sequencing batch reactor, dried biosolids 2,250 (0.59)
sold for reuse, UV disinfection

20 MGD trickling filter with anaerobic digester 1,520.9 (0.40)
85 MGD advanced wastewater plant using BNR 2,040 (0.54)

Source: Created based on data from Darwish et al., 2016.
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Table 14. Energy intensity of recycled water treatment and end uses of the recycled
water

Technologies Used Energy use (kWh/MG) End Use

Conventional tertiary treatment

Anthracite coal bed filtration, 982 Irrigation, industrial use
demineralization, chlorination

Flocculation, direct filtration, 1,500 Irrigation, industrial use
UV/advanced oxidation

Clarification, media filtration, 1,619 Irrigation, industrial and
chlorination commercial use
Anthracite coal bed filtration, 1,703 Irrigation, industrial use
uv
Rapid mix, flocculation, media 1,800 Irrigation
filtration, UV

Membrane treatment
Coagulation, flocculation, 3,220 Agricultural, industrial use

clarification, UF, RO, UV/
advanced oxidation

MF, RO, UV/advanced oxidation 3,680 Groundwater recharge
MF, RO, UV/advanced oxidation 3,926 Seawater intrusion barrier
UF, RO, UV 4,050 Industrial use

MF, RO 4,674 Industrial use

MF, RO 8,300 High-quality industrial use

Notes : MF: Microfiltration; RO: Reverse osmosis ; UF: Ultrafiltration; UV: Ultraviolet.
Source : Created based on data from Water in the West, 2013.

Initiatives to improve energy efficiency

There are several initiatives, which can be undertaken to improve energy efficiency in water
and wastewater treatment and which are listed in table 15.This strategy of targeting the most
energy-consuming processes mentioned in table 15 complements the discussion on figure
15 in this report. Along the same lines, it can be noted that table 15 pays special attention to
pumping energy, which is also one of the major energy consumers at WWTPs.

Table 16 describes various initiatives, which may be implemented to improve energy efficiency
at water and wastewater treatment plants. While table 15 is more specific about the area of the
plant where the energy management strategy is being implemented, the strategies described
are more general in nature. The opposite is true for table 16. As a result, the practices mentioned
in table 16 are examples of how the strategies mentioned in table 15 can be implemented.
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Table 15. Energy efficiency strategies for municipal WWTPs

Technologies Used Energy Use (kWh/MG)

Process energy Focus on biggest energy consumers at WWTP

Operational controls Tailor operations to meet seasonal and diurnal changes

Quality vs. energy Balance water quality goals with energy needs

Repair and replacement Consider equipment life and energy usage to guide repair and
replacement

Biosolids Consider trade-offs between treatment energy and improved biosolids
quality

Infiltration/inflow Address infiltration and inflow to reduce treatment energy

Leaks and breaks Address leaks and breaks to reduce pumping energy

On-site renewable energy ~ Consider opportunities for on-site generation to reduce energy purchases

Conservation Educate the community: Less water reduces WWTP loads and energy
needs

Source: Created based on data from Daw et al., 2012.

The best practices listed in table 16 are divided into three categories: General, water, and
wastewater. While this toolkit concentrates on those best practices, which are technology-
centric, tables A2 and A3 in the annex contain detailed information (namely, description,
primary area/process, productivity impact, economic benefit, energy savings, applications and
limitations, practical notes, other benefits, and stage of acceptance) on the implementation

of these selected general and wastewater best practices. Table A2 discusses electric motors:
Variable frequency drives applications while table A3 discusses fine-bubble aeration; variable
blower air flow rate; dissolved oxygen control; post aeration: Cascade aeration; sludge:
replace centrifuge with screw press; sludge: replace centrifuge with gravity belt thickener;
reduce fresh water consumption/final effluent recycling; and use biogas to produce CHP.

Figure 16 lists commonly used equipment in wastewater treatment and outlines the basic
sequence of steps followed in the treatment process. At each step, not all the equipment
mentioned is used at a particular facility. In fact, in most cases, particularly as concerns solids
processing, the different equipments mentioned are alternatives, which must be chosen from.
Each equipment has its particular energy footprints, which should also be considered when
choosing the appropriate type of equipment. Apart from energy requirements, the selection
depends on economics, intended final use of treated water, and regulatory requirements,

in addition to a number of other logistical and technical factors. As an example, table 17
describes the options for solids processing in terms of their relative energy requirements.

It must be noted that the energy consumption of WWTPs also depends on the quality of the
influent entering the plant.®? In addition, oftentimes obtaining a higher quality effluent and
higher quality biosolids requires greater energy consumption rates, and plant designers must
strike a balance between the effluent quality they need to obtain and the amount of energy
they are willing to use to obtain it.*3This is also mentioned in table 15.Table 18 shows how the
level of energy consumed varies with different treatment system setups and the relationship
between the effluent quality and the energy consumed in the treatment process. Lower values
of the parameters of biochemical oxygen demand (BOD), suspended solids (SS), phosphorus
(P), and nitrate (N) indicate better quality water. The trends goes towards greater energy
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consumption values at higher quality effluent levels although the type of treatment being
done and, consequently, the equipment used also play a significant role in determining energy
consumption values, as already mentioned.

Table 16. Best practices in water and wastewater energy management

General Best Practices

¢ Facility energy assessment

¢ Real-time energy monitoring

¢ Energy education for facility
personnel

e Comprehensive planning
before design

¢ Design flexibility for today
and tomorrow

¢ Electric peak reduction

e Manage electric rate
structure

¢ |dle or turn off equipment

¢ Electric motors: install high-
efficiency motors

¢ Electric motors: automate to
monitor and control

e Supervisory control and data
acquisition (scada)

¢ Electric motors: variable
frequency drives
applications

¢ Electric motors: correctly
size motors

¢ Electric motors: properly
maintain motors

¢ Electric motors: improve
power factor

* Pumps: optimize pump
system efficiency

¢ Pumps: reduce pumping flow

e Pumps: reduce pumping
head

® Pumps: avoid pump
discharge throttling

¢ Filtration: sequence
backwash cycles

e Ultraviolet (UV) disinfection
options

¢ Renewable energy options

Water Best Practices

Integrate system and power
demands

Computer-assisted design and
operation

System leak detection and
repair

Manage well production and
draw-down

Sequence well operation
Optimize storage capacity
Promote water conservation
Sprinkling reduction program

Manage high volume users

Wastewater Best Practices

Operational flexibility
Staging of treatment capacity
Manage for seasonal/tourist
peaks

Flexible sequencing of basin
use

Optimize aeration system
Fine bubble aeration
Variable blower air flow rate
Dissolved oxygen control
Post aeration: cascade
aeration

Sludge: improve solids
capture in DAF system
Sludge: replace centrifuge
with screw press

Sludge: replace centrifuge
with gravity belt thickener
Biosolids digestion options
Aerobic digestion options
Biosolids mixing options in
aerobic digesters

Biosolids mixing options in
anaerobic digesters
Optimize anaerobic digester
performance

Use hiogas to produce heat
and/or power

Cover basins for heat
reduction

Recover excess heat from
wastewater

Reduce fresh water
consumption/final effluent
recycling

Note: DAF: Dissolved air flotation.
Source: Malcolm Pirnie, Inc., 2010.
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Figure 16. Commonly used processes and equipment in wastewater treatment
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Source: Created based on data from Reekie, 2013.

Tables 17 and 18 have outlined different strategies to improve energy efficiency at water
and wastewater treatment plants but the questions remains how effective these strategies
actually are.Table 19 provides a quantitative idea of the possible energy savings from
some of these strategies. The data in table 19 is a compilation of energy savings achieved
from energy efficiency measures applied globally by Global Water Research Coalition
(GWRC) members. The values documented in the table are estimates of unit process
electrical and primary energy reduction performance as aggregated for all wastewater
treatment plant types and capacities from 1-100 MGD.%*

Table 20 provides some values for the possible energy recovery potential from such
strategies, though the technologies it addresses are more complementary to the data in
table 17 and the data provided is with respect to existing wastewater treatment plants.
The values mentioned refer to the quantity of energy that would need to be extracted
from the incoming wastewater for facility primary energy self-sufficiency (namely, the




Table 17. Processing and disposal methods of solids

Processing or disposal function

Unit operation, unit process and

treatment method

Water-Energy Nexus Operational Toolkit Resource Efficiency Module

Impact on electricity use

Preliminary operations

Thickening

Stabilization

Conditioning

Disinfection

Dewatering

Heat drying

Thermal reduction

Ultimate disposal

Pumping

Grinding

Degritting

Solids blending and storage

Gravity thickening
Flotation thickening
Centrifugation

Gravity belt thickening

Lime stabilization
Heat treatment
Anaerobic digestion
Aerobic digestion
Composting: windrow
Aerated static pile
In-vessel

Chemical conditioning
Heat treatment

Pasteurization
Long-term storage

Vacuum filter
Centrifuge

Belt press filter

Filter press

Biosolids drying beds
Lagoons

Dryer variations
Multiple effect evaporator

Incineration
Wet air oxidation

Land application
Landfill
Lagooning
Chemical fixation

Moderate
Small
Small
Small

Small
Moderate
Moderate
Small

Small/moderate
Significant
Small/moderate
Moderate/significant

Small
Moderate
Significant

Small
Significant

Moderate
Small

Significant
Significant
Small/moderate
Moderate/significant
Small

Small

Moderate
Significant

Significant when used
Significant when used

Small
Small
Small
Moderate

Source: Created based on data from Reekie, 2013.

“Gap"”).?®*This quantity is estimated to be 1.9-7.2 megajoules (MJ)/m?3. As seen in table

20, the range of energy savings is quite significant for many of these strategies, which is
caused by the implementation of these strategies in different types of plants. Similarly,
the performance of plants is influenced significantly by environmental conditions in a
particular location. Therefore, energy savings obtained vary from one location to another.
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Table 18. Total annual energy consumption for a typical 1-MGD system including
electrical and fuel requirements

Effluent Quality Energy
Treatment System P (1000
kWh/yr)

Rapid infiltration (facultative lagoon) 5 1 2 10 150
Slow rate, ridge + furrow (facultative lagoon) 1 1 0.1 3 181
Overland flow (facultative lagoon) 5 5 5 3 226
Facultative lagoon + intermittent sand filter 15 15 - 10 241
Facultative lagoon + microscreens 30 30 - 15 281
Aerated lagoon + intermittent sand filter 15 15 - 20 506
Extended aeration + sludge drying 20 20 - - 683
Extended aeration + intermittent sand filter 15 15 - - 708
Trickling filter + anaerobic digestion 30 30 - - 783
Rotating biological contactors + anaerobic 30 30 - - 794
digestion

Trickling filter + gravity filtration 20 10 - - 805
Trickling filter + N removal + filter 20 10 - 5 838
Activated sludge + anaerobic digestion 20 20 - - 889
Activated sludge + anaerobic digestion + filter 15 10 - - 911
Activated sludge + nitrification + filter 15 10 - - 1051
Activated sludge + sludge incineration 20 20 - - 1440
Activated sludge + advanced wastewater <10 5 <1 <1 3809
treatment

Physical chemical advanced secondary 30 10 1 - 4464

Source: Created based on data from Crites et al., 2014.

As part of the technological options mentioned in table 20, AD biogas is mentioned
multiple times. Anaerobic digestion, though a very old process,®® has become more
popular in the recent past because it tends to be less energy intensive than aerobic
treatment and because it generates biogas as a by-product.®” The methane thus
generated is often used as source of energy for the treatment plant itself. Therefore, the
plant has lower energy costs and a lower carbon footprint, issues which have currently
become very important for WWTPs. Nevertheless, compared to aerobic digestion,
anaerobic digestion does have some disadvantages: It can only treat a smaller range
of water®® and is usually followed by aerobic treatment as part of post-treatment.®®

At the same time, the disadvantage of anaerobic digestion of requiring greater heat
input than aerobic digestion is actually not really a disadvantage in the ESCWA region
where ambient temperatures tend to be relatively high, thus providing a favourable
environment for the anaerobic digestion process. As of 2009,there were an estimated

iy
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Table 19. Summary of potential savings through use of best practices in wastewater
treatment plants

Energy conservation measure Treatment stage Energy savings range (%)

Wastewater pumping optimization Throughout system <0.7%

Aeration system optimization Secondary treatment 1510 38%

Addition of pre-anoxic zone for BNR Secondary treatment 410 15%

Flexible sequencing of aeration basins Secondary treatment 81022%

High-efficiency UV Disinfection 4%

Lighting system improvements Support facilities 2t0 6%
(buildings)

Source: Created based on data from Deines, 2013.

Table 20. Summary of energy recovery potential using established technologies

Net energy: “Gap”

reduction possible

(percentage)
Biosolids technology AD biogas with boilers 13-57
AD biogas with cogeneration engines 11-61
AD biogas with microturbines 5-38
AD biogas with turbines 7-46
AD biogas with fuel cell 6-42
AD biogas after WAS pretreatment 2-60
AD biogas with co-digestion 2-128
Incineration 2-69
Gasification ~9-82
Other technology Enhanced solids removal 10-71
Anaerobic primary treatment 25-139
Heat recovery 13-49
Hydraulic 0
Ammonia as fuel 6-12
Heat from centrate 13-49
Microbial fuel cells 8-110
Biofuel from algae 39-208
Enhanced solids removal 10-71

Note: AD: Anaerobic digester; WAS: Waste-activated sludge.
Source: Deines, 2013.
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64 anaerobic installations in the Middle East and Africa.’The As-Samra Wastewater
Treatment Plant, the largest wastewater treatment plant in Jordan, has four anaerobic
sludge digesters, and 80 per cent of its electricity needs are fulfilled internally through
the biogas the plant generates.’ Along the same lines, Gabal El Asfar, one of the largest
wastewater treatment facilities in Egypt, fulfils up to 65 per cent of its power needs
internally.’® More such facilities are being built in the MENA region. For instance, a
municipal wastewater treatment plant is being expanded in Al Kharj in Saudi Arabia to
include anaerobic sludge treatment, thereby allowing the expanded plant to cover 50 per
cent of its power needs autonomously through the conversion of biogas to electricity
upon completion in 2017.1°

Demand response (DR)

As demonstrated thus far, water and wastewater treatment plants include several
processes, which can be energy intensive. In addition, they rely on water storage
facilities to respond to water flow variations, which allows them a certain level of
flexibility insofar as the operation of certain equipment (such as centrifuges and pumps)
is concerned. These characteristics of water and wastewater treatment plants make them
good candidates for the use of DR strategies. As such, they can coordinate with electric
utilities to manage their electrical load through DR programmes. There are four general
ways in which a plant can reduce the amount of electricity it consumes from the grid
during peak periods, namely: (i) load shedding/load curtailment (achieved by dimming
or turning off lights, turning off non-critical equipment, among others); (ii) load shifting
(shifting equipment use to off-peak from on-peak time periods); (iii) switching to onsite
generation; and (iv) a combination of the previous three strategies. By implementing DR
strategies, the plants are able to reduce their utility costs. As an example, a wastewater
treatment plant in Southern California was able to reduce its electricity demand by 30
per cent of its total plant load on a particular day.’ In order for the above to be possible,
local utilities and electric power providers must provide such DR programmes.

Energy efficiency in water distribution systems

Water supply systems consume significant amounts of energy during the various
processes along the water supply chain. These processes include pumping and
distributing the water along the network. Energy efficiency can be improved by, for
example, upgrading the design of pump stations, increasing tank capacity and installing
variable speed drives (VSDs) for the pumps. VSDs provide flexibility and improve
operational efficiency by enabling a certain pressure value to be maintained in response
to varying flow conditions and vice versa. This helps decrease the number of times

the pumps stop and start, facilitating more energy-efficient operations. Water loss can
also be reduced (and therefore energy efficiency increased) in distribution systems

by installing pressure-reducing valves along the pipes network. Such valves reduce

the pressure in the pipes when water flow is low during off-peak periods, preventing
leakages.'05:106

In the specific case of irrigation, energy efficiency can be improved by choosing the

most appropriate irrigation method. For example, surface irrigation requires the least
amount of energy as water flow is caused by gravity along the field but such a system
may lead to greater water losses. Microirrigation systems, which apply water near the

J
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Figure 17. Life cycle costs of inefficient vs. efficient pump systems (percentage)

100% N
90% Inefficient pump
80% purchase price: $28,000
70% First year energy cost:
60% $69,000
50% Total in first year:
40% $97,000
30% N
20% Energy-efficient pump
10% purchase price: $56,000

0% First year energy cost:
Inefficient Pump Energy-Efficient Pump $19,600
Total in first year:
M Purchase M Energy 75,600

B Miscellaneous Operations B Maintenance and Downtime

Source: Reekie, 2013.

bases of each plant, could also be a suitable option. They are more water efficient (since
evaporation and seepage losses are reduced) and energy efficient (as low pumping
power is required). If a sprinkler system is to be used, one which uses less energy should
be preferred.'’

Pumping accounts for a large portion of the energy consumption of water distribution
systems. As a result, when designing such systems, much care should be taken to
ensure that all components are appropriately sized to reflect expected conditions. This is
especially true for pumps which have a capital cost that is usually less than 10 per cent
of their whole-life costs and energy costs that are often greater than 80 per cent of their
whole-life costs (see figure 17).1%®

Energy efficiency in desalination

Desalination is a crucial process for the countries of the ESCWA region, which have
very limited access to freshwater resources. In fact, almost 50 per cent of the global
desalination capacity is located in the MENA region.'® Indeed, five of the top ten
seawater desalination countries by online capacity are in the ESCWA region, and the
top two countries are Saudi Arabia and the United Arab Emirates.”® Furthermore, it

is forecasted that, by 2050, Saudi Arabia and other countries in the MENA region will
consume most of the oil they produce for desalination and other domestic purposes.™

Amongst the drawbacks of desalination are that it is costly, energy intensive, and
detrimental to the environment. It is, therefore, of utmost importance to increase energy
efficiency in desalination technology. Table 21 provides information about the different
desalination technologies, elucidating their advantages and disadvantages, which vary
greatly from one technology to the other. Organizations may accordingly decide which
desalination type is most suitable for their particular situation.

)
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Table 21. Comparison between various desalination technologies

Treatment Method

RO

Features

e Pressure-driven

membrane process

e Pre-treatment

required to prevent
membrane fouling

e Seawater recovery

30-60 per cent

e Brackish water

recovery 50-80 per
cent

Strength(s)

¢ Dominanttechnology °

¢ Effectively removes .
salts

e Viable for large-scale
(>25 million gallons J
per day) operations

e Works with seawater

e Lessinvestmentcost e

Weakness(es)

Energy intensive
Relatively low
recovery creates
large brine volumes
Does not remove all
contaminants (e.g.,
boron)
Cost-prohibitive for
high TDS waters
Current membranes
prevent higher-
pressure operation

Nanofiltration

e Pressure-driven

membrane process

e Lower pressures than

RO

e Performs well for

lower-salinity water

 Different pollutants

can be removed in the
same filtration step

e (Can selectively retain  ©
healthy trace minerals
in drinking water

* Removes many J
potential RO/FO
membrane foulants

e Proventechnology

Inadequate contact
time can limit
contaminant removal
Primarily viable as a
pre-treatment step

FO e Osmotic pressure- o Effectively removes ¢ Generation of
gradient-driven salts and other sufficient osmotic
membrane process contaminants, pressure still

* Pre-treatment including boron and challenging for high-
required to prevent arsenic TDS feed waters
fouling ¢ Substantial e Improved membranes

e Seawater recovery reduction in energy needed to maximize
>60 per cent requirements performance
demonstrated compared to RO

e Brackish water e First commercial-
recovery >90 per cent scale deployments
demonstrated (in in operation in
conjunction with RO) Middle Eastin Oman

e Pressure-assisted FO (Thompson and Nicoll,
also an option 2011)

Membrane e Lower-temperature e Water quality e Not fully proven

Distillation alternative to competitive with for large-scale

traditional thermal
techniques

¢ Relies on evaporation

rather than boiling

¢ Membranes select for

water vapour versus
liquid water

traditional thermal

techniques J
¢ (Can effectively use

waste heat
¢ Relatively small J

footprint, low capital
costs

¢ Relatively insensitive
to feed TDS levels

applications

Volatile contaminants
may require pre-
treatment

Membrane
degradation issues
not fully understood




Treatment Method

Dewvaporation

Features

Novel use of

heat transfer and
energy recovery in

a humidification/
dehumidification
process

First two commercial
plants operational

in 2012, treating
produced waters from
Marcellus shale play in
Pennsylvania, United
States

Operates at
atmospheric pressures
Recovery rates >90 per
cent

Removes heavy
metals, organics, and
radionuclides

Water-Energy Nexus Operational Toolkit Resource Efficiency Module

Strength(s)

e Water quality o
competitive with
traditional thermal J
techniques

e Efficient use of low-
grade heat

¢ Relatively insensitive
to feed TDS levels

e Absence of J
membranes reduces
fouling potential

e Lower capital and
operating costs

e Smaller footprint

Weakness(es)

Requires large heat
transfer areas

May be sensitive to
ambient temperature
and humidity
conditions

Needs relatively low-
temperature sink
More energy intensive
if waste heat is not
available

Capacitive
deionization

lon removal via
electric charge
Adsorption/desorption
cycle

e Energy reductions .
versus RO possible for
brackish water

* Relatively low capital  *
costs

¢ Possibility for energy
recovery

Currently limited to
waters <5,000 mg/L
DS

At lab/bench scale of
development

Hybrid systems  All of the above e Strengths of single e Additional complexity
systems can be technologies can compared to single-
combined in hybrid be synergistic in technology systems
treatment trains sequence e Additional design and

e Possibilities for ¢ Opportunities for testing required for
enhanced recovery, beneficial use of commercialization
system energy usage brines

Nanoenhanced e Enabling technologies * Improved fouling ¢ Potential for

membranes for a variety of resistance undesirable release of
treatment strategies ¢ Customized nanoparticles

* Nanoporous materials membranes for e Consequences of

offer possibilities for
improved selectivity
and permeance
Embedded
nanoparticles allow
highly tailored
membrane designs
Nanostructured
materials may support
higher-pressure
operation

specific contaminants
¢ Reductions
in capacitive
polarization .
¢ Multilayered
engineering could
increase strength and
performance
e Enhanced flux over
time

nanoparticle release
to the environment
poorly characterized
Early stage of
technological
development

Note: FO: Forward osmosis; RO: Reverse osmosis; TDS: Total dissolved solids.
Source: Created based on data from Bauer et al., 2014.
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Desalination processes are broadly classified as either thermal or membrane-based
technologies depending on the separation process used. In the Gulf region, thermal
desalination has historically been the dominant desalination technology used but
membrane-based technologies have been developing rapidly for the past five decades
and currently are the technology of choice for new plants. For some Arab countries
outside the Gulf region, such as Algeria and Libya, rapid increases in installed
desalination capacity have taken place in the recent past (from 2000 onwards) and

the technologies of choice have been membrane desalination processes.”? Another
important example is Egypt, which still depends primarily on the Nile River for its water
resources™® but is currently actively developing its membrane desalination capacity™*
since the gap between its water supply and demand is increasing.

Membrane-based technologies are increasingly being favoured since they have
substantially lower energy consumption rates (2-6 kWh/m?) than thermal desalination
technologies (7-14 kWh/m?)."® RO, a membrane-based technology, is the dominant
technology, which accounts for more than half of global desalination capacity."®
However, it is quite energy intensive and its energy consumption accounts for a
substantial portion of operating costs due to the high pressure pumps required by the
process."’ This once again proves how much room there is for improvement. Various
strategies may be implemented to make RO operations more efficient.

Improving the RO system, considering the configuration of membrane units in
particular, can increase the energy efficiency of the system considerably’® and can
help optimize the processes involved. Control schemes can also be used to improve
energy efficiency. For instance, a closed loop control system using sensor data received
in real-time in coordination with permeate flow requirements as defined by the user/
client can be used to calculate the optimum set points from the perspective of energy
efficiency and operation of the system close to theoretically predicted ideal values.™®
Tests of a similar system demonstrated the achievement of “energy-optimal operation’
meaning operation that achieved energy consumption values very similar to those
predicted theoretically.”? In multi-pass RO systems, overall energy requirements may
be reduced by having a portion of the first-pass permeate pumped to the second-pass
and by using membranes with the highest salt rejection in the first-pass. Yet another
design modification, which can be used to reduce the energy consumption of an

RO system treating high salinity water is the use of a two-stage hybrid system with
concentrate staging or a two-pass nanofiltration (NF) membrane system.'" Additionally,
locating membrane desalination plants adjacent to power plants at the coast can help
reduce energy consumption (as the source water is of a higher temperature), which
also directly reduces the environmental impact of operations. Similarly, in the ESCWA
region, RO and thermal desalination technologies have been used together in a hybrid
design, which helps provide capital savings and increases in water production.’? In
addition, as pumping consumes substantial amounts of energy during the desalination
process, implementing the strategies mentioned in section 3.2 can increase energy
efficiency. High-efficiency pumping, using premium efficiency motors, among others,
can be beneficial. Furthermore, energy consumption for RO desalination processes
can be reduced by the use of energy recovery devices (ERD) that can assist in the
recovery of most of the energy content of the high-pressure RO concentrate. As a result
of passing through an ERD, pressure from the concentrate stream is recovered before
the latter is discarded.'>Table 22 shows strategies, which can be used to improve the
energy efficiency of membrane-based desalination. Though these strategies have the
primary objective of decreasing expenses, they inevitably lead to decreases in energy
consumption as well.
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Table 22. Strategies for energy savings through capital (CAPEX) and operational
expenditure (OPEX) reduction with higher productivity membranes

Design strategy

Resulting impact

Practical implications

Option 1 (OPEX
reduction):
Reduce feed
pressure

Option 2 (OPEX
and CAPEX
reduction):
Increase plant
output and
recovery

Compared to design
with lower productivity
membrane elements,
use the same number
of pressure vessels and
membrane elements,
produce same flow
rate at same recovery
(constant permeate
flow).

Compared to a design
with lower productivity
elements, use the same
feed pressure and

the same number of
pressure vessels and
elements.

Lower feed pressure o
results in a lower

energy consumption

of the feed pressure

pump. Hence, savings

in energy cost can be
captured.

Increase water o
production and

recovery. Higher

water production

means capital savings

in pressure vessels

and elements, higher
recovery means less o
capital costin pre-
treatment and less
operation cost for

pumping and pre- o
treatment.

Possible with positive
displacement pump and
centrifugal pump (CP)
with variable speed drive
(VSD). For CP without
VSD, impellers have to

be trimmed or impeller
sections of multi-stage
pumps removed;
Operating higher
productivity elements

at lower pressure to
match the design flow

of lower productivity
elements may resultin an
increase in permeate salt
concentration; this should
be checked.

It should be verified

that the brine control
valves, product and

brine tubing, storage

and post-treatment can
accommodate modified
flow rates;

Increasing average flux
and recovery may result
in minor permeate quality
changes;

The impact of higher
recovery on scaling

in the brine should be
checked and necessary
precautions taken;

The higher expected
brine concentration also
should be compared to the
discharge concentration
limits and other
environmental regulations;
Higher permeate flow on
the lead elements, higher
average permeate flux
and/or lower brine flow
might result in a modified
fouling behaviour. The
possible impact should be
assessed.

v
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Design strategy Resulting impact

Option 3 (CAPEX  Compared to a design Option 3a: At same
reduction): Higher  with lower productivity  plant output, fewer
flux operation at membrane elements, pressure vessels and

same recovery use the same feed dements, savings in
pressure and the same capital cost;

recovery butincrease
average permeate flux.

Option 3h: At same
number of pressure
vessels and elements,
capacity increase.

Practical implications

Increasing average flux at
the same recovery leads to
a reduction of salt passage
because salt flux remains
constant. Therefore, this

is an option to improve
permeate quality;

It should be verified that
capacity of pre-treatment
and feed pump can
accommodate the higher
feed flow required in this
option.

It should be verified that
the brine control valves,
product and brine tubing,
storage, and post-treatment
can accommodate modified
flow rates;

Higher permeate flow on
the lead elements, higher
average permeate flux and/
or lower brine flow might
resultin a modified fouling
behaviour. The possible
impact should be assessed;
Increasing average flux at
the same recovery leads to
a reduction of salt passage
because salt flux remains
constant. Therefore, this

is an option to improve
permeate quality;

It should be verified that
capacity of pre-treatment
and feed pump can
accommodate the higher
feed flow required in this
option.

Source: Created based on data from Busch and Mickols, 2004.

It should also be mentioned that, in the case of RO, if the total energy required per volume of
permeate is plotted as a function of the RO system recovery, initially, as recovery increases,
the total energy required decreases. However, after a threshold value of 50-55 per cent, the
energy requirement begins to increase with increasing recovery.'?*Therefore, aiming for
recovery greater than the threshold value reduces energy efficiency even though the product
of the process has increased. As a result, there is a trade-off between these two parameters,
which provided the motivation for research and development of more efficient desalination

technologies.
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Efficiency dependence on energy source

Technological solutions can only improve the energy efficiency of desalination processes to a
certain extent. In addition, in the countries of the ESCWA region, resource access is becoming
more challenging due to limited supplies, particularly where freshwater is concerned. As a result,
desalination will continue to be an important process in the region and, in light of decreasing
fossil reserves and increasing greenhouse gas (GHG) emissions, powering desalination with
renewable energy will be unavoidable. Such options are already the best alternative for stand-
alone power-generating systems in remote regions. Solar, wind and geothermal energy have the
potential to power desalination processes. The energy efficiency of a certain type of desalination
does not greatly vary depending on whether a renewable or conventional source of energy

is used to power it."?® One of the greatest drawbacks associated with renewable energy is its
intermittence. Desalinated water is constantly required in the ESCWA region, which makes
matching this demand with the renewable energy supply a challenge. Various options such as
demand-side management and energy storage can be used to address this challenge. What is
more, the capital costs associated with renewable energy options tend to be prohibitive. These
costs along with factors, such as planned plant size and renewable energy potential in the area,
are of relevance when determining the energy source(s) of a desalination plant.’?®

Key performance indicators for the water-
energy nexus

One of the objectives of this toolkit is to facilitate the strengthening of energy and water
resource capabilities for the countries of the ESCWA region.To measure improvement in
these areas, indicators need to be established, which are described in this section.The Food
and Agriculture Organization of the United Nations (FAO), for instance, established integrated
water, energy, and food security indicators related to the water and energy nexus, which

deal with issues of sustainable water, sustainable energy, and food security. Sustainable
water indicators cover access to water resources, for different uses, sustainable use and
management of water resources and resilience of societies and ecosystems to water-related
disasters. Sustainable energy indicators cover access to modern energy services, efficiency of
energy use, and levels of purity and renewability of the energy produced and consumed.’?’

Indicators for water use for water and energy-related services

When discussing indicators related to water use, SDG 6 is of relevance. This goal aims to
“ensure availability and sustainable management of water and sanitation for all”'®The portion
of this goal on sustainable water management addresses water and energy-related services
and consequently water efficiency. Table 23 shows some of the targets identified under SDG 6
and the different indicators, which are associated with each of these targets.

The sustainable utilization of water resources cannot be achieved without intensified
coordination between the entities, which develop, manage, and consume water resources.
Consequently, the targets and indicators under Goal 6 aim to help relevant stakeholders
evaluate and utilize water resources using a more holistic perspective.This is a result of

-
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the adoption of a more integrated approach, which facilitates greater collaboration between
different entities and sectors.'These indicators, initially introduced as part of the World Water
Development Report 2014 of the United Nations, are a first attempt to cluster indicators related
to the energy-water nexus. Though these indicators may be considered relatively complete, they
do not facilitate much the identification of energy-water hot spots.™°

Similarly, the World Bank has specified indicators relevant to water use for water and energy
related services. These indicators tend to be broad in nature and then can be applied to specific
sectors/industries. For instance, the general indicator of annual freshwater withdrawals (as a
percentage of internal resources) can be measured for, and applied to, the power sector.’

“Reliable and comprehensive data on the energy-water nexus are scarce, inhibiting informed
decisions on operations and investments and on monitoring them over the long term.”3
This is especially true for data on water availability and consumption since the distribution of
water tends to vary with space and time, water resources are divided into surface water and
groundwater, and these resources are accounted for differently from one country to another.
In fact, presently, most global estimates for the water requirements of the energy sector

have been derived from assumptions.’®Thus, reliable indicators related to water efficiency

in the energy sector in particular and, consequently, effective water management policies

for the energy sector are challenging to devise and implement. Therefore, it is important for
governments to ask energy production facilities to report data on their water use so that the
relevant indicators may be implemented more easily and consequently used in policymaking.

Indicators on water use for the energy sector should also consider environmental aspects;
indicators focusing only on water use values may inadvertently promote unsustainable
practices. Furthermore, indicators can be region-specific, addressing challenges related to
water use in different regions. In general, indicators must provide data that can be effectively

Glass light bulb with water and cityscape inside © Sergey Nivens - shutterstock_328601216.
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Table 23. Targets and indicators related to SDG 6 and water efficiency

“By 2030, improve water
quality by reducing
pollution, eliminating
dumping and minimizing
release of hazardous
chemicals and materials,
halving the proportion of
untreated wastewater and
substantially increasing
recycling and safe reuse
globally”

“By 2030, substantially
increase water-use
efficiency across all
sectors and ensure
sustainable withdrawals
and supply of freshwater to
address water scarcity and
substantially reduce the
number of people suffering
from water scarcity”

“By 2030, implement
integrated water
resources management
at all levels, including
through transbhoundary
cooperation as
appropriate”

“By 2030, expand
international cooperation
and capacity-building
support to developing
countries in water-

and sanitation-

related activities and
programmes, including
water harvesting,
desalination, water
efficiency, wastewater
treatment, recycling and
reuse technologies”

Target area

Water quality

and wastewater

Water use and
scarcity

Water
resources
management

International
cooperation
and
capacity-
building

Target
number

6.3

6.4

6.5

6.a

Global indicator

Proportion of wastewater
safely treated

Proportion of bodies of water
with good ambient
water quality

Change in water use
efficiency over time

Level of water stress:
freshwater withdrawal as
a proportion of available
freshwater resources

Degree of integrated water
resources management
implementation (0-100)

Proportion of transhoundary
basin area with an operational
arrangement for water
cooperation

Amount of water- and
sanitation-related official
development assistance that
is part of a government
coordinated spending plan

Water-Energy Nexus Operational Toolkit Resource Efficiency Module

Global
indicator
number

6.3.1

6.3.2

6.4.1

6.4.2

6.5.1

6.5.2

6.a.1

Source: Created based on data from UN-Water, work in progress.
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and sensibly compared; for instance, if values that deal with different water sources (surface
water and groundwater) are compared, the resulting analysis would not be sound.’*

Indicators for energy use for water related services

Sustainable Energy for All (SE4All) is a global initiative that was launched in 2011 by the
United Nations Secretary-General Ban Ki-moon. It involves all sectors of society and aims

to achieve three objectives by 2030, namely providing universal access to modern energy
services; doubling the global rate of improvement in energy efficiency; and doubling the share
of renewable energy in the global energy mix."”*®This doubling of energy efficiency can only be
measured using energy indicators. Energy indicators for sustainable development, in general,
help to clarify statistical information, monitor the progress of policies related to energy, and
provide a way to assess energy policy proposals.’”*These activities are facilitated through
energy system modelling. Energy indicators for sustainable development look into the social,
economic, and environmental aspects of energy. Examples of such indicators are share of
household income spent on fuel and electricity, energy use per unit of GDP, and air pollutant
emissions from energy systems.'’

Energy efficiency can only be measured precisely when considering individual processes
and technologies and not many countries have the data for such measurements; and even if
they do, such data leads to too many indicators, which makes it a challenge to evaluate the
situation in a holistic manner. As a result, the indicator used by the SE4AIl initiative in order
to measure energy efficiency, as described in the Global Tracking Framework (GTF) reports
which measure progress towards the attainment of the SE4AIl objectives, is energy intensity
(usually measured as compound annual growth rate (CAGR) of primary energy intensity as a
percentage of GDP in purchasing power parity (PPP) terms)."®This variable tends to be used
as a proxy for energy efficiency for the purpose of global comparison since data to determine
energy intensity seems to be more readily available. Energy intensity is an approximation
since its value is affected by more than just variations in the energy efficiencies of the
underlying processes. It is also susceptible to factors, such as weather variability and changes
in the mix of primary energy sources. To partially make up for this, statistical decomposition
methods can be used, which allow the removal of compound effects.'®

Energy intensity may be expressed from national and sectoral perspectives to provide a more
complete representation of energy efficiency. Energy consumption can be measured in terms of
primary or final energy. Primary energy is more relevant when considering highly aggregated
energy intensity measures while final energy is more relevant when considering energy
intensity from the sectoral or subsectoral perspective.’ Since fluctuations in energy intensity
values are possible, it is useful to consider the CAGR in calculations.The GTF report for 2015
mentions that, due to the continual improvements in energy intensity, energy consumption

in 2012 was reduced by 25 per cent, compared to the level of consumption that would have
been achieved if energy intensity had not changed since 2000. Energy intensity improved by
the average annual value of 1.7 per cent during 2010-2012; this was greater than corresponding
energy intensity improvement values during 1990-2010 but not as high as required by the
relevant SE4All objective (namely, 2.6 per cent annual improvement between 2010 and 2030).™
As a result, more action needs to be taken to reach this particular SE4All goal.

Compared to other sectors, industry consumes the most energy worldwide,' and energy
efficiency issues must be addressed as has been done by this toolkit. Addressing industry




Water-Energy Nexus Operational Toolkit Resource Efficiency Module

is easier since it is the sector where most information is available at the aggregate
level.'® By using indicators, which describe energy consumption in industry, policies can
be devised, which would have a greater impact on reducing energy consumption rates.

Some energy efficiency indicators for various sectors are listed in table 24. It includes the
residential sector since it is responsible for higher energy consumption, namely 41 per
cent, than the industrial sector, namely 26 per cent (2011 values) in the Arab countries.™*
It is important to remember that, if two countries have the same value for a certain
indicator, this does not necessarily entail similar performance; factors to be considered
are the state of development of each country and the availability of indigenous energy
resources in the country. Progress for each country can only be truly assessed by
analysing the changes in the values of the indicator over certain periods of time.'®

The indicators mentioned in table 24 have been taken from a publication, which covers

the following Arab countries: Algeria, Egypt, Jordan, Lebanon, Libya, Morocco, Palestine,

Syrian Arab Republic, Tunisia, and Yemen. The energy transformation sector for these

countries primarily consists of crude oil refineries and power generation facilities. The

approximate average values of some of the indicators for these countries are as follows:

e Primary energy intensity: 0.459 ton of oil equivalent (toe)/1000 $, in 2009
(corresponding OECD average value: 0.174 toe/1000 $

e Final energy intensity: 0.268 toe/1000 $
0.108 toe/1000 $,, );

e Electricity intensity: 642 kWh/1000 $
324 kWh/1000 $,,,,);

e Specific consumption of power generation (SCPG): 220 toe/gWh in 2009
(corresponding 2003 value 224 toe/gWh);

e Final energy intensity of industry sector: 0.24 toe/1000 $
2003 value 0.30 toe/1000 S, );

e Unit consumption of energy per dwelling: 616 kilogram of oil equivalent (kgoe) in 2009
(corresponding 2003 value 545 kgoe).'®

2000
2000)’

2000 1N 2009 (corresponding OECD average value:

2000 1N 2009 (corresponding OECD average value:

in 2009 (corresponding

2000

These values show the potential improvement for these countries relative to the
countries of the Organisation for Economic Co-operation and Development (OECD)

(when considering indicators like primary energy intensity, final energy intensity, and
electricity intensity) and in general (when considering the unit consumption of energy
per dwelling indicator). Though the final energy intensity of the industry sector and
specific consumption of power generation have improved from 2003 to 2009, it must be
remembered that these values can be very different for energy importing and energy
exporting countries. The Arab countries considered here import energy to a greater
extent than exporting it, and so if these average values covered the whole ESCWA region,
including Gulf countries, which are primarily energy exporting countries, the values of
the indicators obtained could be significantly different. There are also transition countries,
such as Egypt, which is moving from being net exporter of energy to being an importer.™’
Since this toolkit is giving significant attention to electricity generation, it should be
mentioned here that the SCPG indicator (see table 24), which measures the efficiency

of installed power generation capacity, depends on parameters, such as electricity
generation technology, energy mix, obsolescence of plants, renewable energy share,
diversified energy resources for electricity generation, efficiency of plant operation and
maintenance, and shape of the load demand curve.®
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Table 24. Energy efficiency indicators

Abbreviation

Indicators

Definition

EDR

IPE

IFE

RFEPE

REB

RPSE

AEF

1C02

AECH

AELCH

SREC

URIC

AETS

Energy
dependence ratio

Intensity of
primary energy

Intensity of final
energy

Ratio of final
energy
consumption to
primary energy

Ratio of national
energy bill to GDP

Ratio of public
subsidies for
energy to GDP

Average emission
factor

Intensity of CO2

Average

primary energy
consumption per
inhabitant

Average
electricity
consumption per
inhabitant

Share of installed
RE

electricity
capacity

Usage rate of the
installed power
plants capacity

Apparent
efficiency of
energy
transformation
sector

Macro-level indicators

%

toe/1000 LC

toe/1000 LC

%

%

%

tC0,e /toe

tCO,e / 1000

LC

ktoe/1000

inhab

MWh/inhab

%

%

%

1- (energy production/gross inland
energy consumption)

Ratio between primary energy
consumption and GDP

Ratio between final energy
consumption and GDP

Ratio between final energy
consumption and primary energy
consumption

Ratio between national energy bill and
GDP

Ratio between national public
subsidies and GDP

Ratio between the total GHG emission
of the energy sector and the gross
inland consumption

Ratio between the total GHG emission
of the energy sector and the GDP at
constant price

Ratio between primary energy
consumption and population

Ratio between total electricity
consumption and population

Transformation Sector Indicators

Ratio between installed RE electricity
capacity (excluding hydro) and total
installed plants capacity

Ratio between total produced
electricity (all sources included) and
total installed plants capacity

Ratio between total energy output
of the overall transformation sector
(before distribution losses) and the
total energy input to the energy
transformation sector

v
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Definition

Abbreviation

PGEFF

SCFFP

PGF

SCPG

TDEE

PGEF

ESEF

FEIIS

IEBR

IESR

IESRGB

IELSR

Indicators

Power generation
efficiency of
thermal plants

Specific
consumption of
thermal power
plants

Power generation
efficiency

Specific
consumption of
power generation

Transmission and
distribution
electricity
system efficiency

Power generation
emission factor

Electricity sector
emission
factor

Final energy
intensity of
industry
sector

Ratio of industry
sector energy hill
to value added

Ratio of public
subsidies to value
added

Ratio of public
subsidies for
energy to
government
budget

Ratio of public
subsidies for
electricity to value
added

%

toe/GWh

%

toe/GWh

%

tC0,e/GWh

tC0,2e/GWh

Ration between total generated
electricity by thermal plants and fossil
fuel input of thermal plants

Ratio between total energy input of all
thermal power plants in the country
and total electricity produced by those
power plants

Ratio between total generated
electricity plants and fossil fuel input
of thermal plants

Ratio between total energy input of all
power plants in the country and total
electricity produced by those power
plants

Ratio between total electricity output
of the transmission and distribution
system and total electricity input of the
transmission and distribution system

Ratio between the total GHG emission
due to national power generation
system and total produced electricity,
all technologies and all resources
included

Ratio between the total GHG emission
due to national power generation
system and total electricity output

of the transmission and distribution
system

Industry Sector Indicators

toe/1000 LC

%

%

%

%

Ratio between the final energy
consumption for the industrial sector
and value added of industry sector at
constant prices

Ratio between the energy bill for the
industrial sector and value added of
industry sector

Ratio between the public subsidies for
the industrial sector and value added
of industry sector

Ratio between the public subsidies
for the energy sector and government
budget

Ratio between the public subsidies for
electricity sector and value added of
industry sector

v
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Abbreviation
11C02

FEIIS

UCED

SCEM?

UEICD

SCEIM?

RIPE

RELSR

RESRGB

RAEF

RICO,

RDRSHR

Indicators

CO, intensity of tC0,e/1000
industry LC
sector

Final energy toe/1000 LC
intensity of

industry sector

Definition
Ratio between the total GHG emission

of the energy sector and value added
of industry sector at constant prices

Ratio between the final energy
consumption for the industrial sector
and value added of industry sector at
constant prices

Residential Sector Indicators

Unit energy kgoe/dw
consumption

per dwelling

Specific energy kgoe/m?
consumption

per area unit

Unit electricity kWh/dw
consumption

per dwelling

Specific electricity
consumption per
m2

Intensity of
residential

sector

kWh/m?

toe/ 1000 LC

Ratio of public %
subsidies

for energy

to private

consumption

Ratio of public %
subsidies for

energy to

government budget

Average emission tCO,/toe

factor

CO, intensity of tC0O,/ 1000 LC

residential sector

Diffusion rate m?/1000 inhab
of solar water
heaters in

residential sector

Ratio between total final energy
consumption for households sector
and total number of dwellings

Ratio between total final energy
consumption for households sector
and total area of households

Ratio between the total yearly
electricity consumption for households
sector and total number of dwellings

Ratio between the total yearly
electricity consumption for households
sector and total area of households

Ratio between the final energy
consumption for the residential
sector and the private consumption of
households at constant prices

Ratio between the public subsidies
for the residential sector and private
consumption at constant price

Ratio between the public subsidies for
the residential sector and government
budget

Ratio between the total GHG emission
of the residential sector and final
energy consumption of the residential
sector

Ratio between the total GHG emission
of the residential sector and value
added of residential sector at constant
prices

Ratio between total solar water
heater area in residential sector and
population

Note: dw: dwelling; GDP: gross domestic product; GHG: greenhouse gas; inhab: inhabitant; kgoe: kilogram of oil equivalent; ktoe: kiloton of oil
equivalent; toe: ton of oil equivalent; LC: local currency; mWh: megawatt-hour; RE: renewable energy; tCO,e: ton of C0, equivalent.
Source: Created based on data from Missaoui, Ben Hassine and Mourtada, 2012.
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The discussion hitherto has been primarily concerning the perspective of the United Nations
regarding energy efficiency indicators. In contrast thereto, the approach of the International
Energy Agency (IEA) is based on the indicators pyramid shown in figure 18.This structure
portrays a hierarchy of energy indicators with decreasing levels of detail the further you go up
the pyramid. In other words, the lower levels of the period entail greater amounts of data and
more complex analysis than higher levels. The top row of the pyramid is the ratio of energy
consumption to a macro-economic variable, such as GDP or population. This makes it possible
to evaluate energy consumption in light of the drivers of this consumption. The second row of
the pyramid is for indicators, which detail the energy intensity (energy consumption per unit
of activity) of major sectors.

Relevant indicators for this toolkit could be the energy consumption of the water and
wastewater treatment sector, for example.The lower rows of the pyramid would represent
energy consumption for subsectors or specific applications/end uses. Indicators with higher
and lower degrees of aggregation must be used in order to effectively analyse energy use for
water-related services and accordingly formulate a sound policy. The hierarchy shown in figure
18 is useful as it shows how changes at the lowest levels due to such factors as technological
progress, policy changes, behavioural change, and structural reform may lead to changes in
energy consumption at a more general scale.*The specific issues on which future policies
should focus can thus be identified.

In terms of the water supply system in particular, a relevant energy indicator that has been
proposed is the structure indicator, which takes into consideration how energy consumption
is influenced by the spatial distribution of users and water sources.’ As a result, minimal
energy is defined as the energy required to lift a cubic meter of water to users and to give it
a pressure of 6 bar (typical water pressure at the tap). Yet, as per another indicator, minimal
energy is the difference between the potential energy of the water delivered (over unit time)

Figure 18. The IEA energy indicators pyramid

Aggregated

- IEA statistics
indicators

Sectoral

energy intensity
Disaggregated IEA indicators
indicators database

End-use energy intensity

Degree of disaggregation

Process/appliance Limited [EA
indicators indicators

Unit energy consumption

Data requirement

Note: GDP: gross domestic product; IEA: International Energy Agency; TFC: total final consumption.
Source: IEA, n.d.© OECD/IEA 2014 Energy Efficiency Indicators: Essentials for Policy Making, IEA Publishing. Licence: www.iea.org/t&c.




Developing the Capacity of ESCWA Member Countries to Address the Water and Energy Nexus for Achieving Sustainable Development Goals

and the potential energy of the same quantity of water at the source. The quality indicator
is the ratio of the effective energy (the energy actually used) to the minimal energy; it is
used to assess the overall water supply system efficiency.' Other relevant indicators of the
International Water Association include:

e Average pumping energy consumption in the system per 1 m® at 100m of head;

e Percentage of the total energy consumption for pumping that corresponds to reactive
energy consumption;

e Percentage of the total energy consumption for pumping that is recovered by the use of
turbine reverse pumps;

e Energy resource efficiency use (kWh/m?) for wastewater services;

e Standardized energy consumption (kWh/m3/100m) for water supply services.'?

Table 25. Possible indicators for tracking the energy-water nexus at country levels worldwide

Component

Indicator

E1F:]
availability

Current or
potential

Impacts of
energy on
water access

Energy
requirements
of the water
sector

Water
requirements
of the energy
sector

Water (m3) pumped/treated/distributed/desalinated
by energy source/technology (if off grid)

Shutdown time (hours) and operational losses ($)
due to energy-related issues (at the water utility
level)

Energy intensity (GJ/m3) and unit cost ($/m3) by
energy source/technology (if off grid) of drinkable
water/treated wastewater/desalinated water

Energy intensity (GJ/m3) and unit cost ($/m3) of
water heating by energy source/technology (if off
grid)

Water (m3) withdrawn/consumed/discharged by
energy source (and cooling technology) at the
energy production facility level

Number of operating power plants by energy
source and cooling technology

Intensity of water withdrawn/consumed/discharged
(gallons/mWh) by energy source at the energy
production facility level, disclosing type of cooling
system (for thermal power plants), type of water
used (freshwater, saline, wastewater, other) and
regional climate

Yields (kilograms or hectares) and water
requirements (m3) for major biofuel crops (at the
country level)

Cost of water withdrawn ($/litre) for the energy
sector (by energy facility)

Number of energy companies disclosing their water
use (withdrawal, consumption, discharge) and
water risks

Limited data at
utility level

No public data

Limited data at
utility level

No data

Limited data

Limited data

Limited or no
public data

Limited data

Limited or no
public data

Limited data

source

World Water
Development
Report 2014

IEA 2012/
Carbon
Disclosure
Program (CDP)

IEA 2012/CDP

CDP/Water for
Energy
Framework
(WA4EF)

FAO

CDP

v
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Table 25 summarizes this section of the toolkit by listing indicators for both water use related

to energy services and energy use related to water services. It is an initial attempt by the GTF

to collate potential indicators for monitoring the energy-water nexus across countries.The GTF
acknowledges that these indicators are not finalized; they are instead “intended to stimulate
discussions on a future nexus-tracking framework”'®® Indeed, the SE4All initiative also aims to
catalyse this “data revolution for the energy sector”'®* This revolution is much needed; even a
cursory glance at the data availability column of table 25 shows the lack of data available for

the different indicators. The Arab countries are certainly no exception when it comes to this

poor data availability; still, they must put much effort towards accurately measuring relevant
parameters, which would assist in better accounting for their attainment of the SE4All objectives.

Component

Impacts of
the energy
sector on
water
resources

Water risks
for energy
companies

Integrated
policy and
planning

Indicator

Percentage of water treated prior to discharge at
the energy production facility level

Number of aquifers contaminated during drilling
related to energy extraction

Number of energy extraction facilities that recycle
water

Percentage of available water (in the water body)
used by energy activities

Water stress levels prior and after the
establishment of energy activities

Percentage of energy companies considering
water-related issues as a major risk to business
operations

Percentage of energy companies that have water
risk assessment

Perceived change over the past 20 years in
the importance of water for energy by country
governments (percentage scale, from
significant decrease to significant increase)

National energy policy/strategy/plan with water
resources management component (percentage
scale, water resources management ranked from
not relevant to fully implemented)

Water requirements and water sustainability
considered at planning stage or during project
development (yes/no)

Percentage of energy companies with water
integrated into their business strategy

I EE]
availability

Limited data

Limited data

Limited data

Limited data

Limited data

Limited data

Limited data

Limited data

Limited data

No data

Limited data

Current or
potential
source

CDP

WA4EF

WA4EF

CDP

CDP

UNEP 2012

UNEP 2012

CDP

Notes: CDP: Carbon Disclosure Programmeject; FAO: Food and Agriculture Organization of the United Nations; GJ: gigajoule; mWh:

megawatt-hour; UNEP: United Nations Environment Programme; WAEF: Water for Energy Framework.
Source: Created based on data from World Bank, 2015.
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The Global Water Carbon Disclosure Project(CDP) Report provides investors with information
on how companies identify, manage, and mitigate risks and opportunities related to water.
The Water for Energy Framework (WA4EF) is helping energy actors assess and report on the
relations between energy production activities and the local water environment by developing
a common terminology and methodology. It is an official action group of the European
Innovation Partnership on Water (EIP Water).

Efficiency-improving technologies:
Financial perspective

Thus far, this report has not focused primarily on the financial implications of the water and
energy efficiency strategies recommended. Nonetheless, there are financial costs and/or benefits
associated with such strategies. Table 26 helps understand the financial perspective of some
energy efficiency-increasing practices by mentioning the payback period for each of these
practices. As can be seen from the table, there is much variation with regards to the payback of
many of these strategies since the effectiveness of these practices depends substantially on such
factors as the location of the plant, specific types of operations, which take place in coordination
with these practices, energy/water pricing schemes, and more. Therefore, before implementing
any strategy, a thorough analysis is required on a case-by-case basis.

Table 27 provides information about the investment and water costs for different desalination
technologies. It is clear that, as the energy required by the processes increases, the water cost,
which they entail also increases. Investments costs also seem to be increasing in parallel.

Since investment costs vary over such a wide range, though, it is difficult to make any such
conclusions.The cost of desalination with different technologies is site-specific. More clarity
about the total water cost, for example, could be provided with knowledge of the type of fuel
being used to power the desalination plant. However, in general, thermal-based desalination
processes use more expensive materials and equipment, consume higher amounts of specific
energy, and require more chemicals than membrane-based desalination processes."®These are
important reasons behind the current prevalence of membrane-based desalination technologies.

Table 26. Typical energy savings and payback periods for best practices in the water
and wastewater industry

Best Practices Typical energy  Typical
savings of unit  payback
of process years
(percentage)

General

Real-time energy monitoring 5-20 Variable

Electric peak reduction Variable <1

Electric motors: install high efficiency motors 5-10 <2

Electric motors: variable frequency drive applications 10-40 05-5

Electric motors: automate to monitor and control Variable Variable

Electric motors: improve power factor Variable Variable

Pumps: optimize pump system efficiency 15-30 0.25-3
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Best Practices Typical energy  Typical
savings of unit  payback
of process years
(percentage)

Water Treatment

Integrate system demand and power demand in system demand Variable Variable

Computer-assisted design and operation Variable Variable

Manage well production and drawdown Variable Variable

Sequence well operation Variable Variable

System leak detection and repair Variable Variable

Optimize storage capacity Variable Variable

Wastewater

Staging of treatment capacity 10-30 <2

Optimize aeration system 30-70 3-7

Fine-bubble aeration 20-75 1-5

Variable blower air flow rate 15-50 <3

Dissolved oxygen control 20-50 2-3

Post-aeration: cascade aeration Variable Variable

Aerobic digestion options 20-50 Variable

Blower technology options 10-25 1-7

Assess aeration system configuration Variable Variable

Sludge: improve solids capture in dissolved air flotation (DAF) Variable Variable

Sludge: evaluate replacing centrifuge with screw press Variable Variable

Sludge: replace centrifuge with gravity belt thickener Variable Variable

Biosolids digestion options Variable Variable

Biosolids mixing options in aerobic digesters 10-50 1-3

Biosolids mixing options in anaerobic digesters Variable Variable

Wastewater heat recovery Variable Variable

Anoxic zone mixing options 25-50 3-5

Sidestream deammonification Variable Variable

Biotower energy efficiency 15-30 Variable

Optimize anaerobic digester performance Variable Variable

Use biogas to produce combined heat and/or power (CHP) Variable Variable

Biogas assessment of beneficial utilization Variable Variable

Source: Created based on data from Public Service Commission of Wisconsin, 2016.
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Table 27. Energy consumption and water costs (average values) of large-scale
commercial desalination processes

Process Thermal Electrical Total energy Investment Total water
energy kWh/m* energy kWh/m® kWh/m? cost $/m’/d cost US$/m®
MSE 7.5-12 2.5-4 10-16 1200-2500 (0.8-1.5)*
MED 4-7 1.5-25. 5-9 900-2000 0.7-1.2
SWRO - (3-4)** 3-4 900-2500 0.5-1.2
BWRO - 0.5-2.5 0.5-2.5 300-1200 0.2-04

Notes: BWRO: brackish water reverse osmosis; MED: multiple-effect distillation; MSF: multi-stage flash distillation; SWRO: seawater reverse
0Smosis.

* Including subsidies (price of fuel).

** Including energy recovery system.

Source: Created based on data from Ghaffour, Missimer and Amy, 2013.

Recycling water has been mentioned in this report as a way to increase efficiency. In

terms of cost, one of the greatest economic impacts of recycling water is the result of the
installation of a piping system to distribute the recycled water (the so-called purple pipe).
Using a separate system of pipes for the recycled water helps to keep it separated from
potable water. Depending on the characteristics of a particular project (project location and
pipe material, for instance), installing a new set of pipes can be “prohibitively expensive’
however."®¢The cost of installing a purple pipe varies depending on such factors as pipe
diameter, type of pipe used, and where it is installed. For instance, installing the pipes in
low density brownfield (previously developed land no longer in use) areas is much more
costly than installing such pipes in areas with high density developments or greenfield
areas (undeveloped land).’® Reticulation is the term used to describe the street level
infrastructure, which is needed to transport recycled water to the commercial and residential
establishments where it would be used, in other words, the purple pipes. An Australian
report estimates these costs to be 1.30-1.90 Australian dollars (AUD) per kiloliter of water."®
The same report estimates that direct costs associated with a new recycling water scheme
(accounting for all capital and operational expenses except for reticulation costs) can be
around AUD?2 per kiloliter of water."®This gives an idea of how significant purple pipe
construction costs can be.

Economic incentives for more efficient consumer use

Many residents of the ESCWA region have been used to paying minimal tariffs for water

and energy due to subsidies provided by their governments. This has led to high rates of
consumption, particularly in GCC countries. For example, Saudi Arabia is the world’s third-
largest water consumer,'® a position it shared with the United Arab Emirates.’® However, the
situation is changing slowly. The United Arab Emirates has recently legislated increases in
water and electricity tariffs and Saudi Arabia has legislated increases in the electricity tariff.'5?
This is true for ESCWA countries outside the GCC region as well: Egypt and Jordan have been
reducing subsidies leading to increases in utility tariffs'®'%* and Lebanon is contemplating
such changes as well."® It is too early to discuss the results of these policy changes but there
is no doubt that they were much required. In general, the production costs of these utilities
are greater than the amount charged through tariffs. Therefore, only by regulating tariffs more
effectively will the investment required for the adoption of more energy- and water-efficient
technologies be facilitated.
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In the United Arab Emirates, the Emirates Wildlife Society together with the World Wildlife
Fund (EWS-WWF) carried out a statistically representative survey in 2015, which aimed

to comment on the barriers and solutions to implementing energy- and water-efficiency
measures in the country’s private sector. According to the results, the utility bill was not

a significant cost for 24 per cent of the respondents while 53 per cent found it significant.
Furthermore, the top reasons for organizations not implementing efficiency measures include
the lack of consideration of these measures (41 per cent), lack of funding (31 per cent), lack of
expertise to implement them (28 per cent), and low priority for efficiency (27 per cent).'® This
indicates the potential for improvement in the implementation of efficiency measures in the
ESCWA region.

Conclusion and recommendations

The implementation of water- and energy-efficiency measures is a subject, which needs to be
given more attention around the world. The adoption of such measures has not developed as
quickly as desirable for a number of reasons, including financial challenges, limited access to
relevant data, and lack of awareness. It is through this toolkit that some of these barriers will

hopefully be addressed.

Based on the data presented in this document, it can be concluded that there is no ideal
efficiency solution for all ESCWA member countries. Strategies must be assessed with
reference to the respective situation. This report has given particular attention to the oil and
gas industry as this sector is of high importance for the ESCWA region and has discussed
efficiency measures for more oil and gas resources.

With regard to water efficiency, the recycling of wastewater was a strategy that was repeadly
addressed across sectors. Water from sinks in offices and houses can be recycled and reused
to flush toilets and produced water can be treated in order to be used in cooling towers in

the oil and gas industry, among others. As environmental standards for discharged waters
become more stringent, recycling such water becomes more feasible and is advisable from the
perspective of water security as well.

Desalination has been a further point of discussion in this report since it is the primary
technology used to obtain potable water in the region. More energy-efficient desalination
technologies can play a pivotal role in improving the overall energy consumption of the
region. Once again, there are various pros and cons for each desalination technology. RO

is currently the technology of choice but there is still room for improvement; and the use

of renewable energy to power desalination is rapidly being adopted in the region as pilot
projects, such as the Masdar’s Renewable Energy Desalination Programme in the United Arab
Emirates or projects under construction, such as the solar desalination plant in Al Khafji in
Saudi Arabia.

Intelligent systems, which on a relative scale do not entail substantial capital costs also have
the potential to increase efficiencies. Such technologies help match supply and demand and
decrease demand by the client. Since water resources in the ESCWA region are limited, water
security may be considered a more pressing issue than energy security. However, due to the
water-energy nexus, focus on improving energy efficiency will positively affect the region’s
water security.
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