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Introduction

W-E Nexus: Aspects and Opportunities

RE opportunities in the 

water-energy nexus:

• Reduce water-intensity of 

power sector

• Improve access to water

• Enhance reliability of 

water supply

• Bridge the water gap in 

arid regions

• Replace traditional water 

heating
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Introduction

RE across the water supply chain

Source
Reservoirs, 

lakes, rivers, 
seas, etc.

Desalination
/Treatment

Water 
Pumping

Water 
Heating

End-use
Agriculture

Industry
Residential
Commercial

Energy 
production

Wastewater 
Treatment

Source
Reservoirs, 

lakes, rivers, 
seas, etc.

Transpiration
Evaporation

Source: IRENA, 2015a

Green arrows indicate potential RE inputs.
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RE sources
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RE sources

RE sources for wastewater treatment 

processes

Solar Wind Biomass
Digestion 
of sewage 

sludge
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RE sources

Source:  Silicon 

Valley Clean Water 

(SVCW), 2012.

Energy-producing 

WWTP

Process shown 

is for Silicon 

Valley.
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RE sources

Combined Heat and Power (CHP)

Heat recovery integrated into the WWTP with AD to increase overall 
energy efficiency in a CHP system. 

Thermal energy produced can be used to fulfill digester heat loads, etc.

CHP system provides more reliable and less costly electricity supply to 
the plant.

Conversion of biogas into electricity achieved using internal combustion 
engines (sizes vary from a few kWe to more than 4MWe), or micro-
turbines (size variation: 30-250 kWe). 

1 million gallons per day of wastewater can generate biogas which can 
produce 26 kilowatts (kW) of electricity and 2.4 million Btu per day of 
thermal energy through a CHP system.
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RE sources

Source: 

Bachmann, 

2015.

Typical values for operational parameters 

in biogas production in WWTPs
Operational Parameters Typical Values

Hydraulic retention time (HRT) 16 – 25 days

Temperature 35 – 39 °C

Gross gas production and degradation of ODM
450 – 500 L/kg ODM or

18 – 26 L/PE/day

Degradation of ODM 45 – 55%

Methane content in biogas 63 – 67% CH4

Utilization of the biogas produced 95 – 99% (optimal range)

Electrical Efficiency of biogas conversion by CHP

100 kW: 25 – 35 %

100 – 500 kW: 5 – 40 %

> 500 kW: 38 – 45 %

Electricity autonomy of the WWTP (in case of CHP 

use)

< 10,000 PE: 37%

>100,000 PE: 68 – 100%

Heat autonomy of the WWTP (in case of CHP use) 90 – 100%

Electric energy generated 10 – 20 kWh /PE/year

Electric energy for AD 1 – 2.5 kWh/PE/year

Electric energy for sludge dewatering 0.5 – 3.5 kWh/PE/year

Thermal energy for sludge and reactor heating 8 – 16 kWh/PE/year
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Water pumping and 
transport
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Water pumping and transport

Mechanical wind pumps (windmills)

Many windmills still in use in countries such as Australia, Argentina, and 
the US, mainly in remote locations for water pumping and for off-the-
grid electricity generation. 

Technology given less preference than modern wind turbines due to 
lower efficiencies (4-8%).

Improved efficiencies can be achieved through features like 
counterbalances attached to the actuating pump beam. 

Use of mechanical wind pumps limited to flat plain areas and tends to 
lead to high maintenance requirements.  

Both Morocco and Egypt recognized as very suitable for small-scale wind 
installations; in Oman a wind-powered electric water pumping system 
has successfully been installed in a remote area. 
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Water pumping and transport

Electrical wind turbines for powering water 

pumps

Electrical wind turbines can generate direct current (DC) or alternating 
current (AC) which power DC or AC motors respectively; Turbines most 
suitable for centrifugal pumps. 

Electrical wind turbines start operating at higher wind speeds than 
mechanical wind turbines.

Has advantages of greater flexibility in locating the turbine, more cost-
effective, fewer moving parts, surplus electric power can be stored using 
inverters and battery banks, greater efficiencies (up to about 40%). 

If turbine directly coupled with AC motor, batteries and inverters are not 
required. 

Electric wind turbines become competitive with windmills for water 
pumping applications when operated above an average wind speed of 5–
6 m/s. 
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Water pumping and transport

Solar (PV) pumps

PV pumps have PV arrays which capture the solar radiation and convert it 
to DC, which can be converted using inverters to AC to operate the 
electric motors which drive the water pump. 

Less costly alternative to inverter is using tank full sensors and a simple 
controller with low voltage; helps make system more flexible and 
autonomous. 

PV pumps are reliable and close matching between pump specifications 
and the amount of water required can be achieved; suitable option for 
small communities or individual households. 

High investment costs but low O&M costs and long service life; becoming 
more cost-effective due to falling technology costs.

A 2004 Egyptian study found that the efficiency of the pumping systems 
can be increased by up to 20% by using manual tracking three times a 
day.
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Water pumping and transport

Biofuel pumps

Particularly useful for rural applications. 

Feasible configuration tends to have dual fuel engine pumps (e.g. using 
both diesel and biofuel). 

Higher O&M costs than other RE powered water pumping systems. 

In water-scarce Arab countries valuable agricultural land ideally used to 
produce food and not fuel. Viable options only waste biomass or less 
water-intensive non-food crops.

Exception: Sudan. In 2016, 65 million tonnes of ethanol produced and in 
2017 200 million tonnes to be produced. So it can be expected that 
biofuel will be used there to power water pumping and transport. 
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Water pumping and transport

Hybrid water pumping systems 

PV + diesel Wind + PV

Wind + diesel Wind, PV + diesel

Possible 
configurations

System can include battery storage, inverters, a backup generator, etc. 

Can use in power integrated applications.

Advantages of greater reliability and output and smaller sizes for the 
overall power system. 

As RE technology develops, hybrid systems becoming less costly than 
individual PV or wind systems. 

Capital costs can be quite high; Highly skilled individuals required for 
systems maintenance. 
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Water heating
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Water heating

Solar water heating

• Heating of water one of the most energy-

intensive parts of the water cycle.

• Competitive with heaters powered by gas 

or electricity (capital costs are high but are 

made up by lower operational costs).

• Payback period varies extensively by 

location and depends on factors like 

system configuration and extent of 

government assistance.

• Sometimes part of hybrid systems 

providing both space and water heating.

Potential technology 
configurations

Evacuated tube collectors 
(ETCs)

Integral collector 
storage (ICS) system

Flat-plate collectors 
(FPCs)
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Water heating

Pre-heating supply water of steam boilers 

Helpful if high temperature feed water is required for industrial 
processes.

Can be used to directly provide the feed water for industrial processes (if 
low temperature feed water needed).

Such hybrid systems allow the meeting of demands larger than that 
possible by independent solar heating system. 

Conventional fuels are required in lower amounts. 

Solar fraction(Percentage of heating demand of a plant that can be met 
with solar process heating systems): can be ≈ 20% and depends on 
amount of roof space which the plant has.  
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Water heating

Prosol (Tunisian Solar Program)

• Provided solar water heater capital cost subsidies (20% subsidy) in the 

residential sector.

• Provided loans through commercial banks at a reduced interest rate to 

residential consumers.

o Loans repaid through the state electricity utility via electricity bills. 

o State utility acted as debt collector, guarantor and enforcer. 

• Achievements:

o Has led to a ten-fold increase in solar water heating installations from 2004-

2011.

o Has led to a net gain in the public budget; savings are forecasted to reach 

US$ 101 million over the lifespan of the solar water heaters (much greater 

than the government’s initial investment of US$ 21.8 million in the project).

o Leading to a decrease in consumption of fossil fuels by 251 Ktoe over the 

lifespan of the solar water heaters. 
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Oil & gas industry
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Oil & gas industry

RE in the oil & gas sector

Worldwide, the most important heavy oil reserves are located in areas 
which receive high solar radiation. 

Use of RE in upstream applications being achieved to a much greater 
extent than in downstream applications. 

Most of the major oil companies power their special field applications 
using PV panels and Shell using combination of wind turbines and PV 
panels to help power some of its monotower platforms.

Solar EOR plant powered by CSP technology working successfully in 
Oman and being expanded. Currently helping reduce natural gas 
requirements by ≈49,500 GJ annually.

By 2035, solar energy is forecasted to provide about 5% of the industry’s 
energy needs (≈ 2 PJ of energy).
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Solar EOR system for oil sands

Oil & gas industry

Water 
Reservoir

Oil Sands Well

Oil/Water 
Separator

Bitumen 
Refinery

Solar Field

Bitumen

Water and Oil 60-70oC

Natural Gas 
(optional)

Electricity (optional)

High 
Temperature 

Steam 
(optional)

Water

Steam 250-300oC

Source: Absi Halabi et al., 2015.
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RE use in off-site petroleum reforming and 

cracking

Oil & gas industry

Source: Absi Halabi et al., 2015.
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Key messages

• There are many opportunities for the use of RE technology to strengthen the 

security of the water-energy nexus.

• Anaerobic digestion of sewage sludge can be used to provide energy in WWTPs.

• Water pumps can be powered by solar, wind, or biofuel energy.

o Hybrid pumps can be used which combine multiple RE sources or RE sources 

with conventional sources.

• Solar water heating has been implemented in the residential sector successfully in 

various Arab countries. 

o Solar collector options are flat-plate collectors (FPCs), evacuated tube 

collectors (ETCs), and the integral collector storage (ICS) system. 

• The Oil & Gas sector is already using RE sources for certain operational activities. 

o Many more opportunities for the use of RE exist. 

o Solar energy will continue to grow in importance as an energy source for the 

Oil & Gas sector of the Arab countries.



Economic and Social Commission for Western Asia

THANK YOU


